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produce flavorants having more intensity and an organoleptic 

profile more closely resembling that of cooked meat. These 

oxidation products provide the broad spectrum of precursor 

compounds -- unsaturated aldehydes and ketones -- needed to 

provide the desirable flavorants of the present invention. 

Hence, instead of providing a limited number of aldehydes and 

ketones from other sources, as may be taught by the prior art and 

which are inherently restricted in their scope and range, 

applicants are able to provide, in situ, a much broader range of 

such precursor compounds. 

The process of the present invention is carried out in 

such a manner that at the end of the process, the reaction 
• 

product has a peroxide value of substantially zero. In other 

words, essentially all of the oxidation products are utilized in 

the process to produce a flavorant of exceptional intensity and 

character. 

The meat flavorants of the present invention offer the 

additional advantages of exhibiting shelf stability for over one 

year at room temperature and do not require refrigeration. Still 

further, the intensity of the flavorants are four to five times 

greater than freshly cooked meat on a dry solids basis. 
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DETAILED DESCRIPTION OF THE INVENTION 

The process for preparing the flavorants of the present 

invention for imparting a cooked meat flavor to foodstuffs 

comprises combining a lipid material and a sulfur-containing 

compound to form a mixture and then reacting the mixture to form 

the flavorant wherein either before or during the reaction step, 

the lipid material is oxidized by being contacted with an 

oxidizing agent. In a preferred embodiment, the reaction mixture 

also contains a source of amino acid. 

The lipid material that is employed in the present 

invention includes triglycerides, unsaturated fatty acids or a 

combination thereof and may be obtained from a variety of 

different sources. For example, the triglycerides include, but 

are not limited to, animal fats such as chicken fat, lard, butter 

£at, bee£ tallow and the like: and hydrogenated animal oils 

prepared from, £or example, oils derived from fowl, beef, pork, 

fish and the like. These triglycerides may be employed alone or 

in combination with one another. The unsaturated fatty acids 

that may be employed may be derived from the triglycerides 

themselves by means of enzymatic breakdown employing lipases 

which are well known in the art. The formation of free fatty 

acids derived from triglycerides offers a wide range of precursor 

compounds for subsequent oxidation which in turn will react with 

the sulfur-containing compound to form the ultimate flavorant 

product. 
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The fatty acids are desirably straight or branch chained 

acids having from 11 to 24 carbon atoms and at least one 

unsaturated linkage in the chain. Such fatty acids include, but 

are not limited to, oleic acid, linoleic acid, linolenic acid, 

arachidonic acid and the like. 

The lipid material is preferably derived from a source 

which is most closely related to the type of flavorant desired. 

Thus, where it is desired to produce a chicken flavorant, the 

triglyceride source that is most preferred is chicken fat. 

Similarly, in the preparation of a pork flavorant, it will be 

most desirable to employ pork fat as the source of the lipid 

material. • 
The lipid material, be it a triglyceride, an unsaturated 

fatty acid, or a combination thereof, may then be oxidized and 

combined with a sulfur-containing compound or, alternatively, may 

first be combined with the sulfur-containing compound and then be 

oxidized during the reaction step itself. 

The lipid material may be oxidized by being contacted 

with an oxidizing agent which includes, but is not limited to, 

contact with gaseous materials such as oxygen, air, ozone, and 

the like, or solid and liquid oxidizing materials such as 

hydrogen peroxide, ferrous sulfate, and the like. Oxidizing 

gases are generally employed in a manner such that the amount of 

oxygen available is in the range of from about .015 to .15 

lbs/hour and preferably from about .02 to .06 lbs/hour per 
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kilogram of unoxidized lipid material. Non-gaseous oxidizing 

agents are generally employed in an amount from about 0.1 to 1.0% 

by weight based on the weight of the lipid material. The 

oxidation of the lipid material is carried out at a temperature 

of about 50° to 120°C for a period of from about 0.5 to 6.0 

hours. Preferably, it is carried out at a temperature of 80° to 

l00°C and for a period of from about 1.0 to 2.0 hours. 

Regardless of how the lipid material is oxidized or what 

oxidizing agent is employed to do so, and whether the lipid 

material is oxidized prior to being combined with the sulfur­

containing compound or after, the lipid material is oxidized to 

the extent that it has a peroxide value in the range of from 
• 

about 5 to 150 rnilliequivalents per kilogram of lipid material. 

Preferably, the lipid material is oxidized to a peroxide value of 

7 to 10 rnilliequivalents per kilogram of lipid material. 

"Peroxide value" is a conventional term which is well known to 

those skilled in the art for measuring the degree of oxidation of 

a material, particularly, lipids. The peroxide value may be 

determined by the American Oil Chemists' Society Method No. 

28.023 as set forth at page 489 of the Official Methods of 

Analyses of the AOAC (1975), published by the Association of 

Official Analytical Chemists. Oxidation of the lipid material to 

the extent recited in the foregoing ranges is required in order 

to provide the necessary precursors which facilitate the 

production of the flavorants of the present invention which have 

increased intensity and a broader organoleptic profile. 
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As a result of the oxidation of the lipid material, 

hydroperoxides are formed. These hydroperoxides are generally 

unstable and decompose to form a wide range of fatty, unsaturated 

aldehydes and ketones. 

From about 1 to about 10 parts by weight and preferably, 

from about 2 to about 5 parts of a sulfur-containing compound are 

employed per part by weight of lipid material regardless of 

whether the lipid material is initially oxidized or oxidized as 

part of the reaction step. 

Suitable sulfur-containing compounds include, but are 

not limited to, sulfur-containing amino acids, which liberate 

hydrogen sulfide, lower flkyl mercaptans, or lower alkyl sulfides 

or disulfides, or may include inorganic sulfur compounds, or 

hydrogen sulfide itself. Such inorganic sulfur compounds may 

include the sulfides or hydrosulfides of alkali or alkaline earth 

metals or ammonium. In the context of the present invention, 

where a sulfur-containing compound is referred to, it is 

understood that any one or more of the above-noted sulfur­

containing compounds may be employed at any one time to react 

with the oxidized lipid material. 

Specific examples of some sulfur-containing compounds 

are cysteine, cystine, thiamine, methionine, glutathione, 

2-amino-ethane sulfonic acid or their salts, and the like. 

Sulfur compounds may also be derived from plants of the Allium or 

Cruciferae species. 
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The mixture of the sulfur-containing compound and the 

lipid material is then reacted to form the flavorants of the 

present invention. The reaction is carried out at elevated 

temperatures, normally, at a temperature in the range of from 

about 80° to about 120°C and, more preferably, in the range of 

from about 85° to about 100°C for a period of about .s to 2.5 

hours and preferably, from about 1.0 to 2.0 hours. The reaction 

is carried out until the peroxide value of the reacted mixture is 

essentially zero milliequivalents per kilogram of lipid material. 

Provided that an oxidizing agent is brought into contact 

with the reaction mixture, the reaction conditions are such that 

in the embodiment where an unoxidized lipid material is combined • 
with a sulfur-containing compound, the lipid material is oxidized 

during the reaction to form the required oxidation products. As 

the lipid material is oxidized and is forming oxidation products 

in situ, such oxidation products are immediately and simultan­

eously reacted with the sulfur-containing compound to form the 

desired flavorants. The lipid material may be oxidized in situ 

by simply bubbling an oxidizing gas such as air or oxygen through 

the reaction system as it is being heated. Alternatively, an 

edible liquid or solid oxidizing agent such as hydrogen peroxide 

or ferrous.sulfate may be added to the mixture of unoxidized 

lipid material and the sulfur-containing compound and then the 

mixture heated to the reaction conditions, which conditions are 

essentially the same for oxidizing the lipid material. 
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The essential difference between a reaction system 

containing an unoxidized lipid material and one containing a 

lipid material that has been pre-oxidized is the presence of an 

oxidizing agent during the reaction of the mixture for the former 

embodiment. Either way, the sulfur-containing compound reacts 

with the oxidation products of the lipid material to form 

heterocyclic ring compounds such as thiophenes, thiazoles, 

thiazolines, thialdine, trithianes and the like which are 

primarily responsible for the great enhancement and intensifi­

cation of the characteristic flavor of cooked meat found in the 

flavorants of the present invention. 

In addition to the two main ingredients of a sulfur-
• 

containing compound and an oxidized lipid material (be it formed 

prior to combination with the sulfur compound or formed in situ 

during reaction therewith), in order to even further enhance and 

intensify the flavorants produced in the present invention, 'it is 

most desirable to add an amino acid source to the reaction 

mixture. As a source of amino acid, one may employ a single 

amino acid which is specifically associated with the desired 

flavorant or a mixture of various amino acids. Protein 

hydrolysates may also be employed and animal protein hydrolysates 

are especiplly preferred. Hydrolysates are well known and 

readily obtainable from a variety of proteinaceous materials. 

Vegetable protein hydrolysates, for example, may be obtained from 

wheat germ, corn gluten, soy protein, linseed protein, peanut 

press cake, yeast and the like. 
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As with the lipid material, the preferred meat protein 

hydrolysate is advantageously also derived from the animal 

associated with the desired flavorant. Thus, hydrolyzed chicken 

meat, for example, would desirably be employed to produce a 

chicken flavorant. The utilization of fish protein to form fish 

protein hydrolysates for the production of fish flavorants is 

also contemplated. 

The meat is preferably proteolytically hydrolyzed with 

any protein-splitting enzyme including exopeptidases, endopepti­

dases, or enzymes which exhibit both of these types of activity. 

In addition to proteases, i.e., protein-splitting enzymes, 

lipases, enzymes which split lipids, may also be employed. As 
• 

meats contain some fat at least, the fat present may be employed 

as a source of the required lipid material which will be oxidized 

during the reaction step after being combined with the 

sulfur-containing compound. Protein hydrolysis of meat by means 

of proteases does not affect the fat content thereof. The nature 

of the fat contained in the meat may be left unchanged and 

employed as such with the hydrolyzed meat in conjunction with the 

sulfur-containing compound to be subsequently oxidized. As an 

alternative, however, the fat may be cleaved by means of lipases 

to form un~aturated fatty acids which may also serve as the 

required lipid material. 

The amount of proteolytic enzyme material employed is 

typically in the range of from about 0.001% to 2.0% by weight of 

the meat employed, with 0.05 to 1.5% being preferred. 
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The meat is hydrolyzed for a period which is generally 

in the range of from about 1 to 8 hours and preferably from about 

2 to 6 hours. The temperature employed for hydrolysis depends 

upon the particular enzyme employed but is usually in the range 

of from about 45° to 65°C. At the end of the hydrolysis period, 

the enzymes are deactivated by heating the hydrolysis mixture at 

a temperature of approximately 100°c for 5 to 15 minutes. 

The addition to the reaction mixture of a protease 

treated meat and, desirably, a meat that has been treated with 

lipase as well, greatly enhances the flavors that are produced. 

In this preferred embodiment, where a source of amino acid is 

added to the reaction mixture, the fatty aldehydes and ketones 
• 

resulting from the oxidized lipid material, in addition to 

reacting with the sulfur-containing compounds, also undergo 

non-enzymatic browning reactions with the amino acids and 

peptides derived from the hydrolyzed meat. These additional 

reactions provide for an even broader organoleptic profile of the 

meat flavorants produced. 

The amount of amino acid source employed is in the range 

of from about Oto about 90 parts by weight per part of oxidized 

lipid material employed and is preferably in the range of from 

about SO tp 70 parts by weight. 

It is noted that no water is added to the reaction 

mixture of the present invention. In the embodiment in which a 

protein hydrolysate is employed some water may be present, 
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originating from the hydrolysis of the meat. Accordingly, the 

reaction is essentially carried out in a fatty medium. 

Additionally, it is also noted that in the process of the present 

invention, no saccharides are added to the reaction mixture. 

Applicants have found that the presence of mono-, di-, or 

polysaccharides in the reaction mixture can detract from the 

organoleptic quality of the resulting flavor. Hence, saccharides 

should not be added to the reaction mixture of this invention, 

although small amounts may be present in the ingredients used 

themselves. 

The reaction is carried out until the peroxide value of 

the mixture is substantially near zero which is an indication 

that essentially all of the lipid oxidation products have reacted 

with the sulfur-containing compound(s), alone or in combination 

with the optional amino acid source. As is readily apparent, the 

amount of sulfur-containing compound and optional amino acid 

source present in the reaction mixture should be at least enough 

to chemically react with essentially all of the oxidation 

products of the oxidized lipid materials. 

After the reaction has taken place, the flavorant may be 

used as is, or alternatively, be blended with suitable solvents, 

thickenersJ extenders or carriers such as hydrolyzed plant 

proteins, malto-dextrins, starches, etc. If desired, flavor 

potentiators or enhancers such as spices, condiments, monosodium 

glutamate, 5'-nucleotides and the like may also be combined with 
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the resulting flavorant. Alternatively, some of these additives 

may also be combined with the mixture prior to the reaction step. 

If there is any water present in the reaction product, 

it may be removed by drying the flavorant material by any 

conventional means such as by spray-drying, vacuum-drying, or 

freeze-drying. 

Factors which may affect the nature and quality of the 

flavorants produced include the nature and relative amounts of 

the lipid material, sulfur-containing compounds and, when 

employed, the amino acid source, as well as the reaction time and 

the temperature of the reaction mixture. 

The flavorants ff the present invention may be 

incorporated in soups and soup mixes, casserole dishes, canned 

and frozen vegetables, animal or pet foods, sauces, gravies, 

stews, simulated meat products, meat spreads and dips, bakery 

products, replacements for beef, pork, fish, and chicken 

extracts, and the like. 

The amount of a particular flavorant employed will be 

dependent, of course, upon the specific application. Generally, 

however, an amount of 0.1 to 4.0% by weight of a flavorant 

produced by the present invention and preferably, about 0.5 to 

1.0% by weight is usually enough to impart a cooked meat flavor 

to the foodstuff having the intensity, flavor and aroma 

characteristics that would normally be associated with freshly 

cooked meat. For example, the addition of about 0.5 to 1.0 parts 
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by weight of a chicken flavorant prepared by the process of the 

present invention added to a vegetable protein material such as 

texturized soy protein would impart an organoleptic profile to 

the soy protein material of freshly cooked chicken. 

Having described the basic concepts of this invention 

the following Examples are set forth to illustrate the same in 

which the parts and percentages are by weight. These Examples 

are not 1 however, to be construed as limiting the invention in 

any manner. 

EXAMPLE l 

This Example is illustrative of an embodiment of the 

present invention in which the lipid material is oxidized prior 

to being combined with the sulfur-containing compound. 

A flavoring agent having the characteristic flavor and 

aroma of cooked chicken is prepared from the following 

constituents: 

Chicken fat 

Hydrolyzed chicken meat 

L~Cysteine HCl 

Linoleic acid 

30.00 parts 

64.75 

s.oo 

0.25 
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The hydrolyzed chicken meat is prepared by blending 99.0 

parts of chicken meat with l part of protease and heating the 

mixture at 50°C for 5 hours. After hydrolysis is complete, the 

enzyme is inactivated by heating the mixture at 100°C for 10 

minutes. 

The chicken fat is first oxidized by heating the fat to 

100°C and contacting it with 0.2 standard cubic meter/hr of 

oxygen until a peroxide value of 10 meq/kg is reached. The 

remaining ingredients are then added to the oxidized fat and 

reacted at 100°C for 2 hours. The reaction is complete and the 

flavorant produced at the end of 2 hours at which time the 

peroxide value is zero. 

25 parts of the flavorant is then blended with 64.5 

parts of hydrolyzed corn protein, 10 parts of rnalto-dextrin and 

0.5 parts of a 50/50% mixture of sodium inosinate and sodium 

guanylate. The resulting paste is then vacuum-dried to a solids 

content of 98%. 

The resulting flavorant has the characteristic flavor 

and aroma of boiled chicken. Compared to a similar flavorant 

prepared without the use of oxidized fat, the oxidized flavorant 

of this Example has a richer, more full-bodied rnouthfeel. The 

flavorant of this Example also has a stronger, more intense 

brothy profile, similar to stewed chicken or chicken stock and a 

noticeable increase in fat flavor. 
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EXAMPLE 2 

This Example illustrates the embodiment of the present 

invention wherein the lipid material employed is endogenous to 

the animal protein hydrolysate employed and is oxidized during 

the reaction step. 

A flavorant having the characteristic flavor and aroma 

of cooked pork is prepared employing the following constituents: 

Hydrolyzed pork meat 

L-Cysteine HCl 

Thiamine HCl 
• 

Onion concentrate (65% total solids) 

Linoleic acid 

92.25 parts 

4.00 

2.00 

1.50 

0.25 

The pork meat, containing 80% fat, is first hydrolyzed 

with 0.5% protease by weight for 8 hours at 50°C. At the end of 

the hydrolysis reaction, the enzyme is inactivated by heating the 

mixture for 15 minutes at 100°c. 

The hydrolyzed pork meat containing the fat is then 

combined with the remaining ingredients to form a mixture. The 

mixture is.then brought to a temperature of 100°C and maintained 

at that temperature for 2 hours while simultaneously, 0.2 

standard cubic meter/hr of air is bubbled through the medium in 

order to oxidize the fat contained within the hydrolyzed pork 



Motif Exhibit 1002, Page 990 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

0136428 
- 20 -

meat. At the end of this time period, the flavorant is produced 

having a peroxide value of zero. 

After cooling, the flavorant is blended with the same 

carriers and additives as set forth in Example 1 and then vacuum­

dried to a 98% total solids content. 

The resulting flavorant has the flavor and aroma of 

freshly cooked pork meat. The flavorant has little roast 

character and instead exhibits a well-cooked meaty character. 

The flavorant exhibits a brothy character, a meaty, full-bodied 

profile and a volati1e pleasant aroma. 

EXAMPLE 3 
(tOMPARISON EXAMPLE) 

The process of Example 1 is repeated with the only 

exception being that the chicken fat is not oxidized at all. 

Thus, the peroxide value of the unoxidized chicken fat is only 

1 meq/kg. The remaining constituents and process steps set forth 

in Example l are repeated in this Example. 

The resulting flavorant produced in this Example, which 

is not in accordance with this invention, does not have the 

intensity, aroma and flavor characteristics as that of the 

flavorant produced in Example l. The flavorant of this compari­

son Example exhibits a much weaker profile, a lesser intensity 

and lacks the meaty, brothy, fatty full-bodied flavor of the 

flavorant produced in Example 1. 
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EXAMPLE 4 
(COMPARISON EXAMPLE) 

0136428 

The process of Example 2 is repeated with the only 

exception being that the fat contained within the hydrolyzed pork 

meat is not subjected to oxidation conditions during the reaction 

step such that the fat is not oxidized. The remaining constit­

uents and process steps are employed as discussed in Example 2. 

The resulting pork flavorant produced in this Example 

which is not in accordance with this invention lacks the 

intensity and specificity of the flavorant produced in Example 2. 

Moreover, the flavorant also lacks the brothy, meaty character 

and the fatty flavor of ~he flavorant of Example 2. A taste 

panel comparing the flavorants of Example 2 and this Example 

indicated a preference for the Example 2 flavorant, the flavorant 

produced in accordance with the present invention, at a 95% 

confidence level. 

EXAMPLE 5 

A flavorant having the flavor and aroma of cooked liver 

is prepared employing the following constituents: 
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Onion concentrate (65% total solids) 

Beef fat 

0136428 

72.0 parts 

3.5 

1.5 

3.0 

20.0 

The beef liver is first hydrolyzed in the same manner as 

set forth in Example 1. The hydrolyzed beef liver is then 

combined with the remaining ingredients and the mixture brought 

to a temperature of 100°C and maintained at that temperature for 

2 hours while 0.2 standard cubic meter/hour of ozone is bubbled 

through the reaction medium. At the end of the reaction period, 
• 

the flavorant is blended with the same carriers and additives as 

set forth in Example 1. 

The flavorant produced has the characteristic flavor and 

aroma of cooked liver. The flavorant has an earthy, fatty profile 

which is both intense and aromatic.. 1. 7 to 1. 8 grams of the 

flavorant produced in this Example can replace at least 2.0 grams 

of a flavorant prepared without oxidation of the lipids and still 

achieve the same impact and intensity. 
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EXAMPLE 6 

Example 5 is repeated with the exception that instead of 

employing beef liver, ground beef is substituted therefor. 

The resulting flavorant has an excellent cooked beef, 

brothy and fatty flavor and an intense aroma. 

A taste panel, when comparing the flavorant of this 

Example with that prepared without oxidation of the lipid 

materials, found the present flavorant to be more meaty, broth­

like and flavorful and to have an increased aroma intensity. 

EXAMPLE 7 

Example 6 is repeated with the only exception being that 

the beef fat is oxidized prior to being combined with the 

remaining ingredients. Thus, the beef fat is contacted with 0.2 

standard cubic meter/hr of oxygen for 4 hours at l00°C to oxidize 

it to have a peroxide value of 10 meq/kg. Inasmuch as the fat is 

already oxidized, no further air or oxygen is bubbled through the 

mixture during the reaction. 

When the peroxide value of the reacted mixture is near 

zero, the reaction is complete and the flavorant produced. 

The flavorant produced in this Example and that of 

Example 6 are indistinguishable from one another. This points 

out the interchangeability of oxidizing the lipid material either 

before or during the reaction step. 
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EXAMPLE 8 

This Example is illustrative of the embodiment in which 

no amino acid source (meat hydrolysate) is employed. It also 

demonstrates the preparation of the flavorant without the 

presence of any water. 

A flavorant is prepared having the characteristic flavor 

and aroma of cooked chicken employing the following constituents: 

Chicken fat 

L-Cysteine HCl 

97.0 parts 

3.0 

The chicken fat and L-cysteine HCl are combined and 

heated to a temperature of 120°C for a period of½ hour while 

simultaneously bubbling 0.1 standard cubic meter/hr of air 

through the medium. At the end of that period, 10 parts of the 

flavorant produced are blended with 70 parts hydrolyzed corn 

protein, 19.5 parts malto-dextrin and 0.5 parts of a 50/50% 

mixture of sodium inosinate and sodium guanylate. 

The resulting flavorant has the characteristic flavor 

and aroma of cooked chicken. 
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EXAMPLE 9 

This Example is illustrative of the embodiment in which 

a fish flavorant is produced. The particular species of fish 

employed is dependent upon the particular flavor to be produced. 

A flavorant having the characteristic flavor and aroma 

of fish is prepared employing the following constituents: 

Hydrolyzed fish 

Cod liver oil 

L-Cysteine HCl 

Linoleic acid 
• 

72.2 parts 

25.0 

2.s 

0.3 

The fish is first hydrolyzed by means of a fungal 

protease which is employed in an amount of 1% by weight of the 

fish treated. The hydrolysis is carried out for 6 hours at 50°C. 

At the end of the hydrolysis treatment, the temperature is raised 

to 100°C and maintained at that temperature for 15 minutes to 

inactivate the enzyme. 

The hydrolyzed fish is then combined with the remaining 

ingredients and heated to a temperature of 100°c for l½ hours 

while simultaneously bubbling air through the system at a rate of 

0.15 standard cubic meter/hr. 23 parts by weight of the reaction 

product is then blended with 60 parts of hydrolyzed corn protein, 
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16.2 parts malt dextrin and 0.8 parts of a 50/50% mixture of 

sodium inosinate and sodium guanylate and dried in vacuum to a 

total solids content of 98% by weight. 

The fish flavorant produced has a boiled fish flavor and 

aroma and is well suited to applications such as chowder where a 

boiled fish flavor is desired. 
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Claims 

1. A process for preparing a flavorant for imparting a cooked 

meat or fish flavor to foodstuffs which comprises com­

bining a lipid material being at least one of a tryglyce­

ride arrl an unsaturated fatty acid with a sulfur-containing 

compound to form a mixture and reacting the mixture by hea­

ting to form the flavorant wherein before or during the 

reaction step, the lipid material is oxidized by being con­

tacted with an oxidizing agent. 

2. The process of claim 1, wherein the lipid material is 
oxidized to a peroxide value in the range of from about 5 

to 150 milliequivalents per kilogram of lipid material. 

3. The process of claim 1 or claim 2, wherein from about 1 

to about 10 parts by weight of the sulfur-containing com­

pound is mixed with 1 part by weight of the oxidized lipid 

material. 

4. The process of any preceding claim, wherein the lipid 

material is an animal fat, a hydrogenated animal oil or a 

straight or branched chain fatty acid having from 11 to 24 
carbon atoms and having at least one unsaturated linkage 

in the chain. 

5. The process of any preceding claim, wherein the sulfur­

containing compound is at least one of a sulfur-containing 

amino acid, a lower alkyl mercaptan, a lower alkyl sulfide, 
a lower alkyl disulfide, hydrogen sulfide and a sulfide or 
hydrosulfide of an alkali or alkaline earth metal or ammo­

nium. 

6. The process of any preceding claim, wherein the reaction 

mixture contains an amino acid source. 



Motif Exhibit 1002, Page 998 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

- 28 - 0136428 

7. The process of claim 6, wherein the reaction mixture con­
tains up to 90 parts by weight of the amino acid source per 
part by weight of the oxidized lipid material. 

8. The process of any preceding claim, wherein the mixture 
is reacted by heating at a temperature of 80° to 120°c for 
a period of from 0.5 to 2.5 hours. 

9. The process of any preceding claim, wherein the mixture 
is reacted until the peroxide value is substantially zero. 

10. The flavorant obtained by the process of any preceding 
claim. 
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METHODS AND C.OMPOSfflONS FOR AFFECTING THE FLAVOR ,AND AROMA 
PROF!LE OF CONSUMABLES 

Description not available for EP2943072 {A2) 
Description of corresponding document: W02014110532 {A2) 

A high quality text as facsimHe in your desired language may be available 
amongst the following family members: 

AU2{J'l4W5114 (AH CJ\2697600 j'AH GN'HJ5D5D414 {A) ~!P2DH:i:fi02857 {A} 
V402D1411t1532 {A2) AU201420:d21 tA:1} CA2897602 {A1 l CN105t150426 (A) 
JP.'.i.:1J·l6500716 {A} \l\l020141 'Hl539 1'A1) 

The EPO does oot accept any responsibility for the accuracy of data and information 
originating fiom other authorities than the EPO; in particular, the EPO does not 
guarantee that they are complete, up-ta-date or fit for specific purposes. 

fVETHOOS A.NO COMPDSff!ONS FOR /\FFECT!NG THE FLA.\/OR /\ND AROMA 
PROFILE OF CONSU!\4ABLES 

CROSS-REFERENCE TO RELATED APPUCt\TK)NS 

This appkrntion daims prtomy to U.S. Application Serial No. 'l 3/H<"U ,2,·1-1, Med Ju!y -12, 
20'13, US. ApplirnUnn Serla! Nn. 6-U:900,634, med Novernber 25, 20'13, and to U.S . 
.App!katinn Serial No. G ·'l ltf..i •i JVi G, Med .Jarnmry ·1 ·t , 20'1 :1, and is related to the 
fo!k::iv1,•ing ro--pending patent appfo .. :ations: Appficatlon Serial No PCT/US ·QJ45560; 
,,\.ppfa:atkm Soria! No PCT/US ·12/4f}5S2; !\ppHcaHon Snria~ No. fH,876/H6, fi!Hd 
September -1-1 , 2[Vi 3; and App!icatioo Serial No_ 6'1 ff f..i ·1,s-·13, fil-ed January 'l ·1, 2(H 3, all 
of \\•tikh an~ incorporatnd tw:iniin by n-Jfemm:e _ 

This inventiffl relates to fr>l"Xl produd.s and nmra particularly, to fot:,<d products that 
indude a highly conjugated hetenxydk. ring G)lTlplexed to iron such as a herne-­
cofador and one or rnt.lfB flavor precursor rnolocules. 

BACKGROUND 

Fcx.xl Is any substanm that is either eaten or dmnk by any ariirnt.11, irn::.kaiing humans, 

htips:/i\vorkhvide.e&pacenetco.m/publicatio:nDefails/description?CC=EP&NR=2943072A ... 1 l/17/2017 



Motif Exhibit 1002, Page 1000 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

E!)pacenet - Description Page2of46 

for nutrition m pleasure. !tis usually of plant or cmirna! oriqln, and can contain essenUa! 
nutrjents, such as carbo!lydmtes, tats, proteins, vitamins, m minerals. The substance is 
ingested by an organism and assirnifa::Jted by the organism's cells in an effort to produce 
HtKWfff, rnalntaln Hfo, or stlmu!atu 9mwU1. 

Food l:ypicaUy has its origin in a photosynl:hi:ttlc nr9anisrn, srn:h as a plant Sonm fncd is 
obtained dired!y frorn plants, but even anirna!s that are used as food sources are 
raised by fee{:Hng then1 food which is trplca!!y derived frorn plants. 

In rnost cases, the plant or animal food source is fractionated into a variety of dm'ernnt 
portlc-ns, de-pending upon the purpose- or the foa,1 _ Often, rnrt.ai n pc-rlions of the plant, 
sud~ as the soods or in..iits, am rnom highly prlzed by hurnans than others and these 
are sdednd for human u:msurnptkm, vi&o oRmr less dnsirab!n flflfllt:lcns, sud1 as Um 
stalks of grasses, are fypk:aHy used for feeding an\mais. 

Current plant-based meat substttutes have largely fai!e:zi to cause a shifl: to a vegetarian 
diet. Meal: subsW:ul:n compusltlons nnJ l:yplcaUy nxtn.1-ded soy/grain mhdures 1o:vhidi 
k'Kf~ely tail to replicate the expern:mce ot u:}:Jking and eating rrmat. Crn11mon hrnitations 
of plant-based nmat subsutute pmduds are a texture and rnc.1Jth-fee! that are rnora 
!lOfnogenous than that of equivalent rneat pmdtds. Frnthennom, as these products 
rnust largely be s.okl pre-cooked, >,;.'l:'lth artmda! flavors and amrnas prn -lncorpornted, 
tt:my fni! tu ri:tpkatu lhe mumas, llavors, and u!Jinr kuy foalurns, such as lDxh.inJ and 
mouth- feel, assi ... ')dated with o:xm1n9 or ox"4;ed meat As a result, these products 
apprm! !arGe!y tu a !lmttnd crir:isumnr ba~:;r~ l:hat h ak.:fady cormniUrnj to 
\tegetarianisrnNeganisrn, but tmve failed to appe:a1 to the !arger consumer segrnent 
accustnnind In eating rnoaL n \Vnu!d be useful ln tmvi) irnpmvod p!anl:-bai:%}d rneal: 
subsfitui.es whid1 be-tier replicate the an.1mas and fiavms of moot, particu1arty during 
andfm afier cooking. 

Pmi.'ided hernln am methods and cornposttions rm modulating the ftavnr and/or aronm 
prnfik~ of consmnab!n fncd prrnJurls, indudinLJ anbml~ nr m:m-aninia! (ftU., p!anl:} basi:td 
fooo products. or mixtures of animal- and non-anirnal~hased food products. in some 
nrntx:w:frntmts., trin mn1hmb and comp:::t:;ltlnns nnJ usnfu! for rmJdu!aHnu HKl fla'l;:'tX 
and/m amrna profile of a consumable fw.Jd prooud during and/or afl.er the c.00:,Wng 
prnniss. !n son-Kl HrntH:idlmonts, l:hi:t nml:huds and <:nrnposifams mn usnd In gnm-)raln 
one m mom chmTfrrni compounds that modulate the flavcir and/or amrn.a profile of the 
oonsurnab!e foc.sJ pmdud durlnq and/or after the cooking pmcess. 

As provided herein .. and \>Vtlhoul: beinq bound by theory, certain charm:::terlsUc rneaty: 
ik1vnrs anrYor ammas {H.n., tx-mfy, bacony, uniaml, savory, hbudy, brofriy, nmv}\ 
rnetamc, boumon- like; see Tab!:es 2, 7, and tl), including one or more specmc 
r:ht-Jt"fliciii (Xllilf)t}t~nJj~; fl~~i(}(}aJf;;{j \\:~tilil ttw:~- ~1{J~lK~~ {Sf~f} T~it,it~~; 3~ B, f]~ :t2~ ~14~ ·ft)~ {lf ·l7t 
are believed to be produced drning the moking process of a consumable fot.ld product 
by chi:trriica! n:mdJon o'f unn or morH ik1vrn prm:ursnr mokicuks or crnnposWnns 
catalyzed by the pmsence- of .a highly r:cmju~1ated hetem-cydk: ring co,mp1e1:ed to an imn 
ion {e.g., a henm rnolety; or a porphy:rin; a porphy:rinogen; a conin; a cmrinold; a 
cMrnin; a 

baderim::horophy!l; a c11rphin; a chlomphymn; a bacteriod1k.'1rin; cir an isobactmioch!orin 
moiety cornplexe:zi to an hTH1 \on}, Such h}gh!y con_jugated heterocycyilc rnc.wties 

htips:/i\vorkhvide.e&pacenetco.m/pubbcatio:nDefails/description?CC=EP&NR=2943072A ... 1 l/17/2017 
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/nc!ude hetenx:yclic amrnat!c rings composed of one or rnore (2, 3., or 4 more} pyrrol=e, 
pyrmle--!ike, arn::l/or pyrrdine subunits. The highly -CJ}njutv-ted heterocyc!k ring 
complexed to an lron uJn is referred to herein as an iron complex .. In sorne 
Hmbcdimenh, Um henn1 mok'lty can be a henm cofodor such as a tnrrn1 moiety bnund 
to a protein; a henw rnoiety bound to a ncm-pmteinacoous polymer; a heme moiety 
t)(~.lf)tJ f:{) !ti S()!kj SU{)f}(]ft~ (}f fl i"lf~f11f] fll{)k-rt~f ~1r}{::a.r)~iU!{JifHj irl ti hf)(}S(MI}(7). lt1 S.s)fl1f~ 

ern.bc-dirnents, the flavors and/or t'non-ms am not generated in Um absence of fue iron 
cornpiex {e.g., 1n the absem::e of a ferrous cNmin} or are not generated in the absence 
or a hmne--cofador (e-.~1-, in the absenrn of a hen-1e--mntaining protein). Acwrdingly, as 
described herein, the iron mrnp!exes such as isolated eh!orln-/ron complexes m herne­
mfa-r:tors {e.g., henw- c·ontaining proteins) can be used to generate rneaty fo .. lvors 
andicr amn1as in a \:'Btiety of foz."1d products, stH..:h as drning the moking process. 

Cornbining cme ar morn iron complexes such as a heme-cofactor (B{l, a heme­
crmtain1n9 pmkjn, indudlng, for nxampi!H a p!ant-dHdvod hi:Hno pminin such as a plant 
!eghenmgh:1rnn (legH}}, ~vith one m morn flavor pmcursor rnolecules or comp:ositions 
(see, e..q., Table ·1 or Table t3) can generate or pmvide a range of savrny and rneaty 
an::1rrias and tastes (sf.le, et1, Table-s. 2, l, andior ·1-1) in .a cru1.¼ed rnnsurnabk-l fond 
product F!avm pmcursm rnoleniles or rnn1posmons can be added to the una..x:J,;ed 
food product in purified forrn and/or can be derived ti'om ingredients in the rn1coc1ked 
o:.msurrn.1ble foc.s{l pmd ud U-mt contain and/or are enriched with one fff rrnJffi of the 
padku~ar navor prncursors or cornposilkms, §ndudk:tt for nxamp!o, yHast ftdrnc( 
vegetable oH, com oH, soybean oil, palm ftun dl, palrn kemel oil, saffa:y;,,.,,.er oi~, flaxseed 
oil, rh:n tinm o¾!, coU:nnsHod oil, oJhH) nil, cannta-dl, sunf!m-w-;r oit con:mut oJ, rm:mgn 
oil, or an a!9al oil. The resultant flavor and/or rm.1rria profile can be nmdu!atru.i by fue 
typf} and comxmtr:ation of Rm fiavor pri:Krnsors, Um pH uftrie rnmclkm, UK~ kmgth of 
cooking, the type and amount of iron mmp!ex (e.g., a herne wkKtor such as a heme-­
containing protein), the ternperatum of the reaction, and the amount of woater act:tvH:y in 
the product, mnt':)ng other tfjdors. 

One cw nl{)re fh..1vm pren .. ffsor mde-c1.1los or crnnpositions can be added akmg \:Vith a 
iron carnplex (e.g., ferrous ch!orq::ihymn or a heme cofactor such as a henw-containing 
prok}in), ln an unrnoktd food product, bnfnnl am:Urn· during tho o:sokin~J prnniss, tu 
give the cooked consumable fix .. "1d product a par!ku!ar rneafy taste and srnel!, ror 
nxampk~, t!"ln tm~tH and smell Gf bHd, han:m, p-nrk, lanib, o,r chk:k(-m_ Consurnabk~ food 
products can be animal Cff non-animal based (e.g , plant} food pn.xlUcts, or 
cornbinat!ons of an anirrn.11 and nDJH1nirnal based food product Ftx exarnp!e, a plant 
basru.1 veggie burger man animal-- t~1secd burger, such as a chkken burger, can be 
rnodffffid ¼V!th the crnnposlUons and methods of the present disclosure to msu!t ln a 
btn'i18f hav§ng a conked flavor and/Dr aroma pmMe that is mom meat like, e.g., t~f-­
mm, !mnb-Hke, prn'k-l!k.e, turkey- ilke, duck-like, deer-like, yak-like, mson-Hke or other 
ffoslrab!o meat flavor. 

Food products for nsf1 in Um pr~Js(-ml: disdusu1n im:ludH lhusn that havo an irnn­
crnnptex {e.fL a herne cofactor such as a he:rne-rnnta1ning protein}, and one or room 
ik1vnr pH:wrnsor mnkicuks indudod thr~rdn. Thf} imn--c0,n-1plbx su-cll as a hHnio cofadrn· 
(e.g., a hmTie--rnntaining pm!:einJ and the one or morn fh.tvm prnc11rsnr mdt1ci..des ran 
be hcmoqenous!y or heteroqenoously included in the flmd prodrn::ts. A herne protein 
can be isdated and prnifi:ed prim to inclusion in the kiod pmdud:. Non-faniting 
exmnp!es of a1nsurnab!e food products wnk:h a'm lndude an iron complex such as a 
henm.,cofactnr (e.g., a herne--containinp protein) and one or mom fa.ivor precursor 
molecules include anirnal-bas,ed or non-an1nml (e.g., plant-based}, Cff combinatrons of 
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anlrna!-based and non-animal-based, food pn:Jducts in the fonn of hot doq:s, burners, 
ground meat, sausages, steaks, Mets, masts, broosh, thighs, \Vings, rnootba!!s, 
rneatJoof, t,~mn, strips, fingers, nuggets, cutlets, c:w z·:ubes. 

Consumable food products for use in the present dscJosum can be flavor am.imve 
nxnpusifa:::ns, ftfL fnr addHlon h1 anuU-ier o:msumahk~ fnnd product bi:tfnnJ, durlng,. or 
after its c.ookkig process. A tlavor additive composition can indude .an iron rnmp!ex 
such as a heme-cofactor {e.g., a herne-containing protein), and one m more flavor 
precursors. A fiavor additive composition can §nchx:le a herne protein, e -!:L an isdated 
and punned heme protein; such a ftavz.Y addmve compo-smon can be used to nmdu!ate 
the tlavor and/or amnm prc@e of a cs::1nsrnTmhl€ food product that u:xnprjses ru1e or 
n1om fiavor precursor rn£i,!ecu!es or n:xnpostions. A navor additive cornposition am 
inch.Ek} onn or mnff~ fiavnr precursrx nutocules ur cnrnposifa:ms; such a llavor additive 
composition can be usoo to rnodu late the flavor and/or arorna profile of a .cor1stnTmb!e 
food product Umt comprb·ns Um hnmn prol:dn, fa.9 , an isob.ted and pwifo:~d honm 
prtJtein~ 

.A fa.'NDf addit\te compositbn rnn be in the k}m\ of but not hn1ited to, soup or stew 
bases, t:'l.1UWCffl, e.g., powder or cubes, flavor packets, or season~ng packets Cff 

shakers. Such flavor rn::k:Mive crunpnsWons can t10 use,,1 to moouwte the tlavor and/or 
aronm pmfi!e for a variety of consunmble fQ'),1 products, and can be added to a 
rxmsurnabb !bed pmduct tKifrwn, fkning, or aihx crnl:.\\ng uf tb-1 consurnabk~ frnJd 
product 

In srnne :ernbodirmmts., a flavor additive compositioo such as one including an iron 
rnmpkrt {*~ g, fmrnus dlklcrin or a tu-1rrir1 prntdn) and nm: or mon) finvrn p-rncursors can 
!J.-e reacted {e.g., in vitro} wrth heating to genewate a parHrn!ar fh::n,•or andior an.1Ina 
profile of interest and the msuliant product rnh-1:um can be added to the crn1sun1ab!e 
food product of intems( wi1ich rnn then be eaten as--is or can be additiru1ally moditled, 
e.g .. , by additional c:nokin9_ !n srnne embod!rnents, the iron cornp!ex can be mmoil&J 
fmm the resultant prodtd n1h:.tum ooforn adding the product mixture to the rnnsurnab!e 
fond product or interest For example, the iron cornpIDx can be removed fmm the 
product rnildrnu using dw0;rrmtngraphk lrn:hniqu1c1s such as coJumn chrnrnalogmphy, 
e.g., a column cru1taining heme or iron--e.hk:rrin. 

In srnne ernbodiments., the imn complex sud1 as a heme--mractor, e.9., a herne­
protein, and the one or nmm flai.,-m precursor flavor adcHthtB cornposrnons can be soy­
froo, wheaPi"ee, yeast--fme, f\,1SG--froo, and free ot protein hydrntysis products, and rnn 
taste nwaty, hlghty: sr.rWJI)", and withnut off odors or flavors. 

In one aspect, this document features a focd pn:Jduct that !ndudes an lmn rnrnplex 
sud1 as a tmnin rnoidy, nr a prnphyrin, a prnphJ--rino{r-m, a u:mln, a rxmino\11, a chk::rin, 
a bacterkx:homphyi!, a corphin, a d1lomphynin, a bactertochk:w'in, or an 
isobadtirhKh!ofln moldy crnnpkxnd to an in:m k:sn and unn or mnrH fa1vrn prm:ursor 
rno!ern!es sB!:ectoo frmn the 9mup rs::msisUng of g@uo-1s,f\ fructose, noose, ambinose, 
gkmos1c1--G--phnsphak~, fructose t1-phosphatH, frudosH 1 .G-diphospha1H, inosil:ol, 
rna!bse, sucmse, mafi:odextrin, g!:ycoJen, nuclenhde ~bound sugars, mo!asses, a 
phosphoHpk!, a leclth!n, lnosine, 1nos1ne monophnsphate (!f'ii'1P;, guanosine 
n1om.,1phosphats {CiMP}, pyrnzine, adennslne rnonophosphate (AfAP), ladk acid, 
succinic acld, gwcc.ik add., thian1ine, crnatne, pymphosphate, vegetable oi!, algal oH, 
mm oil, s.nybean oil, pa!m fruit oil, pa!m keme! 0H, safi!nwBr on, !'l.axseed ni!, rice bran 
of, cottonsBed oil, sunflm-ver oil, canrna oil, olive oil, a fi'ee fatty acid, cysteine, 
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rnethicnine, isok:mdne, l=ern::ine, lysine, phenylalanine, threonine, tr~n::stnphan, valine., 
arginine, histidine, alanine, asparagine, aspartate, glutamate, 9titamine, ;~!ydne-, 
pmline, serine, tyrosine, glutathione, an amino acid derhral:ive, a pmtein hydmlysate, a 
rnaU ft:dract, a yoast uidrad, and a pqlk}'l'Kl. Thn tH-1rnH moiety <:nn tn a tmrm:1-
containing protein, a herne n1etiety bound to a non-pepUdic po!yrner: or a heme moiety 
buund ln a so!id supprnt The h(-;Hm-u:mtnk:1bg pmtein can tm a plant, rnaniniafa-m, a 
y:e.ast or rnarnentous fong( nr bactrnia! henm--eontakiing protein The kmd pnxlrn:-1 c:an 
include h-vo to one hundred, tv,m to fifty flavor prncurs.fxs, t.vo to forty flavor pmcursms, 
btiD to 1.hirly-tive- flavor precursors, !:\~u to ten fa.1vor precm-sors, or tvo to six ffa1vor 
precursors. ln some ernbooiments, the one fff nmm flavor precursor molecules am 
selected fr{1m the group rnnsis1ing of gh.Koss, 1ioos.e, cysteine, a cysteine derivative, 
thiarnine, alanhm., methionine, lysine, a lysine oorivatve, 9Mmnic add, a g!utamk add 
ffodvak•iH, !MP, GMP, lac-Hr arid,. maH:rnJo:,drin, cnJaHm:~, a!anim:-;, mgininn, aspan1uine, 
aspmiate, 9Jutarnic add, g!utamine, 9iycine, histidine, iscieucine, !euci~m., metMonine, 
phrn-rylnhminn, proHnf\ thruoninn, tryptnphnn, tyrosine, va!inn, ~inoldr add, and 
mixtures thereof. The hem&-o.Jntaining protein can be a non..:syrnbroUc herr10,9iobin or a 
leqhenmqlornn {e.g., a plant leqhemoqlobin such as one fnxn soybean, aifam1., lupin, 
pea, n."Jw pea, or lupin). The heme--cont.aining protein can include an amino acid 
sequence having at least BG%, sequer1rn ldenHty tn a pofypeptide set frnih in SEO lD 
NOs: f--2tt The herne--containin9 protein can be is.D!ated and purified, The boo product 
further can im:::lude a f0i:.xi-grade oH, a seasrn1lnq agent, a flavoring agent, a protein, a 
protein cnnrnntmk, an nrrn.i!sff:nr, a gnWng agrw:1t, or a fib:-H". Tim focd product can tx~ a 
meat substitute, a soup base, stew, base, snad; rood, boumon po\-'tder, bouillon cube, a 
ik1vnr packot_ or a fruzt-m food pnHiud:. /\ny of Hin food pn::duds can ho frm-} uf anknn! 
products. The rt')fKl product can be sealed ~vithin a packet or shaker. 

This docmnen1 also features a rne-1.hod for pn-:ldw:ing a fklvor ccmpound. The rnethod 
rnn im:1ude combin~ng an iron complex (e.g., a heme moiety, a porphyrin, a 
pmphyrinogen, .a cnnin, a corrinoid, a ch!orin, a bacterim::horophyH, a c11rphin, a 
ch!mophvmn, a bacterkx:h!orln, or an isobadmiochk::,rin cnmplexed to an imn} and one 
m mnrn navor pmcms-or rnn!e,cules to form a mixl:ure, the- one or mom tbvnr pre-cursor 
rnoier:u!es se1eded frorn the group consisting of 9hxcose, fructose, ambinose, ribose 
9 bcosn-6-ptiosp!"late, frm::h1Sfl n~rtiosphatn, l'n.idn~m ·1, 5-diphosphatn. kmsilnt. 
maltose, sucrose., malkxJ:exl:lin, g!y,cogen, nucleotide~ootmd sugars, roo!asses, a 
f.Jh(}Sf,)h{}~i r}i~J> fl h~:-{Jtltii·1 ~ jf}{~)ifH~:- ~ ii·1t}~~~flf~ fl]{){!(}f,)f"l{}SJ)t)E!t(~ {i ~~p }~ tl UflfltJsinr~ 

rnonaphosphate {G!'v1P}, pymzine, adeno-sine monophosphate (AMP), !adk acid, 
sucrlnk ach:( q~yrnUc add, thiamine, crnatlne, pymphosphate, veqetable oil, a!qal oH, 
com oi( soybean oil, pa!m fruit {Ji!, pakn kernel oH, saftki:wer of!, flaxseed nil, rjce, brnn 
oH., wtlnnse{:,:d oil, canola oil, c.iwe oH, sunflower oll, flaxseed oil, coconut oil, rnango oll, 
a free hdty acid, cystehe, methionine, isoieudne, !eucine, lysine, phenylalanine, 
threonine, trvptophan, valine, arginine, histidine., alanine, asparaqlne, aspa.rt.ate, 
n!utamal:n, g!utarnino, 9tydne, prnlino, sHrJrm,. tyrnsirm, ulutal:hfone, an amino acid 
derivative., a protein hydmiysate, a rna!l: extract, a yeast extract, and a peptone; and 
k-mting Um nli:dmH tu form onH nr mnH:} t1avrn· eornpmmds snkictrn1 frurn Um w1mp 
consisting of phenyiacettlldehyde, !--O:Cten-3- one, 2--n-hiepfylfuran, 
2-lhitrptmr1Htart}oxa!dfl!·iyt1r1, 3--lhinphf;m:-irarboxaldohydn, butyn:lad1in(~, 2-uridm:erin!, 
pymzine, rne-1.hy!--, h..irfural, 2--dernnone, pyrmle, l--oc1en--:1-- ol, 2--acetylthiazcile, (E}--2-­
rn::terml, decrmal, benzaldehyde, {E}-2-nonenal, pyrazine, ·1- hexanol, ··i-neptarml, 
din-1el:hy! tfisultide, 2--nmmnone, 2--penh.'UK'1:ne, 2--hepl:anone, 2,3-- butmwdi:orm, heptana1, 
nonana( 2-rn:.:tanone., "l-rn.:tanol, 3-ethylcydopentanone, 3-octen-2- nne, {E,E; 
--2,-4--heptadien.al, {Z}-2--heptenal, 2--heptanone, 8-mefuyl--, (Z)--4--hepl:ena!, {E,ZJ 
~2,6-nonadlena!, 3-methy!-2-butenal, 2~penl:yl-furan, fuiazo!e, (E, E)-2,4~ derndiena!,, 
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hexanoic add, l-ethyl-5-mel:hykyclopentene, (E,E}-2,4-rn:madienal, (Z)-2-decenal, 
d ihrdm-5--penty1--2{3HJ-ti.iranone, trnns--3--n£Jnerl-2--one, (E,E}-:J ,ti--octadien--2-- one-, {ZJ 
-2-octen-l-o!, 5-ettry1d1hydro..2(3H)-furanone, 2-butenal, l-penten-3-ol, (E}..2- hexenal, 
forrnk add, hnptyl nsl:er, 2-{Wffityl-tMoptinnH, (Z}-2-rn:mnnal, 2-hexyl-lhiophem),. {E}-2-
decenal, 2-ethyl-S-mel:hyi-pyrazine, 3-et!iyl-2,5-dlmefuyl-pynmne, 2-ethy\ ·i- hexanol, 
thinptmno, 2-rnn-Hr:,,1l:furnn. pyridine, butana!,. 2 +~thyl-furan, 3--rnetriyl-butana!, 
tr'i!:::hk::iron1eth.ane, 2-methyl--buhmal, nmthacrolein, 2--rnethyi--pn::ipanal, pmpanal, 
acetahiehyde, 2-pmpyl .. Juran, dihydn}--5-pmpyl-2(:JHJ- furanone, ·t,3-hexa-diene., 4-
decyne, pent.anal, ·®--propanol, heptanoic add, tfimethyl--e-thanethici,, 'l-butanol, l­
penten-3-cme, dimethyl sulfide, 2-et'1yl furan, 2-pentyl-thiophene, 2-propenal, 
2--l:ridecen-- l--01, 4--odene, 2--methyl thfa..1zn!e,, methyl --pyrnzlne, 2--tm!:anone, 2-pentyl­
tumn, 2- methyi-prnparm!, bufyroladone,, 3-rnethy!-butarml, rnethyj-thiiranf\ 2-hexyt­
fun-m ... butnnal,, 2-rrmlhyl-bukmal,. 2-n1nlhyUt1ran, furan, rn:l:mml, 2-hqikmat '1-rn:kno, 
fonn1c add het,1tyl ester, 3-pentyl.furnin, and 4-penten-2-zme. The heme rncrel:y can be 
ti t·}f:t11f;- rtJrth~1j nir}g JJr{Jt~-;:ir1 ~ ~i f1t~~lJt-} rrs(Jk:~ty: tJ{)ur1fi !:fl r1 f}()f1-r:~t-}fJlltli{: r:~()!yrn~1r~. fJr fi t1r~rtlft 
moiety bound to a solid support The rnethoct can tndude combinin9 z:ysteine, ribose, 
lm:::tic m.:Jd, lysine, and/or thit'n11ine >,;.'l:'lth the heme""'cm1tain1ng pmteln. 

ln another aspect, tNs document features a rnethod for pn:::.sJm:Jng a flavor cornpt.1Und. 
The rnethod induoos u:Jrnbining an iron compk-rx, such as a heme---rnntaining protein, 
and m1e or ffKffe rla·w.)I· precursor molecules to fom1 a rnixtum, the one or rnom flavor 
prHnwsur mo!on.dns snlm:kd frnm mo grnup consisting of glm:J)SH, fn,idnsn, ribusn, 
arabinos:e, g!rn:::ose-6-phosphate, fndos-e 6-phosphate, fructose '.] ,6-d1phosphate, 
inosik>!, malkisn, srn::mi:%}, mnltrnkwMn, glycogrni, rn.ldmJl:idf}-botmd suuars, mu!assHs, 
a phnsphoEpid, a !edthin, \nosine, if'iiiP, G!\W, pyrazine, Ak'!P, lactic acid, sucdnic acid, 
9lyc.olk add, lhinrninf\ nnatinn, pynlcphosphatn, Vf}Ut1tahfo1 oil, algal nil, com oil, 
soybean off, palm fruit oil, palm kernel nil, safikJwer oil, flaxseed oil, ~irn bran oil, 
cottrn1seed cil, olive oil, stmfhJ-iNer o!L, rnnola d!, flaxseed oH, coconut of, rnango oH, a 
koo tatty acid, mel:hkmine, cys!:eine, isoleucine, leucine, lysine, pheny:!alanine, 
threonine, trvptophan, vallne, arginine, histidine., alanine, asparaqlne, aspartate, 
9lutamate, glutarr!he, glycine, proline, s-erine, tyrosine, g!utathtone, an amino acid 
derivative., a prntein hydro!ysate, a rna!l: extract, a yeast extract, and a peptone; and 
k-mtlng Um nli:dmH to form onn or moH:} flavrn· cornpmmds snl: l'urth in Tables :1, H .. or 9. 
For example, l:he fla\i'Dr precursors can tnciude cysteine, a sugar, and one or more 
nlhtw prm:ursors. 

This docwnent also features a method for ln1partnq a rneat mm tlavnr (e.g., bee'fHke, 
chic.ken Mm, pork--Hke, lamh--Hke-, ~urkey--hke, duck--like-, deer--Mm, or bison--hke} to a food 
product The rnethod indud=es rontadinq the food product ¼V!th a flavor\ng composttrn1, 
the tlavoring rnmposihon oJrnpfising i) an iron c11n-iplex, such as a hmne moiety (e,9., a 
heme""'cm1tain1ng pmteln;; and li) one or more flavor prm:::msor rnolecules selected from 
tt"ttJ t1rt)ljf) C()n~;~sting {)f [~{U{J)S(·}~ frut:lf}Sf?-~ rjt)t}~i(~,~ {Iriit}irt()Sf~~ ithJ(JJS(-J§- fjf}ffi~JfH"lil3~ 

l'n..1ctns.e 6-phosphate, fructose -1, 6-d\phosphate, inositol, maltose, srn:::rose, 
nli:dtrnk~)drin, qlycotym, nuciiofafod:mund sugars, rnolnss~Js ... a phnsphulipid, a lodthin, 
inosine, if>iP, G!MP, pymzine, A!\4P, lactic acid, succink acid, g!ycoHc add, thiamine, 
unatJnn, pymphosphatn, vr~notabk~ oll, a_!t:;a! oil, nxn oil, soybnan oJ. palm fruit ni!, 
palrn kernel {Ji!, saftbner oil, fa.Ms.Bed oil, fi:ce bmn oil, cottonseed al, olive oil, 
s1..mrlmver oil, eanola ml, flaxseed mt, cocrn1ut oH, mango nil, a frne ratty add, cysteine, 
rnethionine, isole-udne, k-JlR:ine, lysine, phenylalanine, threonine, tr}-<ptophan, valine-, 
arginine, his.Mine, alanine, aspt'ffag1ne, aspartate, qlutrnnate, glutt1n1ine, glyclne, 
pn::iline, srnine, tymsine, glutathione., an arnino acid dedvative, a protein hydru!ysate, a 
maU exirnct, a yeast extract, and a peptone; wherein after heating the food pn:duct and 
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the fh.worlnq cornposition toqether, a rneat !lke flavor (e.g., beef-like., cNcken Hke, ptirk­
like, larnb-- frke, !:tirkey.-hke, dudc!ike, deer--hke, c-r tison-Hke) is imparted to the f0,s.id 
product !n srnne embooirnents, the imn complex is rernoved fmm the rocd pn...--w:iuct 
Th(~ fawrnintJ crmipositJon frnUier om k:idmki a seasoning aqent, a !1avorlnq ngenl:, a 
protein, a protein concentrate, ar an emulslfier. The fiavrninq mrnpositkm can be 
snalnd ~,uHhin a p.ackd or shaker. 

!n another aspect, tNs document features a rnethod of maklng a food pn.xh1ct 

The nmthcd !ndudes cornbininq an tsrnatoo heme-containing protein and one m mom 
tl:Svm precursor rnoternle:s to tomi a rnixture, fue. one c-r more f!a\.>ur pmnxsor 
mo!ern!es s:Blerted frmn the ~1roup consisUng of giucos,f\ fructose, nbose, ambinose, 
n kmosi:ts- pJmsphak}, !'nidnsn 6-phospJ1aln, frudosn ·1, fi-di phusphatff. inosHo!, 
rna!bse, sucmse, rnafi:odextrin, g!yo:}Jen, nudenhde-bound sugars, n1L,,!asses, a 
phospto!ipkl, a kmlhin .. inosinn, tMP ... GfAP, py-razinH, AMP, bdk add, sucdnk acid, 
g!yco!i:c add, thtamine, crnatine, pyrophosphate, sunftmver oil, coconut oil, rnnola oil, 
fla~-seed cd, rnanqo oH, a free fatty add, cystelne, rnethionlne, isoleudne, ieudne, 
lysine, phenylalanine, threonine, tryptophan, vafine, arginine, histidine, alanine, 
aspamqlne, aspartate, g!utan1ate, q!utamine, qlycine, prciine, serine, tynJ"Sine, 
glutathione, an arnino rn::k:l derivative, .a protein hydrotysate, a man extract, a yeast 
extract, and a peptone; and heating the rnbd:um. 

Un!ess othen'ilse defined, all tedmlca! and scientific temis used herein have the same 
rntmning as crnTinxm!y tiridersh1ud by onH of onHnary skrn in l:hn mt lo vAikh lhis 
invention pertains. AW'c;ough rnethods and materials sirnilar or equivaient to those 
dnsnibod h-H:rnin rnn ho usod to prad:in~ Um kiv(-mtiun, sutabkt md:huds and n1ateriah 
are de-s.cribed b6!rn\'. AH publications, patent applications, patents, and nfuer mfemnrns 
mentic.•ned herein arn incorpomted by mfemm:e in thelr entirety !n ease nf conflict, the 
present specifirntion, inckKhng defmmons, will c11ntrol. ~n additkin, the nmtmials, 
rnethods, and exarrip!es am mustmtive on!y and not intended to be !lrnitin9. 

The details of one fff more mnboo1ments of the invention are set forth in the 
accornpanying drwNings and l:hn dnsuiption tn)!mv. cmw:ir RialnfffS, objnd.s,. and 
advantages of the invention \:Vll1 be apparent rrorn the description and drawings, and 
frrnn tt:m dairns. Th(~ inonl "comprjsing" in the claims may bn mp!arnd tN "consisting 
essentially of or wtth "consisting of," according to standard practice in patent !aw. 

DESCR!PflON OF THE DRAWINGS 

FlG. 2 i:s a bar graph uf the bix~fnmss ral:ing nf HK~ mnal: rophca ~Nitti or wiU-ioul: the 
!Magic fihx, both samples in triplicate with ··t ~{~ 'lNV legH protein. Tasters mtru.i beefiness 
on a scak~ from ·t-7, wlh "l brihig m:~t tx:idy nt aE and 7 tn1in9 oxadly !*o ground bnd. 

DETA.!LED DFSCfUPTlON 

This dornrnent is based on methods and materials for rnodulating the taste anctlor 
amnm profHe of food pmduds. As desuibed herein, a:nnpositions containing nne m 
mom fla·wJI· precursors and one or more highly conjugated hetemcydic rings 
mrnptexed to an iron fmterred to herein as an iron complex) can be usru.1 to modulate 
the taste and/or amrna profile of kmd products- Srn:.h iron compklxes lndude heme 
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raoie1ies or other highly cnnjuqa1ed heterocylic rings rompk:nmd to an iron km (mfeffed 
to as an iron complex}. "Heme" refers to a prnsthe-1.ic ~vuup botmd to in.in (Fe <2+>-or 
Fe <3+>} in the center of a port1hyrin ring Thus, an iro,n cornpl:ex rnn be a henw 
rnoii)ty, or a pnrphyrb, porphyrhuxJ(-m, conin, conlnuid, chltxin, tmdrnirnJiorophyU, 
corphJn, chlomphy!En, b.acterbchlorin, or iS-dJaderiochbrin moiety complexed tn imn 
lon. Tim hrnno moldy Hmt can tin usrnJ l:o mndu!ntn tho tastH and/or rnnrna pmfik~ ol' 
food produds can be a herne wh~ctor stich as a henw--uJ:ntaining protein; a heme 
rnoie1y t:ound to a noivpeptldk:: poNmer or other mrn::rorncim::u!e such as a Hposorne, a 
µDlrethylene g!yc~, a 

c.arbchydrate, a po!ysacchmide, a cydooexkin, a polyethyle-nirnine, a polyacryiate, m 
-derivatives thereof~ a sldemphore F.e ., an iron che!atng mrnpoondt or a hense mdety 
bound ln a so!id suppoit (tl.Q., beads) n:impo&-){] ol' a ckurnnhxJraphy n:isin, n~lkdo~m, 
Qrnphlte, charcoal, or diatrrmaceous earth. 

In son1e embodiments, the iron crnnp!:exes cataiyze some reactions and prodrn::.e flavor 
precursors v;tlhout heatlng or cookin~1- In sonm emboc!jments, the iron crnnplex 
destabilizes upon heating or cooking and releases the iron, H.fL the pmtein §5 
denatured, so flavor precursors can be genernted. 

SuRable flavor pmcursors include sugars, sugar ak:oho!s, suqar derivafa,'es, offs {e.p., 
\i'Hgd:nNn oils), !'n-::i) fatty adds, alphrd·iydroxy adds, dlcmboxylk adds ... amino adds 
and deiivatives thereof, nrn::.h::NJsJdes, nucleotides, vitan1ins, peptides, protein hydm 
~;~~:iI§tf~s~. fr~:JrtitJ.1:=;.~ fJhtlSJJf"Kliir:~iti~;~ !{73cjth:~r1~ }1r1fi (;tt1*lrli-c fll:s:J!(~{:JJ~(~s .. t1~)r}-- hr11iUr}t~ 
exampies of sud1 flavor precursors are provided in T ab!e ·1 _ 

Sugars, sugar alcohols, sugar ackis, and sugar derivabves: glucose, frrn::tose, rib1se, 
sucrose, ambinose, gkKose-fi-phosphate,fn1ctose-6-phosphate, fructose 
'l ,!3-diphosphak}, inosfai,. maH:osn_ molasses, rnattrnlaxlfin .. g1yo:}Qrnt .. gabdnsH, 
lactose, ritllto!, q!uconic acid and glurnronic acid, amyh:1se, amyl0,:,edin, or :K'/iose 

Oi!s coconut oil, rnango (~!, sunfiowBr oil, cottonseed al, samower oi!, rice bran oil, 
coma butter, pa!rn fruit oH, pairn ol( soybean uH, canola oi!, corn oH, sesame oH, \Vt1!nut 
oil, flaxseed, jo_iotra oil, castor, grapesfmd ci!, peanu1. oil, olive ci!, alga! off, oil rrom 
bacteria or fungi 

Fme fatty acids: caprylic add, rnpric acid, !aurk acid, mynsUc acid, paln1muc acid, 
palrnilnk~k add .. skmrk:, oklc add,. !inok~k add,. alpha Enokmic add, ganinia llno1*1nk 
acid, arnchldic add, arachkionic add, behenic add, or erudc acid 

l\mino acids and derivatives thereof: qrsteine, cystne., a cysteine suWoxide, amdn, 
sn!om:Kystdnn, mn!hkmine, lsoleudrm, k:udrm, lyslrm, ptwmy!alanlnn, thrrn:minn, 
tryp1.cphan, 5--hydroxy'tryptophan, va!ine, arginine, hisbdine, a@anine, asparagine, 
as.pmtate, qhJtarnate, g!utarnlne, g!ydne, pm-Une, s.e.rlne, or tyrosine Nudoosides and 
Nudeobdes: innsine, inosine rnonophnsphate {!r/!P), 
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rrn:mcphosophate (AMP) 

Vitamlns: thiamine, vitan1in C, VUarnin D, Vitamin B6, or Vitamin E 

Adds: acetc acid, a!pha hydroxy adds such as lactic ack.i c:w gty co!h":: acid, mz:arboxylic 
adds such as citri:c acid, dk:arboxy!ic acids such as succinic:: add or tart.ark:. ac:k:l 

Peptdes and protein hydmiysates: q!utathrone, V~".Jetable pmteln hydro!ysates, suy 
pn::itein hydrotysatss, yeast protein hydm!ysates, alga! pmtein hydrolysatess, meat 
protein hydrolysates 

Ex1mcts: a malt e:;d:ract, a yeast extract, and a peptone 

In son1e embodiments, one fla\i'ur precursor or crnnbinations of n,~u to one hundred 
fh.1\itor procur::,,vrs, hvo to ninety, R¾'O to eightt, tv,fo to seventy, hNo to sixty, or hvo to fifty 
tli:ntor precursors am used. For example, cnmbinatbns of t\;-<,,•o ki forty flavor pmnffsors, 
tv~so to thirty-five ftavz.Y precursors, t:INo to ten flavor pmcursms, or R¾U to six fiavm 
precursors can be used \Vith the one or morn imn complexes (e.g., heme co-factors 
such as a hen1ec-mnta1nin9 pmtelns). Fm examp!e, the one or mom flavor precursors 
can bt:i nkico~m,. ribuse, cystoino, a cysinino tfo:rhlatha-::, lh§amk:m, !ysim:, a !vsim,} 
derivaHve, g!utamic add, a g!utarnic acid derivative, a!an\ne, rnethionine, !r\ilP, GMP, 
~$:§Ctic }j(jfi~ }lfl{j fll~Xb.UltS tflf?-fl~(}f {)Ill~ [~h.iCt)~~f} ruuj t:\tStf}~t1(~:~ c·~fstf}~f!f} flfl}J rit:(}Sf)~ 

cy-steine, glucose or ribose, and thiamine; qrsteine, glucose or ribose, W&P, and GMP; 
orskibf\ tJlucnso or rltx~-s'(~, and ladk add). Fm niarnp!n, HK~ 0,ne or rnrn:o fo:-1'/fX 

precursors can be alanine, arginine, asparagine, aspartate, cys!:eine, glutamic acid, 
g!utan1ine, glycine, tlistidlne, lsoleudne, leudne, lysine, methionine, pheny!ak-mine, 
prciline, thrnnnine, ~f)•pbphan, tyrosine, vaUne, Q!umse, rihose, n1a!tode:drin, thiamine, 
n,,tP, GMP, lacfa: acid, and cmatine. 

,~c. us.Bd herein, the temi "heme nmtain1ng protein" can be used interchangeably 1N~h 
"hmm~ n>ntaininn pct1imptkk:" or "hen1e pmtnin" rn· 'lifmm prtypi)pfalb" and lndudris 
any IXiypepbde that rnn covalently m noncovalently bind a heme moiety !n smne 
mntx:w:frntmts., trin tw:1n¥$-COnl:ainin9 po!ypepfaki ls a 9lobin and rnn lndudH a n!ohin 
fold, vvhich crnnprises a series ot seven to nine alpha helices Globin type proteins can 
be of any class {KP-, dass i, c!ass n, or dass W}, and in sorne ernbodinmnts, can 
transport or store OXY!:Jert For example, a hmne---rnntaininq protein can be a nt'1fl.­

syrnbiotlc type of herrwqlobin or a !eqhen1oqlobin. A heme-containing polypepfa:le can 
be a mononmr, i.e., a single palypepUde chain, or can b--e a dimer, a himer, telrnnmr, 
and/nr hiqher order o!lgorners. The Hfe-Ume of the oxypenated Fe2 <+>state ot a herne­
u:mtaining prntnin um tm sirnffar to l:hat oJ myog!ohin tx can ntn-ind il: by ·to%., 20%, 
:Jfftb> 50%>, "10ff%. or more under conditions in which the heme-pmteinc.containinq 
crmsurnabb is rnnnafarlun-1d,. strnnd, tmndk:d or pH:}pnnxi kw t~misumpfam. Tim Hfo­
Hme of the tmoxygenatoo Fe <2+>state or a heme-crn1ta.ining protein can be sirnHm to 
that uf rnyog!oNn or can i)XCtl{·ld E: by ·HJ%;, 2H''thn, 3(?X,) 50%}, 'IQ:[?%) or rnun:-} under 
ct:mdWons §n ~vhic!l the heme-protein-- containing consumab!e is n1anutm::tured, stored, 
harn:Bed m prepared for rnnsun1pUon 

Non- !imttinq examples of herne-contalnin9 pol~/peptides can include an am::!n:::.sglobln, a 
cytog!obin, a g!obin E, a g!ooin X, a glbbin Y< a hmnog!cbin, a myoJlobin, an 
erythmcruorin, a beta hernogiobin, an alpha hernog!obin, a pmtogiobin, a cyanc~lobin, 
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a cyt~1!obin, a histogbbin, a neurogloblns, a chlomcruorin, a truncated henmgbbin 
(etL HbN or HbO}, a tn..mrnted 2/2 gbbin, a hern{1g!obin :; {e.g., GU:tJt a cvtochrorne, 
ctr t..l pero.;-<jtiase~ 

Herne.--containing pmteins that rnn oo used in the composWOns and k1t."1d pn:xiucts 
&:r:;crlbm1 !'lnrnJn um tm from mammals (n.g., !:'anns anknab surh as co~vs, goats, 
sheep, pigs, ox, or mbbibJ, birds, plants, a!gae, fungi (e.g., yeast or rnarnentous kmgi), 
cmates, or bacteria. For example, a heme-wnti1lnlng protein can be frnm a n1Bn1rnal 
such as a fann anin1ai {e g_, a r.:mv, gnat, shoop, pig, oi:, m rabbit) Of a bird sud1 as .a 
turkey or thicken. Herne--et.1ntalninq proteins can t:se frm-ri a plant such as NlcoUana 
tab.acum or Nirnbana sylves!ns {tobm:ui}; Zea mays (wm), ArabidJpsis tha!iana, a 
!egume such as rnydne rnax (soybean}, Ocer arietinum {garb1mzo or chick pea), 
Pisuni sal:ivuni {pna; vmiHtJns such as nardm1 :n:MlS or su~p-ir snap ;:mas, Phasno!us 
vu\garis varieties of cornmon beans such as green beans, black beans, navy beans, 
rH)f!i11~~ll t~(-}fit1~\. ()f Jirit~] t~f}fifi~i~ \nt1nti lJnt1tii:CJ.i~t1t;1 V1lfi7Ji:i{$S {(JJVl r}f~t:f)}~ \ti(_Jnti riirH~lh~l 
(fiiung beans), lupinus a!bus (lupin), or Medic.ago sativa (a[atfa}; Brnsska napus 
(canc.ia); TrMcurn sps {~vheat., inducting wheat berries, and speR); Gossyplum hirsuturn 
{cotlc-n); Oryza saliva (rk:et Zizania sps. {vvi!d rice): He!ianU-ms anrn.ms (sunflower); 
Beta 1lulgaris (suqarbeet.}; 

Penniserum g!aurnm {pearl rnmet); r::::nEH1or,so(fo:.Hn sp (qu~nrn.1); Sesarnum sp 
(1:%}s-an1n); Unum usilatlssimum (flax); or Hordmim vu!umn {timfoy). Htmm-"conl:aining 
proteins can be isolated fmm ttmgl such as Saccharornyces cerevisi:ae, Pichia pastrnis, 
Ma9napt}ffho ory:z1m, Fusariuni urmnifmrmnn, Aspnrnmus rn-yzm-;, TrkhrKk1rma n:%isoi, 
!\4yceliopthera therrnophi!e, K!uyvera 1:adis, or Fusmiurn oxyspomm. Heme-crn1taining 
prok}ins n:m be bu!atnd from tmdrnla sud1 }5 F.sdmrirhia coli,. BadHus subtilb, 
Badl!us lkheniform§S, BadHus rnegateriurn, Synechocistis sp., Aquifox ae--oHcus, 
fVethylacmiphi!um infemorrnn, or therrnophmc bacteria such as Thern1ophlius The 
sequences and stmdum of numerous heow--containing proteins are knrnt,m. See for 
examp!e, Roody, et ah, NucJek: Acids Resernch, 2008, Vci. 3i\ Database lssue D30T­
D3·1 :J and the Heme f-.•rotein Database available on fue. w1xld wide- web at 
hti:p :l/hernepmteininfo/henle .php. Fm example, a non-symbiotic hemoglobin rnn be 
fn:lcrn a planf snbdmi from tho gn:mp consisting of snyboan, qJrnukid soyhm'm, atfa!fa, 
golden flax, black bean, bh.tck eyed pea, nz,mhem, gmbanzo, rnoong bean, cmvpeas, 
pinto tmans, pod peas, rpinoa_ stNanm, sunfkl\t.•tff, \:Vhrmt bf}Hins, spelt, barkiy, wild 
rj.ce ~ t1r rice_ 

Any ot the heme--containJng proteins desuihed herein that can be used for pmdudng 
food products can hm-e at least 70{;{i (eq, at least 75%,, 80%, 35%, 90'%,, 95%, 9P%\ 
9W%o, @H%,), Of ·-100%} sequence iden1.i1.y to the- amino ackl sequence of the 
corresponding Vliklc-type herne-containing protein or fragments thereof that rnntain a 
tmnm-binding rnolif Fm uxarnpk~, a hHnio-containing pinl:oin r:an tm\,t~ al: !mlS:t 70% 
sequence identify to an arnino acid sequence set rorth in FH3. ·-i, including a non­
syrnhiulic hiffnng!ohin sudi as that frnm \/lgna radiatn (SEQ !D NO: !}, Hnrdrnnn 
vu!pam (SEQ !D NOS), Zea mays (SEO !D NO: B}, Oryza s-al:iva subsp. japon\rn 
(ricti} (SEQ m NO: ·14}, nri\rabidupsb thaUana (SF(:t ID NO: ·JS}. a Hd!'s nak~ n!obin l 
sur:h .as. tl'mt froni f:;,-futhy!addiPhi!um intemon..1in (SEQ !D N0:2), a tlavohe-rnopmtein 
sud1 as that fmm Aqut!'ex aooHcus (SEO !D N0:3;, a !eghen1t1g!obin such as thal: frorn 
Glycine max (SEQ !D N0:4 }, Pisun-1 sativum (SEO ff} NO HJ}, Df Vigna ungu1cuk1ta 
(SEQ !D 
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Fus.arlrnn grarnine.arurn (SEQ !D NO: H), a tnmcated hernog!obin fflJffi Ch!arnydomonas 
rn<M-;W'USli (SEO !D NOD}, T dnihynmna py1tfnrm1s {SEQ !D NO ·t 0, gn:iHp ! kum:alnd}. 
Par.arnecium cm.u..iatum {SEQ ID NO: ! ·1 , group I truncated), a herm."1Q!obin frons 

.Asper;~mus niger (SEQ lD NO: ··12), nr a rn.mnrm..1!itm rnynglnbin protein such .as the Bas 
tmm.Js (SEQ !D NO: ··13; rnyog!obin, Sus SCRlfa (SEQ m NO: ·19) frl'ft.lgloblR, Equus 
rnha!h .. 1s (SEO !D NO 2UJ myciglobin, a harne -.protein fmm Nk:otitma banthamitma 
{SEQ !D N0:2''! ), Ba.d!!us subtms (SEQ !D N0:22}, Corynebaderlurn g!utarnlcmn {SEQ 

N0:.23;, Sym-ichrnysl:is PCC6B0:3 (SEQ !D NO:24}, Synndmcoccus sp. PCC 7335 
(SEO !D N0:25), or Nnstoc commune (SEQ m N0:26}. 

The percent identity bel1\%en twu amino add sequences can be detenninoo as foHow--s. 
First Rio amino add srn:FKHKHS an-; aH~JfK~d using lhe BLAST 2 SeqtKmn~s. (B'L?sHq) 
pm~1mm from the starn::l--alm12 verskm of BLASTZ mntaining BLASTP ver:Sbn 2Ll ·14. 
This s!arn:!---alone vrn--sion of BlASTZ can be obtalned from Flsh & Richardson's v~seb 
site (e,tJ, \:%Vl'tiJt.cmnib!astt} or the LLS. govemn1ants Nabona! Center tor 

Biotrn:hnoltJ~JY lnlbnnaUon \t.•tib siH {1·,N%V'·N.nrbi .. n!m.nih.gnv). !ns:lrucUons exp!ainin-9 ho\>%:' 
to use the 5t2seq pmgmm can be found in the readme file m::companying BU\STZ 
s-12soq ptffl:orms a comparison bd1;,vs:-)nn two mnhio add srnjt.mnrtlS using U-~e 81./'=i..STP 
algorithm. To cornparn n.vo amino acid sequences, the options of tVi 2seq are set as 
fo!bws: -i is set tn a 'fi!i:t containing Hin first arnino add sHqumin-1 to be cornparrnl {e.fJ., 
C:\saq! .txt): -.i is set to a Ma containing the secorn::l amino acid sequence ~D be 
roffiparnd (e.g., C:\seq2J.:;,,1); -pis set to blastp; ---o is set to any desired file name {e.g., 
C:\ou!:ptttxt); and a!! other opb::ms are !eft at their det.auM s.Btl:inf~- For mmrnple, the 
fo!!mvlng cornrnand can be use:d to qenerate rm output me containing a rnrnparlson 
b--eh:voon &'\i'O amino acid sequences: C:\fH2seq --i c\sBql .txt--j c:\seq2Jxt -·P b!astp --o 
c:\nutputtxt !f the t\No mmparoo sequences share hornok:~y, then the desigrmtoo 
outptit fi!n ~Nm pn~)ent l:k~s(~ rHgiuns of hrnno!ngy as aligned st.iqm)ncns. ffthri tv,lf) 
crnnpared sequences do not sham hon1L"1!0QV, then the designated output file v1,,@ not 
presen l: a!igrmd ~mquririces. 

Slrnl!ar pn:::.'{.'.edures can be fo!lrnNlng for nudeic add sequern:::es exrupt that b!astn ls 
used. 

Once aligned, l:he number ol rnatches b de!:mrninoo by counUng the number ot 
posltons \,vhern an k:lenfa:.a! arnlno add re-..stdue ls presented in both sequences. The 
pmu-ml: kfonuty b rkirnn1btd by dlv\dbLJ mo mmA~er uf rnakhHs by ttw:i kmtJlh of Um 
ru!l~l&ngth polypeptide amino acid sequence foI!mved h".l mU!tipiying the resulting value 
ht H1U. B: b noted Uml tt:m pnrrnnt kkmlity vahm is roun&xl to lfo) nfmfflSl kmlh. For 
ex.ample, 78-n, liU2, ltt-13, and 78-M is rotmded down to ?EU, '>Nt1iie ?8'15, ?8.t6, 
7H H, 78.'H\ and 78..·rn b rrnmded up to 7fL2. U also ls rn:fed that mo ifmgth vakm 1;,vm 
always be an integer_ 

n v,,•m be appreciated th.at a number Gt nucleic adds rnn encode a pntypaptide having a 
particular amino acid sequence_ The de:generacy of the genetk: code is \,\:'ell knmvn 1n 
the art; La., for many amino adds, Umm is morn than nne nudeohde triplet that s.mves 
as the codon for the arnino ackt For example, fJ .. xlons in the coding sequence for a 
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given enzynm can be mrn:!med such that c,pttrn.1! expre-..ssion in a partlcular species 
(et1-, bactmi:a or fun;~us) is obtained, using appmpriate codon bias tables for that 
species. Ht:H1w-containin9 proteins can be extracted from the source fftatmia! (e.g., 
o~:trm:kKl frnrn mi1n1a! lhsuf}, nr pkm( fungal, a!9a!, or tmctrn·la! hiornass ... or froni UK~ 
culture supernatant for secrnteri proteins) or from a combination of source rnaterialS 
ft~-9-, rnultipki plant spri-dns}. h~gh,}rnq_iobin is rtmdily avai!abln as an unused by~ 
prmiud: nt con1n1{¼.id:y !egume crops {e.g., soybean, alfalfa, or pea) The amount of 
!eghenm-g!obln ~n the fGc.."its of these crops in the Unlted States exceeds the rnyogbbh1 
content of .al! the red rne.at consurne-d in the Linited States. 

ln son1e emtxxhn1lli1ts, e:dnicts of heme--mntaining proteins inducte one or more non-­
hernec.-containing proteins frorn the source material (e.g., other animal, p!ant. fun9a!, 
a!gal, or bm:kffbi! prnkibs} nr frnrn a n:imblnation of suurcn matrnials (H.9., dirn:-H:ont 
anirnal, p!ant, fungi, a.!gae, or bacteria). 

ln son1e embodimlli1h, heme-containh1g proteins are isolated and prnified ttom other 
ooffi{X-'nents of the source rnaterial {Rq, other anirnal, ptant, fungal, a~aL. m bacterlat 
prciteins). As used hemin, the tenn "isolated and plnifie{r indicates that the pmparatkm 
tJf h£H1·~e--eorrtah1h1t1 prottdr1 is at iei1st 6[r}~ pure,. EL!1~) grei:iter tht.1n: 65~~~} 70%> ~ 7·5~~{~~ 
SD;%, 85%\ 9tf%, Sfa%, or 9ff\~ pum \'\M!lout being bnund by t!lsory, bdating and 
purifying protelns can a!lm.-v the food products l:o be made \Mlth gmater consistency and 
9ronkff nmtnlJ O\N-H" U-~n prnp-edk:s uf lfo) fond prnfiud as tmWi:mted rnatnda! b 
eEminated. Proteins can oo sepaml:oo on the tmsis of the~r rnciecular \:Veight, for 
nxampk~, hy slzn nxdusk::n chrrnnatrnJn!phy, u!k:afill:rafa:m through rni:¼llhr:anes ... or 
den~ty centifu9atlon. In sonm embl'.)fHments, the proteins can be separated based cm 
tt:mir Slfffacn chart?\ for oxarnpk\ ht ls.rn)!ot:lrk prodpttatlor:1, anion t~xcllrn1tF} 
c!lmn1atography, or cation exchange d-immatography. Proteins a!so can be separated 
on the basis of thelr solublM.y, for exarnple, by ammanlum sulfate preclpltaUon. 
isoeledric predpit.atk"m, surfactants, detergents or solvent eiirndion. Proh-ttns also c.an 
be separated by thelr affintty to another mo!ernie, 1Js1ng, for exarnp!e, hydrophoblc 
intsmdkm d-immatography, re-adive dyes, m hydm}:;yapaMe .A:Wni'ty r:hrcmabgrnphy 
a!so can indude using anfibtxlies hav1n9 specific binding affinity for the herne­
crmtaining prn!Hln, nid<i:tl NTA for His~ tautPd n:-:,:cornHnant prnl:dns, ~odins to bind ln 
sugar rno\eties on a 9lycq::in.Jteln, or other rnolocule.s whkh spedfirnUy binds the 
prutdn. Hornn-nmtaininu pn:iHlns abu rnn ho rocombinantly prrnluced using 
polypeptide expression techniques {e.g., hetemh::~ous expression techniques using 
bacteria! rnHs, Insect cells, fungal ce!!s srn::h as yeast, plant ceUs such as tobacco, 
SO)'Dfilln, m 

AmbidopsJs, or mamrna!ian cells}. !n son-m c:ases, standard polypeptide synthefils 
techniques (e.g.,, liquid-phase pdy:peptide synthesis technlques or solid-phase 

i:::i{}jypeptide syntlmsis techniques) can be used to produce herne-contatnJng proteins 
synHiH!kaltf. In sornr~ ca~ms,. in vil:rn transuiptk:sn..:irans!atlor:1 l:odniiquns om tm w:;ml lD 
produce heme----e.onl:aining proteins. 

lhe pmtein used in the o::msumable may be sa!ub!e in a solution. !n some 
mnbcdlrnents., the isolated and purmed protelns are soluble in sn!ution at qmater than 
:'j_ --1n, -is, 20, 25, sn, ·-100, ·i5n, 200, or 2tiGg/L. 

!n snme embodimlli1ts, the-isolated and purdrod protein is substantia!!y in its m.1thte ldd 
and \,vater soluble ln s.ome embooirnents, the isolated and ptu-lfled protein is more than 
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50, fiG., 70, 80, or 90% ln its nafrve fold. !n sorne ernbru:Hrnents, the lsn!atoo and purlfie-d 
protein is Hl{)re than :'iO, 60, lU, 80, or ncn~~ \,Vatsr soluble.. 

/\s descrihs:-n1 tmrdn,. diHnrnnt combbafams of !'!avur prm:ursors can be used v~,ith one 
or more iro,n cornpl:exes {e.g., a ferrc.1us c:hlrnin .. a chlorin-1rnn cornp!ex, c:w a herne­
cofactor such as a herne-cot1talnlng protein m heme bound to a non-peptidk po!yrner 
such as polyethylene glycol or to a solid support) to produrn different tlavor and amma 
profi!-es \>Vhen the fi:avnr prncurscws and imn cmnplexes are heated toqether (e.q., 
during cooking} The rasuU.ant !lavor arn::lk---ir amrna proti!e can be n1ojulatoo by U-m type 
and ccnc:entn.1Uon of the flavor precursors., the pH of the reaction, the k:mgth of cnokit~L 
1ht~ lype and arrmunt or imn complex {H.fJ .... a ht":W¥$-Cufactor such as t·mnm-cnntainin9 
protein, henm bound to non-peptk:Hc IX1fymer m macmrnolecu!e, or heme bound to a 
s.l:J!id support;, tht} klmprnntun:1 nl' thn H:mdkin_ and Um arnount of wnlnr acthdiy b U-m 
pHxiuct, among other factors. !n embodirnents in \·vhich a herne n1etiety is bound to a 
solid support sudi as CHU ulosi:t or a d"in:Ynatn-grnphy n-i-sin ,. graphfo-1, charcoal, or 
diatcm1ac.m}us earth, the S-<::llid siJpprni: (e.~1-, beads} can be incubated 1.:vHh sugars 
and/or one rn mom other flavor prect.ff\mrs to generate flavms, and then the solid 
support vith attached hen-le moiety rnn be n-l--USfili, Le., incubated a-gain with su1,.v:1rs 
cmdfm one or rnore ot'1er flavrn precursors to generate flavors. 

Table 2 provides non-Ernil:in9 exmnp!es of flavor types that can be genemted by 
nxnbining onH or rnnH:} flavor prrn:urs-ms and om$ ur rnGrH !"lnnin co-l'adrns {H.fL hrn11H­
containing pn.1telns). See also Tab!es 7 and/or ·1-·1, 

TABLE 2 

h"nage avaffable on "01igina! doo.m1enf' 
yeasty goatr 

Flavor and amma prornes are created by different che;11k.:ai c:t..•rnpounds fom1:ed by 
dmmirn! n:mcUons ix~l:Vi/HHn trm tw:in¥$ n:lo-fm:l:m (i).9_, hrnne~n:mtainkig prnlnin} and 
navor prnr.urs:ms. Gas chmmatography-mass spectrometry {GCMS} can be used to 
sepamte and identlfy the different chernirni compounds W'!thin a test sarnp!e .. Fm 
m::amp!e. volahle dwmicab can be isolated from the head space after heatin9 a twme-­
oontaining protein and one or rnom flavor precursms 

Table 3 pmvldes non-Hmltlng examples of crnripounds that can be produced .. See also 
Tabk-is B, fl. 12, arn::l/nr -14. 

!maqe available nn "Orl:glna! dc.'{'.ument" 
bsnzaidehyde 2--hexyi-lhk>phene l--pentsn--3--one 
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'1-pentanol {E}-2-decena! {E}-2-octen-!-ol tn:ms-2-(2-pentenyUfurnn 4-ethyf­
bsnzah::lehyde 2,4--dirnethyi-- ·1 --heptene 1,3--bis{!J-

dlmethy1 trlsu!flde 2-ethy!-5 -tnethy!-pyrazlne 4-,7-dimethy!-t.mdecane 

2-nnnanone pyrnzine acetophenone 

2-pentanone) ,3,5-cyr.!oheptauiene hidecane 

thiophosphorarnkje, s-

2-octanone thiophene pentane 

Page 14of46 

2-butarnme 2-methy1-furan 3-ethy!-pentane odana! pyridine 2,3 ,4-trirnethyl-pentane 

4--methyl-.S--
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(F,E}-2,4-rticadkma! prupana! methyl r:Umrnmk~ htixarn:ic add mnthti-thiinnm 
isothiazcie 

·1 --et!lyt-5 -rnethyk:ydopentene ar:etah:iehyde 3 ,3 --dirneth14--!le:i::: ane {E,EJ 
-2,4-nonadlenal 2-propenal 4-methyUmptane 

Page 15 of46 

(Z)-2-decern.112-pmpy!-fumn 2,4-dlmet'1y!-heptane dihydra-5-propyi-2(3H)- dlhydm-5-
wmlyl-2{3hPun--1m:lcrm fumrn:mo 2, 3 A-hhm-rthvt-htip1nni:t kans-3 -nom:m-.2-orn:-i 
dihydro..3 -{2H)-thiophenone 2 -meth1i-heptane 

(E .E)-3, 5-odadien-2 -one 2,2, tHrlrnethyl-decane 2-rnethyk1 -furanth\ol 

3.:J'-dithiobis[2--nwthyf-- oxadiazole--3--

In sonm embodiments, an lmn coffip!ex (e.g., a ferrous ch!rnin or a hen1e-rnfactor such 
as a henKH:nntainin9 pn~kin} tfo:~:;crihnd txHnin is heatnd in lh(,1 pH:}9-mu~ ol' urrn.md 
chicken, to increase specific volatile flavor and odorrmt crnnponents fypica!!y elevated 
in tonf. For oi:mnp!n, pmpanal, butmm!, 2~-:ihy!-hffan, hqJianal, nckmat. kans-2-{2-
pentenyl)furnn, {Z)-2-heptenal, fE)-2-{};;::.tenal, pyrrcie, 2,4-dodecadlena!, ·"!-octanal. (Z) 
-2-denc:ma!, rn· 2-nmk-Knna! can tm inneas:m1 in tb-1 pn:f;tmn~: of Um htmW-;-umti\n§nn 
protein, vlhich ran impart a mme beefy !'fa1vor ta fue. c.hic¼:EHl. 

1n son1e emtxxlin1lli1ts, an imn complex (e.g., a fermus cMorin or a heme--uJfactor such 
as a herne-containing pm1ein) described herein is heated in the pre-..sence of cysteine 
and g@ucose or other cornblnations ol fh'lVDf pn.3{1.irsnrs to pmvkfu a diffemnt pr{1H!e ol 
\iD!atile ooonmts than w'hen any subset of the fume components am used individually. 

Vok1rne flavor mrnponents that are increased under thesB conditions indude but are 
nnt hmitrn1 tn l'un:m, ncdurm, ttfrazule, fud'urai, htinzaklnhyde, 
2-pyridlnec.arboxaldehyde, S- rnethy!-2-thiophenecarboxaldehyde, 3 -fftethyi-2-
thlophenecartmxaMehyde, 3- thiophenemethano! and decanoL See, e.g., Tables 8 and 
9. Under these conditions, c.ysteine and 9lurnse abne or in the presence Gt iron salts 
such as femlus glurnnate 
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sulfurnus odor and replaced lt vdth fltwors lnc!uding but not Hmtted to chicken broth, 
bumt rriushronm, molasses, and bmad. 

ln sonR~ Hmbrnfarn-mfs, an imn complex {e.g._ a fonrn.is dJrnin ma fKffm-H:ofador such 
as a herne-contain\ng protein) descrlbed herein is heatru.i in the presence of cysteine 
and rjixt:%} tn pn:widi~ a diflbn:ml profik~ of vokfHo odon-mts. Hlmtlng in tht} prnsnnrn nf 
ribose crnated some additional crnTtpounds as comp.are--d to when .a herne---eant.aining 
protein and gh..irose W'&rE{ heatec! togetheL See T ab!es 8 and 9. 

!n sonm embodiments, an lmn coffip!ex (e.g., a ferrous ch!mophH!in or a henm­
mfar:tor such as a herne--aJntaining protein) ctesujbed hemin can be heated in the 
presence of thiamine and a struar to affect the fnnnatioo of 5-Thiazo!eethand, 
4-nmthy!- kinm, :1_3-dilhiohis[2-nmthy!-funm, and/or 4-fAdhy!thiazuk~. Thnse 
compounds am krn1w11 to be present in rneat and have beefy, rne:att taste notes. 

In son1e embodiments, an imn complex (e.g., a ferrous ch!orin or a hen1e-mfactor such 
as a herne-containinq pmtein) described herein nm be heated in the pre-..sence of a 
nudet~tide such as innsine monophosµhate andim guarn:;sine munophnsphate to 
crn1tm! the fmrnatlcn of Havm compounds such as (E}--4-octene, 2-ethyHtu-an, 
2-pentanone, 2,3-- butanedione, 2--methyl--thiazole, rnethyi--pymzirm, kk:ler . .ane, (E)--2-­
odena!, 2- 1hiopetmmrboxaWehyde, and/or 3-fhiopenernr!:)oxa!dehyde .. These 
rxJmpt::unds an~ known to ho pn~)ent in nmat and havH a bnn!\1, mrnity, hultrny, and or 
savory flavur nz,,tes _ 

!n srnne ernbodirnents., an imn crnnplm: {e.g , a ferrous chk:w'in or a herne-cofador such 
as a henKH:ontaininq pn~kin} tfo:~:;crihnd hHrn.in GRl ho tnat(,Jd in t!"ln pn1si:ffH:e or 
lysine, a sug:ar such as ribt.'1.cse, and cysteine to control the tc-rmafaJn of tlavor 
rnrnpc.·tmds such as dimethyl trisu!fide, nrn1r-wial, 2-penfy! thicphene, 2-nonenal furfum!, 
·1--{Jctanol, 2-- nrnwnal, thiazde, 2--arntym1iazcie, phenylarntaldehyde, and/or 
2-acety!thim:ole_ These mrnpoonds are knmvn to be present ~n n1eat and s.mne hmm a 
b--eefy, meaty, and cw savory flavor. 

!n sonm Hmbrnfarn-mts, an imn complex {e.g._ a fonrn.is dJrnin ma hmm-H:ofador such 
as a herne-contain\ng pmtein) descrlbed herein can be heated in the presence of lactic 
add, a stigar such as ribnso, and cystdni:t h1 conl:rn1 lhrt fonnatkm of Um navur 
compounds normnal, thiazole, 2-m:ety1thiazole, and/or 8-rnethyl '1-tmdecene .. Thes.e 
compnunds am krm\vn to be present in rneat and have beefy, savori, brrn,\i:ned, brnm::fy, 
and nm!ty not~s-

in so,me emtxxhn1ei1ts, an imn complex (e.g., a ferrous cMarin or a heme--uJfactor such 
as a hmne-containing pm1ein) described hernln can be heated in the presence of 
amino adds, su9rn's such as QktcosH, ritios1c1. and rnnJlnrfo::drin_ !actk add, thk--1minH, 
H\,tP, GfiiP, creatine, and salts such as potassium dlkxfde and sodium ch!rnide, to 
rxmtm! 1hf1 fnrmafa:::n nf flavm rnrnprn.mds such as l,3-his(!)-dinml:hy!Hltr:A)-benzmm, 
2-methyl 3--- furanthiol, and/or b1s{2-methyl-4 ,5-dihydm-3-fLiryl} disulflde. Thes.e 
nxnp-ounds mn known tn be prnsont in rnmit and tmvf1 txmfy nuk~s .. Srm also 1 atMt ·14. 

in srnne ernbodirnents., a partk:::u!m type of heme-containing pmteln Is chosen to contm! 
the fcnnatic-n of ffa1vor co,mprn.mds. See, for exarnp!B, the- results of Table H, \.i-'!:'t1k:h 
shmvs that the add!l!on of different types of henm-proteins (LeqH, Bt>ffIB\( B_ rnyoglobin, 
ax A. aeolicus) in tlavor mactic-n n1hdums containing one or mum fa.ivor precursor 
mrnp,Jtinds results in many of the same key rneat flavors, inducting but not !tn1ited to 
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pentanone, 3 -nmthy! tm1ana!, 2-rnethy! butanal, 2-heptena!, l-Dctene, nonana!, 
2-pmpena!, 2--decenal, 2-nonanone, 2-mJancme, 2-tridecen-!--o!, 2--octm1one, 2-.odena!, 
4- rneth':A-2-heptanone, cdanai, 2-undecenai, butymlactone, !-octen-3---0ne, 
3-meihyl!·mpt-:A acd:ak~, and 2-pnntyi-l:hk:l'plifmt~. Umso rnm:-m-:mt:Hs b flavor cornprnmds 
rnn change the overall taste pmfi!e. 

in snme emtxxhn1lli1ts, an imn complex {e.;J, a fermus cMorin or a heme--uJfactor such 
as a herne-containing protein) described herein and one or mom flavor prnrnrsors can 
he reacted {e.g., in vitro} wrth heating to 9enmate a parHrn!ar fh:n,•or andior aroma 
profile of interest and the resultant flavor aodmve a11npositk:m can be added to the 
mnsumab!e fci(J-d pn:x:lud {JI interest, ~vhich mn then be eaten as-{s or can be 
addrnona!ly mndffierI, e.g., by additional n:xmln&l 

In srnne ernbodirnents .. any tmdes1mble flavors can be minimtz:ed by dooziorizing '>Nith 
act\vatnd dmrcod ur by n-1rnnvh1,n enzyrnes swll as l1pnxt1innasHs {LOX)c which can 
be present in trace amounts when using preparations nf plant proteins, and which can 
convert unsaturated triacyiqlycerides (such as Hnoielc acid Cff Hno!enk:. add) lnto smaUer 
and rnore vol:aBe molecules LO)( are naturally present in legurrn:-Js such as peas, 
soybeans. and peanuts, as ~veil as rice, potatoes, and o!htes. \Nhen !equme flours am 
fractionated into separate protein fradions, LOX can ad as undesirable "tirne--b-umbs" 
that can cause undesln1b!e flavors on aging or storage_ Cornpositrn1s containinq plant 
proteins (n.g, frnrn gnxmd plant ser~ds) rnn bo subjm:tHd to purifirnliun tu n:ffnovn LOX 
using, tor example, an affinity resin that binds to LOX and rernoves n from the pmtein 
sarnpkt ThH affinity rnsin can bi~ Hnu!oic add, Hnokmk: add, skKffk add, ok~k acid,. 
pmpyi gaHate, or epiga!ioccatechin gaffate attached to a solid supprni such as a bead 
nr rus\n. Son, (~-iL VV020'Bt387D3. ln addition, rk~ponding t:m tt:m protein cnrnpommt 
of the food pro-dud, certain combinations of antioxidants and/or LOX inhibdors can be 
used as effecUve aqents to rninimize off- flavor or off-odor generation esi}e:ciaffy: in the 
presence of fats and oils. Such cilinpnunds can indude, for exarnp!e, one {Jr more of tl­
Cftrotene~ a-tocoiit1:ert)( caffEic cu:irj)' pr~~}ti gaHate~ or epifJaUocatechh1 gaiiate. 

!n srnne ernboctirnents .. specific flavor compounds, such as those described in Tf'lb!e.s 3, 
B, fl. 12, 14, 16, ur Hom bi) isulahxi and purmed froni Um ifavnr mMHhi'o compusWnn. 
These isolated and purified compounds can be used as an ingredient to create flavors 
usdul tn t:hi) food and fragranrn industry. 

A tlavnr t¾.idH:tve crnnpusWon can be in the fom'\ of but not !irnited to, soop or stmv 
bases, bt'"l':Ji!bn, et_1 , pov,N.ier or cubes, tlmmr packets, or seasrming packets or 
shakers. Such fiavor addmve cm-nposmons can be used to rrn:dufa.1te the flavor and/rn· 
an::irna pmMe for a variety of kiC-d products, and can be added to a cnnsum.ab!e !'m.'¥::l 
product before, durin9, or after mok.inq of the food product 

Ft'.}fKl Pn::ducts 

Food pn.xlUcts containlng one or more flavor precursors and one or rnom hense­
u:mtaining protnins can bn usi:fd as a base for fnrrndal:in9 a vmlHly uf addiliuna! fnod 
prmiuds. including meat substitutes, soup bases, stew bases, snack foods, boumon 
powders. bod!!on cubes, flavor packets, or frnzen food products. Meat substitutes can 
bs forrriulated, for example, as hot dogs, burgers, ground me.at, sausages, steaks, 
fHets, roasts, breasts, thighs, 'tldnqs, meatballs, meatlm1f, barnn, strips, fingers, 
nu;mets, cutlets, or cubes in addition, kx""1d pmducts described herein can be used to 
modulate the taste and/rn' aronm prntHe of other fot.ld prcducts {e -&L rneat replicas, 
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nmat substltutes, tofu, mock duck or other gluten based vegetable pmdm:t, te~iured 
vegel:Bt:fre pmtein such BS texkned soy pml:ein, porn, fish, lamb, or poultry produds 
such as chicken or turkey products) and can be applied to the other fooo product 
bnfnnl or fkning crn:mlng . Lbing Hm frnd prrnJucls des.nfand tu-1n:1in can provkfo n 
pmticufar meaty taste and srneH, for exmnpte, the taste and smell of beef or bacon, to a 
rn:m-m-aat product or tn a poultry pn:tbd:. 

F~)d products descrlbed herein can be packaged ln various way"::;;, lndudlng belnq 
sBaled within individual packets or shakers, sur:h tlmt the- cnnwositbn can be sprinkled 
or spread on top of a fc-od product before or during cc.sokinq. 

Food pn.xlucts described herein can lndude additk:»1af ~ngredients jnc!uding: food­
nradn oils such as canola, uxn, stinfio,MH\ soytman, olhi'H Of ux:onut oi!, snasoning 
agents such as edlble salts (e g., sookm1 m potasslrn11 ch!rnide) or herbs (e.fL 
rosen1ary, thJTHt}, basil, sagi),. or mlnn, !'!mrorjng a9nnb, prok}ins (frg., soy pnAdn 
isolate, wheat g!utin, pea vie.Hin, and/or pea iegurnin}, protein concentmtes (e.g., soy 
p:rt)tei11 

ccn-icentrate}, emuislfiers (e.g., lecithin\ qeHlnq agents (e.g., k-earraqeertt1n or ge!aUn\ 
fib=ers {e.fL bambootuerm inuHnL orminem@s {eg., iodine, zinc, and/or calcium). 

Food pnxkicts tfoscrHmd hemin also nm im:ludn a natural cdorlnG ngonl: such as 
tum1mic or beet julrn, or an mimdal co!orjng agent such as azo dyes, 
tfjp:!"Jtmylrndhmms, xanth:mr~s, quinines, indigo-ids, Maniurn dioxide, rm1 #:..1, nxi #-40,. 
blue #··i . or yelb\,\i #5. 

Fllixl products described he-rein also can indude ffte-Bt shelf !He extenders such BS 
cartx.•n rrn:moxk:le, nttrites, sodkirn rnetablsulflte, Bomba( vitarriin E, rosemary extract, 
groon tea e-iirad, rntschins and other anti-oxidants. 

Fllixl products described herein can be ti'ee of animal products (e.g., animal l1en-m-­
containing pmtelns or other cmirna~ products). 

In son1e embodiments, the rocd pn...--w:iuds can be soy.ftee, \,'s1'maUree, yeasPtee, 
MSG-fff¥'l, amlim fnm of prutdn hydrolysis pn:xhids. and can task~ rnrnJty, Uuh!y 
sm'ory, and 1Nithout off ooors m flavors. Assessnwnt of Food Products 

Fllixl products described he-rein can be Bssesse--d using trained hunmn panelists Tl1=e 
ei{aluations can lnvc.ive eyelng, fooling, chev~'lng, and tasUnq of the product to judge 
µrmiud: appearance. color, intewil:y, texture, flavm, and nmuth fool, etc.. Panelists can 
be seriled sarnples under red or under v.11ite Hght. Sarnpies can be as.signed rnndom 
RtffK~- diuit nurnbers and rol:akd in baHot posWnn tn pnJvrmt Nas. &msrn-y .iudtYni:tnts 
can be scaled for "acceptance" or "!ikeabmty" m use si:Jer.ia! termjnology. For exmnp!e, 
!n11or sca!ns {A l'or nxodbnt. B frx goud, C lhr pm~) Of nurnbm srn!ns rnav ho usnd {i 
=- dislike, 2 =- fair, 3 = ga.');j; 4 = very gooo; S=-excef!ent)_ A sc.aie can be us-ed b rate the 
ovHrnU m:coptabi!Hy or quamy of t!"ln food produd or sptwJk quarny altribatns such 
beeti'ness. texture, and tlavcw Panelists um be encouraged to rinse their mciuths \.i-',dth 
water t:seh.-·veen sarnples, and qlven opportunity to cornment on each sample. 

!n sonm embodiments, a ftx.sJ pm-duct descr\bed herein can be compared to another 
fooo prndud (e-.~1-, moot or rnoot substitute} based upon olfactorneter readings. !n 
vmious ernbrn:liments, the olfadnrneter can be used to assess odor concentration and 

htips:/i\vorkhvide.e&pacenetco.m/pubbcatio:nDefails/description?CC=EP&NR=2943072A ... 1 l/17/2017 



Motif Exhibit 1002, Page 1017 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

E!)pacenet - Description Page 19of46 

odor thresholds, odor suprathmsholds \Nlth comparison to a reference gas, he:donic 
scaJe srnms to determine the- degree of appmciafo::m, or rn!a!.ive intensity of odors. 

ln sonR~ Hmbrnfarn-mfs, an offadnrnn~nr a!!ovvs -ttm tra1nh1,n and autnnintk evaluation of 
expmi pane{s. In son1e embodiments, a fo,Jd product described herein causes sirnilar 
or kk-mlka! (:!lf:adnm-al:or n-;mJin9s. !n ~:;nrne mnbndimnnts, thH di"ffi:fft-mn~s bd~-w-:,:nn 
tl:Svors g:enerated using the methods of l:he invt'-ml:kin and n1eat am sumcienUy snia!l to 
be beh}¼V the detectlon thrnshc1d of hurnan percepUnn. 

!n sonm embodiments, vo!atil=e chemk::a!s ldentlfied uslng GCfo1S can be eva!uate:d. for 
exarnple, a human c:an ra1.e the experienrn of smemng the chernirn! r~spnnsible tor a 
certain peak. This jnfommtion cml!d be used to fLuiher refl.ne the proMe of flavcr m1d 
arurna comprn.mds pn:xhicrnJ using a tmrno-cofltdning pinl:oln and one or morn ft:avor 
precursors. 

Chamderisl:i:c. flavor and fra9mnce components are rnnstly produced dming the 
oo-oklng process by chemlcal reacHons mol=ernles indudinq amino adds, fats and 
sugars whd1 me frnmd in plants as ~veH as meat Themfore., in some ernbodiments, a 
food pR~1uct is tested for slrnHarlty to nmat dur!nq or after cookinq. In sonm 
embt~Jiments Murnan ratings, human evaluation, offadorneter madings, or Gc~,~S 
n1easurnments, or cornbinatlons thereof, are used to create an cif adory rnap of the 
food product Sim]miy, an offadory map nf thn frnd pn:~ducl, for (~Xfm}f>!e, a nmat 
mp!ica, rnn oo created. These rnaps can be cornpar:ed to assess hovl! siml!ar the 
nxmed food pnxh.gJ b to rnrmt. 

!n sonm Hmtirnfanents, lh(,1 n!factnry map of trin food pnxlU-d: during or aftm nmk1ng is 
similar l:o m indistjnguishable fmrn Hml: of ca,,-Jked or c0t¥:h1:g moot. ln some 
ernbc.'tlirnents the sirnl!mi(l is suffi.dent to be OO\lond the detection threshrnd of hun1Bn 
perception. The 1.c-od prnducl: mn be created sn its charaderjsfa::s am similar to a foa,,1 
product afier cookinq, but the unmz.1.¼ed fc-od pmduct may have properties that am 
diften-mt frnni fue. predicate f0t~J product prior l:o cooking. 

Thnse rnsu!h wm dmw:mslrak} that thr~ cornpnsmons nl' Um in'li:'HnUon Hitt Jurt1rn1 as 
acceptably equivalent to ma! meal: products. Additiona!fy', these resutts can 
&:mi.unsirate that n:::wnposilinns nrtfm kiv(-mllt:lcn mn p1n!brnid by pandisl nvor ntb-1r 
mmmerda!!y available rneat substitutes. So, in sorne emoodirnents the present 
invention provides for cm1surnab!es that are slgnmmnt!y siml!ar to tradWona! meats and 
am more rneat like than prnviously known me-at a!tematives. 

lhe iffvBnbon wil! be further described in the k1lk1wing e}:;amp!es, \;,'lil1k:h oci not hmil: thB 
scope of the lnventbn described in the daims. 

LXA!\4PLES 

Replica burgers u::mtaining the in9mdients in Table 4 and the- flavor pmcursors cysteine 
(HJ rnM), glutarnic add fHJ rnML q!ucose cm rnM), and thiamine O mr~n WBrn 
prepared. Water \\"as tldded to make up the balance. See, for example, U.S. 
Proi.'islona! AppilcaUon No. 5 ·1 /75 ·1 , 816, filed ... !arn ... miy ·t ··1 , 2{H :t Control burqers ~vern 
prepared as in Table 4 with precursors cysteinB (1G mr~1}, glutan:iic acid {"W n1f'ii'i), 
glucose fl D m!'v1), and thiamine fl rnt,n except LegH \:Vas omitted. 

htips:/i\vorkhvide.e&pacenetco.m/pubbcatio:nDefails/description?CC=EP&NR=2943072A .. 11/17/2017 



Motif Exhibit 1002, Page 1018 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

E!)pacenet - Description Page20of46 

Aftm coukjng lhr 5 minukis at ·isn C, thtl rnpHrn burgtlfS \>%:'fffH uvah.Milrnj hy a tralned 
sensor>/ paneL Panelists \,vem s.erved samples under red Eghts and each panelist 
irn1hlldual!y i:WakiatHd tho sarnples S.rnnp!ns Wflff~ assigrnxl a rarn1mn lhff%l-digit 
mffnb:er and rotated in ballot position to prevent bias Panelists were asked to evaluate 
cfxmed rnp!irn bt1rgor sarnples on muWp!n navnr,. aroma, tas:lH, textrn:n and appm1ranu:~ 
atiribtles including but not hrnited to boofrness, bkludy qtm!Hy, savnry quality, and 
overnU acceptabmty using a 7-point scak3 frorn !=-dis:Hke extmrnely, to 7=iike eid:mrnefy_ 

PaneHsts were enrouraged to rinse thelr n1ouths v.1th wuter betwoon sarnptes, and to 
tiU out a srnvey to rncord their evalUahon at each s.arnpkt 

Wtinn n:1plk1i tmrty~rs u:::ntalninu Rio tJ:gH wrnt) u::::rnparrn1 to tho contnt n:ip!ka 
burgers v1,,1thout LegH, the samples containing legH wem rnted si9niflcant!y beefier, 
hlrx~Htir .. mon~ smrory. and nvorall prHfHnnd cnrnparrn1 l:o triost) that did nut inchJde 
LegH_ See Table 5 

'TABL.E 4 

Soy pruklin nmu;ntral1: {SPC) .2.52 

Ba.n1brm fiber O ~ 34 

TABLE5 

!ma&w available on "Orfg tml docurnenf' 
Exarnp!e 2: Rephca burgers with a flavor precursor mixture taste beefy- and bl0:..."'Xiy 

Replica burgers containing a flavor precursor rnixture of glucose, cystelne, thiarnine, 
and &1lutamic acid and -1% LegH pre---eooked 'it.ii\¥ {se--e Table 4) \;,'\i'ere prepared as 
descnboo ln Exarnp!e ·i , and evaluated by a tn.1lned sensory panel after the burgers 
\VtffH cookrn1 l'or 5 minutHs at ·150 C. Cunlrul btxgnrs induded LHLJH and an other 
ingredients except for the flavor precursor rnixture_ Panelists were asked to evaluate 
tt:m smnpbs Gvrnnl! tnpnJ',,ffHT1ent in l:ask and dHsnipUvnly analyzH nach sampki tJSing 
a 5~point scale from !=dislike extrenwty, to 5=Hke extrernely_ Ptme!lsts wem 
Hncouragnd to drnm thdr muuths \l\'Hh v.tal:nr bd?iNHHn sarnplns, and lo rm out a srnvoy 
to re,cord their evaluation of each smnple_ The rnplicate burgers which included legH 
and the flavor precursor rrlidum wwe described as having boumon, grnvy, meaty, 
bloody, savory, and beefy notes on taste, and were pmte-rred iD the- same replica 
burqer with LeqH bu1 no added flavor pmcursor n1lxtum. See, TaMe 6 

TABLE fi 
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RepHca burqers {see Table 4) 'Nem rnoked v.1th dHfemnt precursor rnlxes {see Table 7) 
and ·J'%~ LegH and evakm!:ed by a trained sens.ory panel after the btirgers wem cooked 
for 5 minutes at ·150 C. Contm! burgers contained LegH and aH of the other ingredients 
except tor U-m flavur prenffsors. Pane!§Sts. \\ff.We askoo to Ef'it1!uate each sample and 
descripthice!y analyze of each &.unple. 5-po~nt scale from I=dlslike emrerne!y, to 5=like 
exl:rr~nm!v. ParmHsl:s \:Vi)rt~ mlc0tffagmJ ln rinse lheir rm}uths wdh "\:'akff bd\vnrm 
samples, and to tm out a survey to record their evakmtian of each sample. A. m~irn 
tmr9tH"vAth a pn-;u.u-sor mixture of ·10 mM glucose, '10 niM ritio~m,. ·in mM cysl:dnn, '1 
rnf,1i thiamine, ·1 mr,.,i g!utamic aero, ··1 m~<t Gft~P, anzi LegH i,.,\\11s described as having a 
bacon amrna and taste, and ovem!! rneatlness, savory quality, a very urnarnl quaHty<, a 
brcithy quality, and slight beefy nt.'1:te-s See Table l fm a sumrnary of the flavor 
descnpoon for the varloos cornblnations of fiavor precursors and heme-cm1talning 
protedil. ·li\tJL.E 7 

Flavors tinm-watin1 by addHftxi nf pn~cursors tu LogH O %; 
knage available on "Original docurnenr 

Example 4: Type of sugar rnt':x.iuh'ltes ftavc-r compmmds crnated in the presence ot 
Hen1ef)rotei:r1 

The addition of dlfl:erent sugars to flavor reaction rnixtures containing a hmnepmtein 
a:r1tl t)r~f; csr rrtfHri fi-tft/{Jr l)ft:%(:t~J!~(Jr (XUilf)tJ:t~n{js, rl:-~;utif~fi :ir1 tiist]rH::t ~J~!l\)r(~n:ct-;~; ~t1 U1r~ 
tlavor crnnpounds 9Emerated and the oveml! flavor pmfl!e L~~H hense protein at -Ptb 
pre-coUkHd '>Ni\vi \VHS rnixHd \<%il:h cystdrm {iO rrifA} and 9lucnsn {20 mfvl) at pH Gin 
phosphate buffer to fom1 a flavor reaction mimum and heated to ·150 C for 3 minutes; 
this reaction created fa1vz.Y compounds known to be present in nmat; s.ee Table 8. 
Similarly, a !lavor reaction mixture matle when LsgH heme protein at Y% wt1s rnb:::ed 
with cystelne {··1 Q rnM) and iibose (20 rnM} at pH 5 and heated to -1 sn C rm 3 minutes 
c.mated fo.1vor compounds km1wn to be in meat; s.ee Tab!e 8. 

Thr~ charadrnistlc fiavor and fr:at1rnnu1 rompurnxits WHH~ rnusUy pn:ducrnl during U-m 
cookinq prnces....c. \Mhen the fa1vor precursor n1L"lecules reacted with the heme-pmteirt 
Gas dmxnalogmphy-mass spnd:ronml:ry {GC!MS) is a n1nlhod l:hat romNnm~ tk1 
features of gas-liquid chrnmatogrnphy and mass spectrnmel:ry to separate and identify 
dltl'tm:mt subskmcns V'lil:hin a tmi samplo. Sarnpkis \VfffH H\Ja!uatnd by GCMS ln idrnitffy 
the tlavor compounds 9enerated after heabn9 and a~o evakmtoo k:ir their sensory 
promes. VolaMe chernirnls wem isolated fnxn the head space amund the flavor 
reacfaJns The pn:iNe of fue. volatile chemicals in the heatisparn around ~he flavcw 
reactim1 rnixtums is shmvn in Table 8. in particular, the use of ribose cmated srnne 
addtbona! c.rnnpc-unds as mrnr.iared to glucose, as shmvn in Table 8. 
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Notably, the uv11m! rnixtures of cysteine >,;.'l:'lth dbose or glucose heated in the att:;-ence 
of the L~~H herne--prntein did ncit genemte the same set ot fa.ivor zxnnµrn.1nds. The 
fh.'lvor reaction rnixtures containing LegH aiso wBre eva!Uateri by a b!iraied trained 
snnsory parn-:l. whh:h dns-cribed thr~ srnnp!ns vtH:h rHx?SH as having bndy, savory, 
broth:f and gn.1vy-Uke notes, and the samples Vlfith 9!uctJse as savory, Nrn)dy, metalhc, 
rmv rrn:~at,. and toum0cn-likn. TABLE 6 

Flavor c:ornpounds genemted \Vitti cys1eine, LegH, and either g!ucose or fibose in the 
fh.tvor reaction rnbdme. 

h"nage avaffable on "01ig ina! dooxnenf' 
tich!oromethane .X 

2-rnethy!-furnn Xx: km.m XX pyn1zine XX l:hiophene XX 

l ,3--dirnethy!-benzene X. X octane X octana! X. X thiazo!:e X X. 

2-propena! X 

Exarnp!e 5: Herne-protein in the presence of 1hiarnine aITeds the production of certain 
fh.tvor compounds 

The actdibon of thiamine in a nav-m reaction mixtures with a heuis protein and other 
ffavor prncurscws aITe:cted the forrnaUon of 5--Thhvo!eethanc.i, 4-nmthy!-fumn, 3,3'-
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dithlornsf2-me1hyl-thtazo!€, and 4-rnethylthlazcie. The-..se mrnpoundS am known to be 
present in meat and have b-eet}\ meaty taste notes. 

Flavor rHm::bon rni::durns al pH 6 o::mtaininu Ln{JH {'lShJ, cysktirm ('10 mM;, thfauninn {'1 
n1fii}. either glucnse or ribose {20 rr1r,.{}, and v1rth or without glutamic acid (·10 rn!\<1} \,V&re 
prermri:td and subsoqurnltlV tlHatm1 ln ·150 C l'tx 3 minutns. HiHsH !favor readior:1 
smnptes then vvern evaluated by GCf<AS tm the flavor con1pounds generated and 
evaluated by a trained panel for thelr sensorf pm-files. \lolnNe chemicals were isolated 
from the head spm:e mound the flavor roochons GGMS shrn~ed 4--methy! .. fr. 
thlazo~oothanol, 3,3'-dlthiobisf2-methy!}-fumn, and 4-n1e1.hyithlazole a11npo1.mds wnm 
created by a mt:dtn-e nt LegH with thiamine, a sugar {either glucose or 1ibose}. .and 
cysteine. The s,ame flavor reaction mixi:ums \,Vithoot thiamine did not generate these 
nxnp-ounds; m:klEkma!ly lhm~e conipnunds v.iHnJ nnt 9emxattKl w4mn t·mnm-prnkins 
wBm not present in the flavor rnaciion rnixu.u-es. 

The flavor m.m::tkm sarnp!es also >svern evaluated by a blinded trained sensory panel, 
wtik.:h descrH:::sed the smnples \>V11h the m::ld!t!on of thlarnine as rrnxe complex ln taste 
and rnore beefy, nwaty, and savory. 

Exan1ple G: Heme--prnteins w~th nuch:-mbdes r:ontmb pmikdar tlavm compound 
pmduction. 

The add!Uon ot inns\ne nll'.)nophosphate and guanosine monophz,1:sphate in mixes 1Nith 
tmmn protein and nlfox precursors contn:iUed HK~ fnrrnaton of 'flw-ior -cnrnpounds (E}4-
nctene, 2--ethyl-fumn, 2-i;:8ntanone, 2,3--butm1edione, 2-rnethy!-thiazole,, methyl­
il\rrtizjrifi.:. i:rit1(~{:i~n{$, (E }-.2-tJctfJ~Ttil~ 2;-fJ}~tJ:f~f11~nt-Jf~"ltl)flX:t1k!fih·yilt-} ~ iJnri :1-
thiophenecarboxa!de!lyde. These compounds am knm:vn to be present in meat and 
have a beefy, meaty, buttery, and or savorf flavor notes. 

Reactlons cm1talning heme protein at 'l% (LegH) \,Vith cy-steine cm mM}. and qluc:nse 
(20 mM), ·1 mfv1 !MP and ·J m~,~ GMP, at pH ttO \;,V€m prepared and heated to l50C kx 
3 rnlnutes. Chamcteris1k tlavnr and tmgmnce cornponents v,K~Je nmsUy produced 
during Hm cooking pnJGJss \\•t1Hrn prm:ursors rrnx:bng \·1nnin-prntHin. Umse sarnp!es 
tvere evaluated by Gcr..m for the flavor compounds genernted and evaluated fur the 
snnsrny H)qn1rk-mrn. \lotaU!H chmnicals \WXH isolatHd frorn !fin h-rmd spacti arm.med Um 
navor reaction and identified using GC!MS, creating a profile of the volatile chemicals in 
the headspace around the flai;trn· reaction mlxtum. GCMS shn-iN&::l 4-m:Jene, 2-el.hy1 
furan, 2-pent.anone, 2,3--butanedione, 2--nmthyl-thiaznle, methy1-.pyrazine, tridec:ane, 
2-octena!, 2-thlophenecmboxa!dehyde, 3 -thkJphenecarboxaldehyde compounds v~sern 
created by a mi::dtn-e nt hemepmtein legH wrth !MP, Gf:;.1P, g!ucnse, .and cysteine. The 
same sarnp!es without rn~iP and (3MP dld not generate these cornpomx:ls, additionally 
1hesi:t cornpounds \-~U-KH abo nol CH:}atod wtmn hmne-prninins ViHff: nnl: prnsHnl, iust 
precursor mo!ecules. Sensory evakmtion by blinded trained panelist found the samples 
vA!h the addHbn nf innslrKt nnd wmnosinn as rk~s-c!'itmd as havinu rnonJ -c0,rr1plbxity in 
taste and nmre beeff, meaty, bmthy and savory. Figure 2 shows the abundance of the 
nnve! flavm rnrnpounds tn:falnd \>%:'ith henie pminin at ·i 'th w11s mixofi in n nmdJon at pH 
n, ~vith cysteine {HJ rnfA}, and g!umse {20 mM}, !MP fl mM) and GfVP ('1 m!\'1), and 
detected by solid phase mk:mekimction (SPME) and then detected by GC!\<15. 

The addition of lactic add in rnlxes with heme protein, rlbose, and {)'Steine contmHed 
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the fnnnatim1 of the flavor cornpnunds nnnanal, thiazole, 2-acety!thiazole, and 
8--methyl--!--tmdernne. These compounds am know'n to be present in rneat 
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R.eadkms containing hrnne pruk:in at Hfu, cysteim-i (H1 rn!M)c and rHJosH {2U rnfo1}, and 
lactic add {lmM}, pH 6.0, v,ern prepared and heated to ·15oc for 3 rninutes. 

Chamderistif: tlavor and fi·a;~mnce cs:nnprnmnts ,,nem rnosHy produced durjng the 
col1klnq process V-Jhem precursors reactlng herne -protein ... These smnples v~'fKe 
evaluated by GCMS for the tla\.-ur compounds gernJrated and ev.abated for the sensory 
experience_ \lolaH!e ct1en1lcals ¼Vere isolated from the hean space around the fa1vor 
mactic-n and identified using GCfAS, creating a pmtile of the g2nemted crunpourn::ls. 
Nonanai, thiazo!e, 2-ae.efytt:hiazoh:\ and 8-nmthy!-l-undecerie rnmpm.mds \,vem created 
t(f ti iI1ixh1r~;) t>f L:t-1i1H ~%:ltfl h"l(:ilc. i~~j~J, rit:(}Sf3 ~ ftnt] C)tStf}~rtf}. Tlit; s~Jrn~1 ~;tlJl~J]l{7;~; v~dtti:f~it 
!actic add did not qenemte these cm1Ix1tmds, adtlitional!y thesB crn111:.scmnds W'Bre nz,"t 
cnmtrnJ in ttm ab9-mu~ ol' tw:irm:qHnl:oins _ 

Sensory eva!uatk:m by bHnded trained paneUs1 found the samples >,,-·vtih the audmon of 
lactic add as described as ooofy·, savory, t:srm\ffled, bready, and having rnally notes. 
The s.arnple \Nlth everytNng but fa.1ctk:. add rated tower in brov,med, bmady and rna!ty 
notes. 

nm addition ol' !ysinn in mi:<es wt!h !"lnnin pnAdn riboso, and cystdtKt uxitrulktd tt:m 
fonnation of fh.'lvor compounds dirnethyl trisulfide, nonanal, 2-penty!-thiQ;:.."',henB, furti..irn!, 
2-nnnonal, i-odanoi, 2-nntKH"ia!, thlazoJn, 2-ardyUNazok, phnnylan-)la!dohydH, 
2-.acety!thiazde. These u1rnpounds am knrn•',m to be present in meat and some have a 
beefy, nma1y, and or savrny fa1\ror. 

Reactlons cm1talning herne protein at '1%, cystelne cm rnM), and rH:::snse {20 rnfv1}, and 
!ysine (!mf\,iJ, at pH a.o, wBre prepared and heateu to '150C for 3 minutes .. These 
samples were evaluated by GC!MS for the flavor cornpounds generated and eva.luated 
for tfin sensory a:q:ierkmc1c1 Chmadm·btk flavor and fragrann] n:mwom:mts W'(MH 

mostly produced duiing the cooting process where prnctirsors could mad '>Nith the 
tmrm-i-prntf]b_ Timi:%} smnpbs wrnn nva!tmled by Gc~,is fnr Um fla'li:'tX u::::rnpounds 
genernted and evaluated tm the sensonr ex.perience. Volatile chernica!s \:Vere 1Solatoo 
from the head space an:::-'l..md the flavor rnacUon. Dirnethy! tnsumde, nonanat, 2-pentvt­
thiophene, forti..iml, 2--m:mBnal, ·1 .. octano!, 2--nonenal, thiazcile, 2-.acety!thiazae, 
phenylarnta!dehyde, 2-.arntylthiazole o..1n1pounds ·•illern emate-j by a mlxrum of LeqH 
\:Vith tactic add, ribose., and cystcine. The srmse samph:-Js 1.:vHhru3 lactic add did not 
generate these compounds, addmona!ly- these compounds were not ueatoo when 
tmrm-i-prntebs 1o:vnff~ nut pmsnnt, Just prm:ursor molm:uk.;s .. Sensory evah.niUon by 
blinded tmined panehst found the samples \,'s@h the addition of !yslne as desGiood as 
roast bnnl'y-, sa>iflfY, and tmJWllf?d. Um mMtion of !ysfrm bumisHd Um roasted 
browned notes. 

Example H --· Havc-r compound production by different Hense-pmteins 

The addition of dtfierent types of henie--pmh:ins (Legh, Barley, B. rnyc~1!obin, or A., 
aenlicus} 1n flavor reaction mlxtums containing one m nmre tlavnr pmrnrsor 
cnrnpounds results in many n!' the same key meat flavors, inducting but ncit !irniteu to 2-­
pentyl-fumn, 2,3-Ekrt:anedkme, Thiophene, 2~mel:hy!-thiazo!e, Pyrazine, Furnn, PymJle, 
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2-nmthy!-fumn and distinct d!fferenrns In the flavor cnrnpoonds, lm:::!uding but not 
limited to 2--pentyfthkiphene, Nonana!, 2--Nonanone, and !--Oden--:1--one. These 
differences in flavor compounds can change the overa!{ taste pmfHe. The different 
typHs uf ht~rnH11n:>kiin 1o:vnff~ LogH, Barkiy, B _ myogloHn, nx A. afnikus u~md at t% 1-,uhu 
in a reaction mixed ;,,,nth cysteine pu mM) and rit.ose {tO rn!\<1} at pH 6- The pm-­
rt~}l(:t]()~n filiXlllff} \\\~JS f1(~6tf;ti "!(} '15{) \~ ~{)r :1 rr~i{"){JiJf)~ tltis. rt}fiC"!i{)f~ Cfftlf{~(i fl:a.\t{)f 

mrnpc-um.i:s km:PNn to be present in meat; soo Table n. The r:harrn::tsristk: tlavor .and 
fragrance crnnponents are rnostly pn.xh.rc.ed durinq the c:onkin9 process \Nhere the 
fh'lVDf prnc11rsnr mnler:ules react \:Vith the heme--pmtsin _ Samples \:Vere ev.abated by 
{JC!\4S to ldentffy the flavor cnrnpounds generated after heating and alsn ei{aluated for 
their sensory prnfites _ 

Voia1fa:~ chf}Inkals ~,umn bo!atrnj fr-oni lhe head spaco arm.md tho navor rHacfa:ms._ 
Table 9 show-s the sins1!arity and differences tn vo!al:He flavor cwnpoonds created by the 
dfffemnt typns nf henio-prol:dns. 

T/\Bl .. E D 

navor c:mnpounds created by different hen1e-prntein wtien heated v.1th rlbn-se and 
cysmine. 

Thiazck} X X .X X 

benzaldehyde XX X X 

2-arnt'f!thim:O!e X X: X X 2-methy1-prop.anai X X: X X frniun.1! X X X: X 

2,3---butanedlone XX XX 

2-pentanone X. X 

µyrazine X X )( X. dh"nethyi trisulfide X X X X 

2-methyl--l:hiazole X XX X pent.anal X .X X X 

2-heptenal X X X methyl-pyrazine X X X X 

'1-octene X X X butanal X X X: X 
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2-prnps:-mal X X .X 

2-nnnanone X X 

2-octanone X X X 

2-urn::lernm.11 X butyrciactone X (-oc1fH1--:1-.one x: 

Su-1N-na! di'ITmmit smnpkts irH:lrn:Mn9 Gi!s (cannla oil or coconut oi!), !'rnn fatty adds (FFA} 
{Hnalek. add (C-"l3:2}, cleic add {Cl8: !}, stemic add (Ct8:0), or myristic acid (Cl 4:U}) 
and phosphc-Upkls (PL} (beef heart polar lipids ex.tract, Bio!ipon95 {from 

Perln1ond}, or NatChallnePC4Q (frnrn Perlmond}) wem tested for their atdHty to produce 
b--eefy flavor in the absence .and in the presents at other precursors. Oi!s, FFAs, and 
Pls \>Vern added to 50 m~,i potassium phosphate buffer (PPB) pH 6J) or a f'ii'1a1Uard 
nmdk::n rnix {MRl'V) rontabing 5-D rnM potassiuni p!"losphatn pH 6.0, S mM C:ystnim:-i, 
·10 mM G!ucose, O."l rnf'>i1 Thiamine, and 0.-1% {wiv) LegHemog!obin .. Upids in 
nxnbinaUnn \:VB:h MR!\-1 \:\:i':re dnst:;nnd to captun) mn unss n-mcfams nf Hpid 
degradation and MlaiUard reaction pro-tiuct10ns \:Vhi!e lipids in phosphate buffer 
frmdion~xl as a !ipkl conlroL The oEs W'HfH &{Mod at :3C.~·o of ltK~ l:nta! -1 mt. volmno of 
solution wt1He FFAs and Pls w-ere added at Yl~ of the total ·1 ml voknnes. AB sarnples 
,,,yem cc.sokec! at ElfC for 3 rnlns, cooled to sere and then analyzed uslng GC!\,ts 
(SFh•1E fiber sampling of hfJadsparn). After a!! samp@Bs were analyzed by GCMS the 
caps were rernoved and sarnples \:Vere srneHed by a trained fltwor sdentist and arornas 
recorded. 

Sarnp!e Nanm Solutbn Additives 
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MRM BeefHeart fv~a1Uard Reaction Mix 'P% Beef Heart Pd:ar Uplds Extrnct 

!\4RM_Biolipon85 Mai!Jard Reaction Mix)% rnolipon95 (emulsifier} 
~ARM_NatCtioHnnPC40 Mail!md Roacfa:lcn !Vix -1~~h NatChu!irmPC:40 (rnrm!sifif}I} 

KPhosfi ___ C-14 PPB, pH 6 ·1% C·14:Q free fatty add 

KPhosn Cano!a PPB pH 6 3'% Cano!a Oil 

KPhosfi __ Coconut PPB, pH 6 3% Coconut mi 

Page27 of46 

Tabln 'l"l contains l:h(~ mnnin tktscriptkms and Tahk~ ·12 contains lhi~ GCMS data froni 
the most interesting s.amp!es analyzed. fvlany of the lipids introduced a ''fatty" amrm.-:.i to 
!MRM !hat \>%:'as ul:hfff\:Vise absent Tim rurnNnabons of Lindek /\dd ur 

NatChn!!nePC:40 ln fvmM produced the greatest abundance of fatty compounds 
sugnesbng that these lipids may improve the flavor perception {JI beet ta!@mv. Unoieic 
Add and NatChnlinePC4D also showed hlgh abundam:::e of emi:tw-rnushmorn arornas. 
The addition of hµids to MRM signt!'irnnt!y §ncmase-d the- ab1mmmce ot "nutty & 
roasted'" aromas Less oosirnbie "green'" aroma ccm1po1,.u1ds \Nern rnost pron1irient in 
sampkis 'l,iHi unsab.u-aktd ffHH fatly adds {Unolidc add or {>ink add) nr ptlospho!§pids 
!n ;wnernl, the addition of lipids signmcant!y increased the number of target beef 

.Amrna desoipl:icins or each sample after it was cooked. 
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!maqe available on "Orl:g!na! dc.'{::i.m1ent" 
KPhosU NatCholinePC4 

K-Phos6 _ Canola fresh, cu:e.urnber 

K-Phosn_ Coconut nothing 

K-Phos6 . .J.jnoefa: Acld Hght ptastk::: 

Table -12 f!\"1RfvtBH 1eeea r 
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Ust of armnatic cm1Ix1tmds found in Goof by GCMS and a ci'mrt showing vthich \~'Bre 
dd,m:tm1 b nmJi Hpid plus ~,mM snrn h!iC 1\/R.t,tN taonp __ !e. 

Compounds in Boof 

2-methyl-- ·t -heptene N N N N 
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l-mJene N N N N 

·i--pentanol N Y' Y Y !-penten--3--a! N ''{ ''( N 

'1-prnpand N N N N 

2. J... dlhydro.-S ,6-dirnetllyi-

Page29of46 

l -4- dioxin N N N N !,7-0dadten<J-d NY N N !h-pyTroh:1-2- rnrbnxakiehyde N N N N 

3 -rnethy1-2-butena! N N ',t Y 

:J. -methy!-2-cydohexen- ) - one N N N N 

2-dernnone Y "'f "·{ N 

(E}-2-decena1 N N N N 

.2--furnnmethann! N N N N 
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6-rnethy!-2-heptanone N N '{ N 

(E}-:2-heptenal Ny·''(''{ 

(Z)-2-heptena! N N N •{ 

(E}--2--hexenal NY y· Y 

2--ethyl--2--hm:enal N N N N 

2-rrn:~thy!-2Amplrnm urn N N N 

2-n-tmptylfm:an !WI N N N 

(E)-2-rn:mena! '{ Y ''{ "'( 

(Z)-2-nonena! N N N '{ 

2--pentanone N Y '{ N 

·1 --pmpoxy--2-pmpanol N N N N 

1 -(acoty!oxy;-2-propanor:m V N N N 

"1 -hydruxy<l-prnpanmm Y N N N 

2-prnps:-ma! N N N Y 

2-1.hic.sphermcrntmxa!dehyde Y 'f "'( Y 

2,~butanedk:me N N NY 

2,3-pentanedione N N N N 

(E,E}-2,4-dec.adiena! N Y Y ''{ 

2 ,4--decadienal N N N ''( 

(E,E}-2 ,4-heptadierm! N 'Y '/ Y 
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2,5--dimethy!pymzine N N N N 

5--me-thyl--2{:JH)--fumnone N N N N dihydm5--panty1--2(3H}-- tiJrnfK}OO N N .,._{ "\'' dihydro--S­
propyl-2(3H}- fi.m:inone N N N N 

3-hexanone N N N N 

3--{Jcten-2-nne- N "{ Y 

3 _:tfiinphixiocarbuia!dehydn N \·· 'Y" Y' 
h11a&w available on "Orfgirml docurnenf' 
ot!"land N N N Y Hl{H }iJynnl-.2-yi)- Hlhnnone N N N N 

·J -(2-fumny!J-eHmnone N N N N ethosuxlmide ·1 ·J t ·1 N N N fc-nnic add., heptyl ester Y \'' 
N N ti_irnn Y N N '{ 

:3-nmthyl-fumn ,,f N N N 

3-pentyl-fi.ffan Y ''{ Y "{ furtural NY Y y· he-ph:mal N ''{ Y "{ heptanoic acid N N NY 

2-methyl-hex-2-ynA-one N N N N hexanoic m::Jd N N N "·{ hydrogen sulfkJ:e N N N N 
rn-aminnphon}1au-;tybm-} N N N N malnic antydrhfo: N N N N niotrmnnlein N N N N 
mel:hanefuiol N N N N methyl ethanoate N N N N methyl isobutyi ketone ··t ·@ ·1 i N N N 
n,..capmtc add vinyl ester N y· N nonanal N Y \'' Y 

3 -rnethy 'l-nonane i liH N N N nonanolc acfa::l ·-i ·1 -1 ·1 N N N rn:::tarmi N Y "{ '{ octane N N N 
''( oc.tancic add N N Ny· {:1xa!ic acid, isobutyl pentyJ 
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ester "'{ N N N p-cresol N N N N pentanal N N N .. { pentanoic acld Y N N y· 
!n1a9e- available on "Orig Ina! document" 
h11a9e- available on "Orfgtm! docurnenf' 
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b sampkis l·mvintJ fatty ur eri:mmv ammas, 2 A--dntadbnat. (EJ:)-2,4-nonmfama!, (E ,E) 
-2,-4--heptadienal, andlor (E,E}--2,4--de-cadiena! vvem dei.nded In Rie 

KPhosO_ BeetHeart, !MRM HootHeart, MFt~A_ 8ioUpcmD5, fiM~M_ NatChohnePC4U, 
KphosG ____ Canola, r~irnv1 Canola, KPhos:5_Jll ek:: Acid., KPhos6 ____ Uno!€k acid and 

!MRM Uno!ek: add samptes. For (E,E)-2,4-decadiena!, the strongest signa! intensity 
\Vas in Um !'v1RlM _ NatChoHnnPC40 sarnpln, fnHo~NHd by tt:m fo1R!\A Urn:lJnic acid, 
KPhos6_Unoleic acid, !\4Rft~ Beefrleari:, !\<1Rfi1_Bio!Upon85, KPoos6_BeefHemi, fiiRr\/~ 
Okik /\dd, and KPhnsfl_(Viok i\dd sarnpkis. Fur {E,F.}-2,4-hi:tptmhmat tb-1 stn:mfftlSt 
signal intensity W'as in the MR\,1_NatCholinePC40 sarnple follmved by the k'!R~<t C.anrna 
smnp!-e. (E,E}-2,4-heptad!EH1al also ¼Vas detm::ted in the 

MRM ___ BloUpon95, rvmivi Bee'fHeart, and ~,mM Uno!eic acid sHn1p!es. Fm (E,E}--2A-
nonadiena!, the strcingest signal intensity W'as in the MR.fi.:,1 Gano!a and r~1Rfv1 Unol9ic 
add sarnp!es. (E,E)-2,4-ncnadiena! also 'tllas detected in the Kphosfi ___ c::anoia, 

MRM_NatCholinePC40, t 01Rk'l_BioUpon95, MRf,,,~ Beefrleari:, and KPhos6_Unolek add 
sarnpk;s_ For 2,4-decmfa-ma!, lh(,1 stronti-ist signal inkmsity v.tas in ttm 

!MRM Unoldc add samplo. 2,.4-donJdinna! alsn \>Vas dHtndrn1 in KPhosfU..im::.Mfrc add, 
MRM Cam)!@, and KPheL<:;6_lHe-k Acid samples. 

ln samples ha\.>ing earthy or rriushrruxn aromas, 3--oden--2-.one, l--orJ:sn--3--one, 3--
rn::tHrmne, andlor !-octen-3-o! wem detected ln the KPhos6 ____ BeefHeart, f,.,1R!\"1 
BHefHemi, Kphos _ Bio.Upon95, MRfv1_ B-ioLiponH5, Kphos _ NatChnhnePC-40, 

!MRM_NatCl·mHnnPC4D, fARM Cann!a, KPhosf.L{Meic Add, MHfA Ok:ic Add, 
KPhosfi_Unrneic add, and MRM Unolek:: acid sampkls For f-octen-3---o!, the strongest 
signal inlrnisity wHs in Um MRM Unoldc acid smnp!n, l'ul!u\vHd by 

MRM NatCllohnePC40, KPhos6 ____ Uno!eK r.K/ct MRrv1 BeefHaart, KPhos6 BeefHeart., 
!'VRM Cano!a, lV1RM_BioUp:m9!\ KPhosb_tHek Acid, and MRfA Oleic Add san1p!es 3 
-odanorm was detected ln the MRl\,i Oielc Add, KPhnsfi ___ Uno!ek.: add, and 

MRM Unolek:: m:Jd sarnplas. Fm t-oden-3-one, the strongest signal lntensRy was 1n the 
MRM UnolHk add and MRM tkH-Jtkiart samples, l'ollo~,NE~d hy ~<PtiosfU .. inokic acid, 
MRM~NatCho!inePC.4U, KPhos6_BoofHeart, MRIV1_Biolipcm95, !MRM rneic Acid, and 
KP!"losfi~O·JH:k Add sampkis. For :1--.odt-m-2---nnfa. tho sknntwst siunal inkmsEy Vias ln 
the KPhostLUncieic acid s:tlfftp!e, fol!mved by MRk'l Uno!ek add, 

f\,iRM _ NatChdineFC4U, KFhosG _ BoofHearl:, K:PhosG _tn eic .Add, fv1RM O!e-ic .Acid, 
MRM BeefHemt f\i'1Rfvt___mnUpon95, MR.M Cano!a, Kphos ___ BioUpon95, and 
Kphos_Na!:C>holine-PC4U. Pymzine was detectezi in the ~ARM Coconut, f/lRr\ii c·ie, 
!\4R\,1 C'l4, and fvtRM ___ BioUpon95 sarnp!es. 
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raost abundant cornpoonds detected, along with p\trazine, rnethyl pymzine, trirnethy! 
µyrazim-.\ and 3--el:hyl-2,5--dirnethylpymzine. 2--acetylthiazde \:%'.§S detected in au 
samples ·t,;ith !\4RM and most aburaiant in samples 1Nith fit1RM Beeffleat, 
lMRM_bidiponU5, !'v1RlM Camia, and fv1RM coconut Tt&vulH tvas nnaktd in samples 
with 1\,mMCoconut, ~<]RM BeefHeat, ~"mM_Biciipon95, MRM (>14. MRM cm. MRM 
Canu!a, !\'1R!'v1 Oink: add and MRfo1 Uno!ek add and !\,1RMJ¼atChciim~PC40. Pyrnzine 
w11s present in the largest arnc-unt in samples vvith MRM--Coconut, tci!Gw'Bd by samp!es 
MRM BeefHeat, Mm~i ____ Bio!ipon95, MR!\,t c·M, MRM Cl8, rv1mv1 C:ancia having roughly 
e-qual amrn.1nt, Mmli Olek add and fv1RM lim:Aeic acid sample had even !e-~~- f<Aethyi--
pyrazine w,as present in MR~{ ___ B!oHpon95 and fv1Rfv1 Cuuvmt 3-et.hyl-2,5- dlrnethyl-
pymzirm and kirnethyl- pymzine, it,<'Bm pm.sent only \<Vithout phosphn!ipids in the fARM_ 

b sampkis l·mvin~J Qffwin, Vf}{¥-riabkl, nr nmss aronias, ·1-k-;ptnnol, Hw:ipkm-3-G!, i­
hexano!, (E}2-heptena!, (Z)-2-hepterm!, fE)-2-hexenai, 2-pent)'!-furan, and/or heptana! 
wnn:~ ddHctH-d in the KF'tiosG~BnnfHm11t. iARM Bftt-iHHmt, Kpk~s~BbUpnn95,. 
!MRM _ rnoUponff:i, Kphos:__ NatChclinePC40, MRM_ Nart:::holinePC4U, Kphos _ c ··14, 
MRM C>14, Kphrn.;~CT8, !'v1Rl\•1 C'18, !'v1RM Cannla, MRM Coconut, Krtios!3~frh~k:l\ckl, 
MRM Oleic Acid, KPhasd_UnolBic. add, arn::l fARM Lirn::4eic add samples. For 2- pentyl--
&1ran., the stmnqest slqnal lntensHy 'tllas ln the KPhos6 ____ BeefHeart sarnple, follmved by 
the KPhosa_Unoleic acid, MR.f<A_BiaUpontX\ ~1iRM Unoleic add, f<AR!\,i Be-e!'Heart, 
MRM O!ek Acld, MRM ___ _NatCho!inePC40, MRM Cancia, 

KPhosfi_[Heic Add, and ~"'i:hos_NatCh(:@1ePC40 sarnp'!es_ For (E)-2-heptena!, the 
stmnnnst signal inlensil:y \:Vas in am MRM BritifHfmr\ MRM Canda,. MRM Olde /\,rid, 
and KPhos6_Una!eic arid samples, fofk)'/led by the KPhos6_j)teic Acid, 

MRM _ BioUponff:i, KPhos5 _ Beefi-leart, ~<tRM Unoleic acid, MRM~NatCho!inePC4G, 
Kphos ___ BioUpon95, and Kphos ___ Na1Cho!inePC4G sarnples. for (Z}-2-heptena!, the 
strongest signal intensity \:Vas in the ~,~Rf:;.1 Undeic acid smnp!e. foiRfv1 Uncileic add also 
was detected in the KPhos6 ____ Unoieic acid sarnpw For heptrnml, the strongest slgna! 
intensity \,vas in the MR~<i Oleic i\dd san1pfe, toffmved by the KPhos6_0iek Acid, MRM 
c--14, MR!\"1 c-rn, MR!\"1 C.ann!a, MRM famfHemi, MRM ___ _NatCho!lnePC40, MRfv1 Unoieic 
acld,. and KPhosfl._BGo!'Homt samples. For, (F.}-2-hntenal, ttm sknngnst signal 
intensity i.:vas in the MRM Linoleic acid sample, fa!lm-voo by the 

!MRMJ.latCholinePC.40, KPhos6 _ Uno'!eic add, and !MRM rneic Acid Stlfftp!es . 

. A forrm..r!ation \:Vas pmparnd {the "magic mix," s.ee Tab!e ·13 r:ontaining the estimated 
cnncentrations of arnino acids, sugars, and other small rno!ecules in beef base-j on 
their values reported in M:smtum_ The magic mix Vu.ls te-,.sted for its ability ~D produce 
b-eefy fawors \n the presence of LegHemQ:Jbbin {LegH} The magic mix and ·1% "ltiv 
LngH \VHfH addnd to tho nmat H::ip!§ca, pH G.D {sm-} Tahk~ 4} and bakmi in a om'#Kfa:m 

aven ror 7 minutes at ·1 &YC .. A ccmtml smnple was prepared by adding 'Ptb wiv LegH to 
tt"ttJ fl]f)}lt {f}fihCfl~ f}H t}_{} flfl{! t~aJjn{t i:n a. C()fl\l~;J(J:kln: ()\l{-Jf~ ~{)r 7 rr~intittJ~i iJl :•15[f't~. 

The raeat mpllca Stu-np!e contalnlng only LegH, was cornparnd to the rnm1t mp!ica 
san1pfe umtaining the rnagic mix and legH by a sensory panel and CiCMS anal'rsis 
Five tasters rated the flavored meat mpHcas for beefiness, bitterness, and levels of 
sav--ory Ua\;'-ors, and off tiavurs. Each pR.~¥-rrtr \;:Vas mted on a 7 pcint srn!e in \Vhich l 
was the highest arnount ofthe spedfied pmpertv (e.g., a standem1 80:20 ground beef 
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would be rated 7 on the beefy srnl=e;. The ~laqlc !VHx flavor was mted one point Mgher 
in booty charader l:han the LegH only sample {FlG. ·t ). 

To ddenTiirn~ w!'lkh dKffrfrcal pnxlU-d:s 1;,vem prmh.KiJd upon boating, a su!ution of 
Magic ~<tix Vl!as prepared with ·1•% vw/v LegH at pH 6.0. The samples 1Nere conked >svith 
shaklnq nt ·t 5('.rC for thrrn-} mlnutm\ t!'lnn Sofa! Phase Mk:m Extradkm (SPfAE) vvas 
periormed tor hve!ve fftinutes at titre ki extract the vcia!He rnmpciuncts abmte the 
headsparn of the madion. A search a.!9orithrri was used to analyze the retenHon tlme 
and ffiass tingmprint infannation of the volatile compt'1unds and assign chem/ml names 
tn peaks. Table '14 shows the compounds id=entmed in both the fotagh::: lV!lx 1- LegH (M\,i, 
avma:ge of Th'>fO samples) and in the LegH alone in butler {legH, avemge or five 
sarnptes) sampKis The crnnpL~w~ds in Table ·14 am listed in order of the retention hme 
(RT., in sornnds), and mtl dt}i:ignatud as ha<ling a zmn prialk mHH {O;, or a srnal! (SL 
rnedium (k'l}, or !arge (l} &\!Brage peak area. Hundreds of compounds were roentmoo 
b{-;h:Vittin the smnpks, many of whidi arH charadmlsfa: nf bm-}fy mnrna, inckiding but 
not !irnited to l,3-bis(lJ-dirnethylethyl}-benzene, 2-rnethy! :J-furnnthici, and Bis 
{2-metlw!--4,5- dlhydro-3-fuf),t) disulfide., v~t,ich lm::mased in the sarnp!es containing the 
Magic fokx and LegH. 

Table l:3 

krn·ltW avaHab!H nn "Orig ha! dncurm-mr' 
\laiine 0.9 

glucose S.G 

crnatlne 'l .0 

Kphos pH G.G m 
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LegH alone {aver~1e of five sarnples) 

RT{s) Name LegH alone 

248 m:etaldehyde L S 

.256.3 cafbt·1n disuHkie LS 

269 .2 rnethanethiol S D 

285 .4 octane M 0 

.2ffl .G acetone L s 

3-19_3 .2--pmpenal M s 

338. ·1 2-rrn:~thy!-funm ~,1 s 

360 .2 3-methy!-furan S 0 

363.? butanone L s 

358.9 2,J -dlhydnJ0-S-rnethyHuran !\4 s 

376.4 2-methyl-butana! L M 

3.S-1 . ·1 3 --rnethy ·t -tmtanal L ~,~ 

390 .G isq;rcipyl alcohol O s 
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399.6 ethanol L M 

408.2 benzene S 0 

4 t4. 4 methyl vinyl ketone M 0 

422.G 2--ethy!--furan S l1 

453 2 pnntnna!/2, 3-butanrntom-i L n 

453.H 2,3-butanedlone l M 

4 72 .. 8 4, 7-dimetl1~1-undocane r~i s 

485.9 2-rnethy!-pentanal li1 U 

SHJ.H trich!orometh.ane fv1 rv 

537.H 2-butena! !\"1 s 

543.8 4-pent:en-2-ooe 1\,1 0 

550.B rnethyl thiciac:etate M 0 

/38 .3 rnethyJ isopropy! disulphide M l1 
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T58.? heptaria! L D 

71:_q .9 ··1 ,3 -diis0;:..")ropoxy-·1 ,3 --<limeth':A- ·1 ,3- S r,_,~ disl!acycJabutane 

7 89. 4 3 -rnethy 'i -2 -buterml M 0 

793.4 4--methyt-2--heptancwie ~AD 

870.9 thiazrne lo 

B79 .2 styrene !M 0 

mm.I ··1 -(rnethy!thlo}-pmpane i-~ D 

895.G rnethyi-pyTazioo MU 

fViO.S thkx:;yanic acid, n1ethy! ester S 0 

H"l8. 6 4-rrn:~thyHhim--:uk~ !\<1 0 

9279 rn:::tarmi L s 

934 .3 tddecane M G 

948.8 trans-2-(2-pentenyi)furan S G 

9:fi'"! .9 ·1 -hydfctK'Y-2-propanone MD 
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'H:l24J 2-n1ethyt-5 ~(rnethylthio}~furnn, SU 

lU58.6 2-butyP-decene M 0 

'H:llfL3 d1rnethy! hisu!fide Ls 

l283.3 pyrm!e r~1 o 

t292J:5 D .. ethenyl--4--metlly!-thiazo!e M 0 

1305.6 (F)-2-nonrma! M 0 

·t44B butyrciactone S s 

MG2.4 pheny!aceta!dehyde ls 
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'145fi. 3 2-arntrtthlazcie l O 

l475A 'l-fHJHEHKl:! MD 

·1487 methyl (rnethy!thio)methyl disu!flde M 0 

l5582 3-{rnethy !thio)-propanenitri!e S 0 

lfi·•i 3. ·1 bis(2-rnethyi-4,5-dlhydn::i<Hury!) distdfroe M 0 

·HJ-'l 5. O ·1 , 'ltl--undecadiene !\·i O 

H39. 7 ester S 0 

'ff4·'! 2 5 -fDrmyl-4-methy!thiazcie !'vi O pentanok: acid, 2,2,4-trimethyl-3-hydrmv~, 

l 7 4 9. 7 isobuty! ester !\<1 0 

tll 4 2 isobutyl ester S 0 

·i /90.9 dodernna! fv1 U 
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'190ti9 3,5-dHerfbutylben:mic add s 0 

l909.6 4-ethoxy-benzoic acid, ethyl esters 0 

20%U3 benzoic add s s 

202fi. 4 4-quinoHnecarboxa!dehyde s G 

E.xamp!e '{2 ~ FerrGt.is Ch!orin Catalyzes Prooudion of ~<teat-like fia\i'Df compounds 

VihuTli:x blender to yjeki 2 L of groon susiJenskm. Arntone (SL) ~vas aiided \Vith mixing 
and the rnatedai \Mas am.:iv.>ed to extract for ·-i hour. The rnatena! \,vas mtered through 
\<\fhatman tilter paµer and l:he acetone vlas mrnovoo an a rotary evapomtor (8rn::hi). fo 
the resk:lual green suspension {500 rnL; 'l,ms added 2 ml of ·1n M Hc·i, causinq the 
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suspension to turn brov~TL To this ¼Vas added lg of FeC! 2.4H 20 in ·-io rnL H 20. The 
sdutkm was shaken then !eft at 4"C far ·rn hours. This suspert..tjon w1E extracted V',A'H1 
diethyl ether {:Jx50mL) to givB a bright green organk phase, the crnnbined organics 
\NHff~ w11stind \\•'Hh saturalrnj sodium dibrhfo: Sftufam,. d1iHd nvor smfaim suffate, rnkm-id 
and evaporated to !eave a black paste(! Jg)_ The peHet \:Vas diss-0lved ln ch!omforrn tor 
fr:acHonali{m. 

Ch!orophy:!! and Ferrous ch!orin crude fractlcns 'Nme stored at -2G"'C. Crude extracts 
were ti'actirn1ated by reverse .. phase high--pressum liquid chrnmat¼:1mphy {RP.- HPLC} 
HPLC conditions are outlined ln Table ·15 Both chionJ:,;,.')tiyil and ferrous mlomph:.Ai were 
eluted from the colmnn 1;:vith a peak retention bne {JI l.G minutes .. Uuted material w·as 
colected from 7.3 - H.O minutes. CoUederI fractions iNere pooled arid sbmd on ice. 
Col!m:bd fradkms 1;,veru n>dmNnHtrnJraphm1 and sho1o:vnd n slngk~ peak v.tlth rdnnl:km 
tirne 7. 6 rninutes _ The desired fractions \,'llBre poolru.i, then "1 O~·'h sunflower oi! \,vas 
midrnl, rm:ithanul 1;,vas rnmovnd nn a mtary Hvaporatm· (Brnlli;. 

HPLC rnndrnons fur purincatlon of chforophyH and ferrous chlrnin from crude ex.tract 

A schrtkm Gf fomnus ch!orophy1i "w1s mixrnl v.tlth the fvkitJic Mix (TaHe '13; to a fina! 
cnncentmtk:m of D .:Xi%> fBrmus ch!rnin, -1 {%- 9tyrnr{:1l, OLXP-i%,) tween-20, 5%~ sunflnwer 
oiL, -JOO rriM NaCl, 20 mM phosphate at pH 6. Leghmnog!obin {G:35%,) at pH 6 In 
phosphate butler {20 mM), iOD mf\:-1 NaCl, \;,i\J'as rnixed with nm f1.:'lagie fAix {Table ·t3), 
lSt~ q!ycerol, and 0.0051t~ t,,,veen-2D. The flavor macHon rnixtures >,;.'\:<ere heated to '15HT 
far 3 minutes; this machon created tlavnr c11n-iprnmds knov',m to be present in meat, 
created by hen1:Qi~k1bin and also created by fernJus chlurin; soo Table '16. 

The charactmistc flavor and frngrnnce rnmponents \,'tere nmsUy pn:duced during the 
cfxmbg pnJcnss \<%iw:iri lhe navor pren.u-sor rnn!ecules n-mdnd with Um henie ~PIO!Hin or 
the ferrous chbmphyi!. Sarnples v.iere evaluated by GC.f>ifi to identify the flavor 
cornpuunds generated after heating_ Volatile chemlca!s were isolated frrnn the 
headspace amund the flavor reactions. The prorne of the volatile chmniCa!s in the 
headsp.arn around the flavor mad.ion rnbrturns that ~%'ere slmliar beu,veen heme-protein 
and ferrous d1lmin are shown in Table ''H} Notabily, many orthe crn1"1pouniis cmated 
by the fermus ch!rnin am lmprntant in the flavor ot meat 

Flavor C.ornpounds created by both Feffous Chk:;rjn and LegH \\1th !\<lagh::. fiiix. 
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2-butenal ti.mm 

3 --rnethyi--2--butena( 2--ethyl--!'urnn 

Preparation of hemin iinked CM Sepharose. 

200 rng of oo\iine hemin (Signm Aldrich) \:Vas loaded into a scinU!latbn viaL A smaH 
rnagndk: sl:k bnr,. BOD acelonfailo, t34 pT '"4-mHlhylrnorpho!inti, and n mu of N­
hydmiysuccinimlde i,.,\\-ere added in th.at order_ The via! was pl.aced in an ice bath and 
chi!!ml l:tmn ·1-18 m9 uf N-(3-dimnthyianiinopropyU-N'-r1th11-carhodEmkk: hydrudi!orlfkt 
v1as added 'With sbmn9, fnllmved by B45 µ\ of Jeflarnine ED90D _ This ·t,n1s stirred '.Vhile 
am:n.inp the black mlki.um to vmnn to arnbient temperature. CMomfmrn (·10 rnl} '>",ms 
added to the mixture fo!lmved by water {4 ml} A tlash!tgM was used to dishngu~sh 
bel\voon organic and aquoous !:ayers since both 'Wern bh.1:i::k and the org:anl:c !ayer was 
pipetted oft and corKentrated to a dark blm::k otl. The nH \;-<1,ms disscilved in a 4: ·i mixture 
of acetonitli!e and ethanol to rnake an appmx:irm.1tefy ·I 0% strenqth soluUon tl"1at wHs 
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2 rnl ot \-'tater s>sve!!ed and equi!lbrated er,.,~ Sephan.1se ~vas equilibrated in a BioRad 
rnbio}'!urnn wttti :3 vulurrn}s of acnlnnilriki .. The resin w11s msusptfflfk~d in 1 rnL 
acetoniftrite and pij:Jetted lnto a sdntmation vial. Thls W'as k11h::r,;ved with 44 micronters 4-
nnJhylnxMphuline, 2:3 rmJ N-tiydruxysucdnirrikfo, and 30 rng nf sofa! tsrp-
d irnethymminopropyi}-N'---ethyl--carbodhmide !lydmcMoride. The mbdme was vortexed 
vigonJusly and then shaken for three hours T n this v.11!te so!ld was added 570 
micmfiters of inky bhu::k 2{H{~ strength hemin crn.1pktd diamine. The black solid was 
vort.exed and shaken for an hour. The slurry stmngw resmnb!ed Turkish roITee. The 
mixtum \;,'\i'as poured into a BioR:ad minirnh.imn and tmeri¾:( \t•-.a:Shed with acetc-rdrHe 
until \Vhat came out no longer resembled espresso, then S\,Vitchoo to deionized \Vater, 
and finaBy 20 m!\A pH n srn:fa.n-n rnrbonak~ buffrff. The black soild \VHS W'ashmi unrn the 
effluent nm demand then resuspended in 2 ml or buffer fur storage until usEt Flavor 
rt}tic"!jc:r·~ 

The flavor reaction ~vas created >,;.'l:'lth heme pmteln {equine myog!oNn -Sigrna} at 0.35'}'~ 
in a phosphate butter (20 rrir~1) at pH n. O vith ·1 OG rnM NaCl , this was mixed \Vith Magic 
Mb:: (Table T3). Another flavor reactkm was created ~vtlh !mrnc.tdized Hmnin at CU5% 
in a phosphate buffer (20 n-1~,n at pH ELU it,dth ,-100 mM NaCl, this w11s rn:ixed with !\-iagic 
fVIx (Table "13:t The flavor reactkm mlxiures wern heated to 15TC for 3 rnlnutes; this 
nmdk::n errn:1kMi flavor compounds kno\>%:'n to bn pnfsHnt in rnoat 

TIK~ charadrnistlc fiavor and fr:at1ranu1 rompurnxits \'l:'HH~ rnusUy pn:ducrnl during the 
cookinq prnces__c. \Mhen the flavor precursor n1L"!ecu!es reacted with the Herne -protein or 
tt:m ininiobillzmi Hnniln.. Smnp!es wom i)V11hmbd by GC!'v1S to kfonWy trin flavor 
cnfftpt"ll.K!ds generated after heating. VnlaWe- chemicals \:Vem isolated from the 
headsparn around the flavor reactions. As can be seen ~n Tab!e ··11, lrmnobi!lzed hen1ln 
catalyzed pmduction of comfxRmds sirni!ar to those ~vhose pmductk1n ~vas catalyzed 
by rnyoqlobtn fme ln so!uUon. Notabfy, the pmfi!es of flavor compounds, measured by 
GCfVS, produced by cooking n1ixtums containing the immubWzed hemin and the hmne-­
~irotei11~ respec:t~vei:t~~ '\:\:'3re \tery siinHar~ 

Flavor compounds pmduced by coc--4Jng rnixtures containing ruther myz,,-gk1bin free in 
so!utrn1 or hemin coupled to a soHd support Flavor compound myoqlobln hemin-linker­
resin 

rnefuyl-pynmne Lrn:V Low 
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2-rndhy!-funm Lnw' rnrnHmn nxah: add, buty! pmpyl f~Skff Lf}\:V Lo~,u pJTazine mmfa.u-ri 
Lmv oxalic add, diaHyl ester mediufft rnedium 

Li L-U LaHO! m-aui ffl 

'1 'i < J{ifrii:i-,r'!,~:; f'J _p•;,,-~H-i-1/l _:~, ><·i,sr, ,.,,.,.,,.,_,·-li:i 'rn •n,,;i-4>i: HS-; n-i_e~"l"rvin""'":,nvk.,,··Gh,'!,:_;~•«·:, rnr,,-l,, ·i·•·i 
'\.; ::•"-·· ll-..-.·~ ... ~ ~ .... ..,,:,.._, :R... l .,.- ... :t -ti:,.., u .. _:f3: .l ~:~ .. $:t ... ~ ... :~ -~ l: l:~ .• "\..3~ ..... ~ ~ :~ l: -t ~ ~"·-• .... ~,h-=.-:i:: l: ~ ~ ) ~ .:.S:l: ~ ~~~ .. :-;,. .• ~-- ~: i:, .. ~~ ~-] ................ .;,:.;, .... '$- h.,-i:: i:, .. ~ ~ .. ~-... ,,, .. ~-tt.l: :;: .. 

n1edilHll 

2,5--dihydn..1--3, 4 --dknethyPumn medium medium 

3 -thiophenecarboxa!dehyde mediurn rnedium 

2-methyl--:1--(rnet!lylihio) turan iarge large ethyi acetate large medium methacn.1lein large 
n1edium rnethyPhHn:me large !arr~ me1.hk::.•na! !arge !ar9e me1.hy1 ak:nhol large rnediurn 

2,J...tmtanedione large medium acetone large ~arge fumn ~arge medium benzakiehyde 
!m1w rmxfa.ini 

dime1hy1 t.Msu!flde vrny !mqe VBf'-/ large 

htips:/i\vorkhvide.e&pacenetco.m/pubbcatio:nDefails/description?CC=EP&NR=2943072A. ... 1 l/17/2017 
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rnethyl vinyl ketone n1ediurn 

Example '! 4. The cornbinatlon of precursors with Heme protein drives flavor macUons. 

Three :st1rnples >,;.'\:<ere et.1n1pamd: precurstx mix a!nne, 1% herne protein alone, and 
precurs.m mix w·iU1 ·V\~ henm. The precursor mix \;,'\i'as made of 9~umse (2:0 mM), ribnse 
(20 m\,i;, ctsteine cm mfo1}, thiarnlne fl mf,,Jt and gluk1n1lc add fl m!M). Reactions 
·~\~l3r~;) rdi a.t: ;iH t). {1~ rir:tl1art:%(! tirtti f1i*titf}tl l{l ·l 5{)~~(:. f t}r :3 rriiriu:lr}s. 1l-1f¥S,{$ tt1~1~t-} ~i~:lrr~J)!{$S 
wwe run in dupErnte. These sarnples \Nere evaluated by GCf'>ifi for the flavor 
cornp-ounds 9ernxakid. Gharacl:-H:rbUc flavor and Irnn ranco cornpnnnnts wr~HJ mostly 
produced during the cooking process v1hern precursors cou!d read ~vith the herne 
-proinin. Tb-1si:t samples WH:fH HvaluakMi by <::SC!\AS for Um fk--1vor compuunds twnnratml 
and evaluated far the sensorf e::q::-.ie-fi:enrn. Volatile cJmrnica!s were isolated fmrn the 
head space around the flavor mactlon. The flavor compounds created ln each sarnp!e 
is indicated §n Table ·1 s. As shovin n-K1st of the m.1vur rnom,cules vtrffe created on vA1en 
the precursors are cornbined wlth the heme pmteln. Table 'l8 

Flavor rno!eudes created by the comb1nation of LegH and precursor rnb;_ 
kna9e avaibtl1n on "Oiiu Ina! drn:unmnt" 
2~nz,,mmone rneziiurn 
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2-ethyPuran rnediurn 

octanal rnedium 

2-octanone ~ow 

2-n-ody!furan !mv 

OTHEH EMBOD!fv1ENTS 

n is to be tmoorstood that \Vhife the invention has been de&critlBd in c:cmjundion V>"ith 
the detaHed desc!iptrn1 thereof, the fmeqoinq descdptkm is intended to Wustrate and 
not lknil: tho so:l'pt:i nl' thn in,.ffmUon, wNdi is dnfinm1 by llK~ srnpo of lhH ap:pi:trKlrnJ 
daims. Other aspects, advantages, and moctiflcahons am within the scope of the 
fo!irnNing dairns .. 
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tre~d. · · 
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19'fl). 

FlEU.) OF TIIE L.','Vf:\NTION 
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c~~~·r pt{"ie.r&h]y 4~ i:t:) 9t} w·t ~rt.-::t-:iJt~ 

s~itz.ble i_.,'1'l)Ji0Hl!..1~ ()f lbi:'.l mi.h, {Xl.ttiJ,R">:ms:nts -(~ tfa:!. 
mfat.1J.te a.>;t;d fa i1c:::~;1,:l'M:1(:-;; wW:s. th~ prcllt.11t l.n111mt1m:i. 
~1r~ _gi'veii. i1i d~ foll~J~,J~~ 1':cihk• I~ 
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SUM.MARV OF THE l.NV.ENT10N As 3- wk:. for; d~fred mi?.;.t 1.sl'l-'lrn;S. is formw. whe11 the 
mixWN ti('.e:;;:l ~~ th"' ,;t'"'i-~foi m.."l~rial fa h~:;,;t,;;;,:! tc, temper--

The prn~n~ tnrenbo~ telat~ k, ~ytithefo::c m~a.s'. <1.t'oma:si., &lute, (-'t in~~:l/0" c., lu inirticsiMlr- to :;i;b.:i-1.rt 1 w~.-no~ 
1'.fore mri.icular!'>_;,·. th¢ il.'l'Y◊tl.tl,,ni !,~ t.()lW\~mc<l wlt:h ,i pro,;- · . , • • , • 

1 
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~ tltl C. Th::: he:l.ti!l<i! time ,,, faln'lHtHy if:l.,'ene,y fn,1x1r,1rnm w 
e~!l for tf.i:e m;,nttf1t-,;:tur~ ~lf ~:mHsi:::Hc ~1'1'~t z:rc:<m::is, with fue .h~,,;.tfoi tl?..n1pernture; it expei:IfonHy &mrnmts m abcmt. 
hx,&tdfa, ddll,ai::k<S M.i f~--J:,;j.,tfiil -;omafah:,g ~;,di} aromas L'> mimrt1:-i
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tt) 
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and ,~t.b. a m,:Jh(J<d for the ~i'◊m)i;.J:faatioo of fowt:itiiffa, ffo.skfo::; lM &Wl:'-ll.~nt.foa~d m.ilil ~,im)Xmei1.tll, iher-e, 
rleHcad~ ~md Jeis,lstu!Is h<f nrnatM nl: sak1 isim.11s;11, Cfill at~, he pn;.)Sl~$t it.1 ,.h.c- mh,tm~ mJmr 3~1.gred.k-1lts 111,di 

Accrnfoig to di~ wd-e&s p.rovi.cied hy th,;: 'l,Wt:~tit !ti.~ l 
t. , , _, ·• , ",,~_., ~~ am:i:m:1. ~-.,h.a,K:,;:_<rs _f_. ~,§.•_. (i.J"':1l).1J<i:t_.~ ·1.31,· {1<.:'.IOSOO:fal;m i:':. U•_ 

'<'lm.tirn.1, wnt,,,ei:~ 111.eat att)ttW•~ .a.re tri,~uttrattUtc,;: tiy r/;?.;l:§:- "' t-s:imi.t~-, O.l~Hltl'l, <hs{l{l.mn'i :!nm~~e-j •lll(;<!WJinw_pmt◊ 
foz )i;. diarge ocm111rish1g li> Pfilit0&;::, a. _p◊Jy,,k.:.)h.ot &ri.iJ ~ 0:Mt.l) alid d.htn.11:tm, sm,n~l<,1~~5-ph,,:,fih{lt~ (G~W.'.n, 
mi:,;~u~·e <.,">:f ;.l~tiinfi ,id.~i.s, .sfii.-d mi~sme L'O.t1tiliitfaS at le:;L,jf fats {~ . .z- @.'!.,1,ndni,t off) o:r ,.p~,-'i•il ,irrnma .J\;u]}stM...,~ 
.&-,.m~ }~"'01it1-e7 t)=-&~iE.ine.~ iittd t~sethi03ia~.- {~~s .... b~S.S.Wro:r· s:r~: .. h~tk h:i.~:tt})r eomJ:;.o:~faioo) .. 

Tht ~rnli10-~i::i,ict. <1fote~afai ,,1.i-1. h~ e~,lploytd tls im.d:l m iO Th~: Jm:octnc~ ~)::,izil.u~t. aft..~r :too &.:i,th:ii =: M~hl)-' coo.• 
fa. :fl~ frinn ti{ d;;:dwit.iw:% tif Mt!ri> ,.bt!t~~yf Whkh. !\}J,m tl'R': ,::e:ntmte.d S}'ntlJ<ei:t~ mk,.,1t amm~,-• whkh rnar he. d/l.ut~.-l r:i-r 
:fn:e ,iimiil(}-ad,h i,tHm.r !.ht~ cl"11Hii,k,m1 or t!w pr,:;.-c~:,;:;;. dlstri!'i-nt"&'i hi. ~m:11'.B m;it~rh!~ in a mmrn€<:r J,;:n,'yWJJ. per se, 

l)ESCRif:'l'lf>N OF 't'H£ PREPERREO 
.EMllODIMENTS 

Tb.s .a(uintl $iCk1% ~ba,too :m.ay t:(i'mr,:rls,s !'l.ot i~tly PN· 
ii:tH~; {iyi;.1-eln!i ao.d.n.'i.t-t.blmfrn~, btl.J'. tiiir abn (xm~p:rh~i t•t~et 
S;JJ~no ~t::f:iit~ ftw e.:~~sni1~~. mmlk:r .i:i;r-tiiJt~ftIB of th~ _ am~KJ; 
~cids k1.wwu to c:~-,;.:.ilr b mca;,, !:'{~h as; it'll!' ~:,,;ampfo, 13:fo, 

~i::· h:;~~~;,;fu:~{:.~~:~,:~~:~-~I\!~;1!~~:ri~!~~I~~:~~!'~~ 
(>t· t'.:slitiw. 'Ti-'«~rn m,:.1y ,uso he uLlltwo:! tli~ isdd s;;:h~ !::Of 
ili~e ~mk-.-o ~d-;._'ts, Art}' j;ID:ysioi.o~ka!l:y a-c:cept:sl:,1-ge am.in.) 
3.dal ~Its: may l>--~ utll~cd, boWf:'\'.:!.f, tlm !::.yd.rt.N..'..ilfoi:i.J~·"" 
w~. dttc-:m.ed es_peci~Uy ;mitable, 

Thie ssm~~nt. nf ,ini.lrw itdds 1~r~nt }!l the mfan.ite ex• 
l.¾'(tl~tHlf aomuttrn t<:I 2 tti 40%. {_!'refurnhl:.,' j to:rn wi:. 
'P-C!-CM.t.. 1f lcS[i: than 2 -wr. pe~ii: i}f a.rnim.1 acid~ ~ti::• 
pn.s:grnJ, ,m PQ>'>"'erft!i »mm~ is ,1ibtai'n:etl m:i.-.\ iw:k~d, H 

4~ 

c.l:1-n. e>,'oo. he ttm:rh}dl'>' w,:.;,k, 60 
If more fu.;m ,m ,.,si, ,1.oerc<:,11t %rn pR::~ent, nnde'>ltcl ski~~ 

h~~tim.1& can 0~1;.ir.~ 
Ac1;0.rdiug t,:-; a 1m,forr~1 ~mb-:..xi lrn..mt rn th-~ pter.'$St 

p~-ceS?J, _p:tl;)lit.1-e fa e:i-mptO}ied ITT:• fa{) mai;l ~np~.e.nt ~i 
ilie Hl:r~>? &:lllit.\O ll:Ckts aIQ.re;JG id. Tl~ Ilt~ o.t 1l !!HKtUte ,n 
wfikh ow.=, .5fJ wt p~rccnt Qf ll:m 1s.mm~ .~dd fa.§tedicnt;-; 
rons'M:$ of rroll~~ §t, preferred. On the .oi.hC'f h~si.d, fa>""'" 

Th~y c:m be COO\/enm1 a,-;c-c.•-til·hJ;§: to m,;-.thmfs ">'t~1.,Ji. ~re 
k.~1e,vt1J: 11~.s-- ~e- h~to ·the :t!-t~ttd "fo.fn1& o-f ~re:se.nt:.::ttt:c~-s-1 ~13,...,-:b, 
a~ Milrrtlo11~ l--'>ls_te:s m.· 1x11•t&1-s:_'.fhe pn~kd ~;m be sp:;~:,;­
tltitx'!., ,;,:acusis:n•«rl<t.X'l Vi' .zy.:it-i:lrn~d.. .A., 1:,-.tT&X m13:wne:+11 
·ihe:te· ,t-s:ss1 he tlse~,, fo1' ~~1i'mpk, t?;Uttl isrnbk, s,wts or 
fo·e'>,;'etit y~:s.:.t O'r ;s}m.Um- at_'S~t'.iwm.i:fo:s. lisd:ok~, m;sJt~l, 
8!l:ei.~~'l~, ,i3Jk;;e oiooresi:as rn- SJ:m:ike ismn:ms ~.isll lll.so be 
:ad.tk.d :a.:'J fi~\,'{ltt~>-htl_p~··zy,re.~~ 

'tlw thnf.. fm:nuil!sted pmdm~!:s can ~r;,~ f:o-r the ~;ti. 

r:1!~~:A~~ r: :~:!~}1!11::0~i:~~~~::~:i;~ ~:;~:r~;;lJ:: 
f;~,n, tta!w~J {,t ~ym:l~ti~ l:i'HJi.cir;& tis. w,di as (:hlps et.:. 

Th'f: followlrig Tii:bfo H gh-cs a basis for sttlt.ibl:e <J).i.l• 
i;-C11lraHon,; t:l! tl,~ ~y:nthetfo =in ,t,l.'lm.M ill vru-1..-11:lli- fori:ns 

(~t~u:tit 
i>f.t~~~i~ 

1~~:it~:tn-:d:. 
ti&~$!.i.~ 
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Th~ following (<~mpie.s H!wtrnt~ fh~ pr~e.ut fo~·~.ntio!"l; fc";:<~.nipk S 

... An. h::Jh11~1te JJ).i~i\fft ~J-f~ 
Prn~.~rre: ___ ..., .. ,_ ....... _ ... _,.,.,_ ......... _...,_ ........ ....,_ ... _...,_ ....... _ __.._ .... __ ~ ___ ·~-·- 7 

i,< Cj:'):;'>-'l'C«< ., ____ ,. --•'·'•,.s-.,•.v.sss.,.---•'·"--•V·Y" ______ -JL" 4 .. 0 
M'·thfr,,,,,,;:; ---------------------------------~ OA 
.Xyfo.,,, --·-"' ---·"·-----------------------~-----#+~ 33 (Uycerh,e: _______________________________ mL_ .50 

0.3 Bt~tt~.-r :a.tt~:o:i:.i-s, _..., .............. ....., ................ _~_ .... _._. ...... _ __._..._-~---iS--- 0~2:S 
0:.H h1 GMP -Y-~-"-"-"-"-"~------------------•+ . s - i/:o ll) 

Gt~)W~dt,!.lt 0-1! ------""-Y--~-Y-------·------« _m(__ 50 
'-VNer -------·--------------«----- .mL,~ LS 

1* M>t~d wit!l OO['l$ttt~t ~timi;~ w lW" C, h1;,!d at fut:1 
kJcu~~:nltixi:e for l hrnn·, Th¢' n:,;.ti1tfog pn1s.fott k~~ t, 
powi:t:ful ~~t aroma. By d-iltttk1i1 "'dtll h,;.:it w·.i.·wt <2 ,;::. w 
l Htte), tl~t~ k -0t<.t;i;rm:tl a dt:Str broth ·with a mii;k,;:d 
1-m,:.st :m:mu. 

{'~)'l"11l!i w,• •w.,•~•-w •----·~o,oY"-~M---P..-- h\ 
Cys:t«i,1,t) ,. " -- e __ , _ -"--,·---- ___________ ·"·· -!i:"" 2S 
~f.i;:tJ·J:~l[:JJ;):i~i,, ~..,,,.,, ... ...,,.,,...,. ..,.-,...., ..... "" ... "" ...... ~-. ...... . .:,:...lo.o. ... _ --..-. .,., .... ,..,., ................... ,g:.. .. . -.- !).~ 

~1~~:(•lll .::.-.,.:~_:: __ ,.:w,•m,-~~-~-M_::-_":gl_ ~~ 
ft:..1tt.:r.:.~r .... , ....... ,.,,._....._ ................ ....._ ....... __ ... ____ .__.,. ~'""""-'"' .......... :,,,._,,.,, .... _~--..... iJ ..... -'2: 

is (.0;1Utitm,Jy hm:ld •,/itil stirtl.M t◊ '!2fl" C'. and bJ<l at 
th.fo temr.ss-Mmw f,1r ::: h-,mr .. 'fm. prrnh1,;:t ~it tn, add.s,i to 

18' ,l ·tm.ffi~ fiHinK k, '>'v'hich H imparts a u\'lk1c:11:s fta~'TIUf 1,,~ 

.ro~s.t Jiv~r ~n i'.Bll(::lH:!.tS of .ahi:."tUt .l.5%~ 

~P.r,./~i-l'l~ __ .. :- ....... _ :o· ... L.L.. :-, ... L ..... ................ ,§. . 
{~~,:;tei:flt: _....,...,,.,.. ...... .......... . ......... "-">L< L-..LOL .... , ,......................... ~, 

•1;.,,-, .... ,t)½ir.n1½n~ ..... ,......... C.L0•Y--<L0."-"L :00L.....,. ... L ... ;s: .. 
2:5 .R,fb~.'"¾.e -· -·· ··- - --- - - - ·•· - - - .-. - - - ·- - - - ·- -----.-~~---·r- --

:€3=l}'l~;f-t"itF':' - - -- - - - .-- - - - -- - - - -- - - - .-- - - _ - - _______ Jrf~--
'\Vat<;f _._ .. __ ... _ .. _________ .. ______________ mL 

Grml.ni;fo~it \'1U ~-o-"~-,·-----------~·-------'•---·-mL.. zn :m 
l:MP' o---------- --~~·-•""' "------·---g--~. 2:t) 

fa ,;:mitfow,lr hct1 teJ with ~i.fn:fo" w uo~ C. m:id h-::ild at 
this tem;.i~rnb re for I ho-ur o 111c r;n:;-dDct l]i:J$ ,t mat'k~d 
,o9st b-~d fl:.i,'Q~i, !,l.ud ca:u b{:. i=d for the mmmfoctirrn ~-;f 
~ "dip'' f,m: p:;it-ai(} ~rk;i;,. 

fo ;:~udm,:sli~· J,s::,~tcd wltfa sHnh'lt to l 1:!}' C ~-t~"l with <con'" 
stimt foi:foe;r iit.kdti_g !:tdd at thfa ~¢ro)?!:.\11,tl~rc for l ~'i'lL 
Ad,;Jhfon {~f il.}.% -0:f th\~ p,."'l'l<ls.i,~t to a ~m1oe lmp.~ri-s t;, <he ~~:lf 
fa:tM.' a: msirked atom~ of boHcd 11.'<:ai, 

A pat~s,:i l;!,[&p dip l~ nmimfactm:~'ci ~ccm<l·ing to dw 
t:oH.o\~--1.~~ prt:rc~:s ~ 

l)t,,~~11(: .,. """'..,.. '""""'""""'"""""""".""""""'-'"'"""".,.._.,.,...,,"".,.._,,..p!'"":...• {l.O 
Cy:-tdtte ____ ----------------------------:!&-- ),Q 
}i.\ft't~::ti(: .. m)~~ ._ . ..,. ,_, V,o.-.~-.~ "-•~•~-;. X•"-<.: ,-,,,-.. ¥,...,,_,_ ,-._,..._Vlo.O,O. X ._ .. ._.,._~ .......... 

'J;l)'I,_-;<,:: ,·.v """'-•"••••--•o-••--..-•."w""'•'•w.-.,•••m•.,•_.•_,,.,._.w,\'t' -

Gl~•·;;:~c1-in" -·----·------- ---- _........ .,., .... ,ml .. 

Bi:.iUfil --------·-~------·--------•Y-"-"-""'~"'-"" ._,, "·~· -
:(}~~8::r~:;;,·tic. ~~id ..,, ..,. ...... ""'.,. •=-:=·..,..,. = ,,., . ..,..,..,. =-- _____ ...,,_ __ ...., ............. i .......... 
G J\.:t_p ----··---- ____________ ------~ .. -~-~ o .. m1_ 

fa c~1-1Hm.i.s!y heat~\'! wiih ~Hfring ~ti 120'· C· .. .and fht~n %id<l 
at till:s 1~rn1.;::s·a·111.n:: fur .l tl()'ill\ The 1,roduct hM ~ ~-1.n--0!.lr 
t1f tw::11k,d \'i'ie.;tt wish a fatW m~t~, l!y rnh:ing tfo!l prni:h~s 
wfi.h ~-l-5%, 1)}~-s'ernbl}· 6%, ~if ,,n att1ll.cia! !HTIO:k~ ,;i:r._1ma, 
,here tm::.ilt~ ,i pwdts,t wMi iii.ic;te<l. k1.m: uofo ~'\:},kb crin 
oo 1-1~,;! for arninatfzing truth,, m~l. suh~t:iWl.e:s fo:J<in 1ir,3-
!t:/R...;:ontdnin~ m~k,i~l&, CJ:iid,.ei-~ or r;,:::iu,to <cd~:1,~. 

'Pr"t'tJ(.:-sr:: .......... ,,_ .... ,. c•--•. ___ ,,.,., ....... '', ............... ...... ...... -.t ,,... 
c,•~m:jrt:,;: e----• Y-••• -•----•-+ .... ,:§••-

M~rhkini;w -,-~-~~o-~~o-~~o---------·---"··----~v­
pp,,)~ . ""~' -------------*--------"'-"""'0-
(Hyce:ri'¾ .-·*--·""-- ... , """·-'"' ---~·--"---~--!' .. 100: 
\\'t~::er .. . --·'"" ....................... ,.,...... . ............................................... .,, ........ ,..,...... l'\:£:r~l,.,."' St} 

fa -o~~utiot~~lf he;&~d 'lr\'itfa ~tkI¾ng to rio~ c ... ~~)ti b:i}ffJ ~t 
this t.::-0-,p~i·&mre foi- 1 l:Kmr. Th..-, prn,l.;.i~t hn~ rnruts':d :.o~st 
h-.~r !l·;:1.VOU.1'. lt nm. for ~'.'(.::mp]~, Ix; lc~d m ammmts. l).t 
ft~-4·'?:(, fr1r impad,i~ thl.'l t.ypkal roast b<sd ifa:~·\11n' tn 
pw.cdi :?;)'~{!t/t.ti~ fib,~nl~ m~~ilt. ~i,1.1.i;t.it!itt. 

l':rMuc~ of E~~mp~ 6 ------- ----.--------y-""'"" 
~
0 

i~·t'iJ:,~e c:i~rd ., _______________ .y ____ y __ "·Y--"·""'" "" 

\V~'-1:l~·d et~i.¾'11 .... ,_"·~---·~-M-, __ 
;S:<lt -~---·---------------------------·---~" 
:r··,.p·r-h~ CH ""·"' """"'"""""""'"'"'"'" -~--

l'cppei: "" --~----""""~-""''""~"" "" 
,Cf,,,,M {fre-sh.} ______ "" 

niie ~,;Jfu!~ c(mi fa ik,tly &li.n-1:d m ;i n.:l:le< ru,m; :m.d the 
,.,,,.fii:p/~ c:r~_3rn l~ ~·;mtk1·1~Iy Mmixe<l .iht:te.1!1h, Tll~ 
:>lJlt'-e~ ~re a<l,kd fo the rnsuiting hamo~si~O(!S tmt$~, 

I t:hil:m~ 
la A pnice'S* for tlit~ matmf>K~<(t<:} of :,:f Ptbe(i;;: l~~i 
l. A p,,.-.x:es, for i:h~. rn~ntif:xctilr~ Qf &fiHhctfo. meat 

tti·ri::$. wifofo the r&t!fle %-00" C. for ;;;hoot 15 mmnie:,; to 
::I houx,s, ~. Al'lb,lute" ..-:ornptisfoi ~ r,-eti.1use, & poiy.iilcuh,o] 
Aud a n1~~~-lU'-e of :tun~oo ~id$ o,· tfsij: -:phsS.k1-k:-gi~{{Uy 

151i *Cc~pt:;1Ne !Sfllts the~-<..,t, s~i<l mi.\i.ttl~ of ~,i,n('.l :s,:;:Icl~ ,::r~m­
r,11·fain~ at fom,t r..rclim\ mcth:ioti..:ill>ec and .:y,;t,!::lm~, ~ 
rni1,.tmil of ~rnim::, :i,cfah Ct)mpri:Shit ~.w~,m 2. mid '10 wt 
~rc-tcii~ t.,f !he ~◊t-Rt welgM of the rnMtants. 

Z, .A i:mx,'t::~ !>CC!}1)'3.fog ID d~im J, Whf'~ii:i the :@M 
:t.;m!n» ~i,h c<.mpd.e 5 to 30 wt. perr.,rnt of th;'.I r;:.;,-cta~l!>.-

3. A 1<l'OC.e<i$ accortHtit lo t:fa.lm t, wti~·rel:tt pn,Jh1e:, 
cyW.~hie ilml rn1;--tbJm-oin{I ~-rn t%ie only amfoo• ~d:;:fa diiltR~xl. 

4. A flHi>.~.:&s occ,ordsn,g t:o dafo1 l, ~·httdn :Jo to 9fJ ·wt-
1::e.f't.~:nt .~)f tht: at'r~ifu.) ~«:.id 11:~i,:dt,:r-c- c~~Js~~t:i~-:i l1'f i~roHne.~ 

S.. A prex~~$:~ !itX~);:-,:Hti1$ ~{1 d.~,i l, wh,~_·du -;/}e 1irn,;;t-att!JS 
C<}mJ:H.fi¢ t le~) 40% J:n,'ll.i~-, (U to JO% C}'.<;t.~.ine, O,l tQ 
Hi% Il'!~~rhkmit,~, nA to lS% (.,,,f ~ _p'<:l:l.!:O~~ am! 9 w ~% 
Df & fW,ly.~!et>fi.ti!.-

l'J,., A pn.'!~% ii;~"<.:':i'.}tdiJ1g "!.t, ct,im 1, 'l'l'h~eln the t,:;!.;a,;;·~ttf!! 
70 ~th:t\~ ,f:.(:':1.l.J:Jjffat~ l.:..'.;.i;h:~r_. 

7., A ~tot~t':<.;s tl~'<;:,::0Itl.lng tt, chim 1, wh..ereits th~ '.!'<:!~¼en!$ 
;1s-e h,:'!\'!·ed tti a l\~m,l.1"',,,;sture of !:le-tween l HY C amJ 
UfV C, 

S. A pfc;.;;ct·~ ~c,x,r'li1na \$) datm t, ~•-hercin s&kt .Ptttlo-s~ 
'tii• c:ci,nprk.""'~· UA to rn wt, :fr..'.tCeM c!!'. !h'll- te>ll~t.,n~. 
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3,761,.2S7 
6 5 

9. A pT-:ice&~ /St~'.lnlmg ti) c:la'iro S:;. wher~h1 s,i:kl ~~(Ise 
cornpti~s l tJJ 10 wt. ~reent -of the ~:Ri!t.a!lts, 

lll. A p~~ ~«dfo.g !◊ '-ial.m 9, whetdt1 tti~ pe.nt.::<ffl 
b i.-lb<l~-

:U. A prnc~ acrordmg to ~laim 1, whe:refa 9 t<i 90 wt s 
perceM ot the reai::tru:1ts. ocmwti~ ~- Jm~cufait 

11. A p~&s tt.W3rdinz UI t:i.lim U, wh~rt.'lll 40 to ~) 
wt ~r~-~$t tlf th~ n.~aet,f~"ltoi Q.m"lprire Ill p..,;ly:sk<lhnt 

Lt A ~e,s,; iicconilt<S to cbfm 11, wherein the poly~ 10 
te.!co:ooi 1$ §.ll'i:enn~ 

14. A s)'nthetk kt&~- a~voor Ot,mip<Ogiuo:n, ma.n1.1!:ac:l.~ 
~tiling t() the pro~s Qf .,;faim L 

t:S, A 1:aodstidf wMcll o::-0rnprt~~ an <0-i:fo'!':tibk lillIDutt~ of 
u aytJ~tk: meat &s<ec1:l.ll:' c£.m:,pi-.3l>il.i~si of t:'fasi.rn 14, 

J.ti. A mctl:i~>d fur fu(! 1U001.ill~tion ◊t :foocfat.1.lffa whkh 
e:m:uri~s ru.i(.!ing an olraetlll.!e a,moom m a ~<ntbct.fo me~t 
fia¥mu- ~-mi~-;~:ffkm. of cfafa:i 14 w foodsttill's. · 

3,471!,0!:5 
5,394,{H.$ 
1J65,3tl6 
3,49'3,l!tS 
3,51!\•H7 
3,S41,6S'9: 
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UNITED STATES PATENTS 
lVf9-W 
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1/1:%8 
:Uli7Z) 
7/1910 

12/1970 
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Cm-t --~---~- 9it~l40 R 

OTHER 1U1FER.£NCES 
M,~y ~t !i;l, t ''Wa:tet S~'--1:aht~- Fl:i!v1.-;r & Odor .Pre:curn:m; 

m' Ml:~t;' J. FOOlt &;:1., YOt 2~ (1964), pp:.. U64 41. 

US.C1.X.R. 
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.f:· 

~ ';S.;:_,." ),.~::.- _.,.~ ~ ~9' 

llf ff·~-~'.) m. llf:,H !J f) if$ 

~ttW ¥ i, it~~ ;it:':@t~\ / O D .J. 6. l YJ 
(i\ii,1¥-l, W l.:lff / 3M 

fff ~~- -i' -~~ [-§.J-:r.~ ........ ;~{ .¥ ~,) .4-•':7' -~ 

.rr 

·L rt J: tH ~§Tl~ 
i;: ii; --~ ,t __ -,,; 1f.i4..>v ·"- :'K ·- 3/ 0><i?, '" :;"' ( ffi t& ~ t, } 

"J' ;./ -~A-
·,,,,.»·· fl·""° r·, .,1- 7 -'11;!\'ii~--~.p,--::x-,,<f)"'·-' .. ,, 

m i/ X •f .:a\~-'·• )<' ,-.,; ' .7-. ~[jt~}\l~ { , 
5. f~- r,IJ! A \ 

.~:; i~~~ --'f•~~~ ~~:;s-;:~~-r-~~sn~~-.f~-:r~~:::'tn 2. ~ 1 
~ ;k. J' 'l-f ~- --~- -1-· ,.. ·'s <i 3 
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METHODS AND COMPOSITIONS FOR AFFECTING THE 
FLAVOR AND AROMA PROFILE OF CONSUMABLES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Application Serial No. 13/941,211, filed 

July 12, 2013, U.S. Application Serial No. 61/908,634, filed November 25, 2013, and to 

U.S. Application Serial No. 61/751,816, filed January 11, 2013, and is related to the 

5 following co-pending patent applications: Application Serial No. PCT/US12/46560; 

Application Serial No PCT/US12/46552; Application Serial No. 61,876,676, filed 

September 11, 2013; and Application Serial No. 61/751,818, filed January 11, 2013, all 

of which are incorporated herein by reference. 

10 

15 

TECHNICAL FIELD 

This invention relates to food products and more particularly, to food products 

that include a highly conjugated heterocyclic ring complexed to iron such as a heme­

cofactor and one or more flavor precursor molecules. 

BACKGROUND 

Food is any substance that is either eaten or drunk by any animal, including 

humans, for nutrition or pleasure. It is usually of plant or animal origin, and can contain 

essential nutrients, such as carbohydrates, fats, proteins, vitamins, or minerals. The 

substance is ingested by an organism and assimilated by the organism's cells in an effort 

20 to produce energy, maintain life, or stimulate growth. 

Food typically has its origin in a photosynthetic organism, such as a plant. Some 

food is obtained directly from plants, but even animals that are used as food sources are 

raised by feeding them food which is typically derived from plants. 

In most cases, the plant or animal food source is fractionated into a variety of 

25 different portions, depending upon the purpose of the food. Often, certain portions of the 

plant, such as the seeds or fruits, are more highly prized by humans than others and these 

1 



Motif Exhibit 1002, Page 1065 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

WO 2014/110532 PCT/US2014/011347 

are selected for human consumption, while other less desirable portions, such as the 

stalks of grasses, are typically used for feeding animals. 

Current plant-based meat substitutes have largely failed to cause a shift to a 

vegetarian diet. Meat substitute compositions are typically extruded soy/grain mixtures 

5 which largely fail to replicate the experience of cooking and eating meat. Common 

limitations of plant-based meat substitute products are a texture and mouth-feel that are 

more homogenous than that of equivalent meat products. Furthermore, as these products 

must largely be sold pre-cooked, with artificial flavors and aromas pre-incorporated, they 

fail to replicate the aromas, flavors, and other key features, such as texture and mouth-

1 o feel, associated with cooking or cooked meat. As a result, these products appeal largely 

to a limited consumer base that is already committed to vegetarianism/veganism, but 

have failed to appeal to the larger consumer segment accustomed to eating meat. It 

would be useful to have improved plant-based meat substitutes which better replicate the 

aromas and flavors of meat, particularly during and/or after cooking. 

15 SUMMARY 

Provided herein are methods and compositions for modulating the flavor and/or 

aroma profile of consumable food products, including animal- or non-animal ( e.g., plant) 

based food products, or mixtures of animal- and non-animal-based food products. In 

some embodiments, the methods and compositions are useful for modulating the flavor 

20 and/or aroma profile of a consumable food product during and/or after the cooking 

process. In some embodiments, the methods and compositions are used to generate one 

or more chemical compounds that modulate the flavor and/or aroma profile of the 

consumable food product during and/or after the cooking process. 

As provided herein, and without being bound by theory, certain characteristic 

25 meaty flavors and/or aromas (e.g., beefy, bacony, umami, savory, bloody, brothy, gravy, 

metallic, bouillon-like; see Tables 2, 7, and 11), including one or more specific chemical 

compounds associated with the same (see Tables 3, 8, 9, 12, 14, 16, or 17), are believed 

to be produced during the cooking process of a consumable food product by chemical 

reaction of one or more flavor precursor molecules or compositions catalyzed by the 

2 
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presence of a highly conjugated heterocyclic ring complexed to an iron ion (e.g., a heme 

moiety; or a porphyrin; a porphyrinogen; a corrin; a corrinoid; a chlorin; a 

bacteriochorophyll; a corphin; a chlorophyllin; a bacteriochlorin; or an isobacteriochlorin 

moiety complexed to an iron ion). Such highly conjugated heterocycylic moieties 

5 include heterocyclic aromatic rings composed of one or more (2, 3, or 4 more) pyrrole, 

pyrrole-like, and/or pyrroline subunits. The highly conjugated heterocyclic ring 

complexed to an iron ion is referred to herein as an iron complex. In some embodiments, 

the heme moiety can be a heme cofactor such as a heme moiety bound to a protein; a 

heme moiety bound to a non-proteinaceous polymer; a heme moiety bound to a solid 

10 support; or a heme moiety encapsulated in a liposome. In some embodiments, the flavors 

and/or aromas are not generated in the absence of the iron complex (e.g., in the absence 

of a ferrous chlorin) or are not generated in the absence of a heme-cofactor ( e.g., in the 

absence of a heme-containing protein). Accordingly, as described herein, the iron 

complexes such as isolated chlorin-iron complexes or heme-cofactors ( e.g., heme-

15 containing proteins) can be used to generate meaty flavors and/or aromas in a variety of 

food products, such as during the cooking process. 

Combining one or more iron complexes such as a heme-cofactor ( e.g., a heme­

containing protein, including, for example a plant-derived heme protein such as a plant 

leghemoglobin (legH) ), with one or more flavor precursor molecules or compositions 

20 (see, e.g., Table 1 or Table 13) can generate or provide a range of savory and meaty 

aromas and tastes (see, e.g., Tables 2, 7, and/or 11) in a cooked consumable food product. 

Flavor precursor molecules or compositions can be added to the uncooked food product 

in purified form and/or can be derived from ingredients in the uncooked consumable food 

product that contain and/or are enriched with one or more of the particular flavor 

25 precursors or compositions, including, for example, yeast extract, vegetable oil, com oil, 

soybean oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, 

cottonseed oil, olive oil, canola oil, sunflower oil, coconut oil, mango oil, or an algal oil. 

The resultant flavor and/or aroma profile can be modulated by the type and concentration 

of the flavor precursors, the pH of the reaction, the length of cooking, the type and 

30 amount of iron complex (e.g., a heme cofactor such as a heme-containing protein), the 

3 
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temperature of the reaction, and the amount of water activity in the product, among other 

factors. 

One or more flavor precursor molecules or compositions can be added along with 

a iron complex (e.g., ferrous chlorophyllin or a heme cofactor such as a heme-containing 

5 protein), to an uncooked food product, before and/or during the cooking process, to give 

the cooked consumable food product a particular meaty taste and smell, for example, the 

taste and smell of beef, bacon, pork, lamb, or chicken. Consumable food products can be 

animal or non-animal based ( e.g., plant) food products, or combinations of an animal and 

non-animal based food product. For example, a plant based veggie burger or an animal-

10 based burger, such as a chicken burger, can be modified with the compositions and 

methods of the present disclosure to result in a burger having a cooked flavor and/or 

aroma profile that is more meat like, e.g., beef-like, lamb-like, pork-like, turkey-like, 

duck-like, deer-like, yak-like, bison-like or other desirable meat flavor. 

Food products for use in the present disclosure include those that have an iron-

15 complex (e.g., a heme cofactor such as a heme-containing protein), and one or more 

flavor precursor molecules included therein. The iron-complex such as a heme cofactor 

(e.g., a heme-containing protein) and the one or more flavor precursor molecules can be 

homogenously or heterogeneously included in the food products. A heme protein can be 

isolated and purified prior to inclusion in the food product. Non-limiting examples of 

20 consumable food products which can include an iron complex such as a heme-cofactor 

( e.g., a heme-containing protein) and one or more flavor precursor molecules include 

animal-based or non-animal ( e.g., plant-based), or combinations of animal-based and 

non-animal-based, food products in the form of hot dogs, burgers, ground meat, sausages, 

steaks, filets, roasts, breasts, thighs, wings, meatballs, meatloaf, bacon, strips, fingers, 

25 nuggets, cutlets, or cubes. 

Consumable food products for use in the present disclosure can be flavor additive 

compositions, e.g., for addition to another consumable food product before, during, or 

after its cooking process. A flavor additive composition can include an iron complex 

such as a heme-cofactor ( e.g., a heme-containing protein), and one or more flavor 

30 precursors. 

4 
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A flavor additive composition can include a heme protein, e.g., an isolated and 

purified heme protein; such a flavor additive composition can be used to modulate the 

flavor and/or aroma profile of a consumable food product that comprises one or more 

flavor precursor molecules or compositions. A flavor additive composition can include 

5 one or more flavor precursor molecules or compositions; such a flavor additive 

composition can be used to modulate the flavor and/or aroma profile of a consumable 

food product that comprises the heme protein, e.g., an isolated and purified heme protein. 

A flavor additive composition can be in the form, of but not limited to, soup or 

stew bases, bouillon, e.g., powder or cubes, flavor packets, or seasoning packets or 

10 shakers. Such flavor additive compositions can be used to modulate the flavor and/or 

aroma profile for a variety of consumable food products, and can be added to a 

consumable food product before, during, or after cooking of the consumable food 

product. 

In some embodiments, a flavor additive composition such as one including an 

15 iron complex (e.g., ferrous chlorin or a heme protein) and one or more flavor precursors 

can be reacted (e.g., in vitro) with heating to generate a particular flavor and/or aroma 

profile of interest and the resultant product mixture can be added to the consumable food 

product of interest, which can then be eaten as-is or can be additionally modified, e.g., by 

additional cooking. In some embodiments, the iron complex can be removed from the 

20 resultant product mixture before adding the product mixture to the consumable food 

product of interest. For example, the iron complex can be removed from the product 

mixture using chromatographic techniques such as column chromatography, e.g., a 

column containing heme or iron-chlorin. 

In some embodiments, the iron complex such as a heme-cofactor, e.g., a heme-

25 protein, and the one or more flavor precursor flavor additive compositions can be soy­

free, wheat-free, yeast-free, MSG-free, and free of protein hydrolysis products, and can 

taste meaty, highly savory, and without off odors or flavors. 

In one aspect, this document features a food product that includes an iron complex 

such as a heme moiety, or a porphyrin, a porphyrinogen, a corrin, a corrinoid, a chlorin, a 

30 bacteriochorophyll, a corphin, a chlorophyllin, a bacteriochlorin, or an isobacteriochlorin 

5 



Motif Exhibit 1002, Page 1069 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

WO 2014/110532 PCT/US2014/011347 

moiety complexed to an iron ion and one or more flavor precursor molecules selected 

from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-phosphate, 

fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, 

glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, inosine, inosine 

5 monophosphate (IMP), guanosine monophosphate (GMP), pyrazine, adenosine 

monophosphate (AMP), lactic acid, succinic acid, glycolic acid, thiamine, creatine, 

pyrophosphate, vegetable oil, algal oil, com oil, soybean oil, palm fruit oil, palm kernel 

oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, sunflower oil, canola oil, olive 

oil, a free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, 

1 o threonine, tryptophan, valine, arginine, histidine, alanine, asparagine, aspartate, 

glutamate, glutamine, glycine, proline, serine, tyrosine, glutathione, an amino acid 

derivative, a protein hydrolysate, a malt extract, a yeast extract, and a peptone. The heme 

moiety can be a heme-containing protein, a heme moiety bound to a non-peptidic 

polymer; or a heme moiety bound to a solid support. The heme-containing protein can be 

15 a plant, mammalian, a yeast or filamentous fungi, or bacterial heme-containing protein. 

The food product can include two to one hundred, two to fifty flavor precursors, two to 

forty flavor precursors, two to thirty-five flavor precursors, two to ten flavor precursors, 

or two to six flavor precursors. In some embodiments, the one or more flavor precursor 

molecules are selected from the group consisting of glucose, ribose, cysteine, a cysteine 

20 derivative, thiamine, alanine, methionine, lysine, a lysine derivative, glutamic acid, a 

glutamic acid derivative, IMP, GMP, lactic acid, maltodextrin, creatine, alanine, arginine, 

asparagine, aspartate, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, 

methionine, phenylalanine, proline, threonine, tryptophan, tyrosine, valine, linoleic acid, 

and mixtures thereof. The heme-containing protein can be a non-symbiotic hemoglobin 

25 or a leghemoglobin (e.g., a plant leghemoglobin such as one from soybean, alfalfa, lupin, 

pea, cow pea, or lupin). The heme-containing protein can include an amino acid sequence 

having at least 80% sequence identity to a polypeptide set forth in SEQ ID NOs:1-26. 

The heme-containing protein can be isolated and purified. The food product further can 

include a food-grade oil, a seasoning agent, a flavoring agent, a protein, a protein 

30 concentrate, an emulsifier, a gelling agent, or a fiber. The food product can be a meat 

6 
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substitute, a soup base, stew base, snack food, bouillon powder, bouillon cube, a flavor 

packet, or a frozen food product. Any of the food products can be free of animal 

products. The food product can be sealed within a packet or shaker. 

This document also features a method for producing a flavor compound. The 

5 method can include combining an iron complex (e.g., a heme moiety, a porphyrin, a 

porphyrinogen, a corrin, a corrinoid, a chlorin, a bacteriochorophyll, a corphin, a 

chlorophyllin, a bacteriochlorin, or an isobacteriochlorin complexed to an iron) and one 

or more flavor precursor molecules to form a mixture, the one or more flavor precursor 

molecules selected from the group consisting of glucose, fructose, arabinose, ribose 

10 glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, 

sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a 

lecithin, inosine, inosine monophosphate (IMP), guanosine monophosphate (GMP), 

pyrazine, adenosine monophosphate (AMP), lactic acid, succinic acid, glycolic acid, 

thiamine, creatine, pyrophosphate, vegetable oil, algal oil, com oil, soybean oil, palm 

15 fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, canola 

oil, olive oil, sunflower oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 

praline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

20 malt extract, a yeast extract, and a peptone; and heating the mixture to form one or more 

flavor compounds selected from the group consisting of phenylacetaldehyde, 1-octen-3-

one, 2-n-heptylfuran, 2-thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde, 

butyrolactone, 2-undecenal, pyrazine, methyl-, furfural, 2-decanone, pyrrole, 1-octen-3-

ol, 2-acetylthiazole, (E)-2-octenal, decanal, benzaldehyde, (E)-2-nonenal, pyrazine, 1-

25 hexanol, 1-heptanol, dimethyl trisulfide, 2-nonanone, 2-pentanone, 2-heptanone, 2,3-

butanedione, heptanal, nonanal, 2-octanone, 1-octanol, 3-ethylcyclopentanone, 3-octen-2-

one, (E,E)-2,4-heptadienal, (Z)-2-heptenal, 2-heptanone, 6-methyl-, (Z)-4-heptenal, 

(E,Z)-2,6-nonadienal, 3-methyl-2-butenal, 2-pentyl-furan, thiazole, (E, E)-2,4-

decadienal,, hexanoic acid, 1-ethyl-5-methylcyclopentene, (E,E)-2,4-nonadienal, (Z)-2-

30 decenal, dihydro-5-pentyl-2(3H)-furanone, trans-3-nonen-2-one, (E,E)-3,5-octadien-2-

7 



Motif Exhibit 1002, Page 1071 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

WO 2014/110532 PCT/US2014/011347 

one, (Z)-2-octen-1-ol, 5-ethyldihydro-2(3H)-furanone, 2-butenal, 1-penten-3-ol, (E)-2-

hexenal, formic acid, heptyl ester, 2-pentyl-thiophene, (Z)-2-nonenal, 2-hexyl-thiophene, 

(E)-2-decenal, 2-ethyl-5-methyl-pyrazine, 3-ethyl-2,5-dimethyl-pyrazine, 2-ethyl-1-

hexanol, thiophene, 2-methyl-furan, pyridine, butanal, 2-ethyl-furan, 3-methyl-butanal, 

5 trichloromethane, 2-methyl-butanal, methacrolein, 2-methyl-propanal, propanal, 

acetaldehyde, 2-propyl-furan, dihydro-5-propyl-2(3H)- furanone, 1,3-hexadiene, 4-

decyne, pentanal, 1-propanol, heptanoic acid, trimethyl-ethanethiol,, 1-butanol, 1-

penten-3-one, dimethyl sulfide, 2-ethyl furan, 2-pentyl-thiophene, 2-propenal, 2-tridecen-

1-ol, 4-octene, 2-methyl thiazole,, methyl-pyrazine, 2-butanone, 2-pentyl-furan, 2-

10 methyl-propanal, butyrolactone,, 3-methyl-butanal, methyl-thiirane, 2-hexyl-furan, 

butanal,, 2-methyl-butanal, 2-methyl-furan, furan, octanal, 2-heptenal, 1-octene, formic 

acid heptyl ester, 3-pentyl-furan, and 4-penten-2-one. The heme moiety can be a heme­

containing protein, a heme moiety bound to a non-peptidic polymer; or a heme moiety 

bound to a solid support. The method can include combining cysteine, ribose, lactic acid, 

15 lysine, and/or thiamine with the heme-containing protein. 

In another aspect, this document features a method for producing a flavor 

compound. The method includes combining an iron complex, such as a heme-containing 

protein, and one or more flavor precursor molecules to form a mixture, the one or more 

flavor precursor molecules selected from the group consisting of glucose, fructose, 

20 ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, 

inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a 

phospholipid, a lecithin, inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, 

glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal oil, com oil, soybean 

oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, 

25 olive oil, sunflower oil, canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

methionine, cysteine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 

proline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

malt extract, a yeast extract, and a peptone; and heating the mixture to form one or more 

8 
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flavor compounds set forth in Tables 3, 8, or 9. For example, the flavor precursors can 

include cysteine, a sugar, and one or more other precursors. 

This document also features a method for imparting a meat like flavor (e.g., beef­

like, chicken like, pork-like, lamb-like, turkey-like, duck-like, deer-like, or bison-like) to 

5 a food product. The method includes contacting the food product with a flavoring 

composition, the flavoring composition comprising i) an iron complex, such as a heme 

moiety ( e.g., a heme-containing protein); and ii) one or more flavor precursor molecules 

selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

10 maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 

inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

creatine, pyrophosphate, vegetable oil, algal oil, corn oil, soybean oil, palm fruit oil, palm 

kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, olive oil, sunflower oil, 

canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine, methionine, 

15 isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, 

histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, 

tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a malt extract, a 

yeast extract, and a peptone; wherein after heating the food product and the flavoring 

composition together, a meat like flavor ( e.g., beef-like, chicken like, pork-like, lamb-

20 like, turkey-like, duck-like, deer-like, or bison-like) is imparted to the food product. In 

some embodiments, the iron complex is removed from the food product. The flavoring 

composition further can include a seasoning agent, a flavoring agent, a protein, a protein 

concentrate, or an emulsifier. The flavoring composition can be sealed within a packet or 

shaker. 

25 In another aspect, this document features a method of making a food product. 

The method includes combining an isolated heme-containing protein and one or more 

flavor precursor molecules to form a mixture, the one or more flavor precursor molecules 

selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

30 maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 

9 



Motif Exhibit 1002, Page 1073 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

WO 2014/110532 PCT/US2014/011347 

inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

creatine, pyrophosphate, sunflower oil, coconut oil, canola oil, flaxseed oil, mango oil, a 

free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, 

tryptophan, valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, 

5 glutamine, glycine, proline, serine, tyrosine, glutathione, an amino acid derivative, a 

protein hydrolysate, a malt extract, a yeast extract, and a peptone; and heating the 

mixture. 

Unless otherwise defined, all technical and scientific terms used herein have the 

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

10 invention pertains. Although methods and materials similar or equivalent to those 

described herein can be used to practice the invention, suitable methods and materials are 

described below. All publications, patent applications, patents, and other references 

mentioned herein are incorporated by reference in their entirety. In case of conflict, the 

present specification, including definitions, will control. In addition, the materials, 

15 methods, and examples are illustrative only and not intended to be limiting. 

The details of one or more embodiments of the invention are set forth in the 

accompanying drawings and the description below. Other features, objects, and 

advantages of the invention will be apparent from the description and drawings, and from 

the claims. The word "comprising" in the claims may be replaced by "consisting 

20 essentially of' or with "consisting of," according to standard practice in patent law. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 contains amino acid sequences of exemplary heme-containing proteins. 

FIG. 2 is a bar graph of the beefiness rating of the meat replica with or without the 

Magic Mix, both samples in triplicate with 1 % w/v LegH protein. Tasters rated beefiness 

25 on a scale from 1-7, with 1 being not beefy at all and 7 being exactly like ground beef. 

DETAILED DESCRIPTION 

This document is based on methods and materials for modulating the taste and/or 

aroma profile of food products. As described herein, compositions containing one or 

10 
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more flavor precursors and one or more highly conjugated heterocyclic rings complexed 

to an iron (referred to herein as an iron complex) can be used to modulate the taste and/or 

aroma profile of food products. Such iron complexes include heme moieties or other 

highly conjugated heterocylic rings complexed to an iron ion (referred to as an iron 

5 complex). "Heme" refers to a prosthetic group bound to iron (Fe2+ or Fe3+) in the center 

of a porphyrin ring. Thus, an iron complex can be a heme moiety, or a porphyrin, 

porphyrinogen, corrin, corrinoid, chlorin, bacteriochorophyll, corphin, chlorophyllin, 

bacteriochlorin, or isobacteriochlorin moiety complexed to iron ion. The heme moiety 

that can be used to modulate the taste and/or aroma profile of food products can be a 

10 heme cofactor such as a heme-containing protein; a heme moiety bound to a non-peptidic 

polymer or other macromolecule such as a liposome, a polyethylene glycol, a 

carbohydrate, a polysaccharide, a cyclodextrin, a polyethylenimine, a polyacrylate, or 

derivatives thereof; a siderophore (i.e., an iron chelating compound); or a heme moiety 

bound to a solid support (e.g., beads) composed of a chromatography resin, cellulose, 

15 graphite, charcoal, or diatomaceous earth. 

20 

25 

In some embodiments, the iron complexes catalyze some reactions and produce 

flavor precursors without heating or cooking. In some embodiments, the iron complex 

destabilizes upon heating or cooking and releases the iron, e.g., the protein is denatured, 

so flavor precursors can be generated. 

Suitable flavor precursors include sugars, sugar alcohols, sugar derivatives, oils 

(e.g., vegetable oils), free fatty acids, alpha-hydroxy acids, dicarboxylic acids, amino 

acids and derivatives thereof, nucleosides, nucleotides, vitamins, peptides, protein 

hydrolysates, extracts, phospholipids, lecithin, and organic molecules. Non-limiting 

examples of such flavor precursors are provided in Table 1. 

TABLE 1 

Flavor Precursor Molecules 

Sugars, sugar alcohols, sugar acids, and sugar derivatives: glucose, fructose, 

ribose, sucrose, arabinose, glucose-6-phosphate,fructose-6-phosphate, fructose 

1,6-diphosphate, inositol, maltose, molasses, maltodextrin, glycogen, galactose, 

11 
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lactose, ribitol, gluconic acid and glucuronic acid, amylose, amylopectin, or 

xylose 

Oils: coconut oil, mango oil, sunflower oil, cottonseed oil, safflower oil, rice 

bran oil, cocoa butter, palm fruit oil, palm oil, soybean oil, canola oil, com oil, 

sesame oil, walnut oil, flaxseed, jojoba oil, castor, grapeseed oil, peanut oil, olive 

oil, algal oil, oil from bacteria or fungi 

Free fatty acids: caprylic acid, capric acid, lauric acid, myristic acid, palmititic 

acid, palmitoleic acid, stearic, oleic acid, linoleic acid, alpha linolenic acid, 

gamma linolenic acid, arachidic acid, arachidonic acid, behenic acid, or erucic 

acid 

Amino acids and derivatives thereof: cysteine, cystine, a cysteine sulfoxide, 

allicin, selenocysteine, methionine, isoleucine, leucine, lysine, phenylalanine, 

threonine, tryptophan, 5-hydroxytryptophan, valine, arginine, histidine, alanine, 

asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, or tyrosine 

Nucleosides and Nucleotides: inosine , inosine monophosphate (IMP), 

guanosine, guanoside monophosphate (GMP), adenosine, adenosine 

monophosophate (AMP) 

Vitamins: thiamine, vitamin C, Vitamin D, Vitamin B6, or Vitamin E 

Misc: phospholipid, lecithin, pyrazine, creatine, pyrophosphate 

Acids: acetic acid, alpha hydroxy acids such as lactic acid or glycolic acid, 

tricarboxylic acids such as citric acid, dicarboxylic acids such as succinic acid or 

tartaric acid 

Peptides and protein hydrolysates: glutathione, vegetable protein hydrolysates, 

soy protein hydrolysates, yeast protein hydrolysates, algal protein hydrolysatess, 

meat protein hydrolysates 

Extracts: a malt extract, a yeast extract, and a peptone 

In some embodiments, one flavor precursor or combinations of two to one 

hundred flavor precursors, two to ninety, two to eighty, two to seventy, two to sixty, or 

two to fifty flavor precursors are used. For example, combinations of two to forty flavor 

12 
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precursors, two to thirty-five flavor precursors, two to ten flavor precursors, or two to six 

flavor precursors can be used with the one or more iron complexes (e.g., heme co-factors 

such as a heme-containing proteins). For example, the one or more flavor precursors can 

be glucose, ribose, cysteine, a cysteine derivative, thiamine, lysine, a lysine derivative, 

5 glutamic acid, a glutamic acid derivative, alanine, methionine, IMP, GMP, lactic acid, 

and mixtures thereof ( e.g., glucose and cysteine; cysteine and ribose; cysteine, glucose or 

ribose, and thiamine; cysteine, glucose or ribose, IMP, and GMP; cysteine, glucose or 

ribose, and lactic acid). For example, the one or more flavor precursors can be alanine, 

arginine, asparagine, aspartate, cysteine, glutamic acid, glutamine, glycine, histidine, 

10 isoleucine, leucine, lysine, methionine, phenylalanine, proline, threonine, tryptophan, 

tyrosine, valine, glucose, ribose, maltodextrin, thiamine, IMP, GMP, lactic acid, and 

creatine. 

As used herein, the term "heme containing protein" can be used interchangeably 

with "heme containing polypeptide" or "heme protein" or "heme polypeptide" and 

15 includes any polypeptide that can covalently or noncovalently bind a heme moiety. In 

some embodiments, the heme-containing polypeptide is a globin and can include a globin 

fold, which comprises a series of seven to nine alpha helices. Globin type proteins can be 

of any class (e.g., class I, class II, or class III), and in some embodiments, can transport or 

store oxygen. For example, a heme-containing protein can be a non-symbiotic type of 

20 hemoglobin or a leghemoglobin. A heme-containing polypeptide can be a monomer, i.e., 

a single polypeptide chain, or can be a dimer, a trimer, tetramer, and/or higher order 

oligomers. The life-time of the oxygenated F e2+ state of a heme-containing protein can 

be similar to that of myoglobin or can exceed it by 10%, 20%, 30% 50%, 100% or more 

under conditions in which the heme-protein-containing consumable is manufactured, 

25 stored, handled or prepared for consumption. The life-time of the unoxygenated Fe2+ 

state of a heme-containing protein can be similar to that of myoglobin or can exceed it by 

10%, 20%, 30% 50%, 100% or more under conditions in which the heme-protein­

containing consumable is manufactured, stored, handled or prepared for consumption 

Non-limiting examples of heme-containing polypeptides can include an 

30 androglobin, a cytoglobin, a globin E, a globin X, a globin Y, a hemoglobin, a 
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myoglobin, an erythrocruorin, a beta hemoglobin, an alpha hemoglobin, a protoglobin, a 

cyanoglobin, a cytoglobin, a histoglobin, a neuroglobins, a chlorocruorin, a truncated 

hemoglobin (e.g., HbN or HbO), a truncated 2/2 globin, a hemoglobin 3 (e.g., Glb3), a 

cytochrome, or a peroxidase. 

5 Heme-containing proteins that can be used in the compositions and food products 

described herein can be from mammals (e.g., farms animals such as cows, goats, sheep, 

pigs, ox, or rabbits), birds, plants, algae, fungi (e.g., yeast or filamentous fungi), ciliates, 

or bacteria. For example, a heme-containing protein can be from a mammal such as a 

farm animal (e.g., a cow, goat, sheep, pig, ox, or rabbit) or a bird such as a turkey or 

1 o chicken. Heme-containing proteins can be from a plant such as Nicotiana tabacum or 

Nicotiana sylvestris (tobacco); Zea mays (com), Arabidopsis thaliana, a legume such as 

Glycine max (soybean), Cicer arietinum (garbanzo or chick pea), Pisum sativum (pea) 

varieties such as garden peas or sugar snap peas, Phaseolus vulgaris varieties of common 

beans such as green beans, black beans, navy beans, northern beans, or pinto beans, 

15 Vigna unguiculata varieties (cow peas), Vigna radiata (Mung beans), Lupinus a/bus 

(lupin), or 1Medicago sativa (alfalfa); Brassica napus (canola); Triticum sps. (wheat, 

including wheat berries, and spelt); Gossypium hirsutum (cotton); Oryza sativa (rice); 

Zizania sps. (wild rice); Helianthus annuus (sunflower); Beta vulgaris (sugarbeet); 

Pennisetum glaucum (pearl millet); Chenopodium sp. (quinoa); Sesamum sp. (sesame); 

20 Liman usitatissimum (flax); or Hordeum vulgare (barley). Heme-containing proteins can 

be isolated from fungi such as Saccharomyces cerevisiae, Pichia pastoris, Afagnaporthe 

oryzae, Fusarium graminearum, Aspergillus 01yzae, Trichodenna reesei, _i\1yceliopthera 

thermophile, Kluyvera lactis, or Fusarium oxysporum. Heme-containing proteins can be 

isolated from bacteria such as Escherichia coli, Bacillus subtilis, Bacillus lichenifomzis, 

25 Bacillus megaterium, Synechocistis sp., Aquifex aeolicus, Af ethylacidiphilum inferno rum, 

or thermophilic bacteria such as Thermo phi/us. The sequences and structure of numerous 

heme-containing proteins are known. See for example, Reedy, et al., Nucleic Acids 

Research, 2008, Vol. 36, Database issue D307-D313 and the Heme Protein Database 

available on the world wide web at http://hemeprotein.info/heme.php. 
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For example, a non-symbiotic hemoglobin can be from a plant selected from the 

group consisting of soybean, sprouted soybean, alfalfa, golden flax, black bean, black 

eyed pea, northern, garbanzo, moong bean, cowpeas, pinto beans, pod peas, quinoa, 

sesame, sunflower, wheat berries, spelt, barley, wild rice, or rice. 

5 Any of the heme-containing proteins described herein that can be used for 

producing food products can have at least 70% (e.g., at least 75%, 80%, 85%, 90%, 95%, 

97%, 98%, 99%, or 100%) sequence identity to the amino acid sequence of the 

corresponding wild-type heme-containing protein or fragments thereof that contain a 

heme-binding motif. For example, a heme-containing protein can have at least 70% 

10 sequence identity to an amino acid sequence set forth in FIG. 1, including a non­

symbiotic hemoglobin such as that from Vigna radiata (SEQ ID NO: 1 ), Hordeum vulgare 

(SEQ ID NO:5), Zea mays (SEQ ID NO: 13), 01yza sativa subsp. japonica {rice) (SEQ 

ID NO:14), or Arabidopsis thaliana (SEQ ID NO:15), a Hell's gate globin I such as that 

from Methylacidiphilum infernorum (SEQ ID NO:2), a flavohernoprotein such as that 

15 from Aquifex aeolicus (SEQ ID NO:3), a leghemoglobin such as that from Glycine max 

(SEQ ID NO:4), Pisum sativum (SEQ ID NO:16), or Vigna unguiculata (SEQ ID 

NO: 17), a heme-dependent peroxidase such as from Afagnaporthe 01yzae, (SEQ ID 

NO:6) or Fusarium oxysporum (SEQ ID NO:7), a cytochrome c peroxidase from 

Fusarium graminearum (SEQ ID NO:8), a truncated hemoglobin from Chlamydomonas 

20 moewusii (SEQ ID NO:9), Tetrahymena pyriformis (SEQ ID NO: 10, group I truncated), 

Paramecium caudatum (SEQ ID NO: 11, group I truncated), a hemoglobin from 

Aspergillus niger (SEQ ID NO:12), or a mammalian myoglobin protein such as the Bos 

taurus (SEQ ID NO:18) myoglobin, Sus scrofa (SEQ ID NO:19) myoglobin, Equus 

cabal/us (SEQ ID NO:20) myoglobin, a heme-protein from Nicotiana benthamiana (SEQ 

25 ID NO:21), Bacillus subtilis (SEQ ID NO:22), Corynebacterium glutamicum (SEQ ID 

NO:23), Synechocystis PCC6803 (SEQ ID NO:24), Synechococcus sp. PCC 7335 (SEQ 

ID NO:25), or Nostoc commune (SEQ ID NO:26). 

The percent identity between two amino acid sequences can be determined as 

follows. First, the amino acid sequences are aligned using the BLAST 2 Sequences 

30 (Bl2seq) program from the stand-alone version of BLASTZ containing BLASTP version 
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2.0.14. This stand-alone version ofBLASTZ can be obtained from Fish & Richardson's 

web site (e.g., www.fr.com/blast/) or the U.S. government's National Center for 

Biotechnology Information web site (www.ncbi.nlm.nih.gov). Instructions explaining 

how to use the B12seq program can be found in the readme file accompanying BLASTZ. 

5 B12seq performs a comparison between two amino acid sequences using the BLASTP 

algorithm. To compare two amino acid sequences, the options of B12seq are set as 

follows: -i is set to a file containing the first amino acid sequence to be compared (e.g., 

C:\seq 1.txt); -j is set to a file containing the second amino acid sequence to be compared 

( e.g., C:\seq2.txt); -p is set to blastp; -o is set to any desired file name ( e.g., C:\output.txt); 

10 and all other options are left at their default setting. For example, the following 

command can be used to generate an output file containing a comparison between two 

amino acid sequences: C:\Bl2seq -i c:\seq 1.txt -j c:\seq2.txt -p blastp -o c:\output.txt. If 

the two compared sequences share homology, then the designated output file will present 

those regions of homology as aligned sequences. If the two compared sequences do not 

15 share homology, then the designated output file will not present aligned sequences. 

Similar procedures can be following for nucleic acid sequences except that blastn is used. 

Once aligned, the number of matches is determined by counting the number of 

positions where an identical amino acid residue is presented in both sequences. The 

percent identity is determined by dividing the number of matches by the length of the 

20 full-length polypeptide amino acid sequence followed by multiplying the resulting value 

by 100. It is noted that the percent identity value is rounded to the nearest tenth. For 

example, 78.11, 78.12, 78.13, and 78.14 is rounded down to 78.1, while 78.15, 78.16, 

78.17, 78.18, and 78.19 is rounded up to 78.2. It also is noted that the length value will 

always be an integer. 

25 It will be appreciated that a number of nucleic acids can encode a polypeptide 

having a particular amino acid sequence. The degeneracy of the genetic code is well 

known to the art; i.e., for many amino acids, there is more than one nucleotide triplet that 

serves as the codon for the amino acid. For example, codons in the coding sequence for a 

given enzyme can be modified such that optimal expression in a particular species ( e.g., 

30 bacteria or fungus) is obtained, using appropriate codon bias tables for that species. 
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Heme-containing proteins can be extracted from the source material ( e.g., 

extracted from animal tissue, or plant, fungal, algal, or bacterial biomass, or from the 

culture supernatant for secreted proteins) or from a combination of source materials (e.g., 

multiple plant species). Leghemoglobin is readily available as an unused by-product of 

5 commodity legume crops (e.g., soybean, alfalfa, or pea). The amount ofleghemoglobin 

in the roots of these crops in the United States exceeds the myoglobin content of all the 

red meat consumed in the United States. 

In some embodiments, extracts of heme-containing proteins include one or more 

non-heme-containing proteins from the source material (e.g., other animal, plant, fungal, 

10 algal, or bacterial proteins) or from a combination of source materials ( e.g., different 

animal. plant, fungi, algae, or bacteria). 

In some embodiments, heme-containing proteins are isolated and purified from 

other components of the source material ( e.g., other animal, plant, fungal, algal, or 

bacterial proteins). As used herein, the term "isolated and purified" indicates that the 

15 preparation of heme-containing protein is at least 60% pure, e.g., greater than 65%, 70%, 

75%, 80%, 85%, 90%, 95%, or 99% pure. Without being bound by theory, isolating and 

purifying proteins can allow the food products to be made with greater consistency and 

greater control over the properties of the food product as unwanted material is eliminated. 

Proteins can be separated on the basis of their molecular weight, for example, by size 

20 exclusion chromatography, ultrafiltration through membranes, or density centrifugation. 

In some embodiments, the proteins can be separated based on their surface charge, for 

example, by isoelectric precipitation, anion exchange chromatography, or cation 

exchange chromatography. Proteins also can be separated on the basis of their solubility, 

for example, by ammonium sulfate precipitation, isoelectric precipitation, surfactants, 

25 detergents or solvent extraction. Proteins also can be separated by their affinity to 

another molecule, using, for example, hydrophobic interaction chromatography, reactive 

dyes, or hydroxyapatite. Affinity chromatography also can include using antibodies 

having specific binding affinity for the heme-containing protein, nickel NT A for His­

tagged recombinant proteins, lectins to bind to sugar moieties on a glycoprotein, or other 

30 molecules which specifically binds the protein. 
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Heme-containing proteins also can be recombinantly produced using polypeptide 

expression techniques ( e.g., heterologous expression techniques using bacterial cells, 

insect cells, fungal cells such as yeast, plant cells such as tobacco, soybean, or 

Arabidopsis, or mammalian cells). In some cases, standard polypeptide synthesis 

5 techniques ( e.g., liquid-phase polypeptide synthesis techniques or solid-phase 

polypeptide synthesis techniques) can be used to produce heme-containing proteins 

synthetically. In some cases, in vitro transcription-translation techniques can be used to 

produce heme-containing proteins. 

The protein used in the consumable may be soluble in a solution. In some 

10 embodiments, the isolated and purified proteins are soluble in solution at greater than 5, 

10, 15, 20, 25, 50, 100, 150,200, or 250g/L. 

In some embodiments, the isolated and purified protein is substantially in its 

native fold and water soluble. In some embodiments, the isolated and purified protein is 

more than 50, 60, 70, 80, or 90% in its native fold. In some embodiments, the isolated 

15 and purified protein is more than 50, 60, 70, 80, or 90% water soluble. 

Af odulating Flavor and/or Aroma Profiles 

As described herein, different combinations of flavor precursors can be used with 

one or more iron complexes ( e.g., a ferrous chlorin, a chlorin-iron complex, or a heme-

20 cofactor such as a heme-containing protein or heme bound to a non-peptidic polymer 

such as polyethylene glycol or to a solid support) to produce different flavor and aroma 

profiles when the flavor precursors and iron complexes are heated together ( e.g., during 

cooking). The resultant flavor and/or aroma profile can be modulated by the type and 

concentration of the flavor precursors, the pH of the reaction, the length of cooking, the 

25 type and amount of iron complex ( e.g., a heme-cofactor such as heme-containing protein, 

heme bound to non-peptidic polymer or macromolecule, or heme bound to a solid 

support), the temperature of the reaction, and the amount of water activity in the product, 

among other factors. In embodiments in which a heme moiety is bound to a solid support 

such as cellulose or a chromatography resin, graphite, charcoal, or diatomaceous earth, 

30 the solid support (e.g., beads) can be incubated with sugars and/or one or more other 
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flavor precursors to generate flavors, and then the solid support with attached heme 

moiety can be re-used, i.e., incubated again with sugars and/or one or more other flavor 

precursors to generate flavors. 

Table 2 provides non-limiting examples of flavor types that can be generated by 

5 combining one or more flavor precursors and one or more heme co-factors (e.g., heme­

containing proteins). See also Tables 7 and/or 11. 

TABLE2 

Flavor Types 

beef beef broth 

beef dripping cheesy 

cold-cut deli meat squash 

bacon sharp 

meaty fruity 

brothy floral 

ramen musty 

egg fried food 

malty caramel 

bready barbeque 

sulfur chocolate 

fried chicken sweet 

browned potato 

pretzel french toast 

grassy breadcrust 

bloody mushroom 

broccoli chicken 

brothy cumin 

buttery umami 

metallic raisin 
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yeasty goaty 

vegetable broth 

Flavor and aroma profiles are created by different chemical compounds formed 

by chemical reactions between the heme co-factor (e.g., heme-containing protein) and 

flavor precursors. Gas chromatography-mass spectrometry (GCMS) can be used to 

5 separate and identify the different chemical compounds within a test sample. For 

example, volatile chemicals can be isolated from the head space after heating a heme­

containing protein and one or more flavor precursors. 

10 

Table 3 provides non-limiting examples of compounds that can be produced. See 

also Tables 8, 9, 12, and/or 14. 

phenylacetaldehyde 

1-octen-3-one 
2-n-heptylfuran 
2-thiophenecarboxaldehyde 
3-thiophenecarboxaldehyde 
1-octene 
butyrolactone 
2-undecenal 
propyl-cyclopropane 
methyl-pyrazine 
1-hydroxy-propanone 

acetic acid 
furfural 
2-decanone 

pyrrole 

1-octen-3-ol 
2-acetylthiazole 

(E)-2-octenal 

decanal 

TABLE3 

Compounds Produced 

2-butenal, 2-ethyl-
acetonitrile 

(E)-2-Hexenal 
4-ethyl-phenol, 

3-octanone 
styrene 
furan, 3-pentyl-

formic acid, heptyl ester 
(E)-2-Heptenal 

6-methyl-5-hepten-2-one 
n-caproic acid vinyl ester 
2-ethyl-2-hexenal 
1-hepten-3-ol 
1-ethyl-1-methyl-
cyclopentane 
3-ethyl-2-methyl-1,3-
hexadiene 
2-pentyl-thiophene 

(Z)-2-nonenal 
2-n-octylfuran 

20 

1,3-hexadiene 
4-decyne 
pentanal 
1-propanol 

heptanoic acid 
ethanethiol 
2-methyl-1-heptene 

(E)-4-octene 
2-methyl-2-heptene 
pentanoic acid 
nonanoic acid 
1,3-dimethyl-benzene 

toluene 

1-butanol 

2,3,3-trimethyl-pentane 
isopropyl alcohol 
2,2,4,6,6-pentamethyl-
heptane 
phenol 
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benzaldehyde 2-hexyl-thiophene l-penten-3-one 
(E)-2-Nonenal 4-cyclopentene-1,3-dione dimethyl sulfide 
ovrazine 1-nonanol thiirane 
1-pentanol (E)-2-decenal (E)-2-octen-1-ol 
trans-2-(2-pentenyl)furan 4-ethy 1-benzaldehyde 2,4-dimethyl-1-heptene 

1,3-bis(l, 1-
1-hexanol 1,7-octadien-3-ol dimethylethyl)-benzene 
1-heptanol octanoic acid heptane 
dimethyl trisulfide 2-ethyl-5-methyl-pyrazine 4, 7 -dimethyl-undecane 

3-ethyl-2,5-dimethyl-
2-nonanone pyrazine acetophenone 
2-pentanone 1,3,5-cycloheptatriene tridecane 

thiophosphoramide, s-
2-heptanone 2-ethyl-1-hexanol methyl ester 
2,3-butanedione 4-methyl-octanoic acid 2-methyl-thiazole 

3-(1-methylethoxy )-
heptanal m-aminophenylacetylene propanenitrile, 

2,4-bis(l,1-
nonanal benzene dimethylethyl)-phenol 

3-ethyl-2,2-dimethyl-
2-octanone thiophene pentane 
2-butanone 2-methyl-furan 3-ethyl-pentane 
octanal pyridine 2,3,4-trimethyl-pentane 
1-octanol furan 2,4,6-trimethyl-octane 
3-ethylcyclopentanone butanal 2,6-dimethyl-nonane 
8-methyl-1-undecene 2-ethyl-furan 2-hexyl-furan 

4-methyl-5-
3-octen-2-one carbon disulfide thiazoleethanol 
2,4-Heptadienal, (E,E)- Furan, 2-hexyl-:2 4-penten-2-one 
( Z)-2-heptenal 3-methyl-butanal 4-methylthiazole 
6-methyl-2-heptanone 2-methyl-butanal 2-methyl-3-pentanone 
( Z)-4-heptenal methacro lein 2,3-pentanedione 
(E,Z)-2, 6-nonadienal octane (E)-2-tridecen-1-ol 

2-
3-methyl-2-butenal ethanol thiophenemethanamine 
2-pentyl-furan 2-methyl-propanal (Z)-2-nonenal, 

thiazole acetone methyl thiolacetate 
(E,E)-2, 4-decadienal propanal methyl ethanoate 
hexanoic acid methyl-thiirane isothiazole 
l-ethyl-5-methylcyclopentene acetaldehyde 3,3-dimethyl-hexane 

21 
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(E,E)-2,4-nonadienal 2-propenal 4-methyl-heptane 

(Z)-2-decenal 2-propyl-furan 2,4-dimethyl-heptane 
dihydro-5-propyl-2(3H)-

dihydro-5-pentyl-2(3h)-furanone furanone 2,3,4-trimethyl-heptane 

trans-3-nonen-2-one dihydro-3-(2H)-thiophenone 2-methyl-heptane 
(E,E)-3,5-octadien-2-one 2,2,6-trimethyl-decane 2-methyl-3-furanthiol 

4-amino-1,2,5-
3,3'-dithiobis[2-methyl- oxadiazole-3-

(Z)-2-octen-1-ol furan carbonitrile 
1,2-benzisothiazol-

5-ethyldihydro-2(3h)-furanone 1-heptene 3(2H)-one 
2-butenal 1,3-octadiene 2-acetyl-propen-2-ol, 
l-penten-3-ol 1-nonene 1-decen-3-one 
1-( ethylthio )-2-( methylthio )-buta-1,3-
diene 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of ground 

chicken, to increase specific volatile flavor and odorant components typically elevated in 

beef. For example, propanal, butanal, 2-ethyl-furan, heptanal, octanal, trans-2-(2-

5 pentenyl)furan, (Z)-2-heptenal, (E)-2-octenal, pyrrole, 2,4-dodecadienal, 1-octanal, (Z)-2-

decenal, or 2-undecenal can be increased in the presence of the heme-containing protein, 

which can impart a more beefy flavor to the chicken. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of cysteine 

1 o and glucose or other combinations of flavor precursors to provide a different profile of 

volatile odorants than when any subset of the three components are used individually. 

Volatile flavor components that are increased under these conditions include but are not 

limited to furan, acetone, thiazole, furfural, benzaldehyde, 2-pyridinecarboxaldehyde, 5-

methyl-2-thiophenecarboxaldehyde, 3-methyl-2-thiophenecarboxaldehyde, 3-

15 thiophenemethanol and decanol. See, e.g., Tables 8 and 9. Under these conditions, 

cysteine and glucose alone or in the presence of iron salts such as ferrous glucanate 

produced a sulfurous, odor, but addition of heme-containing proteins reduced the 
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sulfurous odor and replaced it with flavors including but not limited to chicken broth, 

burnt mushroom, molasses, and bread. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of cysteine 

5 and ribose to provide a different profile of volatile odorants. Heating in the presence of 

ribose created some additional compounds as compared to when a heme-containing 

protein and glucose were heated together. See Tables 8 and 9. 

In some embodiments, an iron complex ( e.g., a ferrous chlorophillin or a heme­

cofactor such as a heme-containing protein) described herein can be heated in the 

10 presence of thiamine and a sugar to affect the formation of 5-Thiazoleethanol, 4-methyl­

furan, 3,3'-dithiobis[2-methyl-furan, and/or 4-Methylthiazole. These compounds are 

known to be present in meat and have beefy, meaty taste notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of a 

15 nucleotide such as inosine monophosphate and/or guanosine monophosphate to control 

the formation of flavor compounds such as (E)-4-octene, 2-ethyl-furan, 2-pentanone, 2,3-

butanedione, 2-methyl-thiazole, methyl-pyrazine, tridecane, (E)-2-octenal, 2-

thiopenecarboxaldehyde, and/or 3-thiopenecarboxaldehyde. These compounds are known 

to be present in meat and have a beefy, meaty, buttery, and or savory flavor notes. 

20 In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

lysine, a sugar such as ribose, and cysteine to control the formation of flavor compounds 

such as dimethyl trisulfide, nonanal, 2-pentyl thiophene, 2-nonenal furfural, 1-octanol, 2-

nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, and/or 2-acetylthiazole. These 

25 compounds are known to be present in meat and some have a beefy, meaty, and or savory 

flavor. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

lactic acid, a sugar such as ribose, and cysteine to control the formation of the flavor 

30 compounds nonanal, thiazole, 2-acetylthiazole, and/or 8-methyl 1-undecene. These 
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compounds are known to be present in meat and have beefy, savory, browned, bready, 

and malty notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

5 amino acids, sugars such as glucose, ribose, and maltodextrin, lactic acid, thiamine, IMP, 

GMP, creatine, and salts such as potassium chloride and sodium chloride, to control the 

formation of flavor compounds such as 1,3-bis(l,1-dimethylethyl)-benzene, 2-methyl 3-

furanthiol, and/or bis(2-methyl-4,5-dihydro-3-furyl) disulfide. These compounds are 

known to be present in meat and have beefy notes. See also Table 14. 

1 o In some embodiments, a particular type of heme-containing protein is chosen to 

control the formation of flavor compounds. See, for example, the results of Table 9, 

which shows that the addition of different types of heme-proteins (LegH, Barley, B. 

myoglobin, or A. aeolicus) in flavor reaction mixtures containing one or more flavor 

precursor compounds results in many of the same key meat flavors, including but not 

15 limited to pentanone, 3-methyl butanal, 2-methyl butanal, 2-heptenal, 1-octene, nonanal, 

2-propenal, 2-decenal, 2-nonanone, 2-octanone, 2-tridecen-1-ol, 2-octanone, 2-octenal, 4-

methyl-2-heptanone, octanal, 2-undecenal, butyrolactone, 1-octen-3-one, 3-methylheptyl 

acetate, and 2-pentyl-thiophene. These differences in flavor compounds can change the 

overall taste profile. 

20 In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein and one or more flavor precursors 

can be reacted (e.g., in vitro) with heating to generate a particular flavor and/or aroma 

profile of interest and the resultant flavor additive composition can be added to the 

consumable food product of interest, which can then be eaten as-is or can be additionally 

25 modified, e.g., by additional cooking. 

In some embodiments, any undesirable flavors can be minimized by deodorizing 

with activated charcoal or by removing enzymes such as lipoxygenases (LOX), which 

can be present in trace amounts when using preparations of plant proteins, and which can 

convert unsaturated triacylglycerides (such as linoleic acid or linolenic acid) into smaller 

30 and more volatile molecules. LOX are naturally present in legumes such as peas, 
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soybeans, and peanuts, as well as rice, potatoes, and olives. When legume flours are 

fractionated into separate protein fractions, LOX can act as undesirable "time-bombs" 

that can cause undesirable flavors on aging or storage. Compositions containing plant 

proteins (e.g., from ground plant seeds) can be subjected to purification to remove LOX 

5 using, for example, an affinity resin that binds to LOX and removes it from the protein 

sample. The affinity resin can be linoleic acid, linolenic acid, stearic acid, oleic acid, 

propyl gallate, or epigalloccatechin gallate attached to a solid support such as a bead or 

resin. See, e.g., WO2013138793. In addition, depending on the protein component of 

the food product, certain combinations of antioxidants and/or LOX inhibitors can be used 

1 o as effective agents to minimize off-flavor or off-odor generation especially in the 

presence of fats and oils. Such compounds can include, for example, one or more of 13-
carotene, a-tocopherol, caffeic acid, propyl gallate, or epigallocatechin gallate. 

In some embodiments, specific flavor compounds, such as those described in 

Tables 3, 8, 9, 12, 14, 16, or 17 can be isolated and purified from the flavor additive 

15 composition. These isolated and purified compounds can be used as an ingredient to 

create flavors useful to the food and fragrance industry. 

A flavor additive composition can be in the form, of but not limited to, soup or 

stew bases, bouillon, e.g., powder or cubes, flavor packets, or seasoning packets or 

shakers. Such flavor additive compositions can be used to modulate the flavor and/or 

20 aroma profile for a variety of food products, and can be added to a consumable food 

product before, during, or after cooking of the food product. 

Food Products 

Food products containing one or more flavor precursors and one or more heme-

25 containing proteins can be used as a base for formulating a variety of additional food 

products, including meat substitutes, soup bases, stew bases, snack foods, bouillon 

powders, bouillon cubes, flavor packets, or frozen food products. Meat substitutes can be 

formulated, for example, as hot dogs, burgers, ground meat, sausages, steaks, filets, 

roasts, breasts, thighs, wings, meatballs, meatloaf, bacon, strips, fingers, nuggets, cutlets, 

30 or cubes. 

25 
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In addition, food products described herein can be used to modulate the taste 

and/or aroma profile of other food products ( e.g., meat replicas, meat substitutes, tofu, 

mock duck or other gluten based vegetable product, textured vegetable protein such as 

textured soy protein, pork, fish, lamb, or poultry products such as chicken or turkey 

5 products) and can be applied to the other food product before or during cooking. Using 

the food products described herein can provide a particular meaty taste and smell, for 

example, the taste and smell of beef or bacon, to a non-meat product or to a poultry 

product. 

Food products described herein can be packaged in various ways, including being 

1 o sealed within individual packets or shakers, such that the composition can be sprinkled or 

spread on top of a food product before or during cooking. 

Food products described herein can include additional ingredients including food­

grade oils such as canola, com, sunflower, soybean, olive or coconut oil, seasoning 

agents such as edible salts (e.g., sodium or potassium chloride) or herbs (e.g., rosemary, 

15 thyme, basil, sage, or mint), flavoring agents, proteins (e.g., soy protein isolate, wheat 

glutin, pea vicilin, and/or pea legumin), protein concentrates (e.g., soy protein 

concentrate), emulsifiers (e.g., lecithin), gelling agents (e.g., k-carrageenan or gelatin), 

fibers ( e.g., bamboo filer or inulin), or minerals ( e.g., iodine, zinc, and/or calcium). 

Food products described herein also can include a natural coloring agent such as 

20 turmeric or beet juice, or an artificial coloring agent such as azo dyes, triphenylmethanes, 

xanthenes, quinines, indigoids, titanium dioxide, red #3, red #40, blue #1, or yellow #5. 

Food products described herein also can include meat shelf life extenders such as 

carbon monoxide, nitrites, sodium metabisulfite, Bombal, vitamin E, rosemary extract, 

green tea extract, catechins and other anti-oxidants. 

25 Food products described herein can be free of animal products ( e.g., animal heme-

30 

containing proteins or other animal products). 

In some embodiments, the food products can be soy-free, wheat-free, yeast-free, 

MSG-free, and/or free of protein hydrolysis products, and can taste meaty, highly savory, 

and without off odors or flavors. 
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Assessment of Food Products 

Food products described herein can be assessed using trained human panelists. 

The evaluations can involve eyeing, feeling, chewing, and tasting of the product to judge 

product appearance, color, integrity, texture, flavor, and mouth feel, etc. Panelists can be 

5 served samples under red or under white light. Samples can be assigned random three­

digit numbers and rotated in ballot position to prevent bias. Sensory judgments can be 

scaled for "acceptance" or "likeability" or use special terminology. For example, letter 

scales (A for excellent, B for good, C for poor) or number scales may be used (1 = 

dislike, 2 = fair, 3 = good; 4 = very good; 5=excellent). A scale can be used to rate the 

1 o overall acceptability or quality of the food product or specific quality attributes such 

beefiness, texture, and flavor. Panelists can be encouraged to rinse their mouths with 

water between samples, and given opportunity to comment on each sample. 

In some embodiments, a food product described herein can be compared to 

another food product (e.g., meat or meat substitute) based upon olfactometer readings. In 

15 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 some embodiments, an olfactometer allows the training and automatic 

evaluation of expert panels. In some embodiments, a food product described herein 

20 causes similar or identical olfactometer readings. In some embodiments, the differences 

between flavors generated using the methods of the invention and meat are sufficiently 

small to be below the detection threshold of human perception. 

In some embodiments, volatile chemicals identified using GCMS can be 

evaluated. For example, a human can rate the experience of smelling the chemical 

25 responsible for a certain peak. This information could be used to further refine the profile 

of flavor and aroma compounds produced using a heme-containing protein and one or 

more flavor precursors. 

Characteristic flavor and fragrance components are mostly produced during the 

cooking process by chemical reactions molecules including amino acids, fats and sugars 

30 which are found in plants as well as meat. Therefore, in some embodiments, a food 
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product is tested for similarity to meat during or after cooking. In some embodiments 

human ratings, human evaluation, olfactometer readings, or GCMS measurements, or 

combinations thereof, are used to create an olfactory map of the food product. Similarly, 

an olfactory map of the food product, for example, a meat replica, can be created. These 

5 maps can be compared to assess how similar the cooked food product is to meat. 

In some embodiments, the olfactory map of the food product during or after 

cooking is similar to or indistinguishable from that of cooked or cooking meat. In some 

embodiments the similarity is sufficient to be beyond the detection threshold of human 

perception. The food product can be created so its characteristics are similar to a food 

1 o product after cooking, but the uncooked food product may have properties that are 

different from the predicate food product prior to cooking. 

These results will demonstrate that the compositions of the invention are judged 

as acceptably equivalent to real meat products. Additionally, these results can 

demonstrate that compositions of the invention are preferred by panelist over other 

15 commercially available meat substitutes. So, in some embodiments the present invention 

provides for consumables that are significantly similar to traditional meats and are more 

meat like than previously known meat alternatives. 

20 

The invention will be further described in the following examples, which do not 

limit the scope of the invention described in the claims. 
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EXAMPLES 

Example 1: Addition of heme-protein increases beefy qualities of replica 

burgers 

Replica burgers containing the ingredients in Table 4 and the flavor precursors 

5 cysteine (10 mM), glutamic acid (10 mM), glucose (10 mM), and thiamine (1 mM) were 

prepared. Water was added to make up the balance. See, for example, U.S. Provisional 

Application No. 61/751,816, filed January 11, 2013. Control burgers were prepared as in 

Table 4 with precursors cysteine (10 mM), glutamic acid (10 mM), glucose ( 10 mM), and 

thiamine ( 1 mM) except LegH was omitted. 

10 After cooking for 5 minutes at 150 C, the replica burgers were evaluated by a 

trained sensory panel. Panelists were served samples under red lights and each panelist 

individually evaluated the samples. Samples were assigned a random three-digit number 

and rotated in ballot position to prevent bias. Panelists were asked to evaluate cooked 

replica burger samples on multiple flavor, aroma, taste, texture and appearance attributes 

15 including but not limited to: beefiness, bloody quality, savory quality, and overall 

acceptability using a 7-point scale from 1 =dislike extremely, to 7=like extremely. 

Panelists were encouraged to rinse their mouths with water between samples, and to fill 

out a survey to record their evaluation of each sample. 

When replica burgers containing the LegH were compared to the control replica 

20 burgers without LegH, the samples containing LegH were rated significantly beefier, 

bloodier, more savory, and overall preferred compared to those that did not include 

LegH. See Table 5. 

TABLE4 

25 Replica Burger Ingredients 

Pea vicilin 3.86 

Soy protein concentrate (SPC) 2.52 

Bamboo fiber 0.34 
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NaCl 0.54 

Pea legumin 2 

Soy Protein Isolate (SPI) (Solae, St. Louis, 
4.68 

MO) 

Wheat gluten 4.68 

Coconut oil 15 

Soy lecithin 0.1 

k-carrageenan 1 

LegH 1 

TABLE 5 

Sensory evaluation of replica burger with Heme 

mean 4.67 3.00 5.10 

STDEV 1.22 1.63 0.57 

Example 2: Replica burgers with a flavor precursor mixture taste beefy and 

bloody 

Replica burgers containing a flavor precursor mixture of glucose, cysteine, 

thiamine, and glutamic acid and 1 % LegH pre-cooked w/w (see Table 4) were prepared 

as described in Example 1, and evaluated by a trained sensory panel after the burgers 

10 were cooked for 5 minutes at 150 C. Control burgers included LegH and all other 

ingredients except for the flavor precursor mixture. 
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Panelists were asked to evaluate the samples overall improvement in taste and 

descriptively analyze each sample using a 5-point scale from I =dislike extremely, to 

5=like extremely. Panelists were encouraged to rinse their mouths with water between 

samples, and to fill out a survey to record their evaluation of each sample. The replicate 

5 burgers which included LegH and the flavor precursor mixture were described as having 

10 

bouillon, gravy, meaty, bloody, savory, and beefy notes on taste, and were preferred to 

the same replica burger with LegH but no added flavor precursor mixture. See, Table 6 

TABLE 6 

Improvement of overall taste with precursors added to LegH burgers 

with precursors without precursors 

Average 3.5 1.8 

STDV 0.6 0.5 

Example 3: Replica burgers with flavor precursor mixture resulting in a 

bacon taste 

Replica burgers (see Table 4) were cooked with different precursor mixes (see 

Table 7) and I% LegH and evaluated by a trained sensory panel after the burgers were 

15 cooked for 5 minutes at 150 C. Control burgers contained LegH and all of the other 

ingredients except for the flavor precursors. Panelists were asked to evaluate each 

sample and descriptively analyze of each sample. 5-point scale from I =dislike extremely, 

to 5=like extremely. Panelists were encouraged to rinse their mouths with water between 

samples, and to fill out a survey to record their evaluation of each sample. A replica 

20 burger with a precursor mixture of 10 mM glucose, 10 mM ribose, 10 mM cysteine, 1 

mM thiamine, 1 mM glutamic acid, 1 mM GMP, and LegH was described as having a 

bacon aroma and taste, and overall meatiness, savory quality, a very umami quality, a 

brothy quality, and slight beefy notes. See Table 7 for a summary of the flavor 

description for the various combinations of flavor precursors and heme-containing 

25 protein. 
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glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 

ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 

TABLE 7 

Flavors generated by addition of precursors to LegH (1 % ) 

Precursor (concentration) Flavor Description 
cysteine 
(10 mM) some kind of cold-cut/sliced deli meat 
cysteine bread crust with beef drippings, sweet, grassy, 
(10 mM) IMP (2 mM) umam1 
cysteine lactic acid (1 
(10 mM) mM) bready, malty, browned, breadcrust 
cysteine 
(10 mM) lysine ( 5 mM) savory, beefy, little grassy, brothy, bread 
cysteine alanine (5 
(10 mM) mM) savory, weak beefy, brothy, little metallic 
cysteine 
(10 mM) I+G(2mM) savory, weak beefy, brothy, sweet 
cysteine 
(10 mM) methionine cooked potato 
cysteine glutamic acid little meaty, pretzel, brothy, savory, sweet, 
(10 mM) (5 mM) chocolate 
cysteine thiamine glutamic acid 
(10 mM) (2 mM) (5 mM) slight beefy, browned, grasssy, 
cysteine thiamine glutamic acid 
(10 mM) (2 mM) (5 mM) IMP (2 mM) bacon, very umami, savory, brothy, slight beef 
cysteine thiamine glutamic acid 
(10 mM) (2 mM) (5 mM) beef jerky, bloody, meaty, brothy 
cysteine thiamine glutamic acid lactic acid (1 
(10 mM) (2 mM) (5 mM) mM) savory, beefy, bloody, meaty, savory, gravy 
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Example 4: Type of sugar modulates flavor compounds created in the 

presence of Hemeprotein 

The addition of different sugars to flavor reaction mixtures containing a 

hemeprotein and one or more flavor precursor compounds resulted in distinct differences 

5 in the flavor compounds generated and the overall flavor profile. LegH heme protein at 

1 % pre-cooked w/w/ was mixed with cysteine (10 mM) and glucose (20 mM) at pH 6 in 

phosphate buffer to form a flavor reaction mixture and heated to 150 C for 3 minutes; this 

reaction created flavor compounds known to be present in meat; see Table 8. Similarly, a 

flavor reaction mixture made when LegH heme protein at 1 % was mixed with cysteine 

10 (10 mM) and ribose (20 mM) at pH 6 and heated to 150 C for 3 minutes created flavor 

compounds knmvn to be in meat; see Table 8. 

The characteristic flavor and fragrance components were mostly produced during 

the cooking process when the flavor precursor molecules reacted with the heme-protein. 

Gas chromatography-mass spectrometry ( GCMS) is a method that combines the features 

15 of gas-liquid chromatography and mass spectrometry to separate and identify different 

substances within a test sample. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating and also evaluated for their sensory profiles. Volatile 

chemicals were isolated from the head space around the flavor reactions. The profile of 

the volatile chemicals in the headspace around the flavor reaction mixtures is shown in 

20 Table 8. In particular, the use of ribose created some additional compounds as compared 

to glucose, as shown in Table 8. 

Notably, the control mixtures of cysteine with ribose or glucose heated in the 

absence of the LegH heme-protein did not generate the same set of flavor compounds. 

The flavor reaction mixtures containing LegH also were evaluated by a blinded trained 

25 sensory panel, which described the samples with ribose as having beefy, savory, brothy, 

and gravy-like notes, and the samples with glucose as savory, bloody, metallic, raw meat, 

and bouillon-Like. 
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TABLE 8 

Flavor compounds generated with cysteine, LegH, and either glucose or ribose in 

the flavor reaction mixture. 

LegH 1% 

II m II ~ I 
benza ldehyde X X 

2-but anone X X 

dimet hyl trisulfide X X 

tyl-furan 2-pen X X 

2-met hyl-propanal X X 

thiazo le X X 

butyr olactone X X 

2-ace tylthiazole X X 

penta nal X X 

3-met hyl-butanal X X 

meth yl-thiirane X X 

nal nona X X 

hepta nal X X 

2,3-b utanedione X X 

1,3,5-cycloheptatriene X X 

propy 1-cyclopropane X X 

2-hex yl-furan X X 

butanal X X 

2-met hyl-butanal X X 

2-eth yl-furan X 

2-oct anone X X 

nal propa X X 
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trichloromethane X 

2-methyl-furan X X 

furan X X 

pyrazme X X 

thiophene X X 

1,3-dimethyl-benzene X X 

octane X 

octanal X X 

thiazole X X 

2-pentanone X 

furfural X X 

2-nonanone X X 

(Z)-2-heptenal X X 

(E)-2-heptenal X X 

1-octene X X 

formic acid, heptyl ester X X 

2-pentyl-thiophene X 

l-octen-3-one X X 

3-pentyl-furan X X 

2-propenal X 

(E)-2-tridecen-l-ol X 

benzene X 

(E)-4-octene X 

l -penten-3-one X 

4-penten-2-one X X 

2-methyl-thiazole X 

methyl-pyrazine X 

trans-2-( 2-pentenyl )furan X 

3-ethylcyclopentanone X 
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pyrrole X X 

2-thiophenecarboxaldehyde X 

3-thiophenecarboxaldehyde X 

Example 5: Heme-protein in the presence of thiamine affects the production 

of certain flavor compounds 

The addition of thiamine in a flavor reaction mixtures with a heme protein and 

5 other flavor precursors affected the formation of 5-Thiazoleethanol, 4-methyl-furan, 3,3'­

dithiobis[2-methyl-thiazole, and 4-methylthiazole. These compounds are known to be 

present in meat and have beefy, meaty taste notes. 

Flavor reaction mixtures at pH 6 containing LegH (1 %), cysteine (10 rnM), 

thiamine (1 mM), either glucose or ribose (20 mM), and with or without glutamic acid 

10 (10 mM) were prepared and subsequently heated to 150 C for 3 minutes. These flavor 

reaction samples then were evaluated by GCMS for the flavor compounds generated and 

evaluated by a trained panel for their sensory profiles. Volatile chemicals were isolated 

from the head space around the flavor reactions. GCMS showed 4-methyl-5-

thiazoleethanol, 3,3'-dithiobis[2-methyl]-furan, and 4-methylthiazole compounds were 

15 created by a mixture of LegH with thiamine, a sugar ( either glucose or ribose ), and 

cysteine. The same flavor reaction mixtures without thiamine did not generate these 

compounds; additionally these compounds were not generated when heme-proteins were 

not present in the flavor reaction mixtures. 

The flavor reaction samples also were evaluated by a blinded trained sensory 

20 panel, which described the samples with the addition of thiamine as more complex in 

taste and more beefy, meaty, and savory. 

25 

Example 6: Heme-proteins with nucleotides controls particular flavor 

compound production. 

The addition of inosine monophosphate and guanosine monophosphate in mixes 

with heme protein and other precursors controlled the formation of flavor compounds 

(E)-4-octene, 2-ethyl-furan, 2-pentanone, 2,3-butanedione, 2-methyl-thiazole,, methyl-
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pyrazine, tridecane, (E)-2-octenal, 2-thiophenecarboxaldehyde, and 3-

thiophenecarboxaldehyde. These compounds are known to be present in meat and have a 

beefy, meaty, buttery, and or savory flavor notes. 

Reactions containing heme protein at 1 % (LegH) with cysteine ( 10 mM), and 

5 glucose (20 mM), 1 mM IMP and 1 mM GMP, at pH 6.0 were prepared and heated to 

150C for 3 minutes. Characteristic flavor and fragrance components were mostly 

produced during the cooking process where precursors reacting heme-protein. These 

samples were evaluated by GCMS for the flavor compounds generated and evaluated for 

the sensory experience. Volatile chemicals were isolated from the head space around the 

10 flavor reaction and identified using GCMS, creating a profile of the volatile chemicals in 

the headspace around the flavor reaction mixture. GCMS showed 4-octene, 2-ethyl furan, 

2-pentanone, 2,3-butanedione, 2-methyl-thiazole, methyl-pyrazine, tridecane, 2-octenal, 

2-thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde compounds were created by a 

mixture ofhemeprotein LegH with IMP, GMP, glucose, and cysteine. The same samples 

15 without IMP and GMP did not generate these compounds, additionally these compounds 

were also not created when heme-proteins were not present, just precursor molecules. 

Sensory evaluation by blinded trained panelist found the samples with the addition of 

inosine and guanosine as described as having more complexity in taste and more beefy, 

meaty, brothy and savory. Figure 2 shows the abundance of the novel flavor compounds 

20 created with heme protein at 1 % was mixed in a reaction at pH 6, with cysteine ( 10 mM), 

and glucose (20 mM), IMP (1 mM) and GMP (1 mM), and detected by solid phase 

microextraction (SPME) and then detected by GCMS. 

Example 7: Flavor generation with the addition of a particular organic acid 

25 The addition of lactic acid in mixes with heme protein, ribose, and cysteine 

controlled the formation of the flavor compounds nonanal, thiazole, 2-acetylthiazole, and 

8-methyl-1-undecene. These compounds are known to be present in meat. 

Reactions containing heme protein at 1 %, cysteine (10 mM), and ribose (20 mM), 

and lactic acid (lmM), pH 6.0, were prepared and heated to 150C for 3 minutes. 

30 Characteristic flavor and fragrance components were mostly produced during the cooking 
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process where precursors reacting heme-protein. These samples were evaluated by 

GCMS for the flavor compounds generated and evaluated for the sensory experience. 

Volatile chemicals were isolated from the head space around the flavor reaction and 

identified using GCMS, creating a profile of the generated compounds. Nonanal, 

5 thiazole, 2-acetylthiazole, and 8-methyl-1-undecene compounds were created by a 

mixture of LegH with lactic acid, ribose, and cysteine. The same samples without lactic 

acid did not generate these compounds, additionally these compounds were not created in 

the absence of heme-proteins. 

Sensory evaluation by blinded trained panelist found the samples with the 

10 addition of lactic acid as described as beefy, savory, browned, bready, and having malty 

notes. The sample with everything but lactic acid rated lower in browned, bready and 

malty notes. 

Example 8: Flavor generated with the addition of a particular amino acid. 

15 The addition of lysine in mixes with heme protein ribose, and cysteine controlled 

the formation of flavor compounds dimethyl trisulfide, nonanal, 2-pentyl-thiophene, 

furfural, 2-nonenal, 1-octanol, 2-nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, 

2-acetylthiazole. These compounds are known to be present in meat and some have a 

beefy, meaty, and or savory flavor. 

20 Reactions containing heme protein at 1 %, cysteine (10 mM), and ribose (20 mM), 

and lysine (lmM), at pH 6.0, were prepared and heated to 150C for 3 minutes. These 

samples were evaluated by GCMS for the flavor compounds generated and evaluated for 

the sensory experience. Characteristic flavor and fragrance components were mostly 

produced during the cooking process where precursors could react with the heme-protein. 

25 These samples were evaluated by GCMS for the flavor compounds generated and 

evaluated for the sensory experience. Volatile chemicals were isolated from the head 

space around the flavor reaction. Dimethyl trisulfide, nonanal, 2-pentyl-thiophene, 

furfural, 2-nonenal, 1-octanol, 2-nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, 

2-acetylthiazole compounds were created by a mixture of LegH with lactic acid, ribose, 

30 and cysteine. The same samples without lactic acid did not generate these compounds, 
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additionally these compounds were not created when heme-proteins were not present, just 

precursor molecules. Sensory evaluation by blinded trained panelist found the samples 

with the addition of lysine as described as roast beefy, savory, and browned. The addition 

of lysine increased the roasted browned notes. 

Example 9 - Flavor compound production by different Heme-proteins 

The addition of different types of heme-proteins (LegH, Barley, B. myoglobin, or 

A. aeolicus) in flavor reaction mixtures containing one or more flavor precursor 

compounds results in many of the same key meat flavors, including but not limited to 2-

10 pentyl-furan, 2,3-Butanedione, Thiophene, 2-methyl-thiazole, Pyrazine, Furan, Pyrrole, 

2-methyl-furan and distinct differences in the flavor compounds, including but not 

limited to 2-pentyl-thiophene, Nonanal, 2-Nonanone, and 1-Octen-3-one. These 

differences in flavor compounds can change the overall taste profile. The different types 

of heme-protein were LegH, Barley, B. myoglobin, or A. aeolicus used at 1 % w/w in a 

15 reaction mixed with cysteine (10 mM) and ribose (10 mM) at pH 6. The pre- reaction 

mixture was heated to 150 C for 3 minutes; this reaction created flavor compounds 

known to be present in meat; see Table 9. The characteristic flavor and fragrance 

components are mostly produced during the cooking process where the flavor precursor 

molecules react with the heme-protein. Samples were evaluated by GCMS to identify the 

20 flavor compounds generated after heating and also evaluated for their sensory profiles. 

25 

Volatile chemicals were isolated from the head space around the flavor reactions. Table 9 

shows the similarity and differences in volatile flavor compounds created by the different 

types of heme-proteins. 

Name 

Furan 

Thiazole 

benzaldehyde 

TABLE 9 

Flavor compounds created by different heme-protein 

when heated with ribose and cysteine. 

LegH Barley B. myoglobin A. aeolicus 

X X X X 

X X X X 

X X X X 

2-acetylthiazole X X X X 
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2-methyl-propanal X X X X 

furfural X X X X 

2,3-butanedione X X X X 

2-pentyl-furan X X X X 

2-pentanone X X 

pyrazme X X X X 

dimethyl trisulfide X X X X 

3-methyl-butanal X X X 

2-methyl-thiazole X X X X 

pentanal X X X X 

1,3,5-cycloheptatriene X X X X 

methacrolein X X X X 

heptanal X X X X 

2-methyl-butanal X X X 

isothiazole X X X X 

thiophene X X X X 

propanal X X X X 

2-heptenal X X X 

methyl-pyrazine X X X X 

1-octene X X X 

butanal X X X X 

2-acetyl-propen-2-ol X X X X 

pyrrole X X X X 

2-methyl-furan X X X X 

nonanal X X X 

2-propenal X X X 

2-decenal X X X 

2-nonanone X X 

2-octanone X X X 

2-tridecen-1-ol, X X 

2-octanone X 

2-octenal X X 

4-methyl-2-heptanone X X 

octanal X X 

2-undecenal X 

butyrolactone X 

1-octen-3-one X 

3-methylheptyl acetate X 
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I 2-pentyl-thiophene X 

Example 10 - Generation of Meat flavors from different lipids 

Several different samples including oils ( canola oil or coconut oil), free fatty acids 

(FFA) (linoleic acid (C18:2), oleic acid (C18: 1), stearic acid (C18:0), or myristic acid 

5 (C14:0)) and phospholipids (PL) (beef heart polar lipids extract, Biolipon95 (from 

Perimond), or NatCholinePC40 (from Perimond)) were tested for their ability to produce 

beefy flavor in the absence and in the presents of other precursors. Oils, FF As, and PLs 

were added to 50 mM potassium phosphate buffer (PPB) pH 6.0 or a Maillard reaction 

mix (MRM) containing 50 mM potassium phosphate pH 6.0, 5 mM Cysteine, 10 mM 

10 Glucose, 0.1 mM Thiamine, and 0.1 % (w/v) LegHemoglobin. Lipids in combination 

with MRM were designed to capture the cross reactions oflipid degradation and Maillard 

reaction productions while lipids in phosphate buffer functioned as a lipid control. The 

oils were added at 3% of the total 1 mL volume of solution while FF As and PLs were 

added at 1 % of the total 1 mL volumes. All samples were cooked at 150°C for 3 mins, 

15 cooled to 50°C and then analyzed using GCMS (SPME fiber sampling ofheadspace). 

After all samples were analyzed by GCMS the caps were removed and samples were 

smelled by a trained flavor scientist and aromas recorded. 

Table 10 

Legend showing components of each sample 

Sample Name Solution Additives 

MRMNone Maillard Reaction Mix None 

MRM Linoelic Acid Maillard Reaction Mix 1 % linoleic acid 
-

MRM Oleic Acid Maillard Reaction Mix 1 % oleic acid 
-

MRM C14 Maillard Reaction Mix 1 % C14:0 free fatty acid 
-

MRM C18 Maillard Reaction Mix 1 % C 18 :0 free fatty acid 
-

MRM Canola Maillard Reaction Mix 3% Canola Oil 
-

MRM Coconut Maillard Reaction Mix 3 % Coconut Oil 
-

MRM Beefl--leart Maillard Reaction Mix 1 % Beef Heart Polar Lipids Extract 
-

MRM _ Biolipon95 Maillard Reaction Mix 1 % Biolipon95 ( emulsifier) 
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MRM NatCholinePC40 Maillard Reaction Mix 1 % NatCholinePC40 ( emulsifier) 
-

KPhos6 Linoelic Acid PPB,pH 6 1 % linoelic acid 

KPhos6 Oleic Acid PPB,pH6 1 % oleic acid 

KPhos6 C14 PPB,pH6 1 % C14:0 free fatty acid 

KPhos6 C18 PPB,pH6 1 % C 18 :0 free fatty acid 

KPhos6 Canola PPBpH6 3% Canola Oil 

KPhos6 Coconut PPB,pH 6 3 % Coconut Oil 

KPhos6 BeefHeart PPB,pH6 1 % Beef Heart Polar Lipids Extract 

KPhos6 _ Biolipon95 PPB,pH6 1 % Biolipon95 ( emulsifier) 

KPhos6 NatCholinePC40 PPB,pH6 1 % NatCholinePC40 ( emulsifier) 

Table 11 contains the aroma descriptions and Table 12 contains the GCMS data 

from the most interesting samples analyzed. Many of the lipids introduced a "fatty" 

aroma to MRM that was otherwise absent. The combinations ofLinoleic Acid or 

5 NatCholinePC40 in MRM produced the greatest abundance of fatty compounds 

suggesting that these lipids may improve the flavor perception of beef tallow. Linoleic 

Acid and NatCholinePC40 also showed high abundance of earthy-mushroom aromas. 

The addition of lipids to MRM significantly increased the abundance of "nutty & 

roasted" aromas. Less desirable "green" aroma compounds were most prominent in 

10 samples with unsaturated free fatty acids (linoleic acid or oleic acid) or phospholipids. In 

general, the addition of lipids significantly increased the number of target beef 

compounds made. 

TABLE 11 

15 Aroma descriptions of each sample after it was cooked. 

Sample Names Aroma Descriptions 
MRM_Only brothy, malty, beef stew 

MRMlJ3eeft-1eart • 
KPhos6_Biolipon95 fatty, fresh 
MRM_Biolipon95 fatty, brothy, hay, malty green 
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Table 12 

List of aromatic compounds found in Beef by GCMS and a chart showing which 

were detected in each lipid plus MRM sample . 

Compounds in Beef 

( s )-isopropyl lactate 

1-ethyl-5-
methylcyclopentene 

1-heptanol 

1-hepten-3-ol 

1-heptene 

2-methyl-1-heptene 

1-hexanol 

2-ethyl-1-hexanol 

1-nonanol 

1-nonene 

1-octanol 

1-octen-3-ol 

b 
i::i 
0 

~ 
~ 
~ 

N N 
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1-octen-3-one 

1-octene 

1-pentanol N 
1-penten-3-ol N 
1-propanol N 
8-methyl-1-undecene N 
1,3-hexadiene N 
3-ethyl-2-methyl-1,3-
hexadiene 

1,3-octadiene 

1,3,5-cycloheptatriene N 
2,3-dihydro-5,6-dimethyl-
1,4-dioxin N N N 
1, 7-octadien-3-ol N N N 
lh-pyrrole-2-
carboxaldehyde N N N 
2-methyl-lH-pyrrole N N 
2-acetyl-2-thiazoline 

2-acetylthiazole 

2-butanone 

2-butenal N 
2-ethyl-2-butenal N 
3-methyl-2-butenal N 
3-methyl-2-cyclohexen-1-
one 

2-decanone 

(E)-2-decenal 

(Z)-2-decenal 

2-furanmethanol 

2-heptanone 

6-methyl-2-heptanone 

(E)-2-heptenal N 
(Z)-2-heptenal N 
(E)-2-hexenal N 
2-ethyl-2-hexenal 

2-methyl-2-heptene N 
2-n-heptylfuran N 
2-n-octylfuran N 
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2-nonanone 

(E)-2-nonenal 

(Z)-2-nonenal 

2-octanone 

(Z)-2-octen-1-ol 

(E)-2-octenal 

2-pentanone 

1-propoxy-2-propano 1 
1-( acetyloxy)-2-propanone 

1-hydroxy-2-propanone 

2-propenal 

2-thiophenecarboxaldehyde 

2-undecenal 

2,3-butanedione 
2,3-pentanedione 

(E,E)-2,4-decadienal 

2,4-decadienal 

(E,E)-2,4-heptadienal 

(E,E)-2,4-nonadienal 

2,6-dimethylpyrazine 

(E,Z)-2,6-nonadienal 

5-ethyldihydro-2(3H)­
furanone 

5-methyl-2(3H)-furanone 

dihydro-5-pentyl-2(3H)­
furanone 

dihydro-5-propyl-2(3H)­
furanone 

2( 5H)-furanone 

tetrahydro-6-methyl-2H­
pyran-2-one 

3-ethylcyclopentanone 

3-hexanone 

3-methyl-2-
thiophenecarboxaldehyde 

3-octanone 

3-octen-2-one 

3-thiophenecarboxaldehyde 

PCT/US2014/011347 

N N N N 
N N N N 

N N N N 
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(E,E)-3,5-octadien-2-one N N 
dihydro-2-methyl-3(2H)-
furanone N N N 
4-cyanocyclohexene N N N 
4-cyclopentene-1,3-dione N N 
4-decyne N 
(Z)-4-heptenal N 
4-methyloctanoic acid N 
(E)-4-octene N N 
2,3-dihydro-3,5-dihydroxy-
6-methyl-4(H)-pyran-4-one N N N 
6-methyl-5-hepten-2-one N N 
acetaldehyde N N 
acetic acid N N 
acetic acid ethenyl ester N N 
acetoin N N 
acetone N N 
acetonitrile 

benzaldehyde 

4-ethyl-benzaldehyde 

benzene 

benzoic acid, hydrazide N N 
butanal N N 
2-methyl-butanal N N 
3-methyl-butanal N N 
butanoic acid 

butyrolactone 

caprolactam 

carbon disulfide 

1-ethyl-1-methyl-
cyclopentane 

propyl-cyclopropane 

decanal 

dihydro-3-(2H)-thiophenone N 
Dimethyl sulfide N N 
dimethyl sulfone N N 
dimethyl trisulfide N N 
ethanethiol N N 

47 



Motif Exhibit 1002, Page 1111 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

WO 2014/110532 PCT/US2014/011347 

ethanol N N N 
1-(1 (H)-pyrrol-2-yl)-
ethanone N N N N 
1-(2-furanyl)-ethanone N N N N 
ethosuximide 

formic acid, heptyl ester 

furan 

2-ethyl-furan 

2-hexyl-furan 

2-methyl-furan 

2-pentyl-furan 

2-propyl-furan 

3-methyl-furan 

3-pentyl-furan 
furfural 

heptanal 

heptanoic acid 

2-methyl-hex-2-yn-4-one 

hexanoic acid 

hydrogen sulfide N N N N 
m-aminophenylacetylene N N N N 
maleic anhydride N N N N 
methacrolein N N N N 
methanethiol N N N N 
methyl ethanoate N N N N 
methyl isobutyl ketone 

n-caproic acid vinyl ester 

nonanal 

3-methyl-nonane 

nonanoic acid 

octanal 

octane 

octanoic acid 

oxalic acid, isobutyl pentyl 
ester 

p-cresol 

pentanal 

pentanoic acid 
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4-ethyl-phenol 

phenylacetaldehyde 

(p-hydroxyphenyl)-
phosphonic acid 

propanal 

2-methyl-propanal 

propanoic acid 

2-methyl-propanoic acid 

propanoic acid, ethenyl ester 

pyrazme 

2-ethyl-5-methyl-pyrazine N N N N 
2-ethyl-6-methyl-pyrazine N N N N 
2,3-dimethyl-pyrazine N N N N 
2,5-dimethyl-pyrazine N N N N 
3-ethyl-2,5-dimethyl-
pyrazme N N N 
ethyl-pyrazine N N N 
methyl-pyrazine N N N 
trimethyl-pyrazine N N 
pyridine 

pyrrole 

styrene 

thiazole 

me thy 1-thiirane 

thiophene 

2-hexyl-thiophene 

2-pentyl-thiophene 

trans-2-(2-pentenyl)furan N 
trans-3-nonen-2-one N 
undecanoic acid N 

Total # of Compounds 
Detected: 54 63 

In samples having fatty or creamy aromas, 2,4-decadienal, (E,E)-2,4-nonadienal, 

(E,E)-2,4-heptadienal, and/or (E,E)-2,4-decadienal were detected in the 

KPhos6 _ Beefl--Ieart, MRM _ Beefl--Ieart, MRM _ BioLipon95, MRM _ NatCholinePC40, 
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Kphos6_Canola, MRM_Canola, KPhos6_Oleic Acid, KPhos6_Linoleic acid and 

MRM _ Linoleic acid samples. For (E,E)-2,4-decadienal, the strongest signal intensity 

was in the MRM _ NatCholinePC40 sample, followed by the MRM _ Linoleic acid, 

KPhos6 _ Linoleic acid, MRM _ Beefl-Ieart, MRM _ BioLipon95, KPhos6 _ BeefHeart, 

5 MRM _ Oleic Acid, and KPhos6 _ Oleic Acid samples. For (E,E)-2,4-heptadienal, the 

strongest signal intensity was in the MRM _ NatCholinePC40 sample followed by the 

MRM _ Cano la sample. (E,E)-2,4-heptadienal also was detected in the 

MRM _ BioLipon95, MRM _ Beefl-Ieart, and MRM _ Linoleic acid samples. For (E,E)-2,4-

nonadienal, the strongest signal intensity was in the MRM _ Cano la and MRM _ Linoleic 

10 acid samples. (E,E)-2,4-nonadienal also was detected in the Kphos6 _ Cano la, 

MRM _ NatCholinePC40, MRM _ BioLipon95, MRM _ Beefl-Ieart, and KPhos6 _ Linoleic 

acid samples. For 2,4-decadienal, the strongest signal intensity was in the 

MRM _ Linoleic acid sample. 2,4-decadienal also was detected in KPhos6 _ Linoleic acid, 

MRM _ Canola, and KPhos6 _ Oleic Acid samples. 

15 In samples having earthy or mushroom aromas, 3-octen-2-one, 1-octen-3-one, 3-

octanone, and/or 1-octen-3-ol were detected in the KPhos6 _ Beefl-Ieart, MRM _ Beefl-Ieart, 

Kphos _ BioLipon95, MRM _ BioLipon95, Kphos _ NatCholinePC40, 

MRM _ NatCholinePC40, MRM _ Canola, KPhos6 _ Oleic Acid, MRM _ Oleic Acid, 

KPhos6_Linoleic acid, and MRM_Linoleic acid samples. For 1-octen-3-ol, the strongest 

20 signal intensity was in the MRM _ Linoleic acid sample, followed by 

MRM_NatCholinePC40, KPhos6_Linoleic acid, MRM_Beefl-Ieart, KPhos6_BeefHeart, 

MRM _ Canola, MRM _ BioLipon95, KPhos6 _ Oleic Acid, and MRM _ Oleic Acid samples. 

3-octanone was detected in the MRM _ Oleic Acid, KPhos6 _ Linoleic acid, and 

MRM _ Linoleic acid samples. For 1-octen-3-one, the strongest signal intensity was in the 

25 MRM _ Linoleic acid and MRM _ Beefl-Ieart samples, followed by KPhos6 _ Linoleic acid, 

MRM _ NatCholinePC40, KPhos6 _ BeefHeart, MRM _ BioLipon95, MRM _ Oleic Acid, 

and KPhos6 _ Oleic Acid samples. For 3-octen-2-one, the strongest signal intensity was in 

the KPhos6 _ Linoleic acid sample, followed by MRM _ Linoleic acid, 

MRM _ NatCholinePC40, KPhos6 _ BeefHeart, KPhos6 _ Oleic Acid, MRM _ Oleic Acid, 

30 MRM_Beefl-Ieart, MRM_BioLipon95, MRM_Canola, Kphos_BioLipon95, and 
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Kphos_NatCholinePC40. Pyrazine was detected in the MRM_Coconut, MRM_C18, 

MRM_C14, andMRM_BioLipon95 samples. 

In samples having a nutty and roasted aroma, thiazole and 2-acetylthiazole were 

the most abundant compounds detected, along with pyrazine, methyl pyrazine, trimethyl 

5 pyrazine, and 3-ethyl-2,5-dimethylpyrazine. 2-acetylthiazole was detected in all samples 

with MRM and most abundant in samples with MRM _ Beefheat, MRM _ biolipon95, 

MRM _ Cano la, and MRM _ coconut. Thiazole was created in samples with MRM­

Coconut, MRM_BeefHeat, MRM_Biolipon95, MRM_C14, MRM_C18, MRM_Canola, 

MRM_Oleic acid and MRM_Linoleic acid and MRM_NatCholinePC40. Pyrazine was 

10 present in the largest amount in samples with MRM-Coconut, followed by samples 

MRM_BeefHeat, MRM_Biolipon95, MRM_C14, MRM_C18, MRM_Canola having 

roughly equal amount, MRM _ Oleic acid and MRM _ Linoleic acid sample had even less. 

Methyl-pyrazine was present in MRM _ Biolipon95 and MRM _ Coconut. 3-ethyl-2,5-

dimethyl- pyrazine and trimethyl- pyrazine, were present only without phospholipids in 

15 the MRM. 

In samples having green, vegetable, or grass aromas, 1-heptanol, 1-hepten-3-ol, 1-

hexanol, (E)-2-heptenal, (Z)-2-heptenal, (E)-2-hexenal, 2-pentyl-furan, and/or heptanal 

were detected in the KPhos6_BeefHeart, MRM_BeefHeart, Kphos_BioLipon95, 

MRM_BioLipon95, Kphos_NatCholinePC40, MRM_NatCholinePC40, Kphos_C14, 

20 MRM _ C 14, Kphos _ C 18, MRM _ C 18, MRM _ Cano la, MRM _ Coconut, KPhos6 _ Oleic 

Acid, MRM_Oleic Acid, KPhos6_Linoleic acid, and MRM_Linoleic acid samples. For 2-

pentyl-furan, the strongest signal intensity was in the KPhos6 _ BeefHeart sample, 

followed by the KPhos6_Linoleic acid, MRM_BioLipon95, MRM_Linoleic acid, 

MRM _ BeefHeart, MRM _ Oleic Acid, MRM _ NatCholinePC40, MRM _ Cano la, 

25 KPhos6_Oleic Acid, and Kphos_NatCholinePC40 samples. For (E)-2-heptenal, the 

strongest signal intensity was in the MRM _ BeefHeart, MRM _ Cano la, MRM _ Oleic Acid, 

and KPhos6 _ Linoleic acid samples, followed by the KPhos6 _ Oleic Acid, 

MRM _ BioLipon95, KPhos6 _ BeefHeart, MRM _ Linoleic acid, MRM _ NatCholinePC40, 

Kphos_BioLipon95, and Kphos_NatCholinePC40 samples. For (Z)-2-heptenal, the 

30 strongest signal intensity was in the MRM _ Linoleic acid sample. MRM Linoleic acid 
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also was detected in the KPhos6 _ Linoleic acid sample. For heptanal, the strongest signal 

intensity was in the MRM _ Oleic Acid sample, followed by the KPhos6 _ Oleic Acid, 

MRM C14, MRM_C18, MRM Canola, MRM_Beefl--Ieart, MRM_NatCholinePC40, 

MRM _ Linoleic acid, and KPhos6 _ BeefHeart samples. For, (E)-2-hexenal, the strongest 

5 signal intensity was in the MRM _ Linoleic acid sample, followed by the 

MRM _ NatCholinePC40, KPhos6 _ Linoleic acid, and MRM _ Oleic Acid samples. 

Example 11 - Creation of beefy flavors using complex precursor mixtures 

A formulation was prepared (the "magic mix," see Table 13 containing the 

10 estimated concentrations of amino acids, sugars, and other small molecules in beef based 

on their values reported in literature. The magic mix was tested for its ability to produce 

beefy flavors in the presence of LegHemoglobin (LegH). The magic mix and 1 % w/v 

LegH were added to the meat replica, pH 6.0 (see Table 4) and baked in a convection 

oven for 7 minutes at 160°C. A control sample was prepared by adding 1 % w/v LegH to 

15 the meat replica, pH 6.0 and baking in a convection oven for 7 minutes at 160°C. 

The meat replica sample containing only LegH, was compared to the meat replica 

sample containing the magic mix and LegH by a sensory panel and GCMS analysis. Five 

tasters rated the flavored meat replicas for beefiness, bitterness, and levels of savory 

flavors, and off flavors. Each property was rated on a 7 point scale in which 7 was the 

20 highest amount of the specified property (e.g., a standard 80:20 ground beef would be 

rated 7 on the beefy scale). The Magic Mix flavor was rated one point higher in beefy 

character than the LegH only sample (FIG. 1). 

To determine which chemical products were produced upon heating, a solution of 

Magic Mix was prepared with 1 % w/v LegH at pH 6.0. The samples were cooked with 

25 shaking at l 50°C for three minutes, then Solid Phase Micro Extraction (SPME) was 

performed for twelve minutes at 50°C to extract the volatile compounds above the 

headspace of the reaction. A search algorithm was used to analyze the retention time and 

mass fingerprint information of the volatile compounds and assign chemical names to 

peaks. Table 14 shows the compounds identified in both the Magic Mix+ LegH (MM, 

30 average of two samples) and in the LegH alone in buffer (LegH, average of five samples) 
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samples. The compounds in Table 14 are listed in order of the retention time (R.T., in 

seconds), and are designated as having a zero peak area (0), or a small (S), medium (M), 

or large (L) average peak area. Hundreds of compounds were identified between the 

samples, many of which are characteristic of beefy aroma, including but not limited to 

5 1,3-bis(l,1-dimethylethyl)-benzene, 2-methyl 3-furanthiol, and Bis(2-methyl-4,5-

dihydro-3-furyl) disulfide, which increased in the samples containing the Magic Mix and 

LegH. 

Table 13 

10 Chemical entities added to the Magic Mix 

Chemical entity mM 

Alanine 5.6 

Arginine 0.6 

Asparagine 0.8 

Aspartate 0.8 

Cysteine 0.8 

Glutamic acid 3.4 

Glutamine 0.7 

Glycine 1.3 

Histidine 0.6 

Isoleucine 0.8 

Leucine 0.8 

Lysine 0.7 

Methionine 0.7 

Phenylalanine 0.6 

Proline 0.9 

Threonine 0.8 

Tryptophan 0.5 

Tyrosine 0.6 
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Valine 0.9 

glucose 5.6 

Ribose 6.7 

Maltodextrin 5.0 

Thiamine 0.5 

GMP 0.24 

IMP 0.6 

Lactic acid 1.0 

creatine 1.0 

NaCl 10 

KCl 10 

KphospH 6.0 10 

TABLE 14 

Compounds identified with GC-MS analysis in samples with MM and LegH, or 

LegH alone (average of five samples) 

MM 
with LegH 

R.T.(s) Name LegH alone 

248 acetaldehyde L s 
256.3 carbon disulfide L s 
264.3 dimethyl sulfide s 0 
265 oxalic acid, isobutyl pentyl ester M 0 
268.1 2,3,4-trimethyl-pentane M 0 
269.2 methanethio 1 s 0 

283.4 propanal M 0 
285.4 octane M 0 
287.1 furan M 0 
295.3 2-methyl-propanal L s 
297.6 acetone L s 
319.3 2-propenal M s 
338.1 2-methyl-furan M s 
342.1 butanal L s 
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344.2 2, 4-dimethy 1-1-heptene M 0 

346.3 methacrolein M 0 

357.4 methyl-thiirane L 0 
360.2 3-methyl-furan s 0 

363.7 butanone L s 
368.9 2,3-dihydro-5-methyl-furan M s 
376.4 2-methyl-butanal L M 

381.1 3-methyl-butanal L M 

390.6 isopropyl alcohol 0 s 
399.6 ethanol L M 

406.2 2-propenoic acid, methyl ester M 0 

408.2 benzene s 0 
414.4 methyl vinyl ketone M 0 
416.4 2,2,4,6,6-pentamethyl-heptane M 0 
422.6 2-ethyl-furan s 0 

438.4 2-ethylacrolein M 0 

449.9 2-pentanone s 0 
453.2 pentanal/2,3-butanedione L 0 
453.8 2,3-butanedione L M 

472.8 4, 7 -dimethy 1-undecane M s 
485.9 2-methyl-pentanal M 0 

492.6 2-methyl-1-penten-1-one s 0 
496.6 (E)-3-penten-2-one M 0 

508.6 1-penten-3-one M 0 

510.6 trichloromethane M M 

520.4 p-dithiane-2,5-diol M 0 

525.5 3-methyl-pentanal M 0 
535.1 (E)-5-decene M 0 

536.5 toluene M s 
537.9 2-butenal M s 
543.8 4-penten-2-one M 0 

550.8 methyl thiolacetate M 0 

683.7 p-xylene s 0 

727.4 dimethyl selenone M 0 

738.3 methyl isopropyl disulphide M 0 

755 2-heptanone M 0 

758.7 heptanal L 0 

781.9 1,3-diisopropoxy-1,3-dimethyl-1,3- s M 
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disilacyclobutane 

789.4 3-methyl-2-butenal M 0 

793.4 4-methyl-2-heptanone M 0 

810.4 pyrazme M 0 
818.8 isothiazole s 0 
827.1 acetyl valeryl M 0 

831.8 2-pentyl-furan L 0 
851 2-methyl-thiazole s 0 

853.3 isothiocyanato-methane s 0 

870.9 thiazole L 0 

879.2 styrene M 0 

890.7 1-(methylthio )-propane M 0 

895.6 methyl-pyrazine M 0 

910.5 thiocyanic acid, methyl ester s 0 
918.6 4-methylthiazole M 0 

921.4 2-octanone M 0 

923.9 2-methyl-cyclopentanone M 0 

927.9 octanal L s 
934.3 tridecane M 0 
948.8 trans-2-(2-pentenyl)furan s 0 
961.9 1-hydroxy-2-propanone M 0 

974.5 (E)-2-heptenal M 0 

987.4 5-methyl-1-undecene M 0 

993.8 2-hexyl-furan M 0 

1007.8 7-methyl-(E)-5-undecene M 0 
1024.1 2-methyl-5-(methylthio)-furan, s 0 

1058.6 2-butyl-1-decene M 0 

1079.3 dimethyl trisulfide L s 
1085.3 2-nonanone M 0 

1093.2 nonanal L M 

1142.3 1,3-bis( 1, 1-dimethylethyl)-benzene M 0 

1149.6 (E)-2-octenal M 0 
1164.5 1-heptanol M 0 
1193.5 methional L 0 
1198.8 acetic acid M s 
1207.2 furfural M 0 

1242.1 2-decanone M 0 
1250.8 decanal M 0 
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1265.2 1-decen-3-one M 0 

1283.3 pyrrole M 0 
1292.6 5-ethenyl-4-methyl-thiazole M 0 
1294.3 benzaldehyde L M 

1303.7 2-n-octylfuran M 0 

1305.6 (E)-2-nonenal M 0 

1341.4 1-octanol M 0 
1361.1 2-methyl-1 (H)-pyrrole s 0 

1391.7 2-undecanone M 0 
1401.2 (E)-2-octen-1-ol M 0 
1448 bu tyro lactone s s 
1456.3 (E)-2-decenal M 0 
1462.4 phenylacetaldehyde L s 
1466.3 2-acetylthiazole L 0 
1471.3 acetophenone M s 
1475.4 1-nonanol M 0 

1487 methyl (methylthio )methyl disulfide M 0 
1497.1 5-(2-chloroethyl)-4-methylthiazole L 0 
1497.5 1-( ethylthio )-2-( methylthio )-buta-1,3-diene L s 
1512 3-thiophenecarboxaldehyde M 0 
1518.8 2-nonen-4-one M 0 

1531.7 2-thiophenecarboxaldehyde s 0 
1543.9 dodecanal M 0 
1551.6 4-ethyl-2-methyl-pyrrole s 0 
1558.2 3-(methylthio )-propanenitrile s 0 
1561.2 3-decen-2-one M 0 

1613.1 bis(2-methyl-4,5-dihydro-3-furyl) disulfide M 0 
1615.6 1, 10-undecadiene M 0 
1619.5 2-undecenal s 0 
1668.9 2-phenylpropenal M 0 
1692.3 (Z)-3-decen-1-ol, acetate M 0 

1733.1 3-phenyl-furan s 0 
4-nitrophenyl 2-thiophenecarboxylic acid 

1739.7 ester s 0 
1741.2 5-formyl-4-methylthiazole M 0 

pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 
1749.7 isobutyl ester M 0 
1765.5 benzyl alcohol s 0 
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pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 
1774.2 isobutyl ester s 0 

1796.9 dodecanal M 0 
1806.1 (1-ethyl-1-propenyl)-benzene s 0 
1825.6 1-undecanol M s 
1827.9 2-methyl-3-furanthiol M 0 

1828.3 2-methyl-3-(methylthio) furan M 0 
1836.1 4-chloro-2,6-bis( 1, 1-dimethylethyl)-phenol s 0 
1844.1 phenol s s 
1845.3 [(methylsulfonyl)methyl]-benzene s 0 
1850.3 ( e )-2-tridecen-1-ol M 0 

1-heptyl-1,2,3 ,4-tetrahydro-4-methyl-
1859.9 naphthalene s 0 
1863.2 2, 4-decadienal s 0 
1905.1 3,3'-dithiobis[2-methyl]-furan M 0 

1906.9 3,5-di-tert-butylbenzoic acid s 0 
1909.6 4-ethoxy-benzoic acid, ethyl ester s 0 

1921.5 3-(phenylmethyl)-2,5-piperazinedione s 0 
1944.5 9-octadecenal M 0 
1959.7 3,5-bis(l,1-dimethylethyl)-phenol M s 
1968.4 4-methyl-5-thiazoleethanol M s 
2007.8 1, 1 '-(1,2-cyclobutanediyl)bis-cis-benzene s 0 

2019.8 benzoic acid s s 
2026.4 4-quinolinecarboxaldehyde s 0 
2027.8 m-aminophenylacetylene M 0 

Example 12 - Ferrous Chlorin Catalyzes Production of Meat-like flavor 

compounds 

Fresh green spinach (10 lb) was added to 500 mL water and finely ground in a 

Vitamix blender to yield 2 Lofgreen suspension. Acetone (8L) was added with mixing 

and the material was allowed to extract for 1 hour. The material was filtered through 

Whatman filter paper and the acetone was removed on a rotary evaporator (Buchi). To 

the residual green suspension (500 mL) was added 2 mL of 10 M HCl, causing the 

10 suspension to tum brown. To this was added lg ofFeCb.4H20 in 10 mL H20. The 
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solution was shaken then left at 4 °C for 16 hours. This suspension was extracted with 

diethyl ether (3x50mL) to give a bright green organic phase, the combined organics were 

washed with saturated sodium chloride solution, dried over sodium sulfate, filtered and 

evaporated to leave a black paste (I.lg). The pellet was dissolved in chloroform for 

5 fractionation. 

Chlorophyll and Ferrous chlorin crude fractions were stored at -20°C. Crude 

extracts were fractionated by reverse-phase high-pressure liquid chromatography (RP­

HPLC). HPLC conditions are outlined in Table 15. Both chlorophyll and ferrous 

chlorophyll were eluted from the column with a peak retention time of 7 .6 minutes. 

10 Eluted material was collected from 7.3 - 8.0 minutes. Collected fractions were pooled 

and stored on ice. Collected fractions were re-chromatographed and showed a single 

peak with retention time 7.6 minutes. The desired fractions were pooled, then 10% 

sunflower oil was added, methanol was removed on a rotary evaporator (Buchi). 

15 

20 

TABLElS 

HPLC conditions for purification of chlorophyll and ferrous chlorin from crude 

extract. 

Sample: Chlorophyll or Fe-chlorin (~2mg/mL in CHCh) 

System: Agilent 1100 with Chemstation 

Column: Zorbax Bonus-RP (4.6 x 250 mm, 5uM) 

Mobile phase: acetonitrile, methanol, ethyl acetate (60:20:20) isocratic flow 

Temperature: 30°c 

Flow Rate: 1. 0 mL per minute 

Injection volume: 0.05 mL 

Preparation of Flavor Reaction Containing Ferrous Chlorin or Leghemoglobin 

A solution of ferrous chlorophyll was mixed with the Magic Mix (Table 13) to a 

final concentration of 0.35% ferrous chlorin, 1 % glycerol, 0.005% tween-20, 5% 

sunflower oil, 100 mM NaCl, 20 mM phosphate at pH 6. Leghemoglobin (0.35%) at pH 

6 in phosphate buffer (20 mM), 100 mM NaCl, was mixed with the Magic Mix (Table 
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13), 1 % glycerol, and 0.005% tween-20. The flavor reaction mixtures were heated to 

150°C for 3 minutes; this reaction created flavor compounds known to be present in 

meat, created by hemoglobin and also created by ferrous chlorin; see Table 16. 

The characteristic flavor and fragrance components were mostly produced during 

5 the cooking process when the flavor precursor molecules reacted with the heme-protein 

or the ferrous chlorophyll. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating. Volatile chemicals were isolated from the headspace 

around the flavor reactions. The profile of the volatile chemicals in the headspace around 

the flavor reaction mixtures that were similar between heme-protein and ferrous chlorin 

10 are shown in Table 16. Notabily, many of the compounds created by the ferrous chlorin 

are important in the flavor of meat. 

TABLE 16 

Flavor Compounds created by both Ferrous Chlorin and LegH with Magic Mix. 

1-heptanol acetone 

1-hexanol acetonitrile 

1-octanol benzaldehyde 

1-octen-3-ol butanal 

1-octen-3-one 2-methyl-butanal 

1-pentanol dimethyl trisulfide 

2-acetylthiazole ethyl acetate 

2-butenal furan 

3-methyl-2-butenal, 2-ethyl-furan 

(Z)-2-decenal 2-hexyl furan 

6-methyl-2-heptanone 2-pentyl-furan 

(E)-2-heptenal furfural 

(E)-2-hexenal heptanal 

2-methyl-3-furanthiol aminophenylacetylene 

(E)-2-nonenal methacrolein 

(E)-2-octenal methional 

2-pentanone octanal 

1-hydroxy-2-propanone octane 

2-thiophenecarboxaldehyde oxalic acid, diallyl ester 

2-undecenal 2,3-butanedione 
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3-methyl-3-buten-2-one 2-methyl-propanal 

3-thiophenecarboxaldehyde pyrazme 

(E)-4-octene, 2,3-dimethyl-pyrazine 

methyl-pyrazine 2 ,5-dimethyl-pyrazine 

thiazole 

Example 13 - Flavor creation by immobilized Hemin 

Preparation of hemin linked CM Sepharose. 

200 mg of bovine hemin (Sigma Aldrich) was loaded into a scintillation vial. A 

5 small magnetic stir bar, 800 µL acetonitrile, 64 µL 4-methylmorpholine, and 71 mg ofN­

hydroxysuccinimide were added in that order. The vial was placed in an ice bath and 

chilled then 118 mg ofN-(3-dimethylaminopropyl)-N'-ethyl-carbodiimide hydrochloride 

was added with stirring, followed by 845 µL of Jeffamine ED900. This was stirred while 

allowing the black mixture to warm to ambient temperature. Chloroform (10 mL) was 

1 o added to the mixture followed by water ( 4 rnL ). A flashlight was used to distinguish 

between organic and aqueous layers since both were black and the organic layer was 

pipetted off and concentrated to a dark black oil. The oil was dissolved in a 4: 1 mixture 

of acetonitrile and ethanol to make an approximately 10% strength solution that was inky 

black in color. 

15 2 mL of water swelled and equilibrated CM Sepharose was equilibrated in a 

BioRad minicolumn with 3 volumes of acetonitrile. The resin was resuspended in 1 mL 

acetonitrile and pipetted into a scintillation vial. This was followed with 44 microliters 4-

methylmorpholine, 23 mg N-hydroxysuccinimide, and 39 mg of solid N-(3-

dimethylaminopropyl)-N' -ethyl-carbodiimide hydrochloride. The mixture was vortexed 

20 vigorously and then shaken for three hours. To this white solid was added 570 

micro liters of inky black 20% strength hemin coupled diamine. The black solid was 

vortexed and shaken for an hour. The slurry strongly resembled Turkish coffee. The 

mixture was poured into a BioRad minicolumn and filtered, washed with acetonitrile 

until what came out no longer resembled espresso, then switched to deionized water, and 

25 finally 20 mM pH 9 sodium carbonate buffer. The black solid was washed until the 

effluent ran clear and then resuspended in 2 mL of buffer for storage until use. 
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Flavor reaction 

The flavor reaction was created with heme protein (equine myoglobin -Sigma) at 

0.35% in a phosphate buffer (20 mM) at pH 6.0 with 100 mM NaCl, this was mixed with 

5 Magic Mix (Table 13). Another flavor reaction was created with Immobilized Hemin at 

0.35% in a phosphate buffer (20 mM) at pH 6.0 with 100 mM NaCl, this was mixed with 

Magic Mix (Table 13). The flavor reaction mixtures were heated to 150°C for 3 minutes; 

this reaction created flavor compounds known to be present in meat. 

The characteristic flavor and fragrance components were mostly produced during 

1 o the cooking process when the flavor precursor molecules reacted with the Heme-protein 

or the immobilized Hemin. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating. Volatile chemicals were isolated from the headspace 

around the flavor reactions. As can be seen in Table 17, immobilized hemin catalyzed 

production of compounds similar to those whose production was catalyzed by myoglobin 

15 free in solution. Notably, the profiles of flavor compounds, measured by GCMS, 

produced by cooking mixtures containing the immobilized hemin and the heme-protein, 

respectively, were very similar. 

20 TABLE17 

Flavor compounds produced by cooking mixtures containing either myoglobin free 

in solution or hemin coupled to a solid support 

Flavor compound myoglobin hemin-linker-resin 
2-methyl-5-(methylthio )-thiophene Low 

dihydro-5-propyl-2(3H)-furanone Low 

octane Low 

pyrrole Low Low 

methanethiol Low Low 

2-thiophenecarboxaldehyde Low Low 

methyl-pyrazine Low Low 

1-hydroxy-2-propanone Low Low 

propanal Low Low 
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thiophene Low medium 

pyridine Low Low 

2-methyl-furan Low medium 

oxalic acid, butyl propyl ester Low Low 

pyrazme medium Low 

oxalic acid, diallyl ester medium medium 

2-butenal medium large 

furfural medium medium 

nonanal medium medium 

2-ethyl-furan medium Low 

ethanol medium very large 

tert-butanol medium 
1r•••••••••••••••••••r••••••••••••••••-3 ,3 '-dithio bis [2-methy 1 ]-furan medium medium 

m-aminophenylacetylene medium medium 
2,5-dihydro-3,4-dimethyl-furan medium medium 

2-acetylthiazole medium medium 

cyclohexane medium 11•••111--ethyl tert-butyl ether medium 
1 r•••••••••••••••••••r•••••••••••••••••••• carbon disulfide medium medium 

thiazole medium medium 

acetonitrile medium large 

2-pentyl-furan medium Low 

3-thiophenecarboxaldehyde medium medium 

2-methyl-butanal medium medium 

thiazole medium large 

2-methyl-3-furanthiol larege large 

2-propenal large large 

3-methyl-2-butenal large medium 

2-methyl-3-(methylthio) furan large large 

ethyl acetate large medium 

methacrolein large medium 

methyl-thiirane large large 

methional large large 

methyl alcohol large medium 

2-butanone large Low 

2,3-butanedione large medium 

acetone large large 

furan large medium 
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benzaldehyde large medium 

methyl thiolacetate large medium 

acetaldehyde very large very large 

2-methyl-propanal very large very large 

dimethyl trisulfide very large very large 

3-methyl-butanal very large very large 

propyl-cyclopropane medium 

(E)-2-octenal medium 

2-n-propylaziridine medium 

thiirane medium 

ethyl formate medium 

methyl vinyl ketone medium 

2-propenoic acid, ethyl ester medium 

1-nonanol large 
1-octene ?t••·· large 

1-heptanol 

tl 
large 

1-dodecene large 

phorone very large 

Example 14. The combination of precursors with Heme protein drives flavor 

reactions. 

Three samples were compared: precursor mix alone, 1 % heme protein alone, and 

5 precursor mix with 1 % heme. The precursor mix was made of glucose (20 rnM), ribose 

(20 mM), cysteine (10 mM), thiamine (1 mM), and glutamic acid (1 mM). Reactions 

were all at pH 6.0, prepared and heated to 150°C for 3 minutes. These three samples were 

run in duplicate. These samples were evaluated by GCMS for the flavor compounds 

generated. Characteristic flavor and fragrance components were mostly produced during 

1 o the cooking process where precursors could react with the heme-protein. These samples 

were evaluated by GCMS for the flavor compounds generated and evaluated for the 

sensory experience. Volatile chemicals were isolated from the head space around the 

flavor reaction. The flavor compounds created in each sample is indicated in Table 18. As 

shown most of the flavor molecules were created on when the precursors are combined 

15 with the heme protein. 
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Table 18 

Flavor molecules created by the combination of LegH and precursor mix. 

Precursor Precursor 
Compound mix LegH mix+LegH 
carbon disulfide medium medium high 
isopropyl alcohol medium medium low 
2-methyl-furan low low 
butanal low medium 
thiophene low low 
2,3-butanedione low low high 
furan low medium 
2,4-dimethyl-1-heptene high high 
acetone high high 
dimethyl trisulfide medium medium 
2-methyl-heptane medium medium 
2-pentanone medium 
pentanal medium medium 
2-pentyl-furan medium medium 
2-methyl-propanal low high 
2-acetatyl-1-propene low low 
2-methyl-butanal low medium 
1,3-dimethyl-benzene low low 
octane low low 

benzene low low 
benzaldehyde very high 
2-butanone very high 
furfural very high 
thiazole high 
nonanal high 
thiazole high 
2-acetylthiazole medium 
3-methyl-butanal medium 
(Z)-2-heptenal medium 
heptanal medium 
methyl-thiirane medium 
3-ethyl-pentane medium 
phenylacetaldehyde medium 
2-hexyl-furan medium 
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2-nonanone medium 
propanal medium 
pyrazine medium 
(Z)-2-heptenal medium 
2-methyl-1-heptene medium 
2-ethyl-furan medium 
octanal medium 
(E)-4-octene low 
(E)-2-octenal low 
2-methyl-thiazole low 
2-propenal low 
1-octen-3-one low 
1-octene low 
2-octanone low 
dimethyl sulfide low 
3-pentyl-furan low 
2-n-octylfuran low 
2-pentyl-thiophene low 

OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction 

5 with the detailed description thereof, the foregoing description is intended to illustrate 

and not limit the scope of the invention, which is defined by the scope of the appended 

claims. Other aspects, advantages, and modifications are within the scope of the 

following claims. 
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WHAT IS CLAIMED IS: 

1. A food product comprising: 

2 a) a highly conjugated heterocyclic ring complexed to iron ion; and 

3 b) one or more flavor precursor molecules selected from the group consisting of 

4 glucose, fructose, ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 

5 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-bound 

6 sugars, molasses, a phospholipid, a lecithin, inosine, inosine monophosphate (IMP), 

7 guanosine monophosphate (GMP), pyrazine, adenosine monophosphate (AMP), lactic 

8 acid, succinic acid, glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal 

9 oil, sunflower oil, corn oil, soybean oil, palm fruit oil, palm kernel oil, saffiower oil, 

1 o flaxseed oil, rice bran oil, cottonseed oil, olive oil, sunflower oil, canola oil, flaxseed oil, 

11 coconut oil, mango oil, a free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, 

12 phenylalanine, threonine, tryptophan, valine, arginine, histidine, alanine, asparagine, 

13 aspartate, glutamate, glutamine, glycine, proline, serine, tyrosine, glutathione, an amino 

14 acid derivative, a protein hydrolysate, a malt extract, a yeast extract, and a peptone. 

15 2. The food product of claim 1, wherein said highly conjugated heterocyclic ring 

16 complexed to an iron ion is selected from the group consisting of a heme moiety, and a 

17 porphyrin, a porphyrinogen, a corrin, a corrinoid, a chlorin, a bacteriochorophyll, a 

18 corphin, a chlorophyllin, a bacteriochlorin, and an isobacteriochlorin moiety complexed 

19 to iron ion. 

20 3. The food product of claim 2, wherein said heme moiety is a heme-containing protein, 

21 a heme moiety bound to a non-peptidic polymer; or a heme moiety bound to a solid 

22 support. 

23 

24 4. The food product of claim 2, wherein said highly conjugated heterocyclic ring 

25 complexed to iron is ferrous chlorin. 

26 
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27 5. A food product comprising: 

28 a) a heme-containing protein; and 

29 b) one or more flavor precursor molecules selected from the group consisting of 

30 glucose, fructose, ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 

31 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-bound 

32 sugars, molasses, a phospholipid, a lecithin, inosine, inosine monophosphate (IMP), 

33 guanosine monophosphate (GMP), pyrazine, adenosine monophosphate (AMP), lactic 

34 acid, succinic acid, glycolic acid, thiamine, creatine, pyrophosphate, sunflower oil, canola 

35 oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine, methionine, 

36 isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, 

37 histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, 

38 tyrosine, glutathione, an amino acid derivative, a hydrolyzed protein, a malt extract, a 

39 yeast extract, and a peptone. 

40 

41 6. The food product of any one of claims 1-5, wherein said food product comprises two 

42 to fifty flavor precursors. 

43 

44 7. The food product of any one of claims 1-5, wherein said food product comprises 

45 two to forty flavor precursors. 

46 

47 8. The food product of any one of claims 1-5, wherein said food product comprises 

48 two to thirty-five flavor precursors. 

49 

50 9. The food product of any one of claims 1-5, wherein said food product comprises 

51 two to ten flavor precursors. 

52 

53 10. The food product of any one of claims 1-5, wherein said food product comprises 

54 two to six flavor precursors. 

55 
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56 11. The food product of any one of claims 1-10, wherein said one or more flavor 

57 precursor molecules are selected from the group consisting of glucose, ribose, sucrose, 

58 maltose, cysteine, a cysteine derivative, thiamine, lysine, a lysine derivative, glutamic 

59 acid, a glutamic acid derivative, IMP, GMP, lactic acid, maltodextrin, creatine, alanine, 

60 arginine, asparagine, aspartate, glutamic acid, glutamine, glycine, histidine, isoleucine, 

61 leucine, methionine, phenylalanine, proline, threonine, tryptophan, tyrosine, valine, 

62 linoleic acid, lecithin, and mixtures thereof. 

63 

64 12. The food product of any one of claims 3-11, wherein the heme-containing protein 

65 is a plant heme-containing protein. 

66 

67 13. The food product of any one of claims 3-11, wherein the heme-containing protein 

68 is a mammalian heme-containing protein. 

69 

70 14. The food product of any one of claims 3-11, wherein the heme-containing protein 

71 is a yeast or filamentous fungus heme-containing protein. 

72 

73 15. The food product of any one of claims 3-11, wherein the heme-containing protein 

7 4 is a bacterial or arc heal heme-containing protein. 

75 

76 16. The food product of any one of claims 3-12, wherein the heme-containing protein 

77 is a non-symbiotic hemoglobin. 

78 

79 17. The food product of any one of claims 3-12, wherein the heme-containing protein 

80 is a leghemoglobin. 

81 

82 18. The food product of claim 17, wherein the leghemoglobin is a from soybean, 

83 alfalfa, lupin, fava bean, pea, cow pea, or lupine. 

84 
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85 19. The food product of any one of claims 12-18, wherein the heme-containing 

86 protein is recombinantly produced, chemically synthesized, or transcribed and translated 

87 in vitro. 

88 

89 20. The food product of any one of claims 3-19, wherein the heme-containing protein 

90 comprises an amino acid sequence having at least 80% sequence identity to a polypeptide 

91 set forth in SEQ ID NOs:1-26. 

92 

93 21. The food product of any one of claims 1-20, wherein said heme-containing 

94 protein is isolated and purified. 

95 

96 22. The food product of any one of claim 1-21, further comprising a food-grade oil, a 

97 seasoning agent, a flavoring agent, a protein, a protein concentrate, an emulsifier, a 

98 gelling agent, or a fiber. 

99 

100 23. The food product of any one of claims 1-18, wherein said food product is a meat 

101 substitute. 

102 

103 24. The food product of any one of claim 1-19, wherein said food product is a soup 

104 base, stew base, snack food, bouillon powder, bouillon cube, or a flavor packet. 

105 

106 25. The food product of any one of claims 1-20, wherein said food product is free of 

107 animal products. 

108 

109 26. The food product of any one of claims 1-21, wherein said food product is a frozen 

11 o food product. 

111 

112 27. The food product of any one of claims 1-22, wherein said food product is sealed 

113 within a packet or shaker. 

114 
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115 28. A method for producing a flavor compound, said method comprising: 

116 a) combining a highly conjugated heterocyclic ring complexed to iron ion with 

117 one or more flavor precursor molecules to form a mixture, said one or more flavor 

118 precursor molecules selected from the group consisting of glucose, ribose, fructose, 

119 arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, 

120 maltose, sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a 

121 phospholipid, a lecithin, inosine, inosine monophosphate (IMP), guanosine 

122 monophosphate (GMP), pyrazine, adenosine monophosphate (AMP), lactic acid, succinic 

123 acid, glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal oil, sunflower 

124 oil, cottonseed oil, soybean oil, com oil, palm fruit oil, palm seed oil, rice bran oil, 

125 safflower oil, olive oil, canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

126 cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

127 valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 

128 proline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

129 malt extract, a yeast extract, and a peptone; and 

130 b) heating the mixture to form one or more flavor compounds selected from the 

131 group consisting of phenylacetaldehyde, 1-octen-3-one, 2-n-heptylfuran, 2-

132 thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde, butyrolactone, 2-undecenal, 

133 methyl-pyrazine, furfural, 2-decanone, pyrrole, 1-octen-3-ol, 2-acetylthiazole, 2-(E)-

134 octenal, decanal, benzaldehyde, (E)-2-nonenal, pyrazine, 1-hexanol, 1-heptanol, dimethyl 

135 trisulfide, 2-nonanone, 2-pentanone, 2-heptanone, 2,3-butanedione, heptanal, nonanal, 2-

136 octanone, 1-octanol, 3-ethylcyclopentanone, 3-octen-2-one, (E,E)-2,4-heptadienal, (Z)-2-

137 heptenal, 6-methyl-2-heptanone, (Z)-4-heptenal, (E,Z)-2,6-nonadienal, 3-methyl-2-

138 butenal, 2-pentyl-furan, thiazole, (E,E)-2,4-decadienal, hexanoic acid, 1-ethyl-5-

139 methylcyclopentene, (E,E)-2,4-nonadienal, (Z)-2-decenal, dihydro-5-pentyl-2(3H)-

140 furanone, trans-3-nonen-2-one, (E,E)-3,5-octadien-2-one, (Z)-2-octen-1-ol, 5-

141 ethyldihydro-2(3H)-furanone, 2-butenal, 1-penten-3-ol, (E)-2-hexenal, formic acid, 

142 heptyl ester, 2-pentyl-thiophene, (Z)-2-nonenal, 2-hexyl-thiophene, (E)-2-decenal, 2-

143 ethyl-5-methyl-pyrazine, 3-ethyl-2,5-dimethyl-pyrazine, 2-ethyl-1-hexanol, thiophene, 2-

144 methyl-furan, pyridine, butanal, 2-ethyl-furan, 3-methyl-, butanal, 2-methyl-, butanal, 
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145 methacrolein, 2-methyl-propanal, propanal, acetaldehyde, 2-propyl-furan, dihydro-5-

146 propyl-2(3H)-furanone, 1,3-hexadiene, 4-decyne, pentanal, 1-propanol, heptanoic acid, 

147 ethanethiol, 1-butanol, 1-penten-3-one, dimethyl sulfide, 2-ethyl furan, 2-pentyl-

148 thiophene, 2-Propenal, 2-Tridecen-1-ol, 4-Octene, 2-methyl thiazole,, methyl-pyrazine, 2-

149 butanone, 2-pentyl-furan, 2-methyl-propanal, butyrolactone,, 3-methyl-butanal, methyl-

150 thiirane, 2-hexyl-furan, butanal,, 2-methyl-butanal, trichloromethane, 2-methyl-furan, 

151 furan, octanal, 2-Heptenal, 1-Octene, heptyl ester formic acid, 3-pentyl-furan, and 4-

152 penten-2-one. 

153 

154 29. The method of claim 28, wherein said highly conjugated heterocyclic ring 

155 complexed to an iron ion is selected from the group consisting of a heme moiety, and a 

156 porphyrin, a porphyrinogen, a corrin, a corrinoid, a chlorin, a bacteriochorophyll, a 

157 corphin, a chlorophyllin, a bacteriochlorin, or an isobacteriochlorin moiety complexed to 

158 iron 10n. 

159 

160 30. The method of claim 29, wherein said heme moiety is a heme-containing protein, 

161 a heme moiety bound to a non-peptidic polymer; or a heme moiety bound to a solid 

162 support. 

163 

164 31. The method of claim 30, wherein said heme moiety is a heme-containing protein. 

165 

166 32. The method of claim 29, wherein said highly conjugated heterocyclic ring complexed 

167 to an iron ion is ferrous chlorin. 

168 

169 33. The method of any one of claims 28-32, said method comprising combining 

170 cysteine, ribose, lactic acid, lysine, and/or thiamine with said highly conjugated 

171 heterocyclic ring complexed to iron. 

172 

173 34. A method for producing a flavor compound, said method comprising: 
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174 a) combining a heme-containing protein, cysteine, and a sugar, and one or more 

175 optional flavor precursor molecules to form a mixture, said one or more optional flavor 

176 precursor molecules selected from the group consisting of glucose, fructose, ribose, 

177 arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, 

178 maltose, sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a 

179 phospholipid, a lecithin, inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, 

180 glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal oil, sunflower oil, 

181 cottonseed oil, soybean oil, corn oil, palm fruit oil, palm seed oil, rice bran oil, safflower 

182 oil, olive oil, canola oil, coconut oil, mango oil, a free fatty acid, methionine, isoleucine, 

183 leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, histidine, alanine, 

184 asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, tyrosine, glutathione, 

185 an amino acid derivative, a protein hydrolysate, a malt extract, a yeast extract, and a 

186 peptone; and 

187 b) heating the mixture to form one or more flavor compounds set forth in Table 3, 

188 8, 9, 12, 14, 16, or 17. 

189 

190 35. A method for imparting a meat-like flavor to a food product comprising 

191 contacting said food product with a flavoring composition, said flavoring composition 

192 comprising i) a heme-containing protein; and ii) one or more flavor precursor molecules 

193 selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

194 phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

195 maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 

196 inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

197 creatine, pyrophosphate, vegetable oil, algal oil, sunflower oil, cottonseed oil, soybean 

198 oil, corn oil, palm fruit oil, palm seed oil, rice bran oil, safflower oil, olive oil, sunflower 

199 oil, canola oil, coconut oil, mango oil, a free fatty acid, cysteine, methionine, isoleucine, 

200 leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, histidine, alanine, 

201 asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, tyrosine, glutathione, 

202 an amino acid derivative, a hydrolyzed protein, a malt extract, a yeast extract, and a 
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203 peptone; wherein after heating said food product and said flavoring composition together, 

204 a meat-like flavor is imparted to said food product. 

205 

206 36. The method of claim 35, wherein said meat-like flavor is a beef-like, chicken-like, 

207 pork-like, lamb-like flavor, or turkey-like. 

208 

209 37. The method of claim 35 or claim 36, wherein said flavoring composition further 

21 o comprises a seasoning agent, a flavoring agent, a protein, a protein concentrate, or an 

211 emulsifier. 

212 

213 38. The method of any one of claims 35-3 7, wherein said flavoring composition is 

214 sealed within a packet or shaker. 

215 

216 39. A method of making a food product, said method comprising combining an 

217 isolated heme-containing protein and one or more flavor precursor molecules to form a 

218 mixture, said one or more flavor precursor molecules selected from the group consisting 

219 of glucose, fructose, ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, 

220 fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-

221 bound sugars, molasses, a phospholipid, a lecithin, inosine, IMP, GMP, pyrazine, AMP, 

222 lactic acid, succinic acid, glycolic acid, thiamine, creatine, pyrophosphate, sunflower oil, 

223 canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine, methionine, 

224 isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, 

225 histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, praline, serine, 

226 tyrosine, glutathione, an amino acid derivative, a hydrolyzed protein, a malt extract, a 

227 yeast extract, and a peptone; and heating the mixture. 

228 

229 40. A method for producing a flavor compound, said method comprising: 

230 a) incubating a heme-moiety bound to a solid support with one or more flavor 

231 precursor molecules, said one or more flavor precursor molecules selected from the group 

232 consisting of cysteine, ribose, glucose, fructose, arabinose, glucose-6-phosphate, fructose 
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233 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen, 

234 nucleotide-bound sugars, molasses, a phospholipid, a lecithin, inosine, inosine 

235 monophosphate (IMP), guanosine monophosphate (GMP), pyrazine, adenosine 

236 monophosphate (AMP), lactic acid, succinic acid, glycolic acid, thiamine, creatine, 

237 pyrophosphate, vegetable oil, algal oil, sunflower oil, cottonseed oil, soybean oil, com 

238 oil, palm fruit oil, palm seed oil, rice bran oil, safflower oil, olive oil, canola oil, flaxseed 

239 oil, coconut oil, mango oil, a free fatty acid, methionine, isoleucine, leucine, lysine, 

240 phenylalanine, threonine, tryptophan, valine, arginine, histidine, alanine, asparagine, 

241 aspartate, glutamate, glutamine, glycine, proline, serine, tyrosine, glutathione, an amino 

242 acid derivative, a protein hydrolysate, a malt extract, a yeast extract, and a peptone; and 

243 b) heating the heme-moiety bound to said solid support and one or more flavor 

244 precursors to form one or more flavor compounds selected from the group consisting of 

245 phenylacetaldehyde, 1-octen-3-one, 2-n-heptylfuran, 2-thiophenecarboxaldehyde, 3-

246 thiophenecarboxaldehyde, butyrolactone, 2-undecenal, methyl-pyrazine, 2-furfural, 

247 decanone, pyrrole, 1-octen-3-ol, 2-acetylthiazole, (E)-2-octenal, decanal, benzaldehyde, 

248 (E)-2-nonenal, pyrazine, 1-hexanol, 1-heptanol, dimethyl trisulfide, 2-nonanone, 2-

249 pentanone, 2-heptanone, 2,3-butanedione, heptanal, nonanal, 2-octanone, 1-octanol, 3-

250 ethylcyclopentanone, 3-octen-2-one, (E,E)-2,4-heptadienal, (Z)-, 2-heptenal, 6-methyl-2-

251 heptanone, (Z)-4-heptenal, (E,Z)-2,6-nonadienal, 3-methyl-2-butenal, 2-pentyl-furan, 

252 thiazole, (E,E)-2,4-decadienal, hexanoic acid, 1-ethyl-5-methylcyclopentene, (E,E)-2,4-

253 nonadienal, (Z)-2-decenal, dihydro-5-pentyl-2(3H)-furanone, trans-3-nonen-2-one, (E,E)-

254 3,5-octadien-2-one, (Z)-2-octen-1-ol, 5-ethyldihydro-2(3H)-furanone, 2-butenal, 1-

255 penten-3-ol, (E)-2-hexenal, formic acid, heptyl ester, 2-pentyl-thiophene, (Z)-2-nonenal, 

256 2-hexyl-thiophene, (E)-2-decenal, 2-ethyl-5-methyl-pyrazine, 3-ethyl-2,5-dimethyl-

257 pyrazine, 2-ethyl-1-hexanol, thiophene, 2-methyl-furan, pyridine, butanal, 2-ethyl-furan, 

258 3-methyl-butanal, 2-methyl-butanal, methacrolein, 2-methyl-propanal, propanal, 

259 acetaldehyde, 2-propyl-furan, dihydro-5-propyl-2(3H)-furanone, 1,3-hexadiene, 4-

260 decyne, pentanal, 1-propanol, heptanoic acid, ethanethiol, 1-butanol, 1-penten-3-one, 

261 dimethyl sulfide, 2-ethyl furan, 2-pentyl-thiophene, 2-propenal, 2-tridecen-1-ol, 4-octene, 

262 2-methyl thiazole, methyl-pyrazine, 2-butanone, 2-pentyl-furan, 2-methyl-propanal, 
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263 butyrolactone, 3-methyl-butanal, methyl-thiirane, 2-hexyl-furan, butanal,, 2-methyl-

264 butanal, trichloromethane, 2-methyl-furan, furan, octanal, 2-heptenal, 1-octene, heptyl 

265 ester formic acid, 3-pentyl-furan, and 4-penten-2-one. 
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FIGURE 1 

SEQ ID N0:1 Vigna radiata 

MTTTLERGFTEEQEALVVKSWNVMKKNSGELGLKFFLKIFEIAPSAQKLFSFLRDSTVP 
LEQNPKLKPHAVSVFVMTCDSAVQLRKAGKVTVRESNLKKLGATHFRTGVANEHFEVTK 
FALLETIKEAVPEMWSPAlVIKNAWGEAYDQLVDAIKYEMKPPSS 

SEQ ID N0:2 Afethylacidiphilum infernorum 

MIDQKEKELIKESWKRIEPNKNEIGLLFYANLFKEEPTVSVLFQNPISSQSRKLMQVLG 
ILVQGIDNLEGLIPTLQDLGRRHKQYGVVDSHYPLVGDCLLKSIQEYLGQGFTEEAKAA 
WTKVYGIAAQVMTAE 

SEQ ID N0:3 Aquifex aeolicus 

MLSEETIRVIKSTVPLLKEHGTEITARMYELLFSKYPKTKELFAGASEEQPKKLANAII 
AYATYIDRLEELDNAISTIARSHVRRNVKPEHYPLVKECLLQAIEEVLNPGEEVLKAWE 
EAYDFLAKTLITLEKKLYSQP 

SEQ ID N0:4 Glycine ma)c 

MGAFTEKQEALVSSSFEAFKANIPQYSVVFYTSILEKAPAAKDLFSFLSNGVDPSNPKL 
TGHAEKLFGLVRDSAGQLKANGTVVADAALGSIHAQKAITDPQFVVVKEALLKTIKEAV 
GDKWSDELSSAWEVAYDELAAAIKKAF 

SEQ ID N0:5 Hordeum vulgare 

MSAAEGAVVFSEEKEALVLKSWAIMKKDSANLGLRFFLKIFEIAPSARQMFPFLRDSDV 
PLETNPKLKTHAVSVFVMTCEAAAQLRKAGKITVRETTLKRLGGTHLKYGVADGHFEVT 
RFALLETIKEALPADMWGPEMRNAWGEAYDQLVAAIKQEMKPAE 

Afagnaporthe oryzae, (SEQ ID N0:6) 

1 mdgavrldwt gldl tgheih dgvpiasrvq vmvsfplfkd qhiimsskes psrksstigq 
61 strngscqad tqkgqlppvg ekpkpvkenp mkklkemsqr plptqhgdgt yptekkltgi 

121 gedlkhirgy dvktllamvk sklkgeklkd dktmlmervm qlvarlptes kkraeltdsl 
181 inel,,resldh pplnylgpeh syrtpdgsyn hpfnpqlgaa gsryarsvip tvtppgalpd 
241 pglifdsimg rtpnsyrkhp nnvssilwyw atiiihdif-;,, tdprdintnk sssyldlapl 
301 ygnsqemqds irtfkdgrmk pdcyadkrla gmppgvsvll imfnrfhnhv aenlalineg 
361 grfnkpsdll egeareaawk kydndlfqva rlvtsglyin itlvdyvrni vnlnrvdttw 
421 tldprqdaga hvgtadgaer gtgnavsaef nlcyrwhsci sekdskfvea qfqnifgkpa 
481 sevrpdem,,,k gfakmeqntp adpgqrtfgg fkrgpdgkfd dddlvrcise avedvagafg 
541 arnvpqamkv vetmgiiqgr hmvaglnef rkhfhlkpys tfedinsdpg vaealrrlyd 
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601 hpdnvelypg lvaeedkqpm vpgvgiapty tisrvvlsda vclvrgdrfy ttdftprnlt 
661 n,,rgykevdyd lsvnhgcvfy klfirafpnh fkqnsvyahy pmvvpsenkr ilealgradl 
721 fdfeapkyip prvnitsygg aeyiletqek ykvt;,rheglg flmgegglkf mlsgddplha 
781 qqrkcmaaql ykdgwteavk afyagnm1eel lvsksyflgn nkhrhvdiir dvgnmvhvhf 
841 asqvfglplk taknptgvft eqemygilaa ifttiffdld psksfplrtk trevcqklak 
901 lveanvklin kipwsrgmfv gkpakdepls iygktmikgl kahglsdydi awshvvptsg 
961 amvpnqaqvf aqavdyylsp agmhyipeih mvalqpstpe tdalllgyam egirlagtfg 

1021 syreaavddv vkedngrqvp vkagdrvfvs fvdaardpkh fpdpevvnpr rpakkyihyg 
1081 vgphaclgrd asqiaitemf rclfrrrnvr rvpgpqgelk kvprpggfyv ymredwgglf 
1141 pfpvtmrvmN dde 

Fusarium oxysporum (SEQ ID NO:7) 

1 mkgsatlafa lvqfsaasql vwpskwdeve dllymqggfn krgfadalrt cefgsnvpgt 
61 qntaewlrta fhdaithdak agtggldasi ywessrpenp gkafnntfgf fsgfhnprat 

121 asdltalgtv lavgacngpr ipfragrida ykagpagvpe pstnlkdtfa aftkagftke 
181 emtamvacgh aiggvhsvdf peivgikadp nndtnvpfqk dvssfhngiv teylagtskn 
241 plvasknatf hsdkrifdnd katmkklstk agfnsmcadi ltrmidtvpk svqltpvlea 
301 ydvrpyitel slnnknkihf tgsvrvritn nirdnndlai nliyvgrdgk kvtvptqqvt 
361 fqggtsfgag evfanfefdt tmdakngitk ffiqevkpst katvthdnqk tggykvddtv 
421 lyqlqqscav leklpnaplv vtamvrdara kdaltlrvah kkpvkgsivp rfqtaitnfk 
481 atgkkssgyt gfqaktmfee qstyfdivlg gspasgvqfl tsqampsqcs 

Fusarium graminearum (SEQ ID NO:8) 

1 masatrqfar aatratrngf aiaprqvirq qgrryyssep aqksssawiw ltgaavagga 
61 gyyfygnsas satakvfnps kedyqkvyne iaarleekdd yddgsygpvl vrlawhasgt 

121 ydketgtggs ngatmrfape sdhganagla aardflqpvk ekfpwitysd lwilagvcai 
181 qemlgpaipy rpgrsdrdvs gctpdgrlpd askrqdhlrg ifgrmgfndq eivalsgaha 
241 lgrchtdrsg ysgpwtfspt vltndyfrll veekwqwkkw ngpaqyedks tkslmmlpsd 
301 ialiedkkfk pwvekyakdn daffkdfsnv vlrlfelgvp faqgtenqrw tfkpthqe 

SEQ ID NO: 9 Chlamydomonas eugametos 

MSLFAKLGGREAVEAAVDKFYNKIVADPTVSTYFSNTDMKVQRSKQFAFLAYALGGASE 
WKGKDMRTAHKDLVPHLSDVHFQAVARHLSDTLTELGVPPEDITDAMAVVASTRTEVLN 
MPQQ 

SEQ ID NO: 10 Tetrahymena pyrifonnis 

MNKPQTIYEKLGGENAMKAAVPLFYKKVLADERVKHFFKNTDMDHQTKQQTDFLTMLLG 
GPNHYKGKNMTEAHKGMNLQNLHFDAIIENLAATLKELGVTDAVINEAAKVIEHTRKDM 
LGK 
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SEQ ID NO: 11 Paramecium caudatum 

MSLFEQLGGQAAVQAVTAQFYANIQADATVATFFNGIDMPNQTNKTAAFLCAALGGPNA 
WTGRNLKEVHANMGVSNAQFTTVIGHLRSALTGAGVAAALVEQTVAVAETVRGDVVTV 

SEQ ID NO: 12 Aspergillus niger 

MPLTPEQIKIIKATVPVLQEYGTKITTAFYMNMSTVHPELNAVFNTANQVKGHQARALA 
GALFAYASHIDDLGALGPAVELICNKHASLYIQADEYKIVGKYLLEAMKEVLGDACTDD 
ILDAWGAAYWALADIMINREAALYKQSQG 

SEQ ID NO:13 Zea mays 

MALAEADDGAVVFGEEQEALVLKSWAVMKKDAANLGLRFFLKVFEIAPSAEQMFSFLRD 
SDVPLEKNPKLKTHAMSVFVMTCEAAAQLRKAGKVTVRETTLKRLGATHLRYGVADGHF 
EVTGFALLETIKEALPADMWSLEMKKAWAEAYSQLVAAIKREMKPDA 

SEQ ID NO:14 Oryza sativa subsp. japonica 

MALVEGNNGVSGGAVSFSEEQEALVLKSWAIMKKDSANIGLRFFLKIFEVAPSASQMFS 
FLRNSDVPLEKNPKLKTHAMSVFVMTCEAAAQLRKAGKVTVRDTTLKRLGATHFKYGVG 
DAHFEVTRFALLETIKEAVPVDMWSPAMKSAWSEAYNQLVAAIKQEMKPAE 

SEQ ID NO:15 Arabidopsis thaliana 

MESEGKIVFTEEQEALVVKSWSVMKKNSAELGLKLFIKIFEIAPTTKKMFSFLRDSPIP 
AEQNPKLKPHAMSVFVMCCESAVQLRKTGKVTVRETTLKRLGASHSKYGVVDEHFEVAK 
YALLETIKEAVPEMWSPEMKVAWGQAYDHLVAAIKAEMNLSN 
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SEQ ID NO:16 Pisurn sativurn 

MGFTDKQEALVNSSWESFKQNLSGNSILFYTIILEKAPAAKGLFSFLKDTAGVEDSPKL 
QAHAEQVFGLVRDSAAQLRTKGEVVLGNATLGAIHVQRGVTDPHFVVVKEALLQTIKKA 
SGNNWSEELNTAWEVAYDGLATAIKKAMT 

SEQ ID NO: 17 Vigna unguiculata 

MVAFSDKQEALVNGAYEAFKANIPKYSVVFYTTILEKAPAAKNLFSFLANGVDATNPKL 
TGHAEKLFGLVRDSAAQLRASGGVVADAALGAVHSQKAVNDAQFVVVKEALVKTLKEAV 
GDKWSDELGTAVELAYDELAAAIKKAY 

SEQ ID NO: 18 Bos taurus 

MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKAS 
EDLKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKIPVKYLEFISDAIIHVLHA 
KHPSDFGADAQAAMSKALELFRNDMAAQYKVLGFHG 

SEQ ID NO:19 Sus scrofa 
MGLSDGEWQLVLNVWGKVEADVAGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKAS 
EDLKKHGNTVLTALGGILKKKGHHEAELTPLAQSHATKHKIPVKYLEFISEAIIQVLQS 
KH PGDFGADAQGAMSKALELFRNDMAAKYKELGFQG 

SEQ ID NO: 20 Equus caballus 

MGLSDGEWQQVLNVWGKVEADIAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKAS 
EDLKKHGTVVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAIIHVLHS 
KH PGDFGADAQGAMTKALELFRNDIAAKYKELGFQG 

SEQ ID NO: 21 Nicotiana benthamiana 

MSSFTEEQEALVVKSWDSMKKNAGEWGLKLFLKIFEIAPSAKKLFSFLKDSNVPL 
EQNAKLKPHSKSVFVMTCEAAVQLRKAGKVVVRDSTLKKLGATHFKYGVADE 
HFEVTKF ALLETIKEA VPEMWSVDMKNA WGEAFDQL VNAIKTEMK 

SEQ ID NO: 22 Bacillus subtilis 
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MGQSFNAPYEAIGEELLSQL VDTFYERV ASHPLLKPIFPSDLTET ARKQKQFLTQY 
LGGPPL YTEEHGHPMLRARHLPFPITNERADA WLSCMKDAMDHVGLEGEIREFL 
FGRLELTARHMVNQTEAEDRSS 

SEQ ID NO: 23 Corynebacterium glutamicum 

MTTSENFYDSVGGEETFSLIVHRFYEQVPNDDILGPMYPPDDFEGAEQRLKMFLS 
QYWGGPKDYQEQRGHPRLRMRHVNYPIGVTAAERWLQLMSNALDGVDLTAEQ 
REAIWEHMVRAADMLINSNPDPHA 

SEQ ID NO: 24 Synechocystis PCC6803 

MSTL YEKLGGTTA VDLA VDKFYERVLQDDRIKHFFADVDMAKQRAHQKAFLTY 
AFGGTDKYDGRYMREAHKEL VENHGLN GEHFDA V AEDLLATLKEMGVPEDLIA 
EVAAVAGAPAHKRDVLNQ 

SEQ ID NO: 25 Synechococcus sp. PCC 7335 

MDV ALLEKSFEQISPRAIEFSASFYQNLFHHHPELKPLF AETSQTIQEKKLIFSLAAI 
IENLRNPDILQP ALKSLGARHAEVGTIKSHYPL VGQALIETF AEYLAADWTEQLA 
TA WVEA YDVIASTMIEGADNP AA YLEPELTFYEWLDL YGEESPKVRNAIATLTH 
FHYGEDPQDVQRDSRG 

SEQ ID NO: 26 Nostoc commune 

MSTL YDNIGGQP AIEQVVDELHKRIATDSLLAPVF AGTDMVKQRNHL V AFLAQIF 
EGPKQYGGRPMDKTHAGLNLQQPHFDAIAKHLGERMAVRGVSAENTKAALDR 
VTNMKGAILNK 

SEQ ID NO: 27 Bacillus megaterium 
MREKIHSPYELLGGEHTISKL VDAFYTRVGQHPELAPIFPDNL TET ARKQKQFLTQ 
YLGGPSL YTEEHGHPMLRARHLPFEITPSRAKA WLTCMHEAMDEINLEGPERDE 
L YHRLILTAQHMINSPEQTDEKGFSH 
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fee was not paid within the time limit specified in the invitation. 

No protest accompanied the payment of additional search fees. 
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid. 

Group I+: Claims 1-10, 28-37, 39, and Tables 3, 8, 9, 12, 14, 16, and 17 (flavor compounds) are directed toward a food product 
comprising: a) a highly conjugated heterocyclic ring complexed to iron ion; and b) one or more flavor precursor molecules; and a method 
for producing a flavor compound, said method comprising: a) combining a highly conjugated heterocyclic ring complexed to iron ion with 
one or more flavor precursor molecules to form a mixture, and b) heating the mixture to form one or more flavor compounds; a food 
product comprising: a) a heme-containing protein; and b) one or more flavor precursor molecules; a method for producing a flavor 
compound, said method comprising: a) combining a heme-containing protein, cysteine, and a sugar, and one or more optional flavor 
precursor molecules to form a mixture, and b) heating the mixture to form one or more flavor compounds; and a method for imparting a 
meat-like flavor to a food product comprising contacting said food product with a flavoring composition, said flavoring composition 
comprising i) a heme-containing protein; and ii) one or more flavor precursor molecules, wherein after heating said food product and said 
flavoring composition together, a meat-like flavor is imparted to said food product. 

Group II: Claim 40 is directed toward a method for producing a flavor compound, said method comprising: a) incubating a heme-moiety 
bound to a solid support with one or more flavor precursor molecules and b) heating the heme-moiety bound to said solid support and 
one or more flavor precursors to form one or more flavor compounds. 

The food product, the methods for producing a flavor compound, and the method for imparting a meat-like flavor to a food product will be 
searched to the extent that they encompass the first item in Table 3, phenylacetaldehyde (flavor compound). It is believed that Claims 
1-10, 28-37 and 39 encompass this first named invention and thus these claims will be searched without fee to the extent that they 
encompass the first item in Table 3, phenylacetaldehyde (flavor compound). Applicants must indicate, if applicable, the claims which 
encompass this first named invention if different than what was indicated above for this group. Failure to clearly identify how any paid 
additional invention fees are to be applied to the "+" groups will result in only the first claimed invention to be searched/examined. An 
Exemplary Election would be: the second item in Table 3, 1-octen-3-one (flavor compound). 

The inventions listed as Groups l+-11 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group I+ 
include a method for imparting a meat-like flavor to a food product comprising contacting said food product with a flavoring composition, 
wherein after heating said food product and said flavoring composition together, a meat-like flavor is imparted to said food product, which 
are not present in Group 11, the special technical features of Group II including a heme-moiety bound to a solid support. 

Groups l+-11 share the technical features including a method for producing a flavor compound, said method comprising: a) combining a 
heme-moiety with one or more flavor precursor molecules selected from a group including a sugar and cysteine; and b) heating the 
heme-moiety and one or more flavor precursors to form one or more flavor compounds selected from a group including 
phenylacetaldehyde. Groups I+ share the technical features including a food product comprising: a) a highly conjugated heterocyclic ring 
complexed to iron ion; and b) one or more flavor precursor molecules; and a method for producing a flavor compound, said method 
comprising: a) combining a highly conjugated heterocyclic ring complexed to iron ion with one or more flavor precursor molecules to form 
a mixture, and b) heating the mixture to form one or more flavor compounds; a food product comprising: a) a heme-containing protein; 
and b) one or more flavor precursor molecules; a method for producing a flavor compound, said method comprising: a) combining a 
heme-containing protein, cysteine, and a sugar, and one or more optional flavor precursor molecules to form a mixture, and b) heating 
the mixture to form one or more flavor compounds; and a method for imparting a meat-like flavor to a food product comprising contacting 
said food product with a flavoring composition, said flavoring composition comprising i) a heme-containing protein; and ii) one or more 
flavor precursor molecules, wherein after heating said food product and said flavoring composition together, a meat-like flavor is imparted 
to said food product. 

-•••-continued Within the Next Supplemental Box-•••-
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However, these shared technical features are previously disclosed by US 2009/0274817 A1 to Yamaguchi, et al. (hereinafter 
'Yamaguchi') in view of the publication entitled 'The Chemistry Of Beef Flavor: Executive Summary' by Brewer, and the publication 
entitled 'Prediction Of Beef Flavor By Precursor And Volatile Compounds' by Brooks, et al. {hereinafter 'Brooks'). Yamaguchi discloses a 
method for producing a flavor compound (creating a body taste-improver; paragraphs (0023)-(00271), said method comprising: a) 
combining a heme-moiety with one or more flavor precursor molecules (the body-taste improver combines heme iron with another 
component (flavor precursor molecule); paragraphs [0024]-[0027], [0029]); and b) heating the heme-moiety and one or more flavor 
precursors {heating the body taste improver, comprising heme iron with another flavor component, enhances the taste enhancing effect; 
paragraphs (0041], [0043], [0053]); a food product (a food with an improved body taste; paragraph [0053]) comprising: a) a highly 
conjugated heterocyclic ring complexed to iron ion (a body taste-increasing component consists of heme iron; paragraphs [0027], 
(00291); and b) one or more flavor precursor molecules (the body-taste improver combines heme iron with another component {flavor 
precursor molecule); paragraphs [0024)-(0027). (0029)]; and a method for producing a flavor compound (a method of creating a body 
taste-improver; paragraphs [0023]-[0027]), said method comprising: a) combining a highly conjugated heterocyclic ring complexed to iron 
ion with one or more flavor precursor molecules (the body-taste improver combines heme iron with another component (flavor precursor 
molecule); paragraphs [0024)-(0027), [00291) to form a mixture (a composition comprising various body taste improving components (a 
mixture); paragraph [0024]), and b) heating the mixture (heating the body taste improver, comprising heme iron with another flavor 
component, enhances the taste enhancing effect; paragraphs [0041], [0043], [00531). Yamaguchi does not disclose flavor precursor 
molecules selected from a group including a sugar and cysteine; forming one or more flavor compounds selected from the group 
including phenylacetaldehyde; a food product comprising: a) a heme-containing protein; and b) one or more flavor precursor molecules 
selected from a group including a sugar and cysteine; a method comprising: a) combining a heme-containing protein, cysteine, and a 
sugar; or a method for imparting a meat-like flavor to a food product comprising contacting said food product with a flavoring 
composition, said flavoring composition comprising i) a heme-containing protein; and ii) one or more flavor precursor molecules selected 
from a group including a sugar, wherein after heating said food product and said flavoring composition together, a meat-like flavor is 
imparted to said food product. Brewer discloses flavor precursor molecules selected from a group including a sugar (precursor 
compounds include sugars such as glucose, fructose or ribose; page 2, left column, first paragraph to right column, first paragraph; page 
2, Table 1) and cysteine (precursor compounds include amino acids such as cysteine; page 2, left column, first paragraph to right 
column, first paragraph; page 2, Table 1 ); a food product (beef (food product); page 2, left column, first paragraph to right column, first 
paragraph) comprising: a) a heme-containing protein (beef contains heme protein which can contribute to its flavor; page 10, left column, 
second paragraph; page 11, right column, first paragraph); and b) one or more flavor precursor molecules selected from a group 
including a sugar (precursor compounds include sugars, such as glucose, fructose or ribose; page 2, left column, first paragraph to right 
column, first paragraph; page 2, Table 1) and cysteine (precursor compounds include amino acids such as cysteine; page 2, left column, 
first paragraph to right column, first paragraph; page 2, Table 1 ); a method comprising: a) combining a heme-containing protein (beef 
contains heme protein which can contribute to its flavor; page 10, left column, second paragraph; page 11, right column, first paragraph), 
cysteine (precursor compounds include amino acids, such as cysteine; page 2, left column, first paragraph to right column, first 
paragraph; page 2, Table 1 ), and a sugar (precursor compounds include sugars, such as glucose, fructose or ribose; page 2, left column, 
first paragraph to right column, first paragraph; page 2, Table 1), and one or more optional flavor precursor molecules to form a mixture 
(optional language not analyzed); and a method for imparting a meat-like flavor to a food product (developing a beef flavor in beef (food 
product); page 2, left column, first paragraph to right column, first.paragraph) comprising contacting said food product with a flavoring 
composition (precursor compounds including flavor-active volatiles embedded in a matrix (composition); page 2, left column, first 
paragraph), said flavoring composition comprising i) a heme-containing protein (beef contains heme protein which can contribute to its 
flavor; page 10, left column, second paragraph; page 11, right column, first paragraph); and ii) one or more flavor precursor molecules 
selected from a group including a sugar (precursor compounds include sugars such as glucose, fructose or ribose; page 2, left column, 
first paragraph to right column, first paragraph; page 2, table 1) and cysteine (precursor compounds include amino acids such as 
cysteine; page 2, left column, first paragraph to right column, first paragraph; page 2, Table 1), wherein after heating said food product 
and said flavoring composition together, a meat-like flavor is imparted to said food product (beef flavor is developed by heating the beef; 
page 2, left column, first paragraph to right column, first paragraph). Brooks discloses a flavor compound selected from the group 
including phenylacetaldehyde (phenylacetaldehyde is a volatile flavor compound present in cooked steak; page 4, Table 8). It would 
have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the methods for producing a flavor 
compound and the food product, as previously disclosed by Yamaguchi, for including the use of the flavor precursor molecules and the 
method for imparting a meat-like flavor to a food product, as previously disclosed by Brewer, as the previous disclosure by Yamaguchi 
includes the use of compounds which when heated oxidize and enhance the flavor of foods, including meats (Yamaguchi; paragraphs 
(0022), [0041 ], [0043), [0053]), Brewer discloses flavor precursor molecules which, when heated, impart various flavors to beef (Brewer; 
page 2, left column, first paragraph to right column. first paragraph; page 2, Table 1 ), and a combination of these references would have 
resulted in an improved flavor enhancer for imparting meat flavors to foods when cooked. Additionally, it would have been obvious to a 
person of ordinary skill in the art, at the time of the invention, to have modified the methods for producing a flavor compound and the food 
product, as previously disclosed by Yamaguchi, for including forming flavor compounds, such as phenylacetaldehyde, as previously 
disclosed by Brooks, as the previous disclosure by Yamaguchi includes the use of volatile compounds which, when heated, oxidize and 
enhance the flavor of foods, including meats (Yamaguchi; paragraphs [0022], [0041 ], (0043], (0044], (00531), Brooks discloses volatile 
flavor compounds present in cooked steaks, including phenylacetaldehyde, which is present in higher concentrations in Prime quality 
grade steaks (Brooks; page 4, Table 8), and a combination of these references would have resulted in an improved method for imparting 
meat flavors to food, based on the formation of desirable volatile compounds, when the food is cooked. 

Since none of the special technical features of the Groups 1-11+ inventions is found in more than one of the inventions, and since all of the 
shared technical features are previously disclosed by Yamaguchi, Brewer and Brooks references, unity of invention is lacking. 
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EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with 
next communication to applicant. 

Substitute Disclosure Form 
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Application/Control No. Applicant(s)/Patent Under 
15/398,479 Reexamination 

Notice of References Cited 
Fraser et al. 

Examiner Art Unit 
ELIZABETH A GWARTNEY 1791 Page 1 of 1 

US PATENT DOCUMENTS .. 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date Country Name CPC Classification 

Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

Proulx et al., "Iron bioavailability of hemoglobin from soy root nodules suing a Caco-2 cell culture model" - J. Agric. Food Chem., 22 

u February 2006, 54(4), pp. 1518-1522. 

V 

w 

X 

*A copy ofth1s reference 1s not being furnished with this Office action. (See MPEP § 707.0S(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20171117 
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Page 1 of 1 

i UNITED STATES p ATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COJ\1:MISSIONER FOR PA TENTS 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371(c) 
DATE 

15/398,479 01/04/2017 

RULE 

APPLICANTS 
Impossible Foods Inc., Redwood City, CA; 

INVENTORS 
Rachel Fraser, San Francisco, CA; 
Patrick O'Reilly Brown, Stanford, CA; 
Jessica Karr, San Francisco, CA; 
Celeste Holz-Schietinger, East Palo Alto, CA; 
Elysia Cohn, Sunnyvale, CA; 

•• CONTINUING DATA************************* 

CLASS 

426 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
v.,,.,w.uspto.gov 

CONFIRMATION NO. 2358 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

1791 38767-0015002 

This application is a CON of 14/797,006 07/10/2015 PAT 9700067 
which is a CON of PCT/US2014/011347 01/13/2014 
which is a CON of 13/941,211 07/12/2013 
and claims benefit of 61/908,634 11/25/2013 
and claims benefitof61/751,816 01/11/2013 

•• FOREIGN APPLICATIONS************************* 

•• IF REQUIRED, FOREIGN FILING LICENSE GRANTED •• 
01/13/2017 

Foreign Priority claimed Oves¥f"No STATE OR SHEETS TOTAL INDEPENDENT 
35 USC 119(a-d) conditions met D Yes ¥f" No □ X1fc!::~~ COUNTRY DRAWINGS CLAIMS CLAIMS 
Verified and /ELIZABETH A 

CA 5 30 2 GWARTNEY/ 
Acknowledged l:xammer s S1gnafure Tnliials 

ADDRESS 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

TITLE 

METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF 
CONSUMABLES 

□ All Fees 

□ 1.16 Fees (Filing) 

FILING FEE FEES: Authority has been given in Paper 
□ 1.17 Fees (Processing Ext. of time) 

RECEIVED No. to charge/credit DEPOSIT ACCOUNT 

2400 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

BIB (Rev. 05/07). 
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Application/Control No. 

Issue Classification 15/398,479 

Examiner 

ELIZABETH A GWARTNEY 

CPC 

Symbol 

A23L I 27 I 26 

A23L I 13 I 424 

A23L I 13 I 426 

A23L I 27 I 00 

A23L I 27 I 20 

A23L I 33 I 185 

CPC Combination Sets 

Symbol 

I , I I , I 

NONE 

(Assistant Examiner) 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1791 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Applicant(s)/Patent Under Reexamination 

Fraser et al. 

Art Unit 

1791 

Type Version 

F 2016-08-01 

I 2016-08-01 

I 2016-08-01 

I 2016-08-01 

I 2016-08-01 

I 2016-08-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Dale) 24 

20 November 2017 
O.G. Print Claim(s) O.G. Print Figure 

(Dale) 1 1 

Part of Paper No.: 20171117 

Page 1 of 3 
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Case No.: IPR2023-00209 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

A23L 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS 

NONE 

(Assistant Examiner) 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1791 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

15/398,479 

Examiner 

ELIZABETH A GWARTNEY 

I , I 21 

Applicant(s)/Patent Under Reexamination 

Fraser et al. 

Art Unit 

1791 

I , I 26 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

Total Claims Allowed: 

(Dale) 24 

20 November 2017 
O.G. Print Claim(s) O.G. Print Figure 

(Dale) 1 1 

Part of Paper No.: 20171117 

Page 2 of 3 
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Case No.: IPR2023-00209 
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Application/Control No. 

Issue Classification 15/398,479 

Examiner 

ELIZABETH A GWARTNEY 

Applicant(s)/Patent Under Reexamination 

Fraser et al. 

Art Unit 

1791 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 
- 1 - 10 - 19 - 28 6 37 13 46 20 55 
- 2 - 11 - 20 - 29 7 38 - 47 21 56 
- 3 - 12 - 21 - 30 8 39 - 48 - 57 
- 4 - 13 - 22 1 31 9 40 14 49 22 58 
- 5 - 14 - 23 - 32 10 41 15 50 23 59 
- 6 - 15 - 24 2 33 - 42 16 51 - 60 
- 7 - 16 - 25 3 34 - 43 17 52 24 61 
- 8 - 17 - 26 4 35 11 44 18 53 
- 9 - 18 - 27 5 36 12 45 19 54 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Dale) 24 

/ELIZABETH GWARTNEY/ 20 November 2017 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1791 

(Primary Examiner) (Dale) 1 1 

U.S. Patent and Trademark Office Part of Paper No.: 20171117 

Page 3 of 3 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

Application No. 
15/398,479 

Applicant(s) 
Fraser et al. 

Applicant-Initiated Interview Summary Examiner Art Unit 
ELIZABETH A GWARTNEY 1791 

All participants (applicant, applicants representative, PTO personnel): 

(1) ELIZABETH A. GWARTNEY. 

(2) Ian Lodovice. 

Date of Interview: 11 September 2017. 

Type: 0 Telephonic D Video Conference 

(3) Teresa Lavoie. 

(4) __ . 

D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: □ Yes 0No. 
If Yes, brief description: __ . 

Issues Discussed 0101 0112 0102 0103 00thers 
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 31 and 41 .. 

Identification of prior art discussed: NA. 

Substance of Interview 

AIAStatus 
No 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

In the interview Mr. Lodovice and Ms. Lavoie discussed possible claim amendments to overcome the prior art 
rejections of record and to further clarify the significant aspects of the invention. No specific agreements were reached. 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1791 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20171117 
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Case No.: IPR2023-00209 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure {MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ 1.111, 1.135. (35 U.S.C. 
132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to any 
alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiners responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing out 
typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the conclusion of 
the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address either with or prior 
to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other circumstances dictate, the 
Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
- Application Number (Series Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of interview 
- Type of interview (telephonic, video-conference, or personal) 
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
- An indication whether or not an exhibit was shown or a demonstration conducted 
- An identification of the specific prior art discussed 

An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview unless 
it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the substance of the 
interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted,-
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on 

the Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed 

by the examiner. 
Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and accurate, 

the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the statement 
attributed to him or her. If the record is complete and accurate, the examiner should place the indication, Interview Record OK on the paper recording 
the substance of the interview along with the date and the examiners initials. 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

Examiner-Initiated Interview Summary 

Application No. 

15/398,479 

Examiner 

ELIZABETH A GWARTNEY 

All participants (applicant, applicant's representative, PTO personnel): 

(1) ELIZABETH A. GWARTNEY. (3) __ . 

(2) Ian Lodovice. (4) __ . 

Date of Interview: 16 November 2017. 

Type: 0 Telephonic D Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: D Yes 
If Yes, brief description: __ . 

0No. 

Issues Discussed D 101 D 112 D 102 D 103 0 Others 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 31 and 41. 

Identification of prior art discussed: NA. 

Substance of Interview 

Applicant(s) 

Fraser et al. 

Art Unit 

1791 

AIA Status 

No 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference 

or a portion thereof, claim inteipretation, proposed amendments, arguments of any applied references etc .. ) 

See Continuation Sheet. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general 
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or 
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1791 

Interview Summary Paper No. 20171117 
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Continuation Sheet (PTOL-413B) Application No. 15/398,479 

Continuation of Substance of Interview including description of the general nature of what was agreed 
to if an agreement was reached, or any other comments: In the interview, Mr. Ian Lodovice approved 
the Examiner's Amendment to claims 41 and 42 set forth in the attached Notice of Allowability. 

In a follow-up interview 20 November 2017, Mr Lodovice approved the Examiner's Amendment of 
claims 47, 48, 57, 58, 59 and 60 in the attached Notice of Allowability. 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

UNITED STATES p ATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMJ\.1ISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

EXAMINER 
26191 7590 12/06/2017 

PISII & RICIIARDSON P.C. (TC) 
PO BOX 1022 

GWARTNEY,ELIZABEIBA 

MINNEAPOLIS, MN 55440-1022 ART UNIT PAPER NUMBER 

1791 

DATE MAILED: 12/06/2017 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/398,479 01/04/2017 Rachel Fraser 38767-0015002 2358 

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF CONSUMABLES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $960 $0 $0 $960 03/06/2018 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity statns still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Statns (from statns indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount ofundiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and retnmed to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part Bis filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec.12, 1980 may require payment of maintenance 
fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page I of3 

PTOL-85 (Rev. 02/11) 
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PART B - FEE(S) TRANS MITT AL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (ifrequired). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

Note: A certificate of mailing can only be used for domestic mailings of the 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

26191 7590 12/06/2017 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-I022 

APPLICATION NO. FILING DATE 

15/398,479 01/04/2017 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Rachel Fraser 38767-0015002 2358 

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF CONSUMABLES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

GWARTNEY, ELIZABETH A 1791 

D Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

D "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; R~v 03-0~ or more recent) attached. Use of a Customer 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

426-533000 

2. For pn.ntmg on e patent rant page, 1st 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 03/06/2018 

2. _____________ _ 

3 _____________ _ 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation 
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government 

4a. The following fee(s) are submitted: 

D Issue Fee 

D Publication Fee (No small entity discount permitted) 

D Advance Order - # of Copies _________ _ 

Change in Entity Statm (fww siah!s iodicaied aba,,aj 

D Applicant certifying micro entity status. See 37 CFR 1.29 

D Applicant asserting small entity status. See 37 CFR 1.27 

D Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

D A check is enclosed. 

D Payment by credit card. Form PTO-2038 is attached. 

D The director is hereby authorized to charge the required fee(s), any deficiency, or credits any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ISA and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification ofloss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature________________________ Date ____________________ _ 

Typed or printed name 

PTOL-85 Part B (10-13) Approved foruse through 10/31/2013. 

Page 2 
of3 

0MB 0651-0033 

Registration No. 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COM:t\-ffiRCE 
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UNITED STATES p ATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/398,479 01/04/2017 

26191 7590 12/06/2017 

PISII & RICIIARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIRST NAMED INVENTOR 

Rachel Fraser 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMJ\.1ISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

38767-0015002 2358 

EXAMINER 

GWARTNEY,ELIZABEIBA 

ART UNIT PAPER NUMBER 

1791 

DATE MAILED: 12/06/2017 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Offic!, has di_scontinued providiyg_a Patent Term Adjustml)nt (PTA) calculation with the Notjce of Allowa.nce. 
Section l(h)(2) ot the AIA Techmca t.:orrect10ns Act amended 35 U.S.C. 154(b )(3)(B)(1) to elimmate the reqmrement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. I, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination ( or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at l-(888)-786-0101 or (571)-272-4200. 

Page 3 of3 

PTOL-85 (Rev. 02/11) 



Motif Exhibit 1002, Page 1175 of 1290

Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file ( and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR. 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (I) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
I. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom oflnformation Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35U.S.C. 181) and forreviewpursuanttothe Atomic Energy Act(42 U.S.C. 218(c)). 

7. A record from this system ofrecords may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance ofa patent pursuant to 35 U.S.C. 15 I. Further, a record 
may be disclosed, subject to the limitations of3 7 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
15/398.479 
Examiner 
ELIZABETH A GWARTNEY 

Applicant(s) 
Fraser et al. 
Art Unit 
1791 I 

AIA Status 
No 

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address­
All claims being allowable. PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.0 This communication is responsive to Amendment filed 25 September 2017 . 

0 A declaralion(s)/affidavil(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the 
restriction requirement and election have been incorporated into this action. --

3.0 The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 0 All b) 0 Some *c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 
2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

0 including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Dale __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each 
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121 (d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Nole the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 0 Notice of References Cited (PT0-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Dale 20170714; 20170912; 20171117 

3. 0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4.~ Interview Summary (PT0-413), 
Paper No./Mail Dale. 

U.S. Patent and Trademark Office 

5. ~ Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

7.00ther __ 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1791 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20171117 
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Continuation Sheet (PTOL-37) Application No. 15/398,479 

Continuation of 3. The allowed claim(s) is/are: 31,33-41,44-46,49-56,58-59 and 61 
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NOTICE OF ALLOWABILITY 

I. Claims 31, 33-41, 44-46, 49-56, 58, 59 and 61 are allowed. 

Page 2 

2. The previous rejections under 35 U.S.C. 112, first and second paragraph and 35 U.S.C. 

102 have been withdrawn in light of Applicants' amendment and remarks filed 25 September 

2017. 

3. The previous objections to the Specification and Drawings have been withdrawn in light 

of Applicants amendment to the Specification and Replacement sheet for FIG. 2 filed 25 

September 2017. 

EXAMINER'S AMENDMENT 

4. An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

Authorization for this examiner's amendment was given in an interview with Ian 

Lodovice on November 16, 2017 and November 21, 2017. 

Claim 41: 

A food flavor additive composition prepared by a process of: 

a) combining an isolated heme-containing protein; a compound a sugar, sugar ale0h0l, 

sugar aeid, er a sugar docivative selected from glucose, fructose, lactose, xylose, arabinose, 

glucose-6-phosphate, maltose and glactose, and mixtures of two or more thereof; and a 

compound selected from cysteine, cysteine, selettseysteitte, thiamine, methionine, and mixtures 

of two or more thereof, to form a heme flavor reaction mixture, and 
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b) heating the heme flavor reaction mixture to at least l 50°C for at least I minute to 

result in a food flavor additive composition; 

wherein the food flavoring additive composition contains no animal products no fillimal 

tissue derived eOHlflOHents; and 

wherein the heme flavor reaction mixture has a meaty flavor and/or meaty aroma during 

the heating of step b) and!er the food flavoring additive composition has a meaty flavor and/or 

meaty aroma after the heating of step b ). 

Claim 42: (CANCEL) 

Claim 47: (CANCEL) 

Claim 48: (CANCEL) 

Claim 57: (CANCEL) 

Claim 58: 

The food flavor additive composition of claim 41, further comprising one or more of an extract 

or hydrolysate selected from a vegetable protein hydrolysate, a soy protein hydrolysate, a yeast 

extract, a yeast protein hydrolysate, and an algal protein hydrolysate, and or !!fl albumin or a 

globulin. 

Claim 59: 

A process for imparting a meaty flavor and/or meaty aroma to a consumable food product, 

compnsmg: 

adding to the consumable food product a food flavor additive composition of claim 3111 

and 

heating the consumable food product after the adding step. 

Claim 60: (CANCEL) 
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Reasons for Allowance 

5. The following is an examiner's statement of reasons for allowance: 

Page4 

While the various pieces of applied prior art disclose compositions comprising animal 

derived heme-containing protein, sugars and amino acids (see Non-Final Office Action mailed 

14 April 2017), the references do not disclose food flavor additive compositions that contain no 

animal products as presently claimed. 

Amended claims 31 and 41 require that the flavor additive composition contains no 

animal products. The present Specification discloses that any of the inventive food products, 

including food flavor additives, can be free of animal products, i.e. contain no animal products. 

The present Specification also discloses that the food products can be non-animal based. A food 

flavor additive containing no animal products means that no component or ingredient of the 

animal product has been sourced from or obtained from an animal source. 

Note, while Proulx et al. ("Iron bioavailability of hemoglobin from soy root nodules 

suing a Caco-2 cell culture model" -J Agric. Food Chem., 22 February 2006, 54(4), pp. 1518-

1522) that hemoglobin from soy root nodules (i.e. non-animal heme-containing protein) is a 

good source ofbioavailable iron and can be used as a food fortificant, there is no motivation to 

include the fortificant, in combination with the claimed sugars and amino acids to produce meat 

associated flavors. 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 
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Conclusion 

6. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ELIZABETH A GWARTNEY whose telephone number is 

(571)270-3874. The examiner can normally be reached on M-F: 8 a.m. - 4 p.m .. 

Page 5 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Donald (Larry) Tarazano can be reached on 571-272-1515. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http:/ /pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

ELIZABETH A. GWARTNEY 
Primary Examiner 
Art Unit 1791 
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/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1791 
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Application/Control No. 

Search Notes 15/398,479 

Examiner 

ELIZABETH A GWARTNEY 

CPC - Searched* 

Symbol 

A23L 1/221, 231, 31427 (text limited) 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

Fraser et al. 

Art Unit 

1791 

Date Examiner 

4/10/2017 EG 

Date Examiner 

Date Examiner 

• See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the 
search. 

Search Notes 

Search Notes Date Examiner 

PALM inventor search completed 4/7/2017 EG 

Review of search history for 14/797,006 4/7/2017 EG 

Google/Google Scholar - composition of blood from cow/cattle, EG 
composition of cow muscle, hemoglobin content of cow blood and 4/7/2017 
muscle 

A23L 1/221, 231, 31427 (text limited) 4/10/2017 EG 

EAST text search - interference 11/19/2017 EG 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

A23L 27 /26, 13/424, 13/426 11/19/2017 EG 

U.S. Patent and Trademark Office 
Page 1 of 1 

Part of Paper No .. 20171117 
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EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

1:ef IIHits 11search Query IIDBs I Default IIPlurals IITime 
Operator Stamp I 

□13013 IIA23L1/231 
I U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
FPR5; EPO; JPO; DERWENT; 16:15 
IBM_TDB 

LJ□ 
A23L1/231 AND heme U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 

FPR5; EPO; JPO; DERWENT; 16:15 
IBM_TDB 

LJLJIA23L1/31427 I U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
FPR5; EPO; JPO; DERWENT; 16:16 
IBM TDB 

□120791 IIA23L1/221 
I U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
FPR5; EPO; JPO; DERWENT; 16:16 
IBM_TDB 

LJ[] (heme ADJ containing U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
ADJ protein) FPR5; EPO; JPO; DERWENT; 16:17 

IBM_TDB 

LJ□ 
"14797006" U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 

FPR5; EPO; JPO; DERWENT; 18:04 
IBM TDB 

LJ□ 
leghemoglobin WITH U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
food FPR5; EPO; JPO; DERWENT; 18:59 

IBM TDB 

LJ□ 
leghemoglobin WITH U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
soybean FPR5; EPO; JPO; DERWENT; 19:00 

IBM_TDB 

LJLJ leg hemoglobin U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
FPR5; EPO; JPO; DERWENT; 19:01 
IBM TDB 

LJLJ (soybean WITH U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
monophosphate) FPR5; EPO; JPO; DERWENT; 19:41 

IBM_TDB 

LJ□ (soybean with (meat U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/14 
ADJ substitute)) FPR5; EPO; JPO; DERWENT; 19:43 

IBM_TDB 

1

512

11

1632 

1 

frozen WITH soybean U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/15 
FPR5; EPO; JPO; DERWENT; 08:25 
IBM TDB 

LJ□ 
frozen WITH soybean U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/15 
WITH ( meat WITH FPR5; EPO; JPO; DERWENT; 08:26 
substitute) IBM_TDB 

LJLJ frozen WITH soybean U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/15 
WITH meal FPR5; EPO; JPO; DERWENT; 08:26 

IBM_TDB 

LJ[] (heme ADJ containing U5-PGPUB; U5PAT; U5OCR; DLJ 2015/12/15 
ADJ protein) FPR5; EPO; JPO; DERWENT; 08:36 

IBM TDB 

15161111"14797006" I U5-PGPUB; U5PAT; U5OCR; nn 2016/05/31 
FPR5; EPO; JPO; DERWENT; 12:28 

EASTSearchHistory.153984 79 _ Accessible Version.him[! 1/19/2017 9:45:48 AM] 
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EAST Search History 

LJLJ IIBM TDB II II II I 

□□ 
A23Ll/231 AND heme U5-PGPUB; U5PAT; U5OCR; DLJ 2016/05/31 

FPR5; EPO; JPO; DERWENT; 12:29 
IBM TDB 

LJLJ heme ADJ protein U5-PGPUB; U5PAT; U5OCR; DLJ 2016/05/31 
FPR5; EPO; JPO; DERWENT; 12:30 
IBM_TDB 

□□ 
(heme ADJ protein) AND U5-PGPUB; U5PAT; U5OCR; DLJ 2016/05/31 
meat FPR5; EPO; JPO; DERWENT; 12:30 

IBM TDB 

LJ□ 
"20030152500" U5-PGPUB; U5PAT; U5OCR; DLJ 2016/05/31 

FPR5; EPO; JPO; DERWENT; 15:10 
IBM_TDB 

1521 1[]"9808603" 
I U5-PGPUB; U5PAT; U5OCR; DLJ 2016/05/31 
FPR5; EPO; JPO; DERWENT; 16:00 
IBM_TDB 

LJ□ 
"2008069650" U5-PGPUB; U5PAT; U5OCR; DLJ 2016/05/31 

FPR5; EPO; JPO; DERWENT; 20:12 
IBM TDB 

LJ□ 
"2003059778" U5-PGPUB; U5PAT; U5OCR; DLJ 2017/03/10 

FPR5; EPO; JPO; DERWENT; 13:20 
IBM_TDB 

□□ 
"20120093994" U5-PGPUB; U5PAT; U5OCR; DLJ 2017/03/14 

FPR5; EPO; JPO; DERWENT; 15:26 
IBM_TDB 

□□ 
A23J1/14 AND heme U5-PGPUB; U5PAT; U5OCR; DLJ 2017/03/15 

FPR5; EPO; JPO; DERWENT; 12:04 
IBM TDB 

□□ 
A23Ll/231 AND U5-PGPUB; U5PAT; U5OCR; DLJ 2017/04/10 
hemoglobin FPR5; EPO; JPO; DERWENT; 10:52 

IBM_TDB 

□□ 
A23Ll/31427 AND U5-PGPUB; U5PAT; U5OCR; DLJ 2017/04/10 
heme FPR5; EPO; JPO; DERWENT; 10:52 

IBM_TDB 

15361□ A23Ll/221 AND heme U5-PGPUB; U5PAT; U5OCR; DLJ 2017/04/10 
FPR5; EPO; JPO; DERWENT; 10:53 
IBM TDB 

1540 1□1"2934437" I U5-PGPUB; U5PAT; U5OCR; DLJ 2017/11/18 
FPR5; EPO; JPO; DERWENT; 11:59 
IBM_TDB 

1541 1[]"3394017" 
I U5-PGPUB; U5PAT; U5OCR; DLJ 2017/11/18 
FPR5; EPO; JPO; DERWENT; 11:59 
IBM TDB 

15421□1"5039543" I U5-PGPUB; U5PAT; U5OCR; DLJ 2017/11/18 
FPR5; EPO; JPO; DERWENT; 12:00 
IBM TDB 

EAST Search History (Interference) 

1:ef IIHits 11search Query DBs I Default 
: Operator 

IIPlurals IITime Stamp 
I 

[J□IA23L27/26 U5-PGPUB; 
IOR II0:=J 2017/11/19 

U5PAT 09:40 

[J□IA23L13/424 U5-PGPUB; 
IOR 

II°:=J 
2017/11/19 

U5PAT 09:41 

r=J□IA23L13/426 U5-PGPUB; 
IOR 

II°:=J 
2017/11/19 

U5PAT 09:42 

EASTSearchHistory.153984 79 _ Accessible Version.him[! 1/19/2017 9:45:48 AM] 
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EAST Search History 

[J~l("heme-containing").clm. US-PGPUB; IOR 110:=J 2017/11/19 
USPAT 09:44 

~[JIA23J1/14 AND heme IIUSPAT IIOR 
11°:=J 

2017/03/15 
12:04 

EJ[JIA23J1/14 AND IUSPAT IIOR 
11°:=J 

2017/03/15 
leg hemoglobin 12:04 

~□IA23J1/14 USPAT IIOR 
11°:=J 

2017/03/15 
12:05 E 11260 IIA23J1/14 US-PGPUB; IOR 

11°:=J 
2017/03/15 

USPAT 12:05 E 11198 llleghemoglobin US-PGPUB; IOR 
11°:=J 

2017/03/15 
USPAT 12:05 E 11260 IIA23J1/14 US-PGPUB; IOR 

11°:=J 
2017/03/15 

USPAT 12:40 E 11109 IIA23J3/14 US-PGPUB; IOR 
11°:=J 

2017/03/15 
USPAT 12:40 E 11344 ll(heme WITH US-PGPUB; IOR 

11°:=J 
2017/03/15 

protein).clm. USPAT 12:41 

EJDIA23L13/426 I US-PGPUB; IOR 
11°:=J 

2017/08/16 
USPAT 15:58 

E::JDIA23L27/26 AND heme I US-PGPUB; IOR 
11°:=J 

2017/08/16 
USPAT 15:58 

E::JDIA23L13/424 I US-PGPUB; IOR 
IEJ 

2017/08/16 
USPAT 15:59 

11/19/2017 9:45:41 AM 
C: \ Users \egwartney\Documents \EAST\ Workspaces\ 15398479.wsp 
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METHODS AND COMPOSITIONS FOR AFFECTING THE 
FLAVOR AND AROMA PROFILE OF CONSUMABLES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Application No. 14/797,006 filed on 

July 10, 2105 which is a continuation of and claims priority to PCT/US2014/0l 1347 

which claims priority to U.S. Application Serial No. 13/941,211, filed July 12, 2013, U.S. 

5 Application Serial No. 61/908,634, filed November 25, 2013, and to U.S. Application 

Serial No. 61/751,816, filed January 11, 2013, and is related to the following co-pending 

patent applications: Application Serial No. PCT/US12/46560; Application Serial No 

PCT/US12/46552; Application Serial No. 61,876,676, filed September 11, 2013; and 

Application Serial No. 61/751,818, filed January 11, 2013, all of which are incorporated 

1 o herein by reference. 

TECHNICAL FIELD 

This invention relates to food products and more particularly, to food products 

that include a highly conjugated heterocyclic ring complexed to iron such as a heme-

15 cofactor and one or more flavor precursor molecules. 

BACKGROUND 

Food is any substance that is either eaten or drunk by any animal, including 

humans, for nutrition or pleasure. It is usually of plant or animal origin, and can contain 

20 essential nutrients, such as carbohydrates, fats, proteins, vitamins, or minerals. The 

substance is ingested by an organism and assimilated by the organism's cells in an effort 

to produce energy, maintain life, or stimulate growth. 

Food typically has its origin in a photosynthetic organism, such as a plant. Some 

food is obtained directly from plants, but even animals that are used as food sources are 

25 raised by feeding them food which is typically derived from plants. 

In most cases, the plant or animal food source is fractionated into a variety of 

different portions, depending upon the purpose of the food. Often, certain portions of the 

1 
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plant, such as the seeds or fruits, are more highly prized by humans than others and these 

are selected for human consumption, while other less desirable portions, such as the 

stalks of grasses, are typically used for feeding animals. 

Current plant-based meat substitutes have largely failed to cause a shift to a 

5 vegetarian diet. Meat substitute compositions are typically extruded soy/grain mixtures 

which largely fail to replicate the experience of cooking and eating meat. Common 

limitations of plant-based meat substitute products are a texture and mouth-feel that are 

more homogenous than that of equivalent meat products. Furthermore, as these products 

must largely be sold pre-cooked, with artificial flavors and aromas pre-incorporated, they 

1 o fail to replicate the aromas, flavors, and other key features, such as texture and mouth­

feel, associated with cooking or cooked meat. As a result, these products appeal largely 

to a limited consumer base that is already committed to vegetarianism/veganism, but 

have failed to appeal to the larger consumer segment accustomed to eating meat. It 

would be useful to have improved plant-based meat substitutes which better replicate the 

15 aromas and flavors of meat, particularly during and/or after cooking. 

SUMMARY 

Provided herein are methods and compositions for modulating the flavor and/or 

aroma profile of consumable food products, including animal- or non-animal (e.g., plant) 

based food products, or mixtures of animal- and non-animal-based food products. In 

20 some embodiments, the methods and compositions are useful for modulating the flavor 

and/or aroma profile of a consumable food product during and/or after the cooking 

process. In some embodiments, the methods and compositions are used to generate one 

or more chemical compounds that modulate the flavor and/or aroma profile of the 

consumable food product during and/or after the cooking process. 

25 As provided herein, and without being bound by theory, certain characteristic 

meaty flavors and/or aromas (e.g., beefy, bacony, umami, savory, bloody, brothy, gravy, 

metallic, bouillon-like; see Tables 2, 7, and 11), including one or more specific chemical 

compounds associated with the same (see Tables 3, 8, 9, 12, 14, 16, or 17), are believed 

to be produced during the cooking process of a consumable food product by chemical 

2 
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reaction of one or more flavor precursor molecules or compositions catalyzed by the 

presence of a highly conjugated heterocyclic ring complexed to an iron ion ( e.g., a heme 

moiety; or a porphyrin; a porphyrinogen; a corrin; a corrinoid; a chlorin; a 

bacteriochorophyll; a corphin; a chlorophyllin; a bacteriochlorin; or an isobacteriochlorin 

5 moiety complexed to an iron ion). Such highly conjugated heterocycylic moieties 

include heterocyclic aromatic rings composed of one or more (2, 3, or 4 more) pyrrole, 

pyrrole-like, and/or pyrroline subunits. The highly conjugated heterocyclic ring 

complexed to an iron ion is referred to herein as an iron complex. In some embodiments, 

the heme moiety can be a heme cofactor such as a heme moiety bound to a protein; a 

1 o heme moiety bound to a non-proteinaceous polymer; a heme moiety bound to a solid 

support; or a heme moiety encapsulated in a liposome. In some embodiments, the flavors 

and/or aromas are not generated in the absence of the iron complex (e.g., in the absence 

of a ferrous chlorin) or are not generated in the absence of a heme-cofactor ( e.g., in the 

absence of a heme-containing protein). Accordingly, as described herein, the iron 

15 complexes such as isolated chlorin-iron complexes or heme-cofactors (e.g., heme­

containing proteins) can be used to generate meaty flavors and/or aromas in a variety of 

food products, such as during the cooking process. 

Combining one or more iron complexes such as a heme-cofactor ( e.g., a heme­

containing protein, including, for example a plant-derived heme protein such as a plant 

20 leghemoglobin (legH)), with one or more flavor precursor molecules or compositions 

(see, e.g., Table 1 or Table 13) can generate or provide a range of savory and meaty 

aromas and tastes (see, e.g., Tables 2, 7, and/or 11) in a cooked consumable food product. 

Flavor precursor molecules or compositions can be added to the uncooked food product 

in purified form and/or can be derived from ingredients in the uncooked consumable food 

25 product that contain and/or are enriched with one or more of the particular flavor 

precursors or compositions, including, for example, yeast extract, vegetable oil, corn oil, 

soybean oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, 

cottonseed oil, olive oil, canola oil, sunflower oil, coconut oil, mango oil, or an algal oil. 

The resultant flavor and/or aroma profile can be modulated by the type and concentration 

30 of the flavor precursors, the pH of the reaction, the length of cooking, the type and 

3 
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amount of iron complex ( e.g., a heme cofactor such as a heme-containing protein), the 

temperature of the reaction, and the amount of water activity in the product, among other 

factors. 

One or more flavor precursor molecules or compositions can be added along with 

5 a iron complex ( e.g., ferrous chlorophyllin or a heme cofactor such as a heme-containing 

protein), to an uncooked food product, before and/or during the cooking process, to give 

the cooked consumable food product a particular meaty taste and smell, for example, the 

taste and smell of beef, bacon, pork, lamb, or chicken. Consumable food products can be 

animal or non-animal based ( e.g., plant) food products, or combinations of an animal and 

10 non-animal based food product. For example, a plant based veggie burger or an animal­

based burger, such as a chicken burger, can be modified with the compositions and 

methods of the present disclosure to result in a burger having a cooked flavor and/or 

aroma profile that is more meat like, e.g., beef-like, lamb-like, pork-like, turkey-like, 

duck-like, deer-like, yak-like, bison-like or other desirable meat flavor. 

15 Food products for use in the present disclosure include those that have an iron-

complex (e.g., a heme cofactor such as a heme-containing protein), and one or more 

flavor precursor molecules included therein. The iron-complex such as a heme cofactor 

(e.g., a heme-containing protein) and the one or more flavor precursor molecules can be 

homogenously or heterogeneously included in the food products. A heme protein can be 

20 isolated and purified prior to inclusion in the food product. Non-limiting examples of 

consumable food products which can include an iron complex such as a heme-cofactor 

(e.g., a heme-containing protein) and one or more flavor precursor molecules include 

animal-based or non-animal (e.g., plant-based), or combinations of animal-based and 

non-animal-based, food products in the form of hot dogs, burgers, ground meat, sausages, 

25 steaks, filets, roasts, breasts, thighs, wings, meatballs, meatloaf, bacon, strips, fingers, 

nuggets, cutlets, or cubes. 

Consumable food products for use in the present disclosure can be flavor additive 

compositions, e.g., for addition to another consumable food product before, during, or 

after its cooking process. A flavor additive composition can include an iron complex 

4 
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such as a heme-cofactor (e.g., a heme-containing protein), and one or more flavor 

precursors. 

A flavor additive composition can include a heme protein, e.g., an isolated and 

purified heme protein; such a flavor additive composition can be used to modulate the 

5 flavor and/or aroma profile of a consumable food product that comprises one or more 

flavor precursor molecules or compositions. A flavor additive composition can include 

one or more flavor precursor molecules or compositions; such a flavor additive 

composition can be used to modulate the flavor and/or aroma profile of a consumable 

food product that comprises the heme protein, e.g., an isolated and purified heme protein. 

10 A flavor additive composition can be in the form, of but not limited to, soup or 

stew bases, bouillon, e.g., powder or cubes, flavor packets, or seasoning packets or 

shakers. Such flavor additive compositions can be used to modulate the flavor and/or 

aroma profile for a variety of consumable food products, and can be added to a 

consumable food product before, during, or after cooking of the consumable food 

15 product. 

In some embodiments, a flavor additive composition such as one including an 

iron complex (e.g., ferrous chlorin or a heme protein) and one or more flavor precursors 

can be reacted (e.g., in vitro) with heating to generate a particular flavor and/or aroma 

profile of interest and the resultant product mixture can be added to the consumable food 

20 product of interest, which can then be eaten as-is or can be additionally modified, e.g., by 

additional cooking. In some embodiments, the iron complex can be removed from the 

resultant product mixture before adding the product mixture to the consumable food 

product of interest. For example, the iron complex can be removed from the product 

mixture using chromatographic techniques such as column chromatography, e.g., a 

25 column containing heme or iron-chlorin. 

In some embodiments, the iron complex such as a heme-cofactor, e.g., a heme­

protein, and the one or more flavor precursor flavor additive compositions can be soy­

free, wheat-free, yeast-free, MSG-free, and free of protein hydrolysis products, and can 

taste meaty, highly savory, and without off odors or flavors. 

5 
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In one aspect, this document features a food product that includes an iron complex 

such as a heme moiety, or a porphyrin, a porphyrinogen, a corrin, a corrinoid, a chlorin, a 

bacteriochorophyll, a corphin, a chlorophyllin, a bacteriochlorin, or an isobacteriochlorin 

moiety complexed to an iron ion and one or more flavor precursor molecules selected 

5 from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-phosphate, 

fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, 

glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, inosine, inosine 

monophosphate (IMP), guanosine monophosphate (GMP), pyrazine, adenosine 

monophosphate (AMP), lactic acid, succinic acid, glycolic acid, thiamine, creatine, 

1 o pyrophosphate, vegetable oil, algal oil, corn oil, soybean oil, palm fruit oil, palm kernel 

oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, sunflower oil, canola oil, olive 

oil, a free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, 

threonine, tryptophan, valine, arginine, histidine, alanine, asparagine, aspartate, 

glutamate, glutamine, glycine, praline, serine, tyrosine, glutathione, an amino acid 

15 derivative, a protein hydrolysate, a malt extract, a yeast extract, and a peptone. The heme 

moiety can be a heme-containing protein, a heme moiety bound to a non-peptidic 

polymer; or a heme moiety bound to a solid support. The heme-containing protein can be 

a plant, mammalian, a yeast or filamentous fungi, or bacterial heme-containing protein. 

The food product can include two to one hundred, two to fifty flavor precursors, two to 

20 forty flavor precursors, two to thirty-five flavor precursors, two to ten flavor precursors, 

or two to six flavor precursors. In some embodiments, the one or more flavor precursor 

molecules are selected from the group consisting of glucose, ribose, cysteine, a cysteine 

derivative, thiamine, alanine, methionine, lysine, a lysine derivative, glutamic acid, a 

glutamic acid derivative, IMP, GMP, lactic acid, maltodextrin, creatine, alanine, arginine, 

25 asparagine, aspartate, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, 

methionine, phenylalanine, praline, threonine, tryptophan, tyrosine, valine, linoleic acid, 

and mixtures thereof. The heme-containing protein can be a non-symbiotic hemoglobin 

or a leghemoglobin ( e.g., a plant leghemoglobin such as one from soybean, alfalfa, lupin, 

pea, cow pea, or lupin). The heme-containing protein can include an amino acid sequence 

30 having at least 80% sequence identity to a polypeptide set forth in SEQ ID NOs: 1-26. 

6 
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The heme-containing protein can be isolated and purified. The food product further can 

include a food-grade oil, a seasoning agent, a flavoring agent, a protein, a protein 

concentrate, an emulsifier, a gelling agent, or a fiber. The food product can be a meat 

substitute, a soup base, stew base, snack food, bouillon powder, bouillon cube, a flavor 

5 packet, or a frozen food product. Any of the food products can be free of animal 

products. The food product can be sealed within a packet or shaker. 

This document also features a method for producing a flavor compound. The 

method can include combining an iron complex (e.g., a heme moiety, a porphyrin, a 

porphyrinogen, a corrin, a corrinoid, a chlorin, a bacteriochorophyll, a corphin, a 

10 chlorophyllin, a bacteriochlorin, or an isobacteriochlorin complexed to an iron) and one 

or more flavor precursor molecules to form a mixture, the one or more flavor precursor 

molecules selected from the group consisting of glucose, fructose, arabinose, ribose 

glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, 

sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a 

15 lecithin, inosine, inosine monophosphate (IMP), guanosine monophosphate (GMP), 

pyrazine, adenosine monophosphate (AMP), lactic acid, succinic acid, glycolic acid, 

thiamine, creatine, pyrophosphate, vegetable oil, algal oil, corn oil, soybean oil, palm 

fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, canola 

oil, olive oil, sunflower oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

20 cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 

praline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

malt extract, a yeast extract, and a peptone; and heating the mixture to form one or more 

flavor compounds selected from the group consisting of phenylacetaldehyde, l-octen-3-

25 one, 2-n-heptylfuran, 2-thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde, 

butyrolactone, 2-undecenal, pyrazine, methyl-, furfural, 2-decanone, pyrrole, l-octen-3-

ol, 2-acetylthiazole, (E)-2-octenal, decanal, benzaldehyde, (E)-2-nonenal, pyrazine, 1-

hexanol, 1-heptanol, dimethyl trisulfide, 2-nonanone, 2-pentanone, 2-heptanone, 2,3-

butanedione, heptanal, nonanal, 2-octanone, 1-octanol, 3-ethylcyclopentanone, 3-octen-2-

30 one, (E,E)-2,4-heptadienal, (Z)-2-heptenal, 2-heptanone, 6-methyl-, (Z)-4-heptenal, 

7 
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(E,Z)-2,6-nonadienal, 3-methyl-2-butenal, 2-pentyl-furan, thiazole, (E, E)-2,4-

decadienal,, hexanoic acid, l-ethyl-5-methylcyclopentene, (E,E)-2,4-nonadienal, (Z)-2-

decenal, dihydro-5-pentyl-2(3H)-furanone, trans-3-nonen-2-one, (E,E)-3,5-octadien-2-

one, (Z)-2-octen-l-ol, 5-ethyldihydro-2(3H)-furanone, 2-butenal, l-penten-3-ol, (E)-2-

5 hexenal, formic acid, heptyl ester, 2-pentyl-thiophene, (Z)-2-nonenal, 2-hexyl-thiophene, 

(E)-2-decenal, 2-ethy 1-5-methy 1-pyrazine, 3-ethy 1-2, 5-dimethy 1-pyrazine, 2-ethy 1-1-

hexanol, thiophene, 2-methyl-furan, pyridine, butanal, 2-ethyl-furan, 3-methyl-butanal, 

trichloromethane, 2-methyl-butanal, methacrolein, 2-methyl-propanal, propanal, 

acetaldehyde, 2-propyl-furan, dihydro-5-propyl-2(3H)- furanone, 1,3-hexadiene, 4-

10 decyne, pentanal, 1-propanol, heptanoic acid, trimethyl-ethanethiol,, 1-butanol, l­

penten-3-one, dimethyl sulfide, 2-ethyl furan, 2-pentyl-thiophene, 2-propenal, 2-tridecen-

1-ol, 4-octene, 2-methyl thiazole,, methyl-pyrazine, 2-butanone, 2-pentyl-furan, 2-

methy 1-propanal, butyrolactone,, 3-methy 1-butanal, methy 1-thiirane, 2-hexy 1-furan, 

butanal,, 2-methyl-butanal, 2-methyl-furan, furan, octanal, 2-heptenal, 1-octene, formic 

15 acid heptyl ester, 3-pentyl-furan, and 4-penten-2-one. The heme moiety can be a heme­

containing protein, a heme moiety bound to a non-peptidic polymer; or a heme moiety 

bound to a solid support. The method can include combining cysteine, ribose, lactic acid, 

lysine, and/or thiamine with the heme-containing protein. 

In another aspect, this document features a method for producing a flavor 

20 compound. The method includes combining an iron complex, such as a heme-containing 

protein, and one or more flavor precursor molecules to form a mixture, the one or more 

flavor precursor molecules selected from the group consisting of glucose, fructose, 

ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, 

inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a 

25 phospholipid, a lecithin, inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, 

glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal oil, corn oil, soybean 

oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, 

olive oil, sunflower oil, canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

methionine, cysteine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

30 valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 
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praline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

malt extract, a yeast extract, and a peptone; and heating the mixture to form one or more 

flavor compounds set forth in Tables 3, 8, or 9. For example, the flavor precursors can 

include cysteine, a sugar, and one or more other precursors. 

5 This document also features a method for imparting a meat like flavor ( e.g., beef-

like, chicken like, pork-like, lamb-like, turkey-like, duck-like, deer-like, or bison-like) to 

a food product. The method includes contacting the food product with a flavoring 

composition, the flavoring composition comprising i) an iron complex, such as a heme 

moiety (e.g., a heme-containing protein); and ii) one or more flavor precursor molecules 

1 o selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 

inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

creatine, pyrophosphate, vegetable oil, algal oil, corn oil, soybean oil, palm fruit oil, palm 

15 kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, olive oil, sunflower oil, 

canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine, methionine, 

isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, 

histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, praline, serine, 

tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a malt extract, a 

20 yeast extract, and a peptone; wherein after heating the food product and the flavoring 

composition together, a meat like flavor (e.g., beef-like, chicken like, pork-like, lamb­

like, turkey-like, duck-like, deer-like, or bison-like) is imparted to the food product. In 

some embodiments, the iron complex is removed from the food product. The flavoring 

composition further can include a seasoning agent, a flavoring agent, a protein, a protein 

25 concentrate, or an emulsifier. The flavoring composition can be sealed within a packet or 

shaker. 

In another aspect, this document features a method of making a food product. 

The method includes combining an isolated heme-containing protein and one or more 

flavor precursor molecules to form a mixture, the one or more flavor precursor molecules 

30 selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

9 
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phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 

inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

creatine, pyrophosphate, sunflower oil, coconut oil, canola oil, flaxseed oil, mango oil, a 

5 free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, 

tryptophan, valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, 

glutamine, glycine, praline, serine, tyrosine, glutathione, an amino acid derivative, a 

protein hydrolysate, a malt extract, a yeast extract, and a peptone; and heating the 

mixture. 

10 Unless otherwise defined, all technical and scientific terms used herein have the 

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

invention pertains. Although methods and materials similar or equivalent to those 

described herein can be used to practice the invention, suitable methods and materials are 

described below. All publications, patent applications, patents, and other references 

15 mentioned herein are incorporated by reference in their entirety. In case of conflict, the 

present specification, including definitions, will control. In addition, the materials, 

methods, and examples are illustrative only and not intended to be limiting. 

The details of one or more embodiments of the invention are set forth in the 

accompanying drawings and the description below. Other features, objects, and 

20 advantages of the invention will be apparent from the description and drawings, and from 

the claims. The word "comprising" in the claims may be replaced by "consisting 

essentially of' or with "consisting of," according to standard practice in patent law. 

25 

DESCRIPTION OF THE DRAWINGS 

FIG. I contains amino acid sequences of exemplary heme-containing proteins. 

FIG. 2 is a bar graph of the beefiness rating of the meat replica with or without the 

Magic Mix, both samples in triplicate with I% w/v LegH protein. Tasters rated beefiness 

on a scale from 1-7, with I being not beefy at all and 7 being exactly like ground beef 
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DETAILED DESCRIPTION 

This document is based on methods and materials for modulating the taste and/or 

aroma profile of food products. As described herein, compositions containing one or 

more flavor precursors and one or more highly conjugated heterocyclic rings complexed 

5 to an iron (referred to herein as an iron complex) can be used to modulate the taste and/or 

aroma profile of food products. Such iron complexes include heme moieties or other 

highly conjugated heterocylic rings complexed to an iron ion (referred to as an iron 

complex). "Heme" refers to a prosthetic group bound to iron (Fe2+ or Fe3+) in the center 

of a porphyrin ring. Thus, an iron complex can be a heme moiety, or a porphyrin, 

1 o porphyrinogen, corrin, corrinoid, chlorin, bacteriochorophyll, corphin, chlorophyllin, 

bacteriochlorin, or isobacteriochlorin moiety complexed to iron ion. The heme moiety 

that can be used to modulate the taste and/or aroma profile of food products can be a 

heme cofactor such as a heme-containing protein; a heme moiety bound to a non-peptidic 

polymer or other macromolecule such as a liposome, a polyethylene glycol, a 

15 carbohydrate, a polysaccharide, a cyclodextrin, a polyethylenimine, a polyacrylate, or 

derivatives thereof; a siderophore (i.e., an iron chelating compound); or a heme moiety 

bound to a solid support ( e.g., beads) composed of a chromatography resin, cellulose, 

graphite, charcoal, or diatomaceous earth. 

In some embodiments, the iron complexes catalyze some reactions and produce 

20 flavor precursors without heating or cooking. In some embodiments, the iron complex 

destabilizes upon heating or cooking and releases the iron, e.g., the protein is denatured, 

so flavor precursors can be generated. 

Suitable flavor precursors include sugars, sugar alcohols, sugar derivatives, oils 

(e.g., vegetable oils), free fatty acids, alpha-hydroxy acids, dicarboxylic acids, amino 

25 acids and derivatives thereof, nucleosides, nucleotides, vitamins, peptides, protein 

hydrolysates, extracts, phospholipids, lecithin, and organic molecules. Non-limiting 

examples of such flavor precursors are provided in Table 1. 

11 
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TABLE 1 

Flavor Precursor Molecules 

Sugars, sugar alcohols, sugar acids, and sugar derivatives: glucose, fructose, 

ribose, sucrose, arabinose, glucose-6-phosphate,fructose-6-phosphate, fructose 

1,6-diphosphate, inositol, maltose, molasses, maltodextrin, glycogen, galactose, 

lactose, ribitol, gluconic acid and glucuronic acid, amylase, amylopectin, or 

xylose 

Oils: coconut oil, mango oil, sunflower oil, cottonseed oil, safflower oil, rice 

bran oil, cocoa butter, palm fruit oil, palm oil, soybean oil, canola oil, com oil, 

sesame oil, walnut oil, flaxseed, jojoba oil, castor, grapeseed oil, peanut oil, olive 

oil, algal oil, oil from bacteria or fungi 

Free fatty acids: caprylic acid, capric acid, lauric acid, myristic acid, palmititic 

acid, palmitoleic acid, stearic, oleic acid, linoleic acid, alpha linolenic acid, 

gamma linolenic acid, arachidic acid, arachidonic acid, behenic acid, or erucic 

acid 

Amino acids and derivatives thereof: cysteine, cystine, a cysteine sulfoxide, 

allicin, selenocysteine, methionine, isoleucine, leucine, lysine, phenylalanine, 

threonine, tryptophan, 5-hydroxytryptophan, valine, arginine, histidine, alanine, 

asparagine, aspartate, glutamate, glutamine, glycine, praline, serine, or tyrosine 

Nucleosides and Nucleotides: inosine, inosine monophosphate (IMP), 

guanosine, guanoside monophosphate (GMP), adenosine, adenosine 

monophosophate (AMP) 

Vitamins: thiamine, vitamin C, Vitamin D, Vitamin B6, or Vitamin E 

Misc: phospholipid, lecithin, pyrazine, creatine, pyrophosphate 

Acids: acetic acid, alpha hydroxy acids such as lactic acid or glycolic acid, 

tricarboxylic acids such as citric acid, dicarboxylic acids such as succinic acid or 

tartaric acid 

Peptides and protein hydrolysates: glutathione, vegetable protein hydrolysates, 

soy protein hydrolysates, yeast protein hydrolysates, algal protein hydrolysatess, 

12 
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meat protein hydrolysates 

Extracts: a malt extract, a yeast extract, and a peptone 

In some embodiments, one flavor precursor or combinations of two to one 

hundred flavor precursors, two to ninety, two to eighty, two to seventy, two to sixty, or 

two to fifty flavor precursors are used. For example, combinations of two to forty flavor 

5 precursors, two to thirty-five flavor precursors, two to ten flavor precursors, or two to six 

flavor precursors can be used with the one or more iron complexes (e.g., heme co-factors 

such as a heme-containing proteins). For example, the one or more flavor precursors can 

be glucose, ribose, cysteine, a cysteine derivative, thiamine, lysine, a lysine derivative, 

glutamic acid, a glutamic acid derivative, alanine, methionine, IMP, GMP, lactic acid, 

1 o and mixtures thereof ( e.g., glucose and cysteine; cysteine and ribose; cysteine, glucose or 

ribose, and thiamine; cysteine, glucose or ribose, IMP, and GMP; cysteine, glucose or 

ribose, and lactic acid). For example, the one or more flavor precursors can be alanine, 

arginine, asparagine, aspartate, cysteine, glutamic acid, glutamine, glycine, histidine, 

isoleucine, leucine, lysine, methionine, phenylalanine, praline, threonine, tryptophan, 

15 tyrosine, valine, glucose, ribose, maltodextrin, thiamine, IMP, GMP, lactic acid, and 

creatine. 

As used herein, the term "heme containing protein" can be used interchangeably 

with "heme containing polypeptide" or "heme protein" or "heme polypeptide" and 

includes any polypeptide that can covalently or noncovalently bind a heme moiety. In 

20 some embodiments, the heme-containing polypeptide is a globin and can include a globin 

fold, which comprises a series of seven to nine alpha helices. Globin type proteins can be 

of any class ( e.g., class I, class II, or class III), and in some embodiments, can transport or 

store oxygen. For example, a heme-containing protein can be a non-symbiotic type of 

hemoglobin or a leghemoglobin. A heme-containing polypeptide can be a monomer, i.e., 

25 a single polypeptide chain, or can be a dimer, a trimer, tetramer, and/or higher order 

oligomers. The life-time of the oxygenated Fe2+ state of a heme-containing protein can 

be similar to that of myoglobin or can exceed it by I 0%, 20%, 30% 50%, I 00% or more 

under conditions in which the heme-protein-containing consumable is manufactured, 

13 
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stored, handled or prepared for consumption. The life-time of the unoxygenated Fe2+ 

state of a heme-containing protein can be similar to that of myoglobin or can exceed it by 

10%, 20%, 30% 50%, 100% or more under conditions in which the heme-protein­

containing consumable is manufactured, stored, handled or prepared for consumption 

5 Non-limiting examples of heme-containing polypeptides can include an 

androglobin, a cytoglobin, a globin E, a globin X, a globin Y, a hemoglobin, a 

myoglobin, an erythrocruorin, a beta hemoglobin, an alpha hemoglobin, a protoglobin, a 

cyanoglobin, a cytoglobin, a histoglobin, a neuroglobins, a chlorocruorin, a truncated 

hemoglobin (e.g., HbN or HbO), a truncated 2/2 globin, a hemoglobin 3 (e.g., Glb3), a 

1 o cytochrome, or a peroxidase. 

Heme-containing proteins that can be used in the compositions and food products 

described herein can be from mammals ( e.g., farms animals such as cows, goats, sheep, 

pigs, ox, or rabbits), birds, plants, algae, fungi ( e.g., yeast or filamentous fungi), ciliates, 

or bacteria. For example, a heme-containing protein can be from a mammal such as a 

15 farm animal (e.g., a cow, goat, sheep, pig, ox, or rabbit) or a bird such as a turkey or 

chicken. Heme-containing proteins can be from a plant such as Nicotiana tabacum or 

Nicotiana sylvestris (tobacco); Zea mays (corn), Arabidopsis thaliana, a legume such as 

Glycine max (soybean), Cicer arietinum (garbanzo or chick pea), Pisum sativum (pea) 

varieties such as garden peas or sugar snap peas, Phaseolus vulgaris varieties of common 

20 beans such as green beans, black beans, navy beans, northern beans, or pinto beans, 

Vigna unguiculata varieties (cow peas), Vigna radiata (Mung beans), Lupinus albus 

(lupin), or Medicago sativa (alfalfa); Brassica napus (canola); Triticum sps. (wheat, 

including wheat berries, and spelt); Gossypium hirsutum (cotton); Oryza sativa (rice); 

Zizania sps. (wild rice); Helianthus annuus (sunflower); Beta vulgaris (sugarbeet); 

25 Pennisetum glaucum (pearl millet); Chenopodium sp. (quinoa); Sesamum sp. (sesame); 

Linum usitatissimum (flax); or Hordeum vulgare (barley). Heme-containing proteins can 

be isolated from fungi such as Saccharomyces cerevisiae, Pichia pastoris, Magnaporthe 

oryzae, Fusarium graminearum, Aspergillus oryzae, Trichoderma reesei, Myceliopthera 

thermophile, Kluyvera lactis, or Fusarium oxysporum. Heme-containing proteins can be 

30 isolated from bacteria such as Escherichia coli, Bacillus subtilis, Bacillus licheniformis, 

14 
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Bacillus megaterium, Synechocistis sp., Aquifex aeolicus, Methylacidiphilum infernorum, 

or thermophilic bacteria such as Thermophilus. The sequences and structure of numerous 

heme-containing proteins are known. See for example, Reedy, et al., Nucleic Acids 

Research, 2008, Vol. 36, Database issue D307-D313 and the Heme Protein Database 

5 available on the world wide web at http://hemeprotein.info/heme.php. 

For example, a non-symbiotic hemoglobin can be from a plant selected from the 

group consisting of soybean, sprouted soybean, alfalfa, golden flax, black bean, black 

eyed pea, northern, garbanzo, moong bean, cowpeas, pinto beans, pod peas, quinoa, 

sesame, sunflower, wheat berries, spelt, barley, wild rice, or rice. 

1 o Any of the heme-containing proteins described herein that can be used for 

producing food products can have at least 70% (e.g., at least 75%, 80%, 85%, 90%, 95%, 

97%, 98%, 99%, or 100%) sequence identity to the amino acid sequence of the 

corresponding wild-type heme-containing protein or fragments thereof that contain a 

heme-binding motif For example, a heme-containing protein can have at least 70% 

15 sequence identity to an amino acid sequence set forth in FIG 1, including a non­

symbiotic hemoglobin such as that from Vigna radiata (SEQ ID NO:l), Hordeum vulgare 

(SEQ ID NO:5), Zea mays (SEQ ID NO: 13), Oryza sativa subsp. japonica (rice) (SEQ 

ID NO: 14), or Arabidopsis thaliana (SEQ ID NO: 15), a Hell's gate globin I such as that 

from Methylacidiphilum infernorum (SEQ ID NO:2), a flavohemoprotein such as that 

20 from Aquifex aeolicus (SEQ ID NO:3), a leghemoglobin such as that from Glycine max 

(SEQ ID NO:4), Pisum sativum (SEQ ID NO:16), or Vigna unguiculata (SEQ ID 

NO: 17), a heme-dependent peroxidase such as from Magnaporthe oryzae, (SEQ ID 

NO:6) or Fusarium oxysporum (SEQ ID NO:7), a cytochrome c peroxidase from 

Fusarium graminearum (SEQ ID NO:8), a truncated hemoglobin from Chlamydomonas 

25 moewusii (SEQ ID NO:9), Tetrahymena pyriformis (SEQ ID NO: 10, group I truncated), 

Paramecium caudatum (SEQ ID NO: 11, group I truncated), a hemoglobin from 

Aspergillus niger (SEQ ID NO: 12), or a mammalian myoglobin protein such as the Bos 

taurus (SEQ ID NO:18) myoglobin, Sus scrofa (SEQ ID NO:19) myoglobin, Equus 

caballus (SEQ ID NO:20) myoglobin, a heme-protein from Nicotiana benthamiana (SEQ 

30 ID NO:21), Bacillus subtilis (SEQ ID NO:22), Corynebacterium glutamicum (SEQ ID 

15 
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NO:23), Synechocystis PCC6803 (SEQ ID NO:24), Synechococcus sp. PCC 7335 (SEQ 

ID NO:25), or Nostoc commune (SEQ ID NO:26). 

The percent identity between two amino acid sequences can be determined as 

follows. First, the amino acid sequences are aligned using the BLAST 2 Sequences 

5 (Bl2seq) program from the stand-alone version of BLASTZ containing BLASTP version 

2.0.14. This stand-alone version ofBLASTZ can be obtained from Fish & Richardson's 

web site (e.g., www.fr.com/blast/) or the U.S. government's National Center for 

Biotechnology Information web site (www.ncbi.nlm.nih.gov). Instructions explaining 

how to use the Bl2seq program can be found in the readme file accompanying BLASTZ. 

10 Bl2seq performs a comparison between two amino acid sequences using the BLASTP 

algorithm. To compare two amino acid sequences, the options of Bl2seq are set as 

follows: -i is set to a file containing the first amino acid sequence to be compared (e.g., 

C:\seq l .txt); -j is set to a file containing the second amino acid sequence to be compared 

(e.g., C:\seq2.txt); -pis set to blastp; -o is set to any desired file name (e.g., C:\output.txt); 

15 and all other options are left at their default setting. For example, the following 

command can be used to generate an output file containing a comparison between two 

amino acid sequences: C:\Bl2seq -i c:\seq l .txt -j c:\seq2.txt -p blastp -o c:\output.txt. If 

the two compared sequences share homology, then the designated output file will present 

those regions of homology as aligned sequences. If the two compared sequences do not 

20 share homology, then the designated output file will not present aligned sequences. 

Similar procedures can be following for nucleic acid sequences except that blastn is used. 

Once aligned, the number of matches is determined by counting the number of 

positions where an identical amino acid residue is presented in both sequences. The 

percent identity is determined by dividing the number of matches by the length of the 

25 full-length polypeptide amino acid sequence followed by multiplying the resulting value 

by 100. It is noted that the percent identity value is rounded to the nearest tenth. For 

example, 78.11, 78.12, 78.13, and 78.14 is rounded down to 78.1, while 78.15, 78.16, 

78.17, 78.18, and 78.19 is rounded up to 78.2. It also is noted that the length value will 

always be an integer. 

16 
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It will be appreciated that a number of nucleic acids can encode a polypeptide 

having a particular amino acid sequence. The degeneracy of the genetic code is well 

known to the art; i.e., for many amino acids, there is more than one nucleotide triplet that 

serves as the codon for the amino acid. For example, codons in the coding sequence for a 

5 given enzyme can be modified such that optimal expression in a particular species ( e.g., 

bacteria or fungus) is obtained, using appropriate codon bias tables for that species. 

Heme-containing proteins can be extracted from the source material (e.g., 

extracted from animal tissue, or plant, fungal, algal, or bacterial biomass, or from the 

culture supernatant for secreted proteins) or from a combination of source materials ( e.g., 

10 multiple plant species). Leghemoglobin is readily available as an unused by-product of 

commodity legume crops (e.g., soybean, alfalfa, or pea). The amount of leghemoglobin 

in the roots of these crops in the United States exceeds the myoglobin content of all the 

red meat consumed in the United States. 

In some embodiments, extracts of heme-containing proteins include one or more 

15 non-heme-containing proteins from the source material ( e.g., other animal, plant, fungal, 

algal, or bacterial proteins) or from a combination of source materials (e.g., different 

animal, plant, fungi, algae, or bacteria). 

In some embodiments, heme-containing proteins are isolated and purified from 

other components of the source material ( e.g., other animal, plant, fungal, algal, or 

20 bacterial proteins). As used herein, the term "isolated and purified" indicates that the 

preparation of heme-containing protein is at least 60% pure, e.g., greater than 65%, 70%, 

75%, 80%, 85%, 90%, 95%, or 99% pure. Without being bound by theory, isolating and 

purifying proteins can allow the food products to be made with greater consistency and 

greater control over the properties of the food product as unwanted material is eliminated. 

25 Proteins can be separated on the basis of their molecular weight, for example, by size 

exclusion chromatography, ultrafiltration through membranes, or density centrifugation. 

In some embodiments, the proteins can be separated based on their surface charge, for 

example, by isoelectric precipitation, anion exchange chromatography, or cation 

exchange chromatography. Proteins also can be separated on the basis of their solubility, 

30 for example, by ammonium sulfate precipitation, isoelectric precipitation, surfactants, 
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detergents or solvent extraction. Proteins also can be separated by their affinity to 

another molecule, using, for example, hydrophobic interaction chromatography, reactive 

dyes, or hydroxyapatite. Affinity chromatography also can include using antibodies 

having specific binding affinity for the heme-containing protein, nickel NTA for His-

s tagged recombinant proteins, lectins to bind to sugar moieties on a glycoprotein, or other 

molecules which specifically binds the protein. 

Heme-containing proteins also can be recombinantly produced using polypeptide 

expression techniques (e.g., heterologous expression techniques using bacterial cells, 

insect cells, fungal cells such as yeast, plant cells such as tobacco, soybean, or 

10 Arabidopsis, or mammalian cells). In some cases, standard polypeptide synthesis 

techniques ( e.g., liquid-phase polypeptide synthesis techniques or solid-phase 

polypeptide synthesis techniques) can be used to produce heme-containing proteins 

synthetically. In some cases, in vitro transcription-translation techniques can be used to 

produce heme-containing proteins. 

15 The protein used in the consumable may be soluble in a solution. In some 

embodiments, the isolated and purified proteins are soluble in solution at greater than 5, 

10, 15,20,25, 50,100, 150,200,or250g/L. 

In some embodiments, the isolated and purified protein is substantially in its 

native fold and water soluble. In some embodiments, the isolated and purified protein is 

20 more than 50, 60, 70, 80, or 90% in its native fold. In some embodiments, the isolated 

and purified protein is more than 50, 60, 70, 80, or 90% water soluble. 

Modulating Flavor and/or Aroma Profiles 

As described herein, different combinations of flavor precursors can be used with 

25 one or more iron complexes ( e.g., a ferrous chlorin, a chlorin-iron complex, or a heme­

cofactor such as a heme-containing protein or heme bound to a non-peptidic polymer 

such as polyethylene glycol or to a solid support) to produce different flavor and aroma 

profiles when the flavor precursors and iron complexes are heated together ( e.g., during 

cooking). The resultant flavor and/or aroma profile can be modulated by the type and 

30 concentration of the flavor precursors, the pH of the reaction, the length of cooking, the 
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type and amount of iron complex ( e.g., a heme-cofactor such as heme-containing protein, 

heme bound to non-peptidic polymer or macromolecule, or heme bound to a solid 

support), the temperature of the reaction, and the amount of water activity in the product, 

among other factors. In embodiments in which a heme moiety is bound to a solid support 

5 such as cellulose or a chromatography resin, graphite, charcoal, or diatomaceous earth, 

the solid support (e.g., beads) can be incubated with sugars and/or one or more other 

flavor precursors to generate flavors, and then the solid support with attached heme 

moiety can be re-used, i.e., incubated again with sugars and/or one or more other flavor 

precursors to generate flavors. 

10 Table 2 provides non-limiting examples of flavor types that can be generated by 

combining one or more flavor precursors and one or more heme co-factors (e.g., heme­

containing proteins). See also Tables 7 and/or 11. 

TABLE2 

Flavor Types 

beef beef broth 

beef dripping cheesy 

cold-cut deli meat squash 

bacon sharp 

meaty fruity 

brothy floral 

ramen musty 

egg fried food 

malty caramel 

bready barbeque 

sulfur chocolate 

fried chicken sweet 

browned potato 

pretzel french toast 
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grassy breadcrust 

bloody mushroom 

broccoli chicken 

brothy cumm 

buttery umam1 

metallic ra1sm 

yeasty goaty 

vegetable broth 

Flavor and aroma profiles are created by different chemical compounds formed 

by chemical reactions between the heme co-factor (e.g., heme-containing protein) and 

flavor precursors. Gas chromatography-mass spectrometry (GCMS) can be used to 

5 separate and identify the different chemical compounds within a test sample. For 

example, volatile chemicals can be isolated from the head space after heating a heme­

containing protein and one or more flavor precursors. 

10 

Table 3 provides non-limiting examples of compounds that can be produced. See 

also Tables 8, 9, 12, and/or 14. 

phenylacetaldehyde 
l -octen-3-one 

2-n-heptylfuran 

2-thiophenecarboxaldehyde 
3-thiophenecarboxaldehyde 

1-octene 

butyrolactone 
2-undecenal 

propy 1-cycl opropane 
methyl-pyrazine 
1-hydroxy-propanone 

acetic acid 

furfural 
2-decanone 

TABLE3 

Compounds Produced 

2-butenal, 2-ethy 1-
acetonitrile 

(E)-2-Hexenal 

4-ethyl-phenol, 

3-octanone 

styrene 
furan, 3-pentyl-

formic acid, heptyl ester 
(E)-2-Heptenal 

6-methyl-5-hepten-2-one 

n-caproic acid vinyl ester 

2-ethyl-2-hexenal 
l-hepten-3-ol 

20 

1,3-hexadiene 
4-decyne 

pentanal 
1-propanol 

heptanoic acid 

ethanethiol 
2-methyl-1-heptene 

(E)-4-octene 

2-methyl-2-heptene 

pentanoic acid 
nonanoic acid 

1 ,3-dimethyl-benzene 

toluene 
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I-ethyl-I-methyl-
pyrrole cyclopentane 1-butanol 

3-ethyl-2-methyl-1,3-
l-octen-3-ol hexadiene 2,3,3-trimethyl-pentane 

2-acetvlthiazole 2-pentvl-thiophene isopropyl alcohol 
2,2, 4, 6, 6-pentamethy 1-

(E)-2-octenal (Z)-2-nonenal heptane 

decanal 2-n-octylfuran phenol 

benzaldehyde 2-hexyl-thiophene l-penten-3-one 

(E)-2-N onenal 4-cyclopentene-1,3-dione dimethyl sulfide 

pyrazine 1-nonanol thiirane 

1-pentanol (E)-2-decenal (E)-2-octen-l-ol 

trans-2-(2-penteny 1 )furan 4-ethyl-benzaldehyde 2, 4-dimethy 1-1-heptene 
1,3-bis(l,l-

1-hexanol 1, 7-octadien-3-ol dimethylethvl)-benzene 

1-heptanol octanoic acid heptane 

dimethyl trisulfide 2-ethyl-5-methyl-pyrazine 4, 7-dimethy 1-undecane 
3-ethyl-2,5-dimethyl-

2-nonanone pyrazine acetophenone 

2-pentanone 1,3,5-cycloheptatriene tridecane 
thiophosphoramide, s-

2-heptanone 2-ethyl-1-hexanol methyl ester 

2,3-butanedione 4-methyl-octanoic acid 2-methyl-thiazole 
3-(1-methylethoxy)-

heptanal m-aminophenylacetylene propanenitrile, 
2,4-bis(l,l-

nonanal benzene dimethylethyl)-phenol 
3-ethyl-2,2-dimethyl-

2-octanone thiophene pentane 

2-butanone 2-methyl-furan 3-ethy 1-pentane 

octanal pyridine 2, 3, 4-trimethy 1-pentane 

1-octanol furan 2, 4, 6-trimethy I-octane 

3-ethylcyclopentanone butanal 2, 6-dimethy 1-nonane 

8-methyl-1-undecene 2-ethyl-furan 2-hexyl-furan 
4-methyl-5-

3-octen-2-one carbon disulfide thiazoleethanol 

2,4-Heptadienal, (E,E)- Furan, 2-hexyl-:2 4-penten-2-one 

(Z)-2-heptenal 3-methyl-butanal 4-methylthiazole 

6-methv 1-2-heptanone 2-methvl-butanal 2-methvl-3-pentanone 

(Z)-4-heptenal methacrolein 2, 3-pentanedi one 

(E,Z)-2,6-nonadienal octane (E)-2-tridecen-l-ol 

21 
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2-
3-methyl-2-butenal ethanol thiophenemethanamine 

2-pentyl-furan 2-methy 1-propanal (Z)-2-nonenal, 
thiazole acetone methyl thiolacetate 

(E,E)-2, 4-decadienal propanal methyl ethanoate 

hexanoic acid methy 1-thiirane isothiazole 
l-ethyl-5-methylcyclopentene acetaldehyde 3 ,3-dimethyl-hexane 

(E,E)-2,4-nonadienal 2-propenal 4-methyl-heptane 

(Z)-2-decenal 2-propyl-furan 2, 4-dimethy I-heptane 
dihydro-5-propyl-2(3H)-

dihydro-5-pentyl-2(3h)-furanone furanone 2,3, 4-trimethy I-heptane 
trans-3-nonen-2-one dihydro-3-(2H)-thiophenone 2-methyl-heptane 

(E,E)-3,5-octadien-2-one 2,2, 6-trimethy 1-decane 2-methyl-3-furanthiol 
4-amino-1,2,5-

3,3 '-dithiobis[2-methyl- oxadiazole-3-
(Z)-2-octen-l-ol furan carbonitrile 

1,2-benzisothiazol-
5-ethyldihydro-2(3h)-furanone 1-heptene 3(2H)-one 

2-butenal 1,3-octadiene 2-acety l-propen-2-ol, 

l-penten-3-ol 1-nonene l-decen-3-one 
1-( ethylthio )-2-(methylthio )-buta-1,3-
diene 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of ground 

chicken, to increase specific volatile flavor and odorant components typically elevated in 

beef For example, propanal, butanal, 2-ethyl-furan, heptanal, octanal, trans-2-(2-

5 pentenyl)furan, (Z)-2-heptenal, (E)-2-octenal, pyrrole, 2,4-dodecadienal, 1-octanal, (Z)-2-

decenal, or 2-undecenal can be increased in the presence of the heme-containing protein, 

which can impart a more beefy flavor to the chicken. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of cysteine 

1 o and glucose or other combinations of flavor precursors to provide a different profile of 

volatile odorants than when any subset of the three components are used individually. 

Volatile flavor components that are increased under these conditions include but are not 

limited to furan, acetone, thiazole, furfural, benzaldehyde, 2-pyridinecarboxaldehyde, 5-
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methyl-2-thiophenecarboxaldehyde, 3-methyl-2-thiophenecarboxaldehyde, 3-

thiophenemethanol and decanol. See, e.g., Tables 8 and 9. Under these conditions, 

cysteine and glucose alone or in the presence of iron salts such as ferrous glucanate 

produced a sulfurous, odor, but addition of heme-containing proteins reduced the 

5 sulfurous odor and replaced it with flavors including but not limited to chicken broth, 

burnt mushroom, molasses, and bread. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of cysteine 

and ribose to provide a different profile of volatile odorants. Heating in the presence of 

1 o ribose created some additional compounds as compared to when a heme-containing 

protein and glucose were heated together. See Tables 8 and 9. 

In some embodiments, an iron complex (e.g., a ferrous chlorophillin or a heme­

cofactor such as a heme-containing protein) described herein can be heated in the 

presence of thiamine and a sugar to affect the formation of 5-Thiazoleethanol, 4-methyl-

15 furan, 3,3'-dithiobis[2-methyl-furan, and/or 4-Methylthiazole. These compounds are 

known to be present in meat and have beefy, meaty taste notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of a 

nucleotide such as inosine monophosphate and/or guanosine monophosphate to control 

20 the formation of flavor compounds such as (E)-4-octene, 2-ethyl-furan, 2-pentanone, 2,3-

butanedione, 2-methyl-thiazole, methyl-pyrazine, tridecane, (E)-2-octenal, 2-

thiopenecarboxaldehyde, and/or 3-thiopenecarboxaldehyde. These compounds are known 

to be present in meat and have a beefy, meaty, buttery, and or savory flavor notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

25 such as a heme-containing protein) described herein can be heated in the presence of 

lysine, a sugar such as ribose, and cysteine to control the formation of flavor compounds 

such as dimethyl trisulfide, nonanal, 2-pentyl thiophene, 2-nonenal furfural, 1-octanol, 2-

nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, and/or 2-acetylthiazole. These 

compounds are known to be present in meat and some have a beefy, meaty, and or savory 

30 flavor. 
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In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

lactic acid, a sugar such as ribose, and cysteine to control the formation of the flavor 

compounds nonanal, thiazole, 2-acetylthiazole, and/or 8-methyl 1-undecene. These 

5 compounds are known to be present in meat and have beefy, savory, browned, bready, 

and malty notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

amino acids, sugars such as glucose, ribose, and maltodextrin, lactic acid, thiamine, IMP, 

1 o GMP, creatine, and salts such as potassium chloride and sodium chloride, to control the 

formation of flavor compounds such as 1,3-bis(l,l-dimethylethyl)-benzene, 2-methyl 3-

furanthiol, and/or bis(2-methyl-4,5-dihydro-3-furyl) disulfide. These compounds are 

known to be present in meat and have beefy notes. See also Table 14. 

In some embodiments, a particular type of heme-containing protein is chosen to 

15 control the formation of flavor compounds. See, for example, the results of Table 9, 

which shows that the addition of different types of heme-proteins (LegH, Barley, B. 

myoglobin, or A. aeolicus) in flavor reaction mixtures containing one or more flavor 

precursor compounds results in many of the same key meat flavors, including but not 

limited to pentanone, 3-methyl butanal, 2-methyl butanal, 2-heptenal, 1-octene, nonanal, 

20 2-propenal, 2-decenal, 2-nonanone, 2-octanone, 2-tridecen-1-ol, 2-octanone, 2-octenal, 4-

methyl-2-heptanone, octanal, 2-undecenal, butyrolactone, l-octen-3-one, 3-methylheptyl 

acetate, and 2-pentyl-thiophene. These differences in flavor compounds can change the 

overall taste profile. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

25 such as a heme-containing protein) described herein and one or more flavor precursors 

can be reacted (e.g., in vitro) with heating to generate a particular flavor and/or aroma 

profile of interest and the resultant flavor additive composition can be added to the 

consumable food product of interest, which can then be eaten as-is or can be additionally 

modified, e.g., by additional cooking. 
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In some embodiments, any undesirable flavors can be minimized by deodorizing 

with activated charcoal or by removing enzymes such as lipoxygenases (LOX), which 

can be present in trace amounts when using preparations of plant proteins, and which can 

convert unsaturated triacylglycerides (such as linoleic acid or linolenic acid) into smaller 

5 and more volatile molecules. LOX are naturally present in legumes such as peas, 

soybeans, and peanuts, as well as rice, potatoes, and olives. When legume flours are 

fractionated into separate protein fractions, LOX can act as undesirable "time-bombs" 

that can cause undesirable flavors on aging or storage. Compositions containing plant 

proteins (e.g., from ground plant seeds) can be subjected to purification to remove LOX 

1 o using, for example, an affinity resin that binds to LOX and removes it from the protein 

sample. The affinity resin can be linoleic acid, linolenic acid, stearic acid, oleic acid, 

propyl gallate, or epigalloccatechin gallate attached to a solid support such as a bead or 

resin. See, e.g., WO2013138793. In addition, depending on the protein component of 

the food product, certain combinations of antioxidants and/or LOX inhibitors can be used 

15 as effective agents to minimize off-flavor or off-odor generation especially in the 

presence of fats and oils. Such compounds can include, for example, one or more of~­

carotene, a-tocopherol, caffeic acid, propyl gallate, or epigallocatechin gallate. 

In some embodiments, specific flavor compounds, such as those described in 

Tables 3, 8, 9, 12, 14, 16, or 17 can be isolated and purified from the flavor additive 

20 composition. These isolated and purified compounds can be used as an ingredient to 

create flavors useful to the food and fragrance industry. 

A flavor additive composition can be in the form, of but not limited to, soup or 

stew bases, bouillon, e.g., powder or cubes, flavor packets, or seasoning packets or 

shakers. Such flavor additive compositions can be used to modulate the flavor and/or 

25 aroma profile for a variety of food products, and can be added to a consumable food 

product before, during, or after cooking of the food product. 

Food Products 

Food products containing one or more flavor precursors and one or more heme-

30 containing proteins can be used as a base for formulating a variety of additional food 
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products, including meat substitutes, soup bases, stew bases, snack foods, bouillon 

powders, bouillon cubes, flavor packets, or frozen food products. Meat substitutes can be 

formulated, for example, as hot dogs, burgers, ground meat, sausages, steaks, filets, 

roasts, breasts, thighs, wings, meatballs, meatloaf, bacon, strips, fingers, nuggets, cutlets, 

5 or cubes. 

In addition, food products described herein can be used to modulate the taste 

and/or aroma profile of other food products (e.g., meat replicas, meat substitutes, tofu, 

mock duck or other gluten based vegetable product, textured vegetable protein such as 

textured soy protein, pork, fish, lamb, or poultry products such as chicken or turkey 

10 products) and can be applied to the other food product before or during cooking. Using 

the food products described herein can provide a particular meaty taste and smell, for 

example, the taste and smell of beef or bacon, to a non-meat product or to a poultry 

product. 

Food products described herein can be packaged in various ways, including being 

15 sealed within individual packets or shakers, such that the composition can be sprinkled or 

spread on top of a food product before or during cooking. 

Food products described herein can include additional ingredients including food­

grade oils such as canola, corn, sunflower, soybean, olive or coconut oil, seasoning 

agents such as edible salts (e.g., sodium or potassium chloride) or herbs (e.g., rosemary, 

20 thyme, basil, sage, or mint), flavoring agents, proteins (e.g., soy protein isolate, wheat 

glutin, pea vicilin, and/or pea legumin), protein concentrates (e.g., soy protein 

concentrate), emulsifiers (e.g., lecithin), gelling agents (e.g., k-carrageenan or gelatin), 

fibers (e.g., bamboo filer or inulin), or minerals (e.g., iodine, zinc, and/or calcium). 

Food products described herein also can include a natural coloring agent such as 

25 turmeric or beet juice, or an artificial coloring agent such as azo dyes, triphenylmethanes, 

xanthenes, quinines, indigoids, titanium dioxide, red #3, red #40, blue #1, or yellow #5. 

Food products described herein also can include meat shelf life extenders such as 

carbon monoxide, nitrites, sodium metabisulfite, Bombal, vitamin E, rosemary extract, 

green tea extract, catechins and other anti-oxidants. 
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Food products described herein can be free of animal products (e.g., animal heme­

containing proteins or other animal products). 

In some embodiments, the food products can be soy-free, wheat-free, yeast-free, 

MSG-free, and/or free of protein hydrolysis products, and can taste meaty, highly savory, 

5 and without off odors or flavors. 

Assessment of Food Products 

Food products described herein can be assessed using trained human panelists. 

The evaluations can involve eyeing, feeling, chewing, and tasting of the product to judge 

10 product appearance, color, integrity, texture, flavor, and mouth feel, etc. Panelists can be 

served samples under red or under white light. Samples can be assigned random three­

digit numbers and rotated in ballot position to prevent bias. Sensory judgments can be 

scaled for "acceptance" or "likeability" or use special terminology. For example, letter 

scales (A for excellent, B for good, C for poor) or number scales may be used (1 = 

15 dislike, 2 = fair, 3 = good; 4 = very good; 5=excellent). A scale can be used to rate the 

overall acceptability or quality of the food product or specific quality attributes such 

beefiness, texture, and flavor. Panelists can be encouraged to rinse their mouths with 

water between samples, and given opportunity to comment on each sample. 

In some embodiments, a food product described herein can be compared to 

20 another food product (e.g., meat or meat substitute) 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 some embodiments, an olfactometer allows the training and automatic 

25 evaluation of expert panels. In some embodiments, a food product described herein 

causes similar or identical olfactometer readings. In some embodiments, the differences 

between flavors generated using the methods of the invention and meat are sufficiently 

small to be below the detection threshold of human perception. 

In some embodiments, volatile chemicals identified using GCMS can be 

30 evaluated. For example, a human can rate the experience of smelling the chemical 
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responsible for a certain peak. This information could be used to further refine the profile 

of flavor and aroma compounds produced using a heme-containing protein and one or 

more flavor precursors. 

Characteristic flavor and fragrance components are mostly produced during the 

5 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, a food 

product is tested for similarity to meat during or after cooking. In some embodiments 

human ratings, human evaluation, olfactometer readings, or GCMS measurements, or 

combinations thereof, are used to create an olfactory map of the food product. Similarly, 

1 o an olfactory map of the food product, for example, a meat replica, can be created. These 

maps can be compared to assess how similar the cooked food product is to meat. 

In some embodiments, the olfactory map of the food product during or after 

cooking is similar to or indistinguishable from that of cooked or cooking meat. In some 

embodiments the similarity is sufficient to be beyond the detection threshold of human 

15 perception. The food product can be created so its characteristics are similar to a food 

product after cooking, but the uncooked food product may have properties that are 

different from the predicate food product prior to cooking. 

These results will demonstrate that the compositions of the invention are judged 

as acceptably equivalent to real meat products. Additionally, these results can 

20 demonstrate that compositions of the invention are preferred by panelist over other 

commercially available meat substitutes. So, in some embodiments the present invention 

provides for consumables that are significantly similar to traditional meats and are more 

meat like than previously known meat alternatives. 

The invention will be further described in the following examples, which do not 

25 limit the scope of the invention described in the claims. 
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EXAMPLES 

Example 1: Addition of heme-protein increases beefy qualities of replica 

burgers 

Replica burgers containing the ingredients in Table 4 and the flavor precursors 

5 cysteine (10 mM), glutamic acid (10 mM), glucose (10 mM), and thiamine (1 mM) were 

prepared. Water was added to make up the balance. See, for example, U.S. Provisional 

Application No. 61/751,816, filed January 11, 2013. Control burgers were prepared as in 

Table 4 with precursors cysteine (10 mM), glutamic acid (10 mM), glucose (10 mM), and 

thiamine (1 mM) except LegH was omitted. 

10 After cooking for 5 minutes at 150 C, the replica burgers were evaluated by a 

trained sensory panel. Panelists were served samples under red lights and each panelist 

individually evaluated the samples. Samples were assigned a random three-digit number 

and rotated in ballot position to prevent bias. Panelists were asked to evaluate cooked 

replica burger samples on multiple flavor, aroma, taste, texture and appearance attributes 

15 including but not limited to: beefiness, bloody quality, savory quality, and overall 

acceptability using a 7-point scale from 1 =dislike extremely, to 7=like extremely. 

Panelists were encouraged to rinse their mouths with water between samples, and to fill 

out a survey to record their evaluation of each sample. 

When replica burgers containing the LegH were compared to the control replica 

20 burgers without LegH, the samples containing LegH were rated significantly beefier, 

bloodier, more savory, and overall preferred compared to those that did not include 

LegH. See Table 5. 

TABLE 4 

25 Replica Burger Ingredients 

Replica burger % precooked w/w 

Pea vicilin 3.86 

Soy protein concentrate (SPC) 2.52 

Bamboo fiber 0.34 
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NaCl 0.54 

Pea legumin 2 

Soy Protein Isolate (SPI) (Solae, St. Louis, 
4.68 

MO) 

Wheat gluten 4.68 

Coconut oil 15 

Soy lecithin 0.1 

k-carrageenan 1 

LegH 1 

TABLE 5 

Sensory evaluation of replica burger with Heme 

Beef No 1% 

Attribute 20/80 Heme Heme 

Beefyness 

mean 5.33 1.30 3.20 

STDEV 1.58 0.67 0.79 

Bloody 

mean 4.00 1.10 2.78 

STDEV 1.32 0.32 1.64 

Savory 

mean 4.67 3.00 5.10 

STDEV 1.22 1.63 0.57 

Example 2: Replica burgers with a flavor precursor mixture taste beefy and 

bloody 

Replica burgers containing a flavor precursor mixture of glucose, cysteine, 

thiamine, and glutamic acid and 1 % LegH pre-cooked w/w (see Table 4) were prepared 

as described in Example 1, and evaluated by a trained sensory panel after the burgers 

1 o were cooked for 5 minutes at 150 C. Control burgers included LegH and all other 

ingredients except for the flavor precursor mixture. 
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Panelists were asked to evaluate the samples overall improvement in taste and 

descriptively analyze each sample using a 5-point scale from 1 =dislike extremely, to 

5=like extremely. Panelists were encouraged to rinse their mouths with water between 

samples, and to fill out a survey to record their evaluation of each sample. The replicate 

5 burgers which included LegH and the flavor precursor mixture were described as having 

10 

bouillon, gravy, meaty, bloody, savory, and beefy notes on taste, and were preferred to 

the same replica burger with LegH but no added flavor precursor mixture. See, Table 6 

TABLE 6 

Improvement of overall taste with precursors added to LegH burgers 

with precursors without precursors 

Average 3.5 1.8 

STDV 0.6 0.5 

Example 3: Replica burgers with flavor precursor mixture resulting in a 

bacon taste 

Replica burgers (see Table 4) were cooked with different precursor mixes (see 

Table 7) and 1 % LegH and evaluated by a trained sensory panel after the burgers were 

15 cooked for 5 minutes at 150 C. Control burgers contained LegH and all of the other 

ingredients except for the flavor precursors. Panelists were asked to evaluate each 

sample and descriptively analyze of each sample. 5-point scale from 1 =dislike extremely, 

to 5=like extremely. Panelists were encouraged to rinse their mouths with water between 

samples, and to fill out a survey to record their evaluation of each sample. A replica 

20 burger with a precursor mixture of 10 mM glucose, 10 mM ribose, 10 mM cysteine, 1 

mM thiamine, 1 mM glutamic acid, 1 mM GMP, and LegH was described as having a 

bacon aroma and taste, and overall meatiness, savory quality, a very umami quality, a 

brothy quality, and slight beefy notes. See Table 7 for a summary of the flavor 

description for the various combinations of flavor precursors and heme-containing 

25 protein. 
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TABLE 7 

Flavors generated by addition of precursors to LegH (1 % ) 

Precursor (concentration) Flavor Description 
ribose cysteine 
(10 mM) (10 mM) some kind of cold-cut/sliced deli meat 
ribose cysteine bread crust with beef drippings, sweet, grassy, 
(10 mM) (10 mM) IMP (2 mM) umam1 
ribose cysteine lactic acid (1 
(10 mM) (10 mM) mM) bready, malty, browned, breadcrust 
ribose cysteine 
(10 mM) (10 mM) lysine (5 mM) savory, beefy, little grassy, brothy, bread 
ribose cysteine alanine (5 
(10 mM) (10 mM) mM) savory, weak beefy, brothy, little metallic 
ribose cysteine 
(10 mM) (10 mM) I+G(2mM) savory, weak beefy, brothy, sweet 
ribose cysteine 
(10 mM) (10 mM) methionine cooked potato 
ribose cysteine glutamic acid little meaty, pretzel, brothy, savory, sweet, 
(10 mM) (10 mM) (5 mM) chocolate 

glucose ribose cysteine thiamine glutamic acid 
(10 mM) (10 mM) (10 mM) (2mM) (5 mM) slight beefy, browned, grasssy, 
glucose ribose cysteine thiamine glutamic acid 
(10 mM) (10 mM) (10 mM) (2mM) (5 mM) IMP (2 mM) bacon, very umami, savory, brothy, slight beef 
glucose cysteine thiamine glutamic acid 
(10 mM) (10 mM) (2mM) (5 mM) beef jerky, bloody, meaty, brothy 
glucose cysteine thiamine glutamic acid lactic acid (1 
(10 mM) (10 mM) (2mM) (5 mM) mM) savory, beefy, bloody, meaty, savory, gravy 
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glucose cysteine thiamine glutamic acid 
lOmM lOmM 2mM 5mM 1 sine 5 mM roast beef 

glucose cysteine thiamine glutamic acid alanine (5 
lOmM lOmM 2mM 5mM mM boiled beef, sweet 

glucose cysteine thiamine glutamic acid 
lOmM lOmM 2mM 5mM I+G 2mM beef with a sulfu note 

glucose cysteine 
lOmM lOmM I+G 2mM sweet, malt , umami, meat 

glucose 
lOmM I+G 2mM savo , roast beef, rass 

glucose glutamic acid 
lOmM 5mM , fermented 
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Example 4: Type of sugar modulates flavor compounds created in the 

presence of Hemeprotein 

The addition of different sugars to flavor reaction mixtures containing a 

hemeprotein and one or more flavor precursor compounds resulted in distinct differences 

5 in the flavor compounds generated and the overall flavor profile. LegH heme protein at 

1 % pre-cooked w/w/ was mixed with cysteine (10 mM) and glucose (20 mM) at pH 6 in 

phosphate buffer to form a flavor reaction mixture and heated to 150 C for 3 minutes; this 

reaction created flavor compounds known to be present in meat; see Table 8. Similarly, a 

flavor reaction mixture made when LegH heme protein at 1 % was mixed with cysteine 

10 (10 mM) and ribose (20 mM) at pH 6 and heated to 150 C for 3 minutes created flavor 

compounds known to be in meat; see Table 8. 

The characteristic flavor and fragrance components were mostly produced during 

the cooking process when the flavor precursor molecules reacted with the heme-protein. 

Gas chromatography-mass spectrometry (GCMS) is a method that combines the features 

15 of gas-liquid chromatography and mass spectrometry to separate and identify different 

substances within a test sample. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating and also evaluated for their sensory profiles. Volatile 

chemicals were isolated from the head space around the flavor reactions. The profile of 

the volatile chemicals in the headspace around the flavor reaction mixtures is shown in 

20 Table 8. In particular, the use of ribose created some additional compounds as compared 

to glucose, as shown in Table 8. 

Notably, the control mixtures of cysteine with ribose or glucose heated in the 

absence of the LegH heme-protein did not generate the same set of flavor compounds. 

The flavor reaction mixtures containing LegH also were evaluated by a blinded trained 

25 sensory panel, which described the samples with ribose as having beefy, savory, brothy, 

and gravy-like notes, and the samples with glucose as savory, bloody, metallic, raw meat, 

and bouillon-like. 
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TABLE 8 

Flavor compounds generated with cysteine, LegH, and either glucose or ribose in 

the flavor reaction mixture. 

LegH 1% 

cysteine (10 

mM), glucose (20 cysteine (10 mM), 

Compounds created mM) ribose (20 mM) 

benzaldehyde X X 

2-butanone X X 

dimethyl trisulfide X X 

2-pentyl-furan X X 

2-methyl-propanal X X 

thiazole X X 

butyrolactone X X 

2-acetylthiazole X X 

pentanal X X 

3-methyl-butanal X X 

methy 1-thiirane X X 

nonanal X X 

heptanal X X 

2,3-butanedione X X 

1,3,5-cycloheptatriene X X 

propy 1-cycl opropane X X 

2-hexyl-furan X X 

butanal X X 

2-methyl-butanal X X 

2-ethyl-furan X 

2-octanone X X 

propanal X X 
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trichloromethane X 

2-methyl-furan X X 

furan X X 

pyrazme X X 

thiophene X X 

1,3-dimethyl-benzene X X 

octane X 

octanal X X 

thiazole X X 

2-pentanone X 

furfural X X 

2-nonanone X X 

(Z)-2-heptenal X X 

(E)-2-heptenal X X 

1-octene X X 

formic acid, heptyl ester X X 

2-pentyl-thiophene X 

l-octen-3-one X X 

3-pentyl-furan X X 

2-propenal X 

(E)-2-tridecen-l-ol X 

benzene X 

(E)-4-octene X 

l-penten-3-one X 

4-penten-2-one X X 

2-methyl-thiazole X 

methy 1-pyrazine X 

trans-2-(2-pentenyl)furan X 

3-ethylcyclopentanone X 
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pyrrole X X 

2-thiophenecarboxaldehyde X 

3-thiophenecarboxaldehyde X 

Example 5: Heme-protein in the presence of thiamine affects the production 

of certain flavor compounds 

The addition of thiamine in a flavor reaction mixtures with a heme protein and 

5 other flavor precursors affected the formation of 5-Thiazoleethanol, 4-methyl-furan, 3,3'­

dithiobis[2-methyl-thiazole, and 4-methylthiazole. These compounds are known to be 

present in meat and have beefy, meaty taste notes. 

Flavor reaction mixtures at pH 6 containing LegH (1 %), cysteine (10 mM), 

thiamine (1 mM), either glucose or ribose (20 mM), and with or without glutamic acid 

10 (10 mM) were prepared and subsequently heated to 150 C for 3 minutes. These flavor 

reaction samples then were evaluated by GCMS for the flavor compounds generated and 

evaluated by a trained panel for their sensory profiles. Volatile chemicals were isolated 

from the head space around the flavor reactions. GCMS showed 4-methyl-5-

thiazoleethanol, 3,3'-dithiobis[2-methyl]-furan, and 4-methylthiazole compounds were 

15 created by a mixture of LegH with thiamine, a sugar ( either glucose or ribose ), and 

cysteine. The same flavor reaction mixtures without thiamine did not generate these 

compounds; additionally these compounds were not generated when heme-proteins were 

not present in the flavor reaction mixtures. 

The flavor reaction samples also were evaluated by a blinded trained sensory 

20 panel, which described the samples with the addition of thiamine as more complex in 

taste and more beefy, meaty, and savory. 

25 

Example 6: Heme-proteins with nucleotides controls particular flavor 

compound production. 

The addition of inosine monophosphate and guanosine monophosphate in mixes 

with heme protein and other precursors controlled the formation of flavor compounds 

(E)-4-octene, 2-ethyl-furan, 2-pentanone, 2,3-butanedione, 2-methyl-thiazole, , methyl-
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pyrazine, tridecane, (E)-2-octenal, 2-thiophenecarboxaldehyde, and 3-

thiophenecarboxaldehyde. These compounds are known to be present in meat and have a 

beefy, meaty, buttery, and or savory flavor notes. 

Reactions containing heme protein at 1 % (LegH) with cysteine (10 mM), and 

5 glucose (20 mM), 1 mM IMP and 1 mM GMP, at pH 6.0 were prepared and heated to 

l 50C for 3 minutes. Characteristic flavor and fragrance components were mostly 

produced during the cooking process where precursors reacting heme-protein. These 

samples were evaluated by GCMS for the flavor compounds generated and evaluated for 

the sensory experience. Volatile chemicals were isolated from the head space around the 

1 o flavor reaction and identified using GCMS, creating a profile of the volatile chemicals in 

the headspace around the flavor reaction mixture. GCMS showed 4-octene, 2-ethyl furan, 

2-pentanone, 2,3-butanedione, 2-methyl-thiazole, methyl-pyrazine, tridecane, 2-octenal, 

2-thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde compounds were created by a 

mixture of hemeprotein LegH with IMP, GMP, glucose, and cysteine. The same samples 

15 without IMP and GMP did not generate these compounds, additionally these compounds 

were also not created when heme-proteins were not present, just precursor molecules. 

Sensory evaluation by blinded trained panelist found the samples with the addition of 

inosine and guanosine as described as having more complexity in taste and more beefy, 

meaty, brothy and savory. Figure 2 shows the abundance of the novel flavor compounds 

20 created with heme protein at 1% was mixed in a reaction at pH 6, with cysteine (10 mM), 

and glucose (20 mM), IMP (1 mM) and GMP (1 mM), and detected by solid phase 

microextraction (SPME) and then detected by GCMS. 

Example 7: Flavor generation with the addition of a particular organic acid 

25 The addition of lactic acid in mixes with heme protein, ribose, and cysteine 

controlled the formation of the flavor compounds nonanal, thiazole, 2-acetylthiazole, and 

8-methyl-1-undecene. These compounds are known to be present in meat. 

Reactions containing heme protein at 1 %, cysteine (10 mM), and ribose (20 mM), 

and lactic acid (lmM), pH 6.0, were prepared and heated to 150C for 3 minutes. 

30 Characteristic flavor and fragrance components were mostly produced during the cooking 
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process where precursors reacting heme-protein. These samples were evaluated by 

GCMS for the flavor compounds generated and evaluated for the sensory experience. 

Volatile chemicals were isolated from the head space around the flavor reaction and 

identified using GCMS, creating a profile of the generated compounds. Nonanal, 

5 thiazole, 2-acetylthiazole, and 8-methyl-1-undecene compounds were created by a 

mixture of LegH with lactic acid, ribose, and cysteine. The same samples without lactic 

acid did not generate these compounds, additionally these compounds were not created in 

the absence of heme-proteins. 

Sensory evaluation by blinded trained panelist found the samples with the 

1 o addition of lactic acid as described as beefy, savory, browned, bready, and having malty 

notes. The sample with everything but lactic acid rated lower in browned, bready and 

malty notes. 

Example 8: Flavor generated with the addition of a particular amino acid. 

15 The addition of lysine in mixes with heme protein ribose, and cysteine controlled 

the formation of flavor compounds dimethyl trisulfide, nonanal, 2-pentyl-thiophene, 

furfural, 2-nonenal, 1-octanol, 2-nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, 

2-acetylthiazole. These compounds are known to be present in meat and some have a 

beefy, meaty, and or savory flavor. 

20 Reactions containing heme protein at I%, cysteine (10 mM), and ribose (20 mM), 

and lysine (lmM), at pH 6.0, were prepared and heated to 150C for 3 minutes. These 

samples were evaluated by GCMS for the flavor compounds generated and evaluated for 

the sensory experience. Characteristic flavor and fragrance components were mostly 

produced during the cooking process where precursors could react with the heme-protein. 

25 These samples were evaluated by GCMS for the flavor compounds generated and 

evaluated for the sensory experience. Volatile chemicals were isolated from the head 

space around the flavor reaction. Dimethyl trisulfide, nonanal, 2-pentyl-thiophene, 

furfural, 2-nonenal, 1-octanol, 2-nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, 

2-acetylthiazole compounds were created by a mixture of LegH with lactic acid, ribose, 

30 and cysteine. The same samples without lactic acid did not generate these compounds, 
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additionally these compounds were not created when heme-proteins were not present, just 

precursor molecules. Sensory evaluation by blinded trained panelist found the samples 

with the addition of lysine as described as roast beefy, savory, and browned. The addition 

of lysine increased the roasted browned notes. 

Example 9 - Flavor compound production by different Heme-proteins 

The addition of different types of heme-proteins (LegH, Barley, B. myoglobin, or 

A. aeolicus) in flavor reaction mixtures containing one or more flavor precursor 

compounds results in many of the same key meat flavors, including but not limited to 2-

1 o pentyl-furan, 2,3-Butanedione, Thiophene, 2-methyl-thiazole, Pyrazine, Furan, Pyrrole, 

2-methyl-furan and distinct differences in the flavor compounds, including but not 

limited to 2-pentyl-thiophene, Nonanal, 2-Nonanone, and l-Octen-3-one. These 

differences in flavor compounds can change the overall taste profile. The different types 

of heme-protein were LegH, Barley, B. myoglobin, or A. aeolicus used at 1 % w/w in a 

15 reaction mixed with cysteine (10 mM) and ribose (10 mM) at pH 6. The pre- reaction 

mixture was heated to 150 C for 3 minutes; this reaction created flavor compounds 

known to be present in meat; see Table 9. The characteristic flavor and fragrance 

components are mostly produced during the cooking process where the flavor precursor 

molecules react with the heme-protein. Samples were evaluated by GCMS to identify the 

20 flavor compounds generated after heating and also evaluated for their sensory profiles. 

25 

Volatile chemicals were isolated from the head space around the flavor reactions. Table 9 

shows the similarity and differences in volatile flavor compounds created by the different 

types of heme-proteins. 

Name 
Furan 

Thiazole 

benzaldehyde 

TABLE 9 

Flavor compounds created by different heme-protein 

when heated with ribose and cysteine. 

LegH Barley B. myoglobin A. aeolicus 
X X X X 

X X X X 

X X X X 

2-acetylthiazole X X X X 
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2-methyl-propanal X X X X 

furfural X X X X 

2,3-butanedione X X X X 

2-pentyl-furan X X X X 

2-pentanone X X 

pyrazme X X X X 

dimethyl trisulfide X X X X 

3-methyl-butanal X X X 

2-methyl-thiazole X X X X 

pentanal X X X X 

1,3,5-cycloheptatriene X X X X 

methacrolein X X X X 

heptanal X X X X 

2-methyl-butanal X X X 

isothiazole X X X X 

thiophene X X X X 

propanal X X X X 

2-heptenal X X X 

methy 1-pyrazine X X X X 

1-octene X X X 

butanal X X X X 

2-acety 1-propen-2-ol X X X X 

pyrrole X X X X 

2-methyl-furan X X X X 

nonanal X X X 

2-propenal X X X 

2-decenal X X X 

2-nonanone X X 

2-octanone X X X 

2-tridecen-1-ol, X X 

2-octanone X 

2-octenal X X 

4-methyl-2-heptanone X X 

octanal X X 

2-undecenal X 

butyrolactone X 

l -octen-3-one X 

3-methylheptyl acetate X 
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I 2-pentyl-thiophene X 

Example 10 - Generation of Meat flavors from different lipids 

Several different samples including oils ( canola oil or coconut oil), free fatty acids 

(FF A) (linoleic acid (C 18:2), oleic acid (C 18: 1 ), stearic acid (C 18:0), or myristic acid 

5 (Cl4:0)) and phospholipids (PL) (beef heart polar lipids extract, Biolipon95 (from 

Perimond), or NatCholinePC40 (from Perimond)) were tested for their ability to produce 

beefy flavor in the absence and in the presents of other precursors. Oils, FF As, and PLs 

were added to 50 mM potassium phosphate buffer (PPB) pH 6.0 or a Maillard reaction 

mix (MRM) containing 50 mM potassium phosphate pH 6.0, 5 mM Cysteine, 10 mM 

1 o Glucose, 0.1 mM Thiamine, and 0.1 % (w/v) LegHemoglobin. Lipids in combination 

with MRM were designed to capture the cross reactions of lipid degradation and Maillard 

reaction productions while lipids in phosphate buffer functioned as a lipid control. The 

oils were added at 3% of the total 1 mL volume of solution while FF As and PLs were 

added at 1 % of the total 1 mL volumes. All samples were cooked at l 50°C for 3 mins, 

15 cooled to 50°C and then analyzed using GCMS (SPME fiber sampling of headspace ). 

After all samples were analyzed by GCMS the caps were removed and samples were 

smelled by a trained flavor scientist and aromas recorded. 

Table 10 

Legend showing components of each sample 

Sample Name Solution Additives 

MRMNone Maillard Reaction Mix None 

MRM Linoelic Acid Maillard Reaction Mix 1 % linoleic acid 

MRM Oleic Acid Maillard Reaction Mix 1 % oleic acid 

MRM Cl4 Maillard Reaction Mix 1% Cl4:0 free fatty acid 

MRM Cl8 Maillard Reaction Mix 1% Cl8:0 free fatty acid 

MRM Canola Maillard Reaction Mix 3% Canola Oil 

MRM Coconut Maillard Reaction Mix 3 % Coconut Oil 

MRM Beeffieart Maillard Reaction Mix 1 % Beef Heart Polar Lipids Extract 

MRM _ Biolipon95 Maillard Reaction Mix 1 % Biolipon95 (emulsifier) 
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MRM NatCholinePC40 Maillard Reaction Mix 1 % NatCholinePC40 (emulsifier) 

KPhos6 Linoelic Acid PPB, pH6 1 % linoelic acid 

KPhos6 Oleic Acid PPB, pH6 1 % oleic acid 

KPhos6 Cl4 PPB, pH 6 1% Cl4:0 free fatty acid 

KPhos6 Cl8 PPB, pH 6 1% Cl8:0 free fatty acid 

KPhos6 Canola PPB pH6 3% Canola Oil 

KPhos6 Coconut PPB, pH 6 3 % Coconut Oil 

KPhos6 Beefl-Ieart PPB, pH 6 1 % Beef Heart Polar Lipids Extract 

KPhos6 _ Biolipon95 PPB, pH 6 1 % Biolipon95 (emulsifier) 

KPhos6 NatCholinePC40 PPB, pH 6 1 % NatCholinePC40 (emulsifier) 

Table 11 contains the aroma descriptions and Table 12 contains the GCMS data 

from the most interesting samples analyzed. Many of the lipids introduced a "fatty" 

aroma to MRM that was otherwise absent. The combinations ofLinoleic Acid or 

5 NatCholinePC40 in MRM produced the greatest abundance of fatty compounds 

suggesting that these lipids may improve the flavor perception of beef tallow. Linoleic 

Acid and NatCholinePC40 also showed high abundance of earthy-mushroom aromas. 

The addition of lipids to MRM significantly increased the abundance of "nutty & 

roasted" aromas. Less desirable "green" aroma compounds were most prominent in 

1 o samples with unsaturated free fatty acids (linoleic acid or oleic acid) or phospholipids. In 

general, the addition of lipids significantly increased the number of target beef 

compounds made. 

TABLE 11 

15 Aroma descriptions of each sample after it was cooked. 

Sample Names Aroma Descriptions 

MRM_Only brothy, malty, beef stew 
fatty, creamy, beef tallow, slight sweet, slight roasted 

KPhosG_BeefHeart nutty 
M RM_BeefHeart fatty, beef tallow, old meat, mushroom 
KPhos6_Biolipon95 fatty, fresh 
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MRM_Biolipon95 fatty, brothy, hay, malty green 
KPhosG_NatCholinePC 
40 light fatty, fresh 
M RM_NatChol i nePC40 fatty, beef tallow, brothy 
K-Phos6_C14 light/faint plastic/waxy 
MRM_C14 brothy, beefy, minty, fresh 
K-Phos6_C18 light/faint plastic/waxy 
MRM_C18 beefy with cucumber &/or pepper aroma 
K-Phos6_Canola fresh, cucumber 
MRM_Canola fatty, brothy, oil, roasted nuts 
K-Phos6_ Coconut nothing 
MRM_Coconut brothy, beefy, slight fatty, crackers 
K-Phos6_0Ieic Acid fresh, cucumber, camphorous/minty-like 
MRM_Oleic Acid herbal, plastic, slight cheesy, brothy 
K-Phos6_Linoelic Acid light plastic 
MRM_Linoelic Acid fatty, light waxy, brothy, herbal 

Table 12 

List of aromatic compounds found in Beef by GCMS and a chart showing which 

were detected in each lipid plus MRM sample . 

t . s 
crj 0 u (I) ·v 
~ ..i:: u 0 >-. (I) trj ::: --a (I) 

;JI 0 a::11 ZI 

~ ~ ~3 ~ "d 

Compounds in Beef ::E ::E ::E ~ ::E ·o 
crj 

(s )-isopropyl lactate N N N N 

l-ethyl-5-

methylcyclopentene y y y y 

1-heptanol N y N N 

l-hepten-3-ol N y y y 

1-heptene N y y y 

2-methyl-1-heptene N N N N 

1-hexanol N y y y 

2-ethyl-1-hexanol N N N N 

1-nonanol N N y N 

1-nonene N y y N 

1-octanol N y y N 
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l-octen-3-ol N y y y 

l -octen-3-one y y y y 

1-octene N N N N 

1-pentanol N y y y 

l-penten-3-ol N y y N 

1-propanol N N N N 

8-methyl-1-undecene N y y y 

1,3-hexadiene N N N y 

3-ethyl-2-methyl-1,3-
hexadiene N y y y 

1,3-octadiene y N N y 

1,3,5-cycloheptatriene N N N N 

2,3-dihydro-5,6-dimethyl-
1,4-dioxin N N N N 

1, 7-octadien-3-ol N y N N 

lh-pyrrole-2-
carboxaldehyde N N N N 

2-methyl-IH-pyrrole N N N N 

2-acety 1-2-thiazoline y N N N 

2-acetylthiazole y y y y 

2-butanone N y y y 

2-butenal N y y y 

2-ethy 1-2-butenal N N N y 

3-methyl-2-butenal N N y y 

3-methyl-2-cyclohexen-l-
one N N N N 

2-decanone y y y N 

(E)-2-decenal N N N N 

(Z)-2-decenal y y y y 

2-furanmethanol N N N N 

2-heptanone y y y y 

6-methyl-2-heptanone N N y N 

(E)-2-heptenal N y y y 

(Z)-2-heptenal N N N y 

(E)-2-hexenal N y y y 

2-ethyl-2-hexenal N N N N 

2-methyl-2-heptene y N N N 

2-n-heptylfuran y N N N 
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2-n-octylfuran y y y N 

2-nonanone N y y N 

(E)-2-nonenal y y y y 

(Z)-2-nonenal N N N y 

2-octanone y y y y 

(Z)-2-octen-l-ol y y y y 

(E)-2-octenal N y y y 

2-pentanone N y y N 

l-propoxy-2-propanol N N N N 

1-( acetyloxy )-2-propanone y N N N 

l-hydroxy-2-propanone y N N N 

2-propenal N N N y 

2-thiophenecarboxaldehyde y y y y 

2-undecenal N y y y 

2,3-butanedione N N N y 

2,3-pentanedi one N N N N 

(E,E)-2, 4-decadi enal N y y y 

2, 4-decadi enal N N N y 

(E,E)-2,4-heptadienal N y y y 

(E,E)-2,4-nonadienal N y y y 

2, 6-dimethy 1 pyrazine N N N N 

(E,Z)-2,6-nonadienal N N y N 

5-ethyldihydro-2(3H)-
furanone N y y y 

5-methyl-2(3H)-furanone N N N N 

dihydro-5-pentyl-2(3H)-

furanone N N y y 

dihydro-5-propyl-2(3H)-
furanone N N N N 

2( 5H)-furanone N N N N 

tetrahydro-6-methyl-2H-
pyran-2-one N N N N 

3-ethylcyclopentanone N y y y 

3-hexanone N N N N 

3-methyl-2-
thiophenecarboxaldehyde N N N N 

3-octanone y y N y 

3-octen-2-one N y y y 
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3-thiophenecarboxaldehyde N y y y 

(E,E)-3,5-octadien-2-one N N y y 

dihydro-2-methyl-3(2H)-
furanone N N N N 

4-cyanocyclohexene N N N N 

4-cyclopentene-I ,3-dione N N y N 

4-decyne N y N N 

(Z)-4-heptenal N y y y 

4-methyloctanoic acid N N N N 

(E)-4-octene N N N N 

2,3-dihydro-3,5-dihydroxy-

6-methy l-4(H)-pyran-4-one y N N N 

6-methyl-5-hepten-2-one y N N N 

acetaldehyde N N N y 

acetic acid N N N N 

acetic acid ethenyl ester y N N N 

acetoin y N N N 

acetone y N N y 

acetoni tril e N N N y 

benzaldehyde y y y y 

4-ethyl-benzaldehyde N y y N 

benzene y N N N 

benzoic acid, hydrazide y N N N 

butanal y N N y 

2-methyl-butanal N N N N 

3-methyl-butanal y N N N 

butanoic acid N N N N 

butyrolactone y y N y 

caprolactam N N N N 

carbon disulfide N N N y 

I-ethyl-I-methyl-
cy cl opentane y y y y 

propy 1-cycl opropane N N y y 

decanal N y y N 

dihydro-3-(2H)-thiophenone N N N N 

Dimethyl sulfide y N N N 

dimethyl sulfone N N N N 

dimethyl trisulfide y y N N 
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ethanethiol N N N N 

ethanol N N N y 

l-(l(H)-pyrrol-2-yl)-
ethanone N N N N 

1-(2-furanyl)-ethanone N N N N 

ethosuximide y N N N 

formic acid, heptyl ester y y N N 

furan y N N y 

2-ethyl-furan y N N N 

2-hexyl-furan y N N y 

2-methyl-furan N N N y 

2-pentyl-furan N y y y 

2-propyl-furan N N y y 

3-methyl-furan y N N N 

3-pentyl-furan y y y y 

furfural N y y y 

heptanal N y y y 

heptanoic acid N N N y 

2-methyl-hex-2-yn-4-one N N N N 

hexanoic acid N N N y 

hydrogen sulfide N N N N 

m-aminophenylacetylene N N N N 

maleic anhydride N N N N 

methacrolein N N N N 

methanethiol N N N N 

methyl ethanoate N N N N 

methyl isobutyl ketone y N N N 

n-caproic acid vinyl ester N y y N 

nonanal N y y y 

3-methyl-nonane y N N N 

nonanoic acid y N N N 

octanal N y y y 

octane N N N y 

octanoic acid N N N y 

oxalic acid, isobutyl pentyl 
ester y N N N 

p-cresol N N N N 

pentanal N N N y 
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pentanoic acid y N N y 

4-ethyl-phenol N y y N 

phenylacetaldehyde y y y y 

(p-hydroxyphenyl)-

phosphonic acid y N N N 

propanal N N N y 

2-methyl-propanal N N N N 

propanoic acid N N N N 

2-methyl-propanoic acid y N N N 

propanoic acid, ethenyl ester N N N N 

pyrazme N y N y 

2-ethy 1-5-methy 1-pyrazine N N N N 
2-ethy 1-6-methy 1-pyrazine N N N N 
2,3-dimethy 1-pyrazine N N N N 
2, 5-dimethy 1-pyrazine N N N N 
3-ethyl-2,5-dimethyl-

pyrazme y N N N 
ethyl-pyrazine N N N N 
methy 1-pyrazine N N N N 
trimethy 1-pyrazine y N N N 

pyridine y N y N 

pyrrole y y y y 

styrene y N y N 

thiazole y y y y 

methy 1-thiirane N N N N 

thiophene N N N y 

2-hexyl-thiophene y N y N 

2-pentyl-thiophene N y N N 

trans-2-(2-pentenyl)furan N y y N 

trans-3-nonen-2-one N y y y 

undecanoic acid N N N N 

Total # of Compounds 

Detected: 54 63 66 76 

In samples having fatty or creamy aromas, 2,4-decadienal, (E,E)-2,4-nonadienal, 

(E,E)-2,4-heptadienal, and/or (E,E)-2,4-decadienal were detected in the 

KPhos6 _ Beefl-Ieart, MRM _ Beefl-Ieart, MRM _ BioLipon95, MRM _ NatCholinePC40, 
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Kphos6 _ Canola, MRM _ Canola, KPhos6 _ Oleic Acid, KPhos6 _ Linoleic acid and 

MRM _ Linoleic acid samples. For (E,E)-2,4-decadienal, the strongest signal intensity 

was in the MRM _ NatCholinePC40 sample, followed by the MRM _ Linoleic acid, 

KPhos6 _ Linoleic acid, MRM _ Beeffieart, MRM _ BioLipon95, KPhos6 _ Beeffieart, 

5 MRM_Oleic Acid, and KPhos6_Oleic Acid samples. For (E,E)-2,4-heptadienal, the 

strongest signal intensity was in the MRM _ NatCholinePC40 sample followed by the 

MRM_Canola sample. (E,E)-2,4-heptadienal also was detected in the 

MRM_BioLipon95, MRM_Beeffieart, and MRM_Linoleic acid samples. For (E,E)-2,4-

nonadienal, the strongest signal intensity was in the MRM _ Canola and MRM _ Linoleic 

1 o acid samples. (E,E)-2,4-nonadienal also was detected in the Kphos6 _ Canola, 

MRM _ NatCholinePC40, MRM _ BioLipon95, MRM _ Beeffieart, and KPhos6 _ Linoleic 

acid samples. For 2,4-decadienal, the strongest signal intensity was in the 

MRM _ Linoleic acid sample. 2,4-decadienal also was detected in KPhos6 _ Linoleic acid, 

MRM_Canola, and KPhos6_Oleic Acid samples. 

15 In samples having earthy or mushroom aromas, 3-octen-2-one, l-octen-3-one, 3-

octanone, and/or l-octen-3-ol were detected in the KPhos6_Beeffieart, MRM_Beeffieart, 

Kphos _ BioLipon95, MRM _ BioLipon95, Kphos _ NatCholinePC40, 

MRM_NatCholinePC40, MRM_Canola, KPhos6_Oleic Acid, MRM_Oleic Acid, 

KPhos6_Linoleic acid, and MRM_Linoleic acid samples. For l-octen-3-ol, the strongest 

20 signal intensity was in the MRM _ Linoleic acid sample, followed by 

MRM _ NatCholinePC40, KPhos6 _ Linoleic acid, MRM _ Beeffieart, KPhos6 _ Beeffieart, 

MRM _ Canola, MRM _ BioLipon95, KPhos6 _ 0leic Acid, and MRM _ Oleic Acid samples. 

3-octanone was detected in the MRM _ Oleic Acid, KPhos6 _ Linoleic acid, and 

MRM_Linoleic acid samples. For l-octen-3-one, the strongest signal intensity was in the 

25 MRM _ Linoleic acid and MRM _ Beeffieart samples, followed by KPhos6 _ Linoleic acid, 

MRM _ NatCholinePC40, KPhos6 _ Beeffieart, MRM _ BioLipon95, MRM _ Oleic Acid, 

and KPhos6 _ Oleic Acid samples. For 3-octen-2-one, the strongest signal intensity was in 

the KPhos6 _ Linoleic acid sample, followed by MRM _ Linoleic acid, 

MRM _ NatCholinePC40, KPhos6 _ Beeffieart, KPhos6 _ Oleic Acid, MRM _ Oleic Acid, 

30 MRM_Beeffieart, MRM_BioLipon95, MRM_Canola, Kphos_BioLipon95, and 
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Kphos_NatCholinePC40. Pyrazine was detected in the MRM_Coconut, MRM_Cl8, 

MRM_Cl4, and MRM_BioLipon95 samples. 

In samples having a nutty and roasted aroma, thiazole and 2-acetylthiazole were 

the most abundant compounds detected, along with pyrazine, methyl pyrazine, trimethyl 

5 pyrazine, and 3-ethyl-2,5-dimethylpyrazine. 2-acetylthiazole was detected in all samples 

with MRM and most abundant in samples with MRM_Beefueat, MRM_biolipon95, 

MRM_Canola, and MRM_coconut. Thiazole was created in samples with MRM­

Coconut, MRM_Beefl-Ieat, MRM_Biolipon95, MRM_Cl4, MRM_Cl8, MRM_Canola, 

MRM _ Oleic acid and MRM _ Linoleic acid and MRM _ NatCholinePC40. Pyrazine was 

10 present in the largest amount in samples with MRM-Coconut, followed by samples 

MRM_Beefl-Ieat, MRM_Biolipon95, MRM_Cl4, MRM_Cl8, MRM_Canola having 

roughly equal amount, MRM _ Oleic acid and MRM _ Linoleic acid sample had even less. 

Methyl-pyrazine was present in MRM_Biolipon95 and MRM_Coconut. 3-ethyl-2,5-

dimethyl- pyrazine and trimethyl- pyrazine, were present only without phospholipids in 

15 theMRM. 

In samples having green, vegetable, or grass aromas, 1-heptanol, l-hepten-3-ol, 1-

hexanol, (E)-2-heptenal, (Z)-2-heptenal, (E)-2-hexenal, 2-pentyl-furan, and/or heptanal 

were detected in the KPhos6_BeefHeart, MRM_Beefl-Ieart, Kphos_BioLipon95, 

MRM_BioLipon95, Kphos_NatCholinePC40, MRM_NatCholinePC40, Kphos_Cl4, 

20 MRM_Cl4, Kphos_Cl8, MRM_Cl8, MRM_Canola, MRM_Coconut, KPhos6_Oleic 

Acid, MRM _ Oleic Acid, KPhos6 _ Linoleic acid, and MRM _ Linoleic acid samples. For 2-

pentyl-furan, the strongest signal intensity was in the KPhos6 _ Beefl-Ieart sample, 

followed by the KPhos6 _ Linoleic acid, MRM _ BioLipon95, MRM _ Linoleic acid, 

MRM _ Beefl-Ieart, MRM _ Oleic Acid, MRM _ NatCholinePC40, MRM _ Canola, 

25 KPhos6_Oleic Acid, and Kphos_NatCholinePC40 samples. For (E)-2-heptenal, the 

strongest signal intensity was in the MRM _ Beefl-Ieart, MRM _ Canola, MRM _ Oleic Acid, 

and KPhos6 _ Linoleic acid samples, followed by the KPhos6 _ Oleic Acid, 

MRM _ BioLipon95, KPhos6 _ Beefl-Ieart, MRM _ Linoleic acid, MRM _ NatCholinePC40, 

Kphos _ BioLipon95, and Kphos _ NatCholinePC40 samples. For (Z)-2-heptenal, the 

30 strongest signal intensity was in the MRM _ Linoleic acid sample. MRM Linoleic acid 
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also was detected in the KPhos6_Linoleic acid sample. For heptanal, the strongest signal 

intensity was in the MRM _ Oleic Acid sample, followed by the KPhos6 _ Oleic Acid, 

MRM_Cl4, MRM_Cl8, MRM_Canola, MRM_Beefl-Ieart, MRM_NatCholinePC40, 

MRM_Linoleic acid, and KPhos6_BeefHeart samples. For, (E)-2-hexenal, the strongest 

5 signal intensity was in the MRM _ Linoleic acid sample, followed by the 

MRM _ NatCholinePC40, KPhos6 _ Linoleic acid, and MRM _ Oleic Acid samples. 

Example 11 - Creation of beefy flavors using complex precursor mixtures 

A formulation was prepared (the "magic mix," see Table 13 containing the 

1 o estimated concentrations of amino acids, sugars, and other small molecules in beef based 

on their values reported in literature. The magic mix was tested for its ability to produce 

beefy flavors in the presence ofLegHemoglobin (LegH). The magic mix and I% w/v 

LegH were added to the meat replica, pH 6.0 (see Table 4) and baked in a convection 

oven for 7 minutes at l 60°C. A control sample was prepared by adding I% w/v LegH to 

15 the meat replica, pH 6.0 and baking in a convection oven for 7 minutes at 160°C. 

The meat replica sample containing only LegH, was compared to the meat replica 

sample containing the magic mix and LegH by a sensory panel and GCMS analysis. Five 

tasters rated the flavored meat replicas for beefiness, bitterness, and levels of savory 

flavors, and off flavors. Each property was rated on a 7 point scale in which 7 was the 

20 highest amount of the specified property (e.g., a standard 80:20 ground beef would be 

rated 7 on the beefy scale). The Magic Mix flavor was rated one point higher in beefy 

character than the LegH only sample (FIG. I). 

To determine which chemical products were produced upon heating, a solution of 

Magic Mix was prepared with I% w/v LegH at pH 6.0. The samples were cooked with 

25 shaking at 150°C for three minutes, then Solid Phase Micro Extraction (SPME) was 

performed for twelve minutes at 50°C to extract the volatile compounds above the 

headspace of the reaction. A search algorithm was used to analyze the retention time and 

mass fingerprint information of the volatile compounds and assign chemical names to 

peaks. Table 14 shows the compounds identified in both the Magic Mix+ LegH (MM, 

30 average of two samples) and in the LegH alone in buffer (LegH, average of five samples) 
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samples. The compounds in Table 14 are listed in order of the retention time (RT., in 

seconds), and are designated as having a zero peak area (0), or a small (S), medium (M), 

or large (L) average peak area. Hundreds of compounds were identified between the 

samples, many of which are characteristic of beefy aroma, including but not limited to 

5 1,3-bis(l, 1-dimethylethyl)-benzene, 2-methyl 3-furanthiol, and Bis(2-methyl-4,5-

dihydro-3-furyl) disulfide, which increased in the samples containing the Magic Mix and 

LegH. 

Table 13 

10 Chemical entities added to the Magic Mix 

Chemical enti!l'. mM 

Alanine 5.6 

Arginine 0.6 

Asparagine 0.8 

Aspartate 0.8 

Cysteine 0.8 

Glutamic acid 3.4 

Glutamine 0.7 

Glycine 1.3 

Histidine 0.6 

Isoleucine 0.8 

Leucine 0.8 

Lysine 0.7 

Methionine 0.7 

Phenylalanine 0.6 

Praline 0.9 

Threonine 0.8 

Tryptophan 0.5 

Tyrosine 0.6 
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Valine 0.9 

glucose 5.6 

Ribose 6.7 

Maltodextrin 5.0 

Thiamine 0.5 

GMP 0.24 

IMP 0.6 

Lactic acid 1.0 

creatine 1.0 

NaCl 10 

KCl 10 

Kphos pH 6.0 10 

TABLE 14 

Compounds identified with GC-MS analysis in samples with MM and LegH, or 

LegH alone (average of five samples) 

MM 

with LegH 

R.T.(s) Name LegH alone 

248 acetaldehyde L s 
256.3 carbon disulfide L s 
264.3 dimethyl sulfide s 0 

265 oxalic acid, isobutyl pentyl ester M 0 

268.1 2,3, 4-trimethy 1-pentane M 0 

269.2 methanethiol s 0 

283.4 propanal M 0 

285.4 octane M 0 

287.1 furan M 0 

295.3 2-methyl-propanal L s 
297.6 acetone L s 
319.3 2-propenal M s 
338.1 2-methyl-furan M s 
342.1 butanal L s 
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344.2 2, 4-dimethy 1-1-heptene M 0 

346.3 methacrolein M 0 

357.4 methy 1-thiirane L 0 

360.2 3-methyl-furan s 0 

363.7 butanone L s 
368.9 2,3-dihydro-5-methyl-furan M s 
376.4 2-methyl-butanal L M 

381.1 3-methyl-butanal L M 

390.6 isopropyl alcohol 0 s 
399.6 ethanol L M 

406.2 2-propenoic acid, methyl ester M 0 

408.2 benzene s 0 

414.4 methyl vinyl ketone M 0 

416.4 2,2, 4, 6, 6-pentamethy I-heptane M 0 

422.6 2-ethyl-furan s 0 

438.4 2-ethylacrolein M 0 

449.9 2-pentanone s 0 

453.2 pentanal/2,3-butanedi one L 0 

453.8 2,3-butanedione L M 

472.8 4, 7-dimethy 1-undecane M s 
485.9 2-methyl-pentanal M 0 

492.6 2-methyl-1-penten-l-one s 0 

496.6 (E)-3-penten-2-one M 0 

508.6 l-penten-3-one M 0 

510.6 trichloromethane M M 

520.4 p-dithiane-2,5-diol M 0 

525.5 3-methyl-pentanal M 0 

535.1 (E)-5-decene M 0 

536.5 toluene M s 
537.9 2-butenal M s 
543.8 4-penten-2-one M 0 

550.8 methyl thiolacetate M 0 

683.7 p-xylene s 0 

727.4 dimethyl selenone M 0 

738.3 methyl isopropyl disulphide M 0 

755 2-heptanone M 0 

758.7 heptanal L 0 

781.9 1,3-diisopropoxy-l ,3-dimethyl-1,3- s M 
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disilacyclobutane 

789.4 3-methyl-2-butenal M 0 

793.4 4-methyl-2-heptanone M 0 

810.4 pyrazme M 0 

818.8 isothiazole s 0 

827.1 acetyl valeryl M 0 

831.8 2-pentyl-furan L 0 

851 2-methyl-thiazole s 0 

853.3 isothiocyanato-methane s 0 

870.9 thiazole L 0 

879.2 styrene M 0 

890.7 1-( methy lthi o )-propane M 0 

895.6 methy 1-pyrazine M 0 

910.5 thiocyanic acid, methyl ester s 0 

918.6 4-methylthiazole M 0 

921.4 2-octanone M 0 

923.9 2-methyl-cyclopentanone M 0 

927.9 octanal L s 
934.3 tridecane M 0 

948.8 trans-2-(2-pentenyl )furan s 0 

961.9 l-hydroxy-2-propanone M 0 

974.5 (E)-2-heptenal M 0 

987.4 5-methyl-1-undecene M 0 

993.8 2-hexyl-furan M 0 

1007.8 7-methyl-(E)-5-undecene M 0 

1024.1 2-methyl-5-(methylthio)-furan, s 0 

1058.6 2-butyl-1-decene M 0 

1079.3 dimethyl trisulfide L s 
1085.3 2-nonanone M 0 

1093.2 nonanal L M 

1142.3 1,3-bis(l, 1-dimethylethyl)-benzene M 0 

1149.6 (E)-2-octenal M 0 

1164.5 1-heptanol M 0 

1193.5 methional L 0 

1198.8 acetic acid M s 
1207.2 furfural M 0 

1242.1 2-decanone M 0 

1250.8 decanal M 0 
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1265.2 l-decen-3-one M 0 

1283.3 pyrrole M 0 

1292.6 5-ethenyl-4-methyl-thiazole M 0 

1294.3 benzaldehyde L M 

1303.7 2-n-octylfuran M 0 

1305.6 (E)-2-nonenal M 0 

1341.4 1-octanol M 0 

1361.1 2-methyl-l (H)-pyrrole s 0 

1391.7 2-undecanone M 0 

1401.2 (E)-2-octen-l-ol M 0 

1448 butyrolactone s s 
1456.3 (E)-2-decenal M 0 

1462.4 phenylacetaldehyde L s 
1466.3 2-acetylthiazole L 0 

1471.3 acetophenone M s 
1475.4 1-nonanol M 0 

1487 methyl (methylthio)methyl disulfide M 0 

1497.1 5-(2-chloroethyl)-4-methylthiazole L 0 

1497.5 1-( ethylthio )-2-(methylthio )-buta-1,3-diene L s 
1512 3-thiophenecarboxaldehyde M 0 

1518.8 2-nonen-4-one M 0 

1531.7 2-thiophenecarboxaldehyde s 0 

1543.9 dodecanal M 0 

1551.6 4-ethy 1-2-methy 1-pyrrol e s 0 

1558.2 3-( methy lthi o )-propaneni tril e s 0 

1561.2 3-decen-2-one M 0 

1613.1 bis(2-methyl-4,5-dihydro-3-furyl) disulfide M 0 

1615.6 1, 10-undecadiene M 0 

1619.5 2-undecenal s 0 

1668.9 2-phenylpropenal M 0 

1692.3 (Z)-3-decen-l-ol, acetate M 0 

1733.1 3-phenyl-furan s 0 

4-nitrophenyl 2-thiophenecarboxylic acid 

1739.7 ester s 0 

1741.2 5-formyl-4-methylthiazole M 0 

pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 

1749.7 isobutyl ester M 0 

1765.5 benzyl alcohol s 0 
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pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 
1774.2 isobutyl ester s 0 

1796.9 dodecanal M 0 

1806.1 (l-ethyl-1-propenyl)-benzene s 0 

1825.6 1-undecanol M s 
1827.9 2-methyl-3-furanthiol M 0 

1828.3 2-methyl-3-(methylthio) furan M 0 

1836.1 4-chl oro-2, 6-bi s( 1, 1-dimethy lethy 1 )-phenol s 0 

1844.1 phenol s s 
1845.3 [(methylsulfonyl)methyl]-benzene s 0 

1850.3 ( e )-2-tridecen-l-ol M 0 

l-heptyl-1,2,3,4-tetrahydro-4-methyl-
1859.9 naphthalene s 0 

1863.2 2, 4-decadi enal s 0 

1905.1 3,3'-dithiobis[2-methyl]-furan M 0 

1906.9 3,5-di-tert-butylbenzoic acid s 0 

1909.6 4-ethoxy-benzoic acid, ethyl ester s 0 

1921.5 3-(phenylmethyl)-2,5-piperazinedione s 0 

1944.5 9-octadecenal M 0 

1959.7 3,5-bis(l, 1-dimethylethyl)-phenol M s 
1968.4 4-methyl-5-thiazoleethanol M s 
2007.8 1, I' -( 1,2-cyclobutanedi y 1 )bi s-ci s-benzene s 0 

2019.8 benzoic acid s s 
2026.4 4-quinolinecarboxaldehyde s 0 

2027.8 m-aminophenylacetylene M 0 

Example 12 - Ferrous Chlorin Catalyzes Production of Meat-like flavor 

compounds 

Fresh green spinach (10 lb) was added to 500 mL water and finely ground in a 

Vitamix blender to yield 2 Lofgreen suspension. Acetone (8L) was added with mixing 

and the material was allowed to extract for I hour. The material was filtered through 

Whatman filter paper and the acetone was removed on a rotary evaporator (Buchi). To 

the residual green suspension (500 mL) was added 2 mL of 10 M HCl, causing the 

10 suspension to turn brown. To this was added lg ofFeCh.4H2O in 10 mL H20. The 
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solution was shaken then left at 4°C for 16 hours. This suspension was extracted with 

diethyl ether (3x50mL) to give a bright green organic phase, the combined organics were 

washed with saturated sodium chloride solution, dried over sodium sulfate, filtered and 

evaporated to leave a black paste (I. lg). The pellet was dissolved in chloroform for 

5 fractionation. 

Chlorophyll and Ferrous chlorin crude fractions were stored at -20°C. Crude 

extracts were fractionated by reverse-phase high-pressure liquid chromatography (RP­

HPLC). HPLC conditions are outlined in Table 15. Both chlorophyll and ferrous 

chlorophyll were eluted from the column with a peak retention time of 7.6 minutes. 

10 Eluted material was collected from 7.3 - 8.0 minutes. Collected fractions were pooled 

and stored on ice. Collected fractions were re-chromatographed and showed a single 

peak with retention time 7.6 minutes. The desired fractions were pooled, then 10% 

sunflower oil was added, methanol was removed on a rotary evaporator (Buchi). 

15 

20 

TABLE 15 

HPLC conditions for purification of chlorophyll and ferrous chlorin from crude 

extract. 

Sample: Chlorophyll or Fe-chlorin (-2mg/mL in CHCb) 

System: Agilent 1100 with Chem station 

Column: Zorbax Bonus-RP ( 4.6 x 250 mm, 5uM) 

Mobile phase: acetonitrile, methanol, ethyl acetate (60:20:20) isocratic flow 

Temperature: 30°c 

Flow Rate: 1.0 mL per minute 

Injection volume: 0.05 mL 

Preparation of Flavor Reaction Containing Ferrous Chlorin or Leghemoglobin 

A solution of ferrous chlorophyll was mixed with the Magic Mix (Table 13) to a 

final concentration of 0.35% ferrous chlorin, I% glycerol, 0.005% tween-20, 5% 

sunflower oil, 100 mM NaCl, 20 mM phosphate at pH 6. Leghemoglobin (0.35%) at pH 

6 in phosphate buffer (20 mM), 100 mM NaCl, was mixed with the Magic Mix (Table 
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13), 1 % glycerol, and 0.005% tween-20. The flavor reaction mixtures were heated to 

l 50°C for 3 minutes; this reaction created flavor compounds known to be present in 

meat, created by hemoglobin and also created by ferrous chlorin; see Table 16. 

The characteristic flavor and fragrance components were mostly produced during 

5 the cooking process when the flavor precursor molecules reacted with the heme-protein 

or the ferrous chlorophyll. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating. Volatile chemicals were isolated from the headspace 

around the flavor reactions. The profile of the volatile chemicals in the headspace around 

the flavor reaction mixtures that were similar between heme-protein and ferrous chlorin 

10 are shown in Table 16. Notabily, many of the compounds created by the ferrous chlorin 

are important in the flavor of meat. 

TABLE 16 

Flavor Compounds created by both Ferrous Chlorin and LegH with Magic Mix. 

1-heptanol acetone 

1-hexanol acetonitrile 

1-octanol benzaldehyde 

l-octen-3-ol butanal 

l -octen-3-one 2-methy 1-butanal 

1-pentanol dimethyl trisulfide 

2-acetylthiazole ethyl acetate 

2-butenal furan 

3-methyl-2-butenal, 2-ethyl-furan 

(Z)-2-decenal 2-hexyl furan 

6-methyl-2-heptanone 2-pentyl-furan 

(E)-2-heptenal furfural 

(E)-2-hexenal heptanal 

2-methyl-3-furanthiol aminophenylacetylene 

(E)-2-nonenal methacrolein 

(E)-2-octenal methional 

2-pentanone octanal 

l-hydroxy-2-propanone octane 

2-thiophenecarboxaldehyde oxalic acid, diallyl ester 

2-undecenal 2, 3-butanedi one 
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3-methyl-3-buten-2-one 2-methy 1-propanal 

3-thiophenecarboxaldehyde pyrazme 

(E)-4-octene, 2,3-dimethyl-pyrazine 

methy 1-pyrazine 2,5-dimethyl-pyrazine 

thiazole 

Example 13 - Flavor creation by immobilized Hemin 

Preparation of hemin linked CM Sepharose. 

200 mg of bovine hemin (Sigma Aldrich) was loaded into a scintillation vial. A 

5 small magnetic stir bar, 800 µL acetonitrile, 64 µL 4-methylmorpholine, and 71 mg of N­

hydroxysuccinimide were added in that order. The vial was placed in an ice bath and 

chilled then 118 mg ofN-(3-dimethylaminopropyl)-N'-ethyl-carbodiimide hydrochloride 

was added with stirring, followed by 845 µL of Jeff amine ED900. This was stirred while 

allowing the black mixture to warm to ambient temperature. Chloroform (10 mL) was 

1 o added to the mixture followed by water ( 4 mL ). A flashlight was used to distinguish 

between organic and aqueous layers since both were black and the organic layer was 

pipetted off and concentrated to a dark black oil. The oil was dissolved in a 4: 1 mixture 

of acetonitrile and ethanol to make an approximately 10% strength solution that was inky 

black in color. 

15 2 mL of water swelled and equilibrated CM Sepharose was equilibrated in a 

BioRad mini column with 3 volumes of acetonitrile. The resin was resuspended in 1 mL 

acetonitrile and pipetted into a scintillation vial. This was followed with 44 microliters 4-

methylmorpholine, 23 mg N-hydroxysuccinimide, and 39 mg of solid N-(3-

dimethylaminopropyl)-N' -ethyl-carbodiimide hydrochloride. The mixture was vortexed 

20 vigorously and then shaken for three hours. To this white solid was added 570 

microliters of inky black 20% strength hemin coupled diamine. The black solid was 

vortexed and shaken for an hour. The slurry strongly resembled Turkish coffee. The 

mixture was poured into a BioRad minicolumn and filtered, washed with acetonitrile 

until what came out no longer resembled espresso, then switched to deionized water, and 

25 finally 20 mM pH 9 sodium carbonate buffer. The black solid was washed until the 

effluent ran clear and then resuspended in 2 mL of buffer for storage until use. 
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Flavor reaction 

The flavor reaction was created with heme protein (equine myoglobin -Sigma) at 

0.35% in a phosphate buffer (20 mM) at pH 6.0 with 100 mM NaCl, this was mixed with 

5 Magic Mix (Table 13). Another flavor reaction was created with Immobilized Hemin at 

0.35% in a phosphate buffer (20 mM) at pH 6.0 with 100 mM NaCl, this was mixed with 

Magic Mix (Table 13). The flavor reaction mixtures were heated to 150°C for 3 minutes; 

this reaction created flavor compounds known to be present in meat. 

The characteristic flavor and fragrance components were mostly produced during 

1 o the cooking process when the flavor precursor molecules reacted with the Heme-protein 

or the immobilized Hemin. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating. Volatile chemicals were isolated from the headspace 

around the flavor reactions. As can be seen in Table 17, immobilized hemin catalyzed 

production of compounds similar to those whose production was catalyzed by myoglobin 

15 free in solution. Notably, the profiles of flavor compounds, measured by GCMS, 

produced by cooking mixtures containing the immobilized hemin and the heme-protein, 

respectively, were very similar. 

20 TABLE 17 

Flavor compounds produced by cooking mixtures containing either myoglobin free 

in solution or hemin coupled to a solid support 

Flavor compound myoglobin hemin-linker-resin 
2-methyl-5-(methylthio )-thiophene Low 

dihydro-5-propyl-2(3H)-furanone Low 

octane Low 

pyrrole Low Low 

methanethiol Low Low 

2-thiophenecarboxaldehyde Low Low 

methy 1-pyrazine Low Low 

l-hydroxy-2-propanone Low Low 

propanal Low Low 
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thiophene Low medium 

pyridine Low Low 

2-methyl-furan Low medium 

oxalic acid, butyl propyl ester Low Low 

pyrazme medium Low 

oxalic acid, diallyl ester medium medium 

2-butenal medium large 

furfural medium medium 

nonanal medium medium 

2-ethyl-furan medium Low 

ethanol medium very large 

tert-butanol medium 

3,3'-dithiobis[2-methyl]-furan medium medium 

m-aminophenylacetylene medium medium 

2,5-dihydro-3,4-dimethyl-furan medium medium 

2-acetylthiazole medium medium 

cyclohexane medium 

ethyl tert-butyl ether medium 

carbon disulfide medium medium 

thiazole medium medium 

acetoni tril e medium large 

2-pentyl-furan medium Low 

3-thiophenecarboxaldehyde medium medium 

2-methyl-butanal medium medium 

thiazole medium large 

2-methyl-3-furanthiol larege large 

2-propenal large large 

3-methyl-2-butenal large medium 

2-methyl-3-(methylthio) furan large large 

ethyl acetate large medium 

methacrolein large medium 

methy 1-thiirane large large 

methional large large 

methyl alcohol large medium 

2-butanone large Low 

2,3-butanedione large medium 

acetone large large 

furan large medium 
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benzaldehyde large medium 

methyl thiolacetate large medium 

acetaldehyde very large very large 

2-methyl-propanal very large very large 

dimethyl trisulfide very large very large 

3-methyl-butanal very large very large 

propy 1-cycl opropane medium 

(E)-2-octenal medium 

2-n-propylaziridine medium 

thiirane medium 

ethyl formate medium 

methyl vinyl ketone medium 

2-propenoic acid, ethyl ester medium 

1-nonanol large 

1-octene large 

1-heptanol large 

1-dodecene large 

phorone very large 

Example 14. The combination of precursors with Heme protein drives flavor 

reactions. 

Three samples were compared: precursor mix alone, 1 % heme protein alone, and 

5 precursor mix with 1 % heme. The precursor mix was made of glucose (20 mM), ribose 

(20 mM), cysteine (10 mM), thiamine (1 mM), and glutamic acid (1 mM). Reactions 

were all at pH 6.0, prepared and heated to 150°C for 3 minutes. These three samples were 

run in duplicate. These samples were evaluated by GCMS for the flavor compounds 

generated. Characteristic flavor and fragrance components were mostly produced during 

1 o the cooking process where precursors could react with the heme-protein. These samples 

were evaluated by GCMS for the flavor compounds generated and evaluated for the 

sensory experience. Volatile chemicals were isolated from the head space around the 

flavor reaction. The flavor compounds created in each sample is indicated in Table 18. As 

shown most of the flavor molecules were created on when the precursors are combined 

15 with the heme protein. 
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Table 18 

Flavor molecules created by the combination of LegH and precursor mix. 

Precursor Precursor 
Compound mix Le~H mix+ Le~ H 
carbon disulfide medium medium high 

isopropyl alcohol medium medium low 

2-methyl-furan low low 

butanal low medium 
thiophene low low 

2, 3-butanedi one low low high 

furan low medium 

2, 4-dimethyl-1-heptene high high 

acetone high high 

dimethyl trisulfide medium medium 

2-methvl-heptane medium medium 
2-pentanone medium 

pentanal medium medium 
2-pentyl-furan medium medium 
2-methy 1-propanal low high 

2-acetatyl-1-propene low low 

2-methy 1-butanal low medium 

1,3-dimethyl-benzene low low 
octane low low 

benzene low low 

benzaldehyde very high 

2-butanone very high 

furfural very high 
thiazole high 

nonanal high 

thiazole high 

2-acetylthiazole medium 

3-methyl-butanal medium 
(Z)-2-heptenal medium 

heptanal medium 

methyl-thiirane medium 

3-ethy 1-pentane medium 

phenylacetaldehyde medium 
2-hexyl-furan medium 
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2-nonanone medium 
propanal medium 
pyrazine medium 
(Z)-2-heptenal medium 
2-methv 1-1-heptene medium 
2-ethyl-furan medium 
octanal medium 
(E)-4-octene low 
(E)-2-octenal low 
2-methvl-thiazole low 
2-propenal low 
l -octen-3-one low 
1-octene low 
2-octanone low 
dimethyl sulfide low 
3-pentyl-furan low 
2-n-octvlfuran low 
2-pentyl-thiophene low 

OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction 

5 with the detailed description thereof, the foregoing description is intended to illustrate 

and not limit the scope of the invention, which is defined by the scope of the appended 

claims. Other aspects, advantages, and modifications are within the scope of the 

following claims. 
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1. This is a Supplemental Notice of Allowability (see Examiner's Amendment set forth 

below). 

2. Claims 31, 33-41, 44-46, 49-56, 58, 59 and 61 are allowed. 

EXAMINER'S AMENDMENT 

3. An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

Authorization for this examiner's amendment was given in an interview with Mr. Ian 

Lodovice on 9 January 2018. 

The application has been amended as follows: 

Claim 44: 

A food flavor additive composition of claim 42- 41, wherein the food flavoring 

wherein the food flavoring additive composition further comprises a compound selected from the 

group consisting of 2-methyl-furan, bis(2-methyl-3-furyl)disulfide, 2-pentyl-furan, 3,3 ' -

dithiobis-2-methyl-furan, 2,5-dimethyl-pyrazine, 2-methyl-3-furanthiol, bis(2-methyl-4,5-

dihydro-3-furyl) disulfide, dihydro-3-(2H)-thiophenone, 5-methyl-2-thiophenecarboxaldehyde, 

3-methyl-2-thiophenecarboxaldehyde, 2-methyl-thiazole, dimethyl sulfide, decanal, 5-

ethyldihydro-2(3H)-furanone, dihydro-5-pentyl-2(3H)-furanone, 2-octanone, 3,5-octadien-2-one, 

p-Cresol, and hexanoic acid. 
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Conclusion 

4. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ELIZABETH A GWARTNEY whose telephone number is 

(571)270-3874. The examiner can normally be reached on M-F: 8 a.m. - 4 p.m .. 

Page3 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Donald (Larry) Tarazano can be reached on 571-272-1515. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http:/ /pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

ELIZABETH A. GWARTNEY 
Primary Examiner 
Art Unit 1791 
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Primary Examiner, Art Unit 1791 

Page4 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

15/398,479 01/04/2017 Rachel Fraser 

26191 7590 01/25/2018 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 2231 J. I 450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

38767-0015002 2358 

EXAMINER 

GWARTNEY, ELIZABETH A 

ART UNIT PAPER NUMBER 

1791 

NOTIFICATION DATE DELIVERY MODE 

01/25/2018 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

PATDOCTC@fr.com 

PTOL-90A (Rev. 04/07) 
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Response to Rule 312 Communication 

Application No. 

15/398,479 

Examiner 

Applicant(s) 

Art Unit 

•· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

1. 181 The amendment filed on 18 January 2018 under 37 CFR 1.312 has been considered, and has been: 

a) 181 entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

and the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below. 

e) D entered in part. See explanation below. 

Charles Bowen 

Publishing Division 

U.S. Patent and Trademark Office 

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Serial No. 
Filed 

Rachel Fraser 
15/398,479 
January 4, 2017 

Art Unit 1791 
Examiner Elizabeth A Gwartney 
Confirmation No. 2358 

Title 
Notice of Allowance Date: December 6, 2017 

METHODS AND COMPOSITIONS FOR AFFECTING THE 
FLAVOR AND AROMA PROFILE OF CONSUMABLES 

MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

REPLY TO NOTICE OF ALLOWANCE 

In response to the Notice of Allowance mailed December 6, 2017, enclosed is a 

completed Part B - Fee(s) Transmittal. 

It is recognized that in accordance with MPEP § 1302.14, the Examiner's reasons for 

allowance need not set forth all of the details as to why the claims are allowed. In the above­

referenced application, it is not conceded that the Examiner's stated reasons for allowance are 

the only reasons for which the claims are allowable. The Examiner's reasons for allowance 

indicate that particular claim elements are not disclosed or suggested by the prior art of record, 

yet the claims may be patentable for other reasons as well, including the inventive combination 

of all of the recited claim elements. It is not conceded that the specific limitations identified by 

the Examiner are necessary to distinguish the art of record or to satisfy the requirements of 3 5 

U.S.C. § 112. Moreover, the Examiner does not assert, and it would not be conceded, that the 

Examiner's reasons have any bearing on the patentability of claims in any other applications 

directed to the disclosed subject matter. 

In addition, each dependent claim stands on its own and may be allowable on its own 

merits. In particular, each dependent claim may be allowable on the basis of a combination of 

some of the features recited in the dependent claim and its base claim(s), which combination of 

features may not include all of the limitations identified in the Examiner's reasons for allowance. 
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Serial No. 
Filed 
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Rachel Fraser 
15/398,479 
January 4, 2017 
2 of2 

Attorney Docket: 38767-0015002 / Meat3CON 

The Issue Fee is being paid with this reply via the Electronic Filing System (EFS). 

Please apply those fees and any other charges, or credits, to Deposit Account No. 06-1050, 

referencing the above-indicated Attorney Docket Number. 

Date: /March 6 2018/ 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone: (612) 335-5070 
Facsimile: (877) 769-7945 

61645216.doc 

Respectfully submitted, 

/M. Angela Parsons/ 

M. Angela Parsons, Ph.D. 
Reg. No. 44,282 

2 
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Case No.: IPR2023-00209 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571)-273-2885 
INSTRUCTIONS: This form should be used for trausmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated uuless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notificatious. 
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

26191 7590 

FISH & RICHARDSON P.C. 
P.O. BOX 1022 

12/6/2017 

MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

15/398,479 01/04/2017 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Trausmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885 on the date indicated below 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Rachel Fraser 38767-0015002 2358 

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF CONSUMABLES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional LARGE $1000 $0 

EXAMINER ARTUNIT CLASS-SUBCLASS 

GWARTNEY, ELIZABETH A. 1791 426-533000 

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list 
CFR 1.363). 

[ ] Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

[ ] "Fee Address" indication ( or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

(1) the names ofup to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TOBE PRINTED ON THE PATENT (print or type) 

$1000 03/06/2018 

Fish & Richardson P.C. 

2 -------------

3 ____________ _ 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 
Impossible Foods Inc. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 
Redwood City, CA 

Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Corporation or other private group entity [ ] Government 
4a. The following fee(s) are submitted: 4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

[X] Issue Fee [ ] A check in the amount of the fee(s) is enclosed. 

[ ] Publication Fee (No small entity discount permitted) [ ] Payment by credit card. Form PTO-2038 is attached. 

[ ] Advance Order - # of Copies _______ [X] The Director is hereby authorized to charge the required fee(s), or credit any overpayment, to 

5. Change in Entity Status (from status indicated above) 
[ ] Applicant certifying micro entity status. See 37 CFR 1.29 

] Applicant asserting small entity status. See 37 CFR 1.27. 

] Applicant changing to regular nndiscounted fee status. 

Deposit Account Number 06-1050 

NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue fee 
payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously nuder micro entity status, checking this box will be 
taken to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or 
micro entity status, as applicable. 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party 
in interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature /M. Angela Parsons/ Date /March 6, 2018/ 

Typed or printed name M. Angela Parsons, Ph.D. Registration No. _4_4_,~2_8_2 __________ _ 

61645219.doc 
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Application Number: 15398479 

Filing Date: 04-Jan-2017 

Title of Invention: 
METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA 
PROFILE OF CONSUMABLES 

First Named Inventor/Applicant Name: Rachel Fraser 

Filer: M. Angela Parsons/Judith Witzel 

Attorney Docket Number: 38767-0015002 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 960 960 
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Electronic Acknowledgement Receipt 

EFSID: 31971302 

Application Number: 15398479 

International Application Number: 

Confirmation Number: 2358 

Title of Invention: 
METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA 
PROFILE OF CONSUMABLES 

First Named Inventor/Applicant Name: Rachel Fraser 

Customer Number: 26191 

Filer: M. Angela Parsons/Rachel Guidarelli 

Filer Authorized By: M. Angela Parsons 

Attorney Docket Number: 38767-0015002 

Receipt Date: 06-MAR-2018 

Filing Date: 04-JAN-2017 

Time Stamp: 15:07:13 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $960 

RAM confirmation Number 030718INTEFSW00001710061050 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

73204 

1 
Post Allowance Communication -

RespNOA.pdf 2 no 
Incoming 

78fc563da354b25c759753068ecc98Sa6SaE 
6abe 

Warnings: 

Information: 

123907 

2 Issue Fee Payment (PTO-85B) PartB.pdf no 1 
c37fad41 afe69f850f24cc443a7018e9c7782 

6a8 

Warnings: 

Information: 

30823 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
8651 912d4b2f884a8f69b6c36Sc84Sb0f80f 

43fb 

Warnings: 

Information: 

Total Files Size (in bytes) 227934 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Ai;u;~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Rachel Fraser 
15/398,479 
January 4, 2017 
2 of20 

Attorney Docket: 38767-0015002 / Meat3CON 

Amendments to the Specification: 1· 
5 Ch ( ) I. d mes l l -

ange s app 1e 
Please amend the paragraph on page 14, lines~, as follows: 

to document, 

/5.D / Marked Up 

12/20/2017 Heme-containing proteins that can be used in the compositions and food products 

described herein can be from mammals ( e.g., farms animals such as cows, goats, sheep, pigs, ox, 

or rabbits), birds, plants, algae, fungi (e.g., yeast or filamentous fungi), ciliates, or bacteria. For 

example, a heme-containing protein can be from a mammal such as a farm animal ( e.g., a cow, 

goat, sheep, pig, ox, or rabbit) or a bird such as a turkey or chicken. Heme-containing proteins 

can be from a plant such as Nicotiana tabacum or Nicotiana sylvestris (tobacco); Zea mays 

(corn), Arabidopsis thaliana, a legume such as Glycine max (soybean), Cicer arietinum 

(garbanzo or chick pea), Pisum sativum (pea) varieties such as garden peas or sugar snap peas, 

Phaseolus vulgaris varieties of common beans such as green beans, black beans, navy beans, 

northern beans, or pinto beans, Vigna unguiculata varieties ( cow peas), Vigna radiata (Mung 

beans), Lupinus albus (lupin), or Medicago sativa (alfalfa); Brassica napus (canola); Triticum 

sps. (wheat, including wheat berries, and spelt); Gossypium hirsutum (cotton); Oryza sativa 

(rice); Zizania sps. (wild rice); Helianthus annuus (sunflower); Beta vulgaris (sugarbeet); 

Pennisetum glaucum (pearl millet); Chenopodium sp. (quinoa); Sesamum sp. (sesame); Linum 

usitatissimum (flax); or Hordeum vulgare (barley). Heme-containing proteins can be isolated 

from fungi such as Saccharomyces cerevisiae, Pichia pastoris, Magnaporthe oryzae, Fusarium 

graminearum, Aspergillus oryzae, Trichoderma reesei, Myceliopthera thermophile, Kluyvera 

lactis, or Fusarium oxysporum. Heme-containing proteins can be isolated from bacteria such as 

Escherichia coli, Bacillus subtilis, Bacillus licheniformis, Bacillus megaterium, Synechocistis 

sp., Aquifex aeolicus, Methylacidiphilum infernorum, or thermophilic bacteria such as 

Thermophilus. The sequences and structure of numerous heme-containing proteins are known. 

See for example, Reedy, et al., Nucleic Acids Research, 2008, Vol. 36, Database issue D307-

D313 and the Heme Protein Database available on the world wide web at [[http://]] 

hemeprotein.info/heme. php. 

Clean 

Heme-containing proteins that can be used in the compositions and food products 

described herein can be from mammals ( e.g., farms animals such as cows, goats, sheep, pigs, ox, 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

15/398,479 04/17/2018 

26191 7590 03/28/2018 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

PATENT NO. 

9943096 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

38767-0015002 2358 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Rachel Fraser, San Francisco, CA; 
Impossible Foods Inc., Redwood City, CA; 
Patrick O'Reilly Brown, Stanford, CA; 
Jessica Karr, San Francisco, CA; 
Celeste Holz-Schietinger, East Palo Alto, CA; 
Elysia Cohn, Sunnyvale, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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Attorney's Docket No.: 38767-0015002 / Meat3CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor 
Patent No. 
Issue Date 
Serial No. 
Filed 

Rachel Fraser 
9,943,096 
April 17, 2018 
15/398,479 
January 4, 2017 

Art Unit 
Examiner 
Conf. No. 

1791 
Elizabeth A Gwartney 
2358 

Title METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND 
AROMA PROFILE OF CONSUMABLES 

Attention Certificate of Corrections Branch 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

REQUEST FOR CERTIFICATE OF CORRECTION 

Please issue a Certificate of Correction in accordance with the attached form. 

One or more of the errors to be corrected were made by Applicant. The fee of $150 is 

being paid with this request. Please apply any other necessary charges or credits to Deposit 

Account No. 06-1050, referencing the above-indicated Attorney Docket Number. 

Date: /May 2, 2018/ 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone: (612) 335-5070 
Facsimile: (877) 769-7945 

61675261.doc 

Respectfully submitted, 

/M. Angela Parsons/ 

M. Angela Parsons, Ph.D. 
Reg. No. 44,282 
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PTO/SB/44 (09-07) 
Approved for use through 08/31/2013. 0MB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

(Also Form PTO-1050) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

Page 1 of 1 

PATENT NO. 9,943,096 

APPLICATION NO.: 15/398,479 

ISSUE DATE April 17, 2018 

INVENTOR(S) Rachel Fraser, Patrick O'Reilly Brown M.D., Ph.D., Jessica Karr, Celeste Holz-Schietinger and 
Elysia P. Cohn 

It is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 

as shown below: 

In Column 1, Line 8, delete "10, 2105" and insert --10, 2015--, therefor. 

In Column 73, Line 65, In Claim 2, delete "histoglobin," and insert --histaglobin-- therefor. 

In Column 75, Line 11, In Claim 10, after "glucose," insert --ribose,--. 

In Column 75, Line 12, In Claim 10, delete "glactose," and insert --galactose,--, therefor. 

In Column 75, Line 13, In Claim 10, delete "thereof' and insert --thereof;--, therefor. 

In Column 75, Line 14, In Claim 10, delete "cysteine," and insert --cystine,--, therefor. 

In Column 75, Line 18, In Claim 10, delete "a" and insert --the--, therefor. 

In Column 75, Line 28, In Claim 11, after "flavoring" delete "wherein the food flavoring". 

In Column 76, Line 7, In Claim 15, delete "histoglobin," and insert --histaglobin,--, therefor. 

In Column 76, Line 40, In Claim 22, delete "and or" and insert --and/or--, therefor. 

MAILING ADDRESS OF SENDER (Please do not use customer number below): 
Fish & Richardson P.C. 
P.O. Box 1022 
Minneapolis, MN 55440-1022 

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and selection option2. 
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Application Number: 15398479 

Filing Date: 04-Jan-2017 

Title of Invention: 
METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA 
PROFILE OF CONSUMABLES 

First Named Inventor/Applicant Name: Rachel Fraser 

Filer: M. Angela Parsons/Judith Witzel 

Attorney Docket Number: 38767-0015002 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

CERTIFICATE OF CORRECTION 1811 1 150 150 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 150 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

Electronic Acknowledgement Receipt 

EFSID: 32507320 

Application Number: 15398479 

International Application Number: 

Confirmation Number: 2358 

Title of Invention: 
METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA 
PROFILE OF CONSUMABLES 

First Named Inventor/Applicant Name: Rachel Fraser 

Customer Number: 26191 

Filer: M. Angela Parsons/Judith Witzel 

Filer Authorized By: M. Angela Parsons 

Attorney Docket Number: 38767-0015002 

Receipt Date: 02-MA Y-2018 

Filing Date: 04-JAN-2017 

Time Stamp: 09:51:59 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $150 

RAM confirmation Number 050218INTEFSW00008013061050 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

135007 

1 Request for Certificate of Correction TransCOC.pdf no 2 
59e248bbd8fa2d2ae383eb32ba384f11 ce3 

7df7b 

Warnings: 

Information: 

30529 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
eb33378b 1676fbfc767276976dd3ff1 7266b 

7910 

Warnings: 

Information: 

Total Files Size (in bytes) 165536 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Am:~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 9,943,096 B2 
: 15/398479 
: April 17, 2018 
: Rachel Fraser et al. 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In the Specification 

In Column 1, Line 8, delete "10, 2105" and insert --10, 2015--, therefor. 

In the Claims 

In Column 73, Line 65, In Claim 2, delete "histoglobin," and insert --histaglobin--, therefor. 

In Column 75, Line 11, In Claim 10, after "glucose," insert --ribose,--. 

In Column 75, Line 12, In Claim I 0, delete "glactose," and insert --galactose,--, therefor. 

In Column 75, Line 13, In Claim I 0, delete "thereof' and insert --thereof;--, therefor. 

In Column 75, Line 14, In Claim 10, delete "cysteine," and insert --cystine,--, therefor. 

In Column 7 5, Line 18, In Claim I 0, delete "a" and insert --the--, therefor. 

In Column 75, Line 28, In Claim 11, after "flavoring" delete "wherein the food flavoring". 

In Column 76, Line 7, In Claim 15, delete "histoglobin," and insert --histaglobin,--, therefor. 

In Column 76, Line 40, In Claim 22, delete "and or" and insert --and/or--, therefor. 

Signed and Sealed this 
Twenty-ninth Day of May, 2018 

~~~ 
Andrei Iancu 

Director of the United States Patent and Trademark Office 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

Case 1:22-cv-00311-CFC Document 20 Filed 07/25/22 Page 1 of 1 Page!D #: 1203 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U .S .C. § 290 and/or 15 U .S .C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
22-cv-00311-CFC 3/9/2022 for the District of Delaware 

PLAINTIFF DEFENDANT 

IMPOSSIBLE FOODS INC. MOTIF FOODWORKS, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,863,761 12/15/2020 IMPOSSIBLE FOODS INC. 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
7/25/2022 [!I' Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 9,943,096 4/17/2018 IMPOSSIBLE FOODS INC. 

2 10,039,306 8/7/2018 IMPOSSIBLE FOODS INC. 

3 11,013,250 5/25/2021 IMPOSSIBLE FOODS INC. 

4 11,224,241 1/18/2022 IMPOSSIBLE FOODS INC. 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

IDECISION/JUDGEMENT 

I (BY) DEPUTY Cl.ERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4---Case file copy 
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Case No.: IPR2023-00209 
U.S. Patent No. 9,943,096

Case 1:22-cv-00311-CFC Document 23 Filed 09/08/22 Page 1 of 1 Page!D #: 1773 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
22-cv-00311-CFC 3/9/2022 for the District of Delaware 

PLAINTIFF DEFENDANT 

IMPOSSIBLE FOODS INC. MOTIF FOODWORKS, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,863,761 12/15/2020 IMPOSSIBLE FOODS INC. 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

~ Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 9,943,096 4/17/2018 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

2 10,039,306 8/7/2018 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

3 11,013,250 5/25/2021 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

4 11,224,241 1/18/2022 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

5 See Exhibit A 

In the above-entitled case, the following decision has been rendered or judgement issued: 

IDECISION/ruDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 




