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METHODS FOR THE PRODUCTION AND USE OF MYCELIATED HIGH PROTEIN

FOOD COMPOSITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

62322726, filed April 14, 2016, entitled “Methods for the production and use of

Myceliated High Protein Food Compositions”, the disclosure of which is hereby

incorporated by reference herein in its entirety.

BACKGROUND OF INVENTION

[0002] There is a growing need for efficient, high quality and low cost high-protein

food sources with acceptable taste, flavor and/or aroma profiles. However, it has proven

difficult to achieve such products, particularly with low cost vegetarian protein sources.

[0003] Previous work discloses culturing of fungi using low amounts of protein in the

culture media. US 2693665 discusses the submerged culturing of Agaricus campestris

grown in citrus juice, pear juice, asparagus juice, "organic material", a carbohydrate, a

nitrogen source, and any combination of these materials optionally supplemented with

urea and/or various ammonium salts.

[0004] US 2761246 teaches a method for the production of submerged Morchella

esculenta, and more broadly Helvellaceae mycelium for the purposes of creating a

human foodstuff. The publication discusses the use of various molasses solutions as

media supplemented with ammonium salts and the inclusion of calcium carbonate or

calcium sulfate as nucleation sites for hyphal spheres to increase biomass yield 30 fold.

In general, the patent teaches the art of growing submerged mycelium on a

carbohydrate source "such as many of the monosaccharides, or some of the

disaccharides or their hydrolysates" and a nitrogen source "such as ammonium salts or

amino acids or any kind of protein hydrolysate". The culture propagation motif includes

three separate cultures and an intermittent filtering step.

[0005] US 2928210 discloses a method to produce mushroom mycelium from sulfite

liquor waste supplemented with organic and inorganic salts, presenting the idea as an
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efficient way to prevent sulfite liquor pollution. Culture propagation does require that the

mycelium be washed to remove residual liquor, taught as a necessary step to make the

product human food grade. This introduces the disadvantage of washing away

exocellular solids that would otherwise greatly contribute to yield. This also introduces a

new waste stream that will presents the same problems the publication is trying to

solve.

[0006] US 3086320 discloses a method to improve the flavor of submerged

mycelium of M. 'esculema', Helvella gigas, Coprinus comatus, and A. campestris by

growing the strains in a media comprising milk. The patent claims the major issue of

edible mycelium is that “the mycelium, while similar in flavor to the natural sporophore,

falls short in matching it in intensity and kind.” The patent teaches the use of 1 to 50%

(v/v) natural skim milk to media, or 0.33 to 16.66% condensed natural skim milk with

nonfat dry milk solids in an amount of about 0.03 to 1.66% (w/w) to the condensed

natural skim milk if the condensed milk is being substituted for the non-condensed. If

using natural skim milk, milk protein hydrolysate can be used in an amount of about 5%

(w/w). The patent recommends using skim milk in an amount between 5 - 10% (v/v) to

media. Mycelium flavor is said to improve with higher concentrations of milk.

[0007] US 4071973 discloses culturing conditions for Basidiomycetes. The patent

teaches to inoculate media with “a body of a fungus” and supply “inorganic nutrient salts

for nitrogen, phosphate and potassium,” mixed with sucrose at 50 - 70 g/L and

supplemented with fine powder of "crushed sugarcane, sugarcane bagasse, pine tree-

tissue and wheat bran" at 0.2 - 15 g/L. Oxygen is controlled at 30 - 90% (v/v) to the

media and the vessel is pressurized at 0.12 - 0.5 MPa (17.4 to 72.5 psi) with oxygen

supplied at 0.1 to 1.0 L/minute. Salts used include ammonium nitrate, sodium

phosphate, magnesium sulfate heptahydrate, iron (II) sulfate heptahydrate and

dipotassium hydrogen phosphate. Air pressure cycles are controlled with a pressure

regulator. The patent states that cell growth enhancement through elevated oxygen

levels is unexpected.
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[0008] There is therefore a need for efficient, high quality and low cost high-protein

food sources with acceptable taste, flavor and/or aroma profiles, and for a process that

enables the myceliation of highly proteinaceous media, specifically media that are

greater than 50% protein on a dry weight basis.

SUMMARY OF THE INVENTION

[0009] The present inventors have found that culturing a fungus in a high protein

media provides an economically viable product, and also found that such treatment can

also alter the taste, flavor or aroma of high protein food compositions in unexpected

ways. The process additionally enables the production of protein concentrates, isolates

and high protein foodstuffs that have been imbued with mycelial material, thereby

altering aspects of the media used in the production of products according to the

methods of the present invention. The present invention also presents the ability to

stack protein sources to optimize amino acid profiles of products made according to the

methods of the invention.

[0010] Thus, the present invention includes methods to prepare a myceliated high-

protein food product by culturing a fungus in an aqueous media which includes a high

protein material, with amounts of protein of at least 20 g protein per 100 g total dry

weight with excipients, resulting in a myceliated high protein food product, whereby the

flavor or taste of the myceliated high-protein food product is modulated compared to the

high protein material.

[0011] Appropriate fungi to use in the methods of the include, for example, In an

embodiment the invention provides a method to prepare a myceliated high-protein food

product, comprising the steps of:

providing an aqueous media comprising a high protein material, wherein the aqueous

media comprises at least 50% protein on a dry weight basis, wherein the high protein

material comprises pea protein;

inoculating the media with a fungal culture, wherein the fungal culture is Lentinula

edodes, and

culturing the media to produce a myceliated high-protein food product;
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wherein the flavor or taste of the myceliated high-protein food product is modulated

compared to the high protein material that is not myceliated, wherein the flavor

modulation comprises deflavoring the material resulting in no to low aroma intensities in

the myceliated high-protein food product, or reducing astringent flavors or reducing

bitter flavors in the myceliated high-protein food product.

[0012] In another embodiment, the invention provides a composition comprising a

myceliated high-protein food product, wherein the myceliated high-protein food product

is at least 50% (w/w) protein on a dry weight basis, wherein the myceliated high-protein

food product comprises a protein concentrate of, or protein isolate from pea, wherein

the myceliated high protein product contains mycelia from a fungal culture wherein the

fungal culture is Lentinula edodes, and wherein the myceliated high-protein food

product has reduced astringent, bitter, and/or beany flavors compared to an

unmyceliated high-protein food product.

[0013] The amounts of protein in the aqueous media can be between 10 g/L protein

and 500 g/L protein. The aqueous media may include a high protein material which is a

protein concentrate or a protein isolate from a vegetarian or non-vegetarian source. The

vegetarian source may include pea, rice, soy, cyanobacteria, grain, hemp, or

combinations of these.

[0014] The produced myceliated high protein food product may be pasteurized,

sterilized, dried, powderized. The produced myceliated high protein food product may

have its flavors, tastes, and/or aromas enhanced, such as by increasing meaty flavors,

enhancing umami taste, enhancing savory flavors, enhancing popcorn flavors, or

enhancing mushroom flavors in the myceliated high-protein food product; or, the

produced high protein food product may have its flavors, tastes and/or aromas

decreased, resulting in milder aromas or tastes, or reduced bitter, astringent, beany

flavors, tastes, or aromas.

[0015] The present invention also includes a myceliated high protein food product

made by, for example, the processes of the invention. The myceliated high protein food
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product may be at least 20% protein, may be produced from a vegetarian source such

as pea or rice, and may have enhanced desirable flavors and/or decreased undesirable

[0016] Without wishing to be bound by any particular theory, there may be

discussion herein of beliefs or understandings of underlying principles relating to the

devices and methods disclosed herein. It is recognized that regardless of the ultimate

correctness of any mechanistic explanation or hypothesis, an embodiment of the

invention can nonetheless be operative and useful.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1. A 10X photomicrograph of a media containing rice and pea protein

prior to inoculation by mycelial culture.

[0018] FIG. 2. A 10X photomicrograph of a mycelial culture at Day 4 grown in media

containing rice and pea protein.

[0019] FIG. 3. A 10X photomicrograph of a mycelial culture at Day 10 grown in

media containing rice and pea protein.

DETAILED DESCRIPTION OF THE INVENTION

[0020] In general, the terms and phrases used herein have their art-recognized

meaning, which can be found by reference to standard texts, journal references and

contexts known to those skilled in the art. The following definitions are provided to

clarify their specific use in the context of the invention.

[0021] In one embodiment, the present invention includes a method to prepare a

myceliated high-protein food product. The method may optionally include the steps of

providing an aqueous media comprising a high protein material. The aqueous media

may comprise, consist of, or consist essentially of at least 20 g protein per 100 g total

excipients, on a dry weight basis. The media may also comprise, consist of or consist

essentially of optional additional excipients as identified hereinbelow. The aqueous

media may be inoculated with a fungal culture. The inoculated media may then be

cultured to produce a myceliated high protein food product, and the myceliated high-



 6 ◦ 

protein food product taste, flavor, and/or aroma may be modulated compared to the

high protein material in the absence of the culturing step.

[0022] The aqueous media may comprise, consist of, or consist essentially of a high

protein material. The high protein material to include in the aqueous media can be

obtained from a number of sources, including vegetarian sources as well as non-

vegetarian sources, and can include a protein concentrate and/or isolate. Vegetarian

sources include meal, protein concentrates and isolates prepared from a vegetarian

source such as pea, rice, chick pea, soy, cyanobacteria, hemp and other sources, or a

combination thereof. For example, cyanobacteria containing more than 50% protein can

also be used a source of high-protein material. Typically, a protein concentrate is made

by removing the oil and most of the soluble sugars from a meal, such as soybean meal.

Such a protein concentrate may still contain a significant portion of non-protein material,

such as fiber. Typically, protein concentrations in such products are between 55 - 90%.

The process for production of a protein isolate typically removes most of the non-protein

material such as fiber and may contain up to about 90 – 99% protein. A typical protein

isolate is typically subsequently dried and is available in a powdered form and may

alternatively be called "protein powder.”

[0023] Non-vegetarian sources for the high protein material may also be used in the

present invention. Such non-vegetarian sources include whey, casein, egg, meat (beef,

chicken, pork sources, for example), isolates, concentrates, broths, or powders.

However, in some embodiments vegetarian sources have certain advantages over non-

vegetarian sources. For example, whey or casein protein isolates generally contain

some amount of lactose and which can cause difficulties for those who are lactose-

intolerant. Egg protein isolates may cause problems to those who are allergic to eggs

and are is also quite expensive. Certain vegetable sources have disadvantages as well,

while soy protein isolates have good Protein Digestibility Corrected Amino Acid Scores

(PDCAAS) and digestible indispensable amino acid scores (DIAAS) scores, and is

inexpensive, soy may be allergenic and has some consumer resistance due to concerns

over phytoestrogens and taste. Rice protein is highly digestible, but is deficient in some

amino acids such as lysine. Rice protein is therefore not a complete protein and further
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many people perceive rice protein to have an off-putting taste and aroma. Pea protein is

generally considered to contain all essential amino acids, is not balanced and thus is

not complete and many people perceive pea protein to have an off-putting aroma.

Hemp protein is a complete protein with decent taste and aroma, but is expensive.

[0024] In one embodiment, mixtures of any of the high protein materials disclosed

can be used to provide, for example, favorable qualities, such as a more complete (in

terms of amino acid composition) high protein material. In one embodiment, high protein

materials such as pea protein and rice protein can be combined. In one embodiment,

the ratio of a mixture can be from 1:10 to 10:1 pea protein: rice protein (on a dry basis).

In one embodiment, the ratios can optionally be 5:1 to 1:5, 2:1 to 1:2, or in one

embodiment, 1:1.

[0025] The high-protein material itself can be about 20% protein, 30% protein, 40%

protein, 45% protein, 50% protein, 55% protein, 60% protein, 65% protein, 70% protein,

75% protein, 80% protein, 85% protein, 90% protein, 95% protein, or 98% protein, or at

least about 20% protein, at least about 30% protein, at least about 40% protein, at least

about 45% protein, at least about 50% protein, at least about 55% protein, at least

about 60% protein, at least about 65% protein, at least about 70% protein, at least

about 75% protein, at least about 80% protein, at least about 85% protein, at least

about 90% protein, at least about 95% protein, or at least about 98% protein.

[0026] This invention discloses the use of concentrated media, which provides, for

example, an economically viable economic process for production of an acceptably

tasting and/or flavored high protein food product. In one embodiment of the invention

the total media concentration is up to 150 g/L but can also be performed at lower levels,

such as 5 g/L. Higher concentrations in media result in a thicker and/or more viscous

media, and therefore are optionally processed by methods known in the art to avoid

engineering issues during culturing or fermentation. To maximize economic benefits, a

greater amount of high protein material per L media is used. The amount is used is

chosen to maximize the amount of high protein material that is cultured, while

minimizing technical difficulties in processing that may arise during culturing such as
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viscosity, foaming and the like. The amount to use can be determined by one of skill in

the art, and will vary depending on the method of fermentation

[0027] The amount of total protein in the aqueous media may comprise, consist of,

or consist essentially of at least 20 g, 25 g, 30 g, 35 g, 40 g, 45 g, 50 g, 55 g, 60 g, 65 g,

70 g, 75 g, 80 g, 85 g, 90 g, 95 g, or 100 g, or more, of protein per 100 g total dry weight

with excipients, or per total all components on a dry weight basis. Alternatively, the

amount of protein comprise, consist of, or consist essentially of between 20 g to 90 g,

between 30 g and 80 g, between 40 g and 70 g, between 50 g and 60 g, of protein per

100 g dry weight with excipients.

[0028] In some embodiments, the total protein in aqueous media is about 45 g to

about 100 g, or about 80-100 g of protein per 100 g dry weight with excipients.

[0029] In another embodiment, the aqueous media comprises between about 1 g/L

and 200 g/L, between about 5 g/L and 180 g/L, between about 20 g/L and 150 g/L,

between about 25 g/L and about 140 g/L, between about 30 g/L and about 130 g/L,

between about 35 g/L and about 120 g/L, between about 40 g/L and about 110 g/L,

between about 45 g/L and about 105 g/L, between about 50 g/L and about 100 g/L,

between about 55 g/L and about 90 g/L, or about 75 g/L protein; or between about 50

g/L-150 g/L, or about 75 g/L and about 120 g/L, or about 85 g/L and about 100 g/L.

Alternatively, the aqueous media comprises at least about 10 g/L, at least about 15 g/L,

at least about 20 g/L, at least about 25 g/L, at least about 30 g/L, at least about 35 g/L,

at least about 40 g/L or at least about 45 g/L protein. In fermenters, in some

embodiments the amount to use includes between about 1 g/L and 150 g/L, between

about 10 g/L and 140 g/L, between about 20 g/L and 130 g/L, between about 30 g/L and

about 120 g/L, between about 40 g/L and about 110 g/L, between about 50 g/L and

about 100 g/L, between about 60 g/L and about 90 g/L, between about 70 g/L and about

80 g/L, or at least about 20 g/L, at least about 30 g/L, at least about 40 g/L, at least

about 50 g/L, at least about 60 g/L, at least about 70 g/L, at least about 80 g/L, at least

about 90 g/L, at least about 100 g/L, at least about 110 g/L, at least about 120 g/L, at

least about 130 g/L or at least about 140 g/L.
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[0030] In some embodiments, the aqueous media comprises between about 50 g/L

and about 100 g/L, or about 80 g/L, about 85 g/L, about 90 g/L, about 95 g/L about 100

g/L, about 110 g/L, about 120 g/L, about 130 g/L, about 140 g/L, or about 150 g/L.

[0031] It can be appreciated that in calculating such percentages, the percentage of

protein in the high protein material must accounted for. For example, if the amount of

high protein material is 10 g, and the high protein material is 80% protein, then the

protein source includes 8 g protein and 2 non-protein material. When added to 10 g of

excipients to create 20 total grams dry weight with excipients, then the total is 8 g

protein per 20 g total excipients, or 40% protein, or 40 g protein per 100 g total protein

plus excipients. If a protein-containing excipient such as yeast extract or peptone is

added to the media, the amount of protein per g total weight plus excipients will be

slightly higher, taking into account the percentage of protein and the amount added of

the protein-containing excipient, and performing the calculation as discussed herein, as

is known in the art.

[0032] In some embodiments, the high protein material, after preparing the aqueous

media of the invention, is not completely dissolved in the aqueous media. Instead, the

high protein material may be partially dissolved, and/or partially suspended, and/or

partially colloidal. However, even in the absence of complete dissolution of the high

protein material, positive changes may be affected during culturing of the high protein

material. In one embodiment, the high protein material in the aqueous media is kept as

homogenous as possible during culturing, such as by ensuring agitation and/or shaking.

[0033] In one embodiment, the aqueous media further comprises, consists of, or

consists essentially of materials other than the high-protein material, e.g., excipients as

defined herein and/or in particular embodiments. Excipients can comprise any other

components known in the art to potentiate and/or support fungal growth, and can

include, for example, nutrients, such as proteins/peptides, amino acids as known in the

art and extracts, such as malt extracts, meat broths, peptones, yeast extracts and the

like; energy sources known in the art, such as carbohydrates; essential metals and

minerals as known in the art, which includes, for example, calcium, magnesium, iron,
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trace metals, phosphates, sulphates; buffering agents as known in the art, such as

phosphates, acetates, and optionally pH indicators (phenol red, for example). Excipients

may include carbohydrates and/or sources of carbohydrates added to media at 5-10

g/L. It is usual to add pH indicators to such formulations.

[0034] Excipients may also include peptones/proteins/peptides, as is known in the

art. These are usually added as a mixture of protein hydrolysate (peptone) and meat

infusion, however, as used in the art, these ingredients are typically included at levels

that result in much lower levels of protein in the media than is disclosed herein. Many

media have, for example, between 1% and 5% peptone content, and between 0.1 and

5% yeast extract and the like.

[0035] In one embodiment, excipients include for example, yeast extract, malt

extract, maltodextrin, peptones, and salts such as diammonium phosphate and

magnesium sulfate, as well as other defined and undefined components such as potato

or carrot powder. In some embodiments, organic (as determined according to the

specification put forth by the National Organic Program as penned by the USDA) forms

of these components may be used.

[0036] In one embodiment, excipients comprise, consist of, or consist essentially of

dry carrot powder, dry malt extract, diammonium phosphate, magnesium sulfate, and

citric acid. In one embodiment, excipients comprise, consist of, or consist essentially of

dry carrot powder between 0.1-10 g/L, dry malt extract between 0.1 and 20 g/L,

diammonium phosphate between 0.1 and 10 g/L, and magnesium sulfate between 0.1

and 10 g/L. Excipients may also optionally comprise, consist of, or consist essentially of

citric acid and an anti-foam component.

[0037] The method may also comprise the optional step of sterilizing the aqueous

media prior to inoculation by methods known in the art, including steam sterilization and

all other known methods to allow for sterile procedure to be followed throughout the

inoculation and culturing steps to enable culturing and myceliation by pure fungal

strains. Alternatively, the components of the media may be separately sterilized and the

media may be prepared according to sterile procedure.
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[0038] The method also includes inoculating the media with a fungal culture. The

fungal culture may be prepared by culturing by any methods known in the art. In one

embodiment, the methods to culture may be found in, e.g., PCT/US14/29989, filed

March 15, 2014, PCT/US14/29998, filed March 15, 2014, all of which are incorporated

by reference herein in their entireties.

[0039] The fungal cultures, prior to the inoculation step, may be propagated and

maintained as is known in the art. In one embodiment, the fungi discussed herein can

be kept on 2 - 3% (v/v) mango puree with 3 - 4% agar (m/v). Such media is typically

prepared in 21.6 L handled glass jars being filled with 1.4 – 1.5 L media. Such a

container pours for 50 -60 90 mm Petri plates. The media is first sterilized by methods

known in the art, typically with an autoclave. Conventional B. stearothermophilus and

thermocouple methods are used to verify sterilization parameters. Some strains, such

as L. sulfureus, grow better when supplemented with 1% yellow cornmeal. Agar media

can also be composed of high protein material to sensitize the strain to the final culture.

This technique may also be involved in strain selection of the organisms discussed

herein. Agar media should be poured when it has cooled to the point where it can be

touched by hand (~40 - 50 °C).

[0040] In one embodiment, maintaining and propagating fungi for use for inoculating

the high protein material as disclosed in the present invention may be carried out as

follows. For example, a propagation scheme that can be used to continuously produce

material according to the methods is discussed herein. Once inoculated with master

culture and subsequently colonized, Petri plate cultures can be used at any point to

propagate mycelium into prepared liquid media. As such, plates can be propagated at

any point during log phase or stationary phase but are encouraged to be used within

three months and in another embodiment within 2 years, though if properly handled by

those skilled in the art can generally be stored for as long as 10 years at 4 ̊C and up to 6 

years at room temperature.

[0041] In some embodiments, liquid cultures used to maintain and propagate fungi

for use for inoculating the high protein material as disclosed in the present invention
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include undefined agricultural media with optional supplements as a motif to prepare

culture for the purposes of inoculating solid-state material or larger volumes of liquid. In

some embodiments, liquid media preparations are made as disclosed herein. Liquid

media can be also sterilized and cooled similarly to agar media. Like agar media it can

theoretically be inoculated with any fungal culture so long as it is deliberate and not

contaminated with any undesirable organisms (fungi inoculated with diazotrophs may be

desirable for the method of the present invention). As such, liquid media are typically

inoculated with agar, liquid and other forms of culture. Bioreactors provide the ability to

monitor and control aeration, foam, temperature, and pH and other parameters of the

culture and as such enables shorter myceliation times and the opportunity to make

more concentrated media.

[0042] In one embodiment, the fungi for use for inoculating the high protein material

as disclosed in the present invention may be prepared as a submerged liquid culture

and agitated on a shaker table, or may be prepared in a shaker flask, by methods

known in the art and according to media recipes disclosed in the present invention. The

fungal component for use in inoculating the aqueous media of the present invention

may be made by any method known in the art. In one embodiment, the fungal

component may be prepared from a glycerol stock, by a simple propagation motif of

Petri plate culture to 0.5 -– 4 L Erlenmeyer shake flask to 50% glycerol stock. Petri

plates can comprise agar in 10 - 35 g/L in addition to various media components.

Conducted in sterile operation, chosen Petri plates growing anywhere from 1 – ~3,652

days can be propagated into 0.5 - 4 L Erlenmeyer flasks (or 250 to 1,000 mL Wheaton

jars, or any suitable glassware) for incubation on a shaker table or stationary incubation.

The smaller the container, the faster the shaker should be. In one embodiment, the

shaking is anywhere from 40 - 160 RPM depending on container size and, with about a

l" swing radius.

[0043] The culturing step of the present invention may be performed by methods

(such as sterile procedure) known in the art and disclosed herein and may be carried

out in a fermenter, shake flask, bioreactor, or other methods. In a shake flask, in one

embodiment, the agitation rate is 50 to 240 RPM, or 85 to 95 RPM, and incubated for 1
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to 90 days. In another embodiment the incubation temperature is 70 – 90 °F. In another

embodiment the incubation temperature is 87 - 89 °F. Liquid- state fermentation

agitation and swirling techniques as known in the art are also employed which include

mechanical shearing using magnetic stir bars, stainless steel impellers, injection of

sterile high-pressure air, the use of shaker tables and other methods such as lighting

regimen, batch feeding or chemostatic culturing, as known in the art.

[0044] In one embodiment, culturing step is carried out in a bioreactor which is

ideally constructed with a torispherical dome, cylindrical body, and spherical cap base,

jacketed about the body, equipped with a magnetic drive mixer, and ports to provide

access for equipment comprising DO, pH, temperature, level and conductivity meters as

is known in the art. Any vessel capable of executing the methods of the present

invention may be used. In another embodiment the set-up provides 0.1 - 5.0 ACH.

Other engineering schemes known to those skilled in the art may also be used.

[0045] The reactor can be outfitted to be filled with water. The water supply system is

ideally water for injection (WFI) system, with a sterilizable line between the still and the

reactor, though RO or any potable water source may be used so long as the water is

sterile. In one embodiment the entire media is sterilized in situ while in another

embodiment concentrated media is sterilized and diluted into a vessel filled water that

was filter and/or heat sterilized, or sufficiently treated so that it doesn’t encourage

contamination over the colonizing fungus. In another embodiment, high temperature

high pressure sterilizations are fast enough to be not detrimental to the media. In one

embodiment the entire media is sterilized in continuous mode by applying high

temperature between 130° and 150°C for a residence time of 1 to 15 minutes. Once

prepared with a working volume of sterile media, the tank can be mildly agitated and

inoculated. Either as a concentrate or whole media volume in situ, the media can be

heat sterilized by steaming either the jacket, chamber or both while the media is

optionally agitated. The medium may optionally be pasteurized instead.

[0046] In one embodiment, the reactor is used at a large volume, such as in 500,000

– 200,000 L working volume bioreactors. When preparing material at such volumes the
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culture must pass through a successive series of larger bioreactors, any bioreactor

being inoculated at 0.5 – 15% of the working volume according to the parameters of the

seed train. A typical process would pass a culture from master culture, to Petri plates, to

flasks, to seed bioreactors to the final main bioreactor when scaling the method of the

present invention. To reach large volumes, 3 – 4 seeds may be used. The media of the

seed can be the same or different as the media in the main. In one embodiment, the

fungal culture for the seed is a protein concentration as defined herein, to assist the

fungal culture in adapting to high protein media in preparation for the main fermentation.

Such techniques are discussed somewhat in the examples below. In one embodiment,

foaming is minimized by use of antifoam on the order of 0.5 to 2.5 g/L of media, such as

those known in the art, including insoluble oils, polydimethylsiloxanes and other

silicones, certain alcohols, stearates and glycols. In one embodiment, lowering pH

assists in culture growth, for example, for L. edodes pH may be adjusted by use of citric

acid or by any other compound known in the art, but care must be taken to avoid a sour

taste for the myceliated high protein product. The pH may be adjusted to between about

4.5 and 5.5, for example, to assist in growth.

[0047] Figures 1-3 show an exemplification of the preparation of L. edodes as the

fungal component for use for inoculating an aqueous media to prepare the myceliated

high protein food product. In this embodiment, a 1:1 mixture of pea protein and rice

protein at 40% protein (8 g per 20 g total plus excipients) media was prepared, and

Figures 1-3 show the results of conducting microscope checks over time (0, 4 and 10

days). The increase in biomass concentration was correlated with a drop in pH. After

shaking for 1 to 10 days, an aliquot (e.g. 10 to 500 mL) of the shake flask may be

transferred in using sterile procedure into a sterile, prepared sealed container (such as

a customized stainless steel can or appropriate conical tube), which can then adjusted

with about 5 – 60%, sterile, room temperature (v/v) glycerol. The glycerol stocks can

may be sealed with a water tight seal and can be held stored at -20 °C for storage. The

freezer is ideally a constant temperature freezer. Glycerol stocks stored at 4 °C may

also be used. Agar cultures can be used as inoculant for the methods of the present

invention, as can any culture propagation technique known in the art.
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[0048] It was found that not all fungi are capable of growing in media as described

herein. Fungi useful for the present invention are from the higher order Basidio- and

Ascomycetes. In some embodiments, fungi effective for use in the present invention

include, but are not limited to, Pleurotus ostreatus, P. eryngii, Lepista nuda, Hericium

erinaceus, Lentinula edodes, Agaricus blazeii, Ganoderma lucidum, Cordyceps

sinensis, Inonotus obliquus, Grifola frondosa and Laetiporus sulfureus. In one

embodiment, the fungi is Lentinula edodes. Fungi may be obtained commercially, for

example, from the Penn State Mushroom Culture Collection. Strains are typically

received as "master culture" PDY slants in 50 mL test tubes and are stored at all, but for

A. blazeii, stored at 4 °C until plated. For plating, small pieces of culture are typically

transferred into sterile shake flasks (e.g. 250 mL) so as not to contaminate the flask

filled with a sterilized media (liquid media recipes are discussed below). Inoculated

flasks shake for approximately ten hours and aliquots of said flasks are then plated onto

prepared Petri plates of a sterile agar media. One flask can be used to prepare dozens

to potentially hundreds of Petri plate cultures. There are other methods of propagating

master culture though the inventors find these methods as disclosed to be simple and

efficient.

[0049] Determining when to end the culturing step and to harvest the myceliated

high-protein food product, which according to the present invention, to result in a

myceliated high-protein food product with acceptable taste, flavor and/or aroma profiles,

can be determined in accordance with any one of a number of factors as defined herein,

such as, for example, visual inspection of mycelia, microscope inspection of mycelia, pH

changes, changes in dissolved oxygen content, changes in protein content, amount of

biomass produced, and/or assessment of taste profile, flavor profile, or aroma profile. In

one embodiment, harvest can be determined by tracking protein content during culturing

and harvest before significant catabolism of protein occurs. The present inventors found

that protein catabolism can initiate in bioreactors at 30 – 50 hours of culturing under

conditions defined herein. In another embodiment, production of a certain amount of

biomass may be the criteria used for harvest. For example, biomass may be measured

by filtering, such through a filter of 10-1000 µm, and has a protein concentration

between between 0.1 and 25 g/L; or in one embodiment, about 0.2-0.4 g/L. In one
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embodiment, harvest can occur when the dissolved oxygen reaches about 10% to

about 90% dissolved oxygen, or less than about 80% of the starting dissolved oxygen.

Additionally, mycelial products may be measured as a proxy for mycelial growth, such

as, total reducing sugars (usually a 40-95% reduction), β-glucan and/or chitin formation; 

harvest is indicated at 102 – 104 ppm. Other indicators include small molecule

metabolite production depending on the strain (e.g. eritadenine on the order of 0.1 – 20

ppm for L. edodes or erinacine on the order of 0.1 – 1,000 ppm for H. erinaceus) or

nitrogen utilization (monitoring through the use of any nitrogenous salts or protein,

cultures may be stopped just as protein starts to get utilized or may continue to culture

to enhance the presence of mycelial metabolites). In one embodiment, the total protein

yield in the myceliated high-protein food product after the culturing step is about 75% to

about 95%.

[0050] Harvest includes obtaining the myceliated high protein food product which is

the result of the myceliation step. After harvest, cultures can be processed according to

a variety of methods. In one embodiment, the myceliated high-protein food product is

pasteurized or sterilized. In one embodiment, the myceliated high-protein food product

is dried according to methods as known in the art. Additionally, concentrates and

isolates of the material may be prepared using variety of solvents or other processing

techniques known in the art. In one embodiment the material is pasteurized or sterilized,

dried and powdered by methods known in the art. Drying can be done in a desiccator,

vacuum dryer, conical dryer, spray dryer, fluid bed or any method known in the art.

Preferably, methods are chosen that yield a dried myeliated high-protein product (e.g., a

powder) with the greatest digestibility and bioavailability. The dried myeliated high-

protein product can be optionally blended, pestled milled or pulverized, or other

methods as known in the art.

[0051] In many cases, the flavor, taste and/or aroma of high protein materials as

disclosed herein, such as protein concentrates or isolates from vegetarian or

nonvegetarian sources (e.g. egg, whey, casein, beef, soy, rice, hemp, and pea) may

have flavors which are often perceived as unpleasant, having pungent aromas and

bitter or astringent tastes. These undesirable flavors and tastes are associated with their
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source(s) and/or their processing, and these flavors or tastes can be difficult or

impossible to mask or disguise with other flavoring agents. The present invention, as

explained in more detail below, works to modulate these tastes and/or flavors.

[0052] In one embodiment of the invention, flavors and/or tastes of the myceliated

high-protein food product or products are modulated as compared to the high protein

material (starting material). In some embodiments, both the sterilization and myceliation

contribute to the modulation of the resultant myceliated high-protein food products’

taste.

[0053] In one embodiment, the aromas of the resultant myceliated high protein food

products prepared according to the invention are reduced and/or improved as compared

to the high protein material (starting material). In other words, undesired aromas are

reduced and/or desired aromas are increased. In another embodiment, flavors and/or

tastes may be reduced and/or improved. For example, desirable flavors and/or tastes

may be increased or added to the high protein material by the processes of the

invention, resulting in myceliated high protein food products that have added

mushroom, meaty, umami, popcorn, buttery, and/or other flavors or tastes to the food

product. The increase in desirable flavors and/or tastes may be rated as an increase of

1 or more out of a scale of 5 (1 being no taste, 5 being a very strong taste.)

[0054] Flavors and/or tastes of myceliated high protein food products may also be

improved by processes of the current invention. For example, deflavoring can be

achieved, resulting in a milder flavor and/or with the reduction of, for example, bitter

and/or astringent tastes and/or beany and/or weedy and/or grassy tastes. The decrease

in undesirable flavors and/or tastes as disclosed herein may be rated as an decrease of

1 or more out of a scale of 5 (1 being no taste, 5 being a very strong taste.)

[0055] Culturing times and/or conditions can be adjusted to achieve the desired

aroma, flavor and/or taste outcomes. For example, cultures grown for approximately 2 –

3 days can yield a deflavored product whereas cultures grown for longer may develop

various aromas that can change/intensify as the culture grows. As compared to the

control and/or high protein material, and/or the pasteurized, dried and powdered
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medium not subjected to sterilization or myceliation, the resulting myceliated high

protein food product in some embodiments is less bitter and has a more mild, less

beany aroma.

[0056] In one embodiment of the present invention, the myceliated high protein food

products made by the methods of the invention have a complete amino acid profile (all

amino acids in the required daily amount) because of the media from which it was made

has such a profile. While amino acid and amino acid profile transformations are possible

according to the methods of the present invention, many of the products made

according to the methods of the present invention conserve the amino acid profile while

at the same time, more often altering the molecular weight distribution of the proteome.

[0057] In one embodiment, when grown in a rice and pea protein concentrate

medium the oyster fungi (Pleurotus ostreatus) can convey a strong savory aroma that

leaves after a few seconds at which point a mushroom flavor is noticeable. In one

embodiment, the strains convey a savory meaty aroma and/or umami, savory or meaty

flavor and/or taste. L. edodes and A. blazeii in some embodiments are effective at

deflavoring with shorter culturing times, such as 1.5 – 8 days, depending on whether the

culture is in a shake flask or bioreactor. L. edodes to particularly good for the

deflavoring of pea and rice protein concentrate mixtures.

[0058] In one embodiment of the instant invention, a gluten isolate or concentrate

can be mixed into a solution with excipients as disclosed herein in aqueous solution. In

one embodiment, the gluten content of the medium is ≥10% (10 – 100%) on a dry 

weight basis and sterilized by methods known in the art for inoculation by any method

known in the art with any fungi disclosed herein, for example, with L. sulfureus. It has

been found that L. sulfureus produces large amounts of guanosine monophosphate

(GMP) (20 – 40 g/L) and gluten hydrolysate, and it is theorized that the process of

culturing will result in lowering measurable gluten content, such as below 20 ppm gluten

on a dry weight basis according to ELISA assay. Without being bound by theory, it is

believed that the cultured material, by action of production of GMP and gluten

hydrolysate, act synergistically to produce umami flavor. Without being bound by theory,



 19 ◦ 

it is believed that the combination of GMP and gluten hydrolysate amplifies the umami

intensity in some kind of multiplicative as opposed to additive manner. The culture can

be processed by any of methods disclosed in the invention and as are known in the art

to produce a product of potent umami taste. Gluten may be obtained from any source

known in the art, such as corn, wheat and the like, and may be used as a concentrate or

isolate from a source.

[0059] The present invention also includes a myceliated food product made by any

of the methods of as disclosed herein.

[0060] The present invention also comprises a myceliated high protein food product

as defined herein. The myceliated high protein food product can comprise, consist of, or

consist essentially of at least 20%, at least 25%, at least 30%, at least 35%, at least

40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,

at least 75%, at least 80%, at least 85%, at least 90%, or at least 95%, protein.

[0061] “Myceliated” as used herein, means a high protein material as defined herein

having been cultured with live fungi as defined herein and achieved at least a 5%, at

least a 10%, at least a 20%, at least a 30%, at least a 40%, at least a 50%, at least a

60%, at least a 70%, at least a 80%, at least a 90%, at least a 100%, at least a 120%, at

least a 140%, at least a 160%, at least a 180%, at least a 200%, at least a 250%, at

least a 300%, at least a 400%, at least a 500% increase in biomass or more, to result in

a myceliated high protein food product.

[0062] In some embodiments, the high protein material is a protein concentrate or a

protein isolate, which may be obtained from vegetarian or nonvegetarian source as

defined herein, including pea, rice, soy, or combinations thereof. In some embodiments,

the myceliated high protein food product can be myceliated by a fungal culture as

defined herein. In some embodiments, the myceliated high protein food product can

have enhanced meaty, savory, umami, popcorn, and/or mushroom flavors, aromas

and/or tastes as compared to the high protein material. In other embodiments, the

myceliated high protein food product has decreased flavors, tastes and/or aromas

(deflavoring) leading to a milder and/or an improved flavor, taste or aroma. In one
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embodiment reduced bitterness, astringency and/or beany, grassy or weedy tastes are

observed.

Example 1:

[0063] Eighteen (18) 1 L baffled DeLong Erlenmeyer flasks were filled with 0.400 L

of a medium consisting of 25 g/L organic pea protein concentrate (labeled as 80%

protein), 25 g/L organic rice protein concentrate (labeled as 80% protein), 4 g/L organic

dry malt extract, 2 g/L diammonium phosphate, 1 g/L organic carrot powder and 0.4 g/L

magnesium sulfate heptahydrate in RO water. The flasks were covered with a stainless

steel cap and sterilized in an autoclave on a liquid cycle that held the flasks at 120 - 121

°C for 1 hour. The flasks were carefully transferred to a clean HEPA laminar flowhood

where they cooled for 18 hours. Sixteen (16) flasks were subsequently inoculated with 2

cm2 pieces of mature Petri plate cultures of P. ostreatus, P. eryngii, L. nuda, H.

erinaceus, L. edodes, A. blazeii, L. sulfureus and B. edulis, each strain done in duplicate

from the same plate. All 18 flasks were placed on a shaker table at 150 rpm with a

swing radius of l" at room temperature. The Oyster (P. ostreatus), Blewit (Lepista nuda)

and Lion's Mane (H. erinaceus) cultures were all deemed complete at 72 hours by way

of visible and microscopic inspection (mycelial balls were clearly visible in the culture,

and the isolation of these balls revealed dense hyphal networks under a light

microscope). The other samples, but for the Porcini (Boletus edulis) which did not grow

well, were harvested at 7 days. The Oysters had a specifically intense savory taste and

back-end mushroom flavor. The Blewit was similar but not quite as savory. The Lion's

Mane sample had a distinct ‘popcorn’ aroma. The 3, 7 day old samples were nearly

considered tasteless but for the Chicken of the Woods (Laetiporus sulphureus) sample

product which had a nice meaty aroma. The control sample smelled and tasted like a

combination of pea and rice protein and was not considered desirable. The final protein

content of every the resulting cultures was between 50 - 60% and the yields were

between 80 - 90% after desiccation and pestling.

Example 2:
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[0064] Three (3) 4 L Erlenmeyer flasks were filled with 1.5 L of a medium consisting

of 5 g/L pea protein concentrate (labeled as 80% protein), 5 g/L rice protein concentrate

(labeled as 80% protein), 3 g/L malt extract and 1 g/L carrot powder. The flasks were

wrapped with a sterilizable biowrap which was wrapped with autoclave tape 5 – 6 times

(the taped biowrap should be easily taken off and put back on the flask without losing

shape) and sterilized in an autoclave that held the flasks at 120 – 121 °C for 1 hour. The

flasks were carefully transferred to a clean HEPA laminar flowhood where they cooled

for 18 hours. Each flask was subsequently inoculated with 2 cm2 pieces of 60 day old

P1 Petri plate cultures of L. edodes and placed on a shaker table at 120 rpm with a 1”

swing radius at 26 °C. After 7 – 15 days, the inventors noticed, by using a pH probe on

20 mL culture aliquots, that the pH of every culture had dropped nearly 2 points since

inoculation. L. edodes is known to produce various organic acids on or close to the

order of g/L and the expression of these acids are likely what dropped the pH in these

cultures. A microscope check was done to ensure the presence of mycelium and the

culture was plated on LB media to ascertain the extent of any bacterial contamination.

While this culture could have been used as a food product with further processing

(pasteurization and optionally drying), the inventors typically use such cultures as

inoculant for bioreactor cultures of media prepared as disclosed according to the

methods of the present invention.

Example 3:

[0065] A 7 L bioreactor was filled with 4.5 L of a medium consisting of 5 g/L pea

protein concentrate (labeled as 80% protein), 5 g/L rice protein concentrate (labeled as

80% protein), 3 g/L malt extract and 1 g/L carrot powder. Any open port on the

bioreactor was wrapped with tinfoil and sterilized in an autoclave that held the bioreactor

at 120 – 121 °C for 2 hours. The bioreactor was carefully transferred to a clean bench in

a cleanroom, setup and cooled for 18 hours. The bioreactor was inoculated with 280 mL

of inoculant from a 12 day old flask as prepared in Example 2. The bioreactor had an air

supply of 3.37 L/min (0.75 VVM) and held at 26 °C. A kick-in/kick-out antifoam system

was setup and it was estimated that ~1.5 g/L antifoam was added during the process. At

~3 - 4 days the inventors noticed that the pH of the culture had dropped ~1.5 points
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since inoculation, similar to what was observed in the flask culture. A microscope check

was done to ensure the presence of mycelium (mycelial pellets were visible by the

naked eye) and the culture was plated on LB media to ascertain the extent of any

bacterial contamination and none was observed. While this culture could have been

used as a food product with further processing (pasteurization and optionally drying),

the inventors typically use such cultures as inoculant for bioreactor cultures of media

prepared as disclosed according to the methods of the present invention.

Example 4:

[0066] A 250 L bioreactor was filled with 150 L of a medium consisting of 45 g/L pea

protein concentrate (labeled as 80% protein), 45 g/L rice protein concentrate (labeled as

80% protein), 1 g/L carrot powder, 1.8 g/L diammonium phosphate, 0.7 g/L magnesium

sulfate heptahydrate, 1 g/L antifoam and 1.5 g/L citric acid and sterilized in place by

methods known in the art, being held at 120 – 121 °C for 100 minutes. The bioreactor

was inoculated with 5 L of inoculant from two bioreactors as prepared in Example 3.

The bioreactor had an air supply of 30 L/min (0.2 VVM) and held at 26 °C. The culture

was harvested in 4 days upon successful visible (mycelial pellets) and microscope

checks. The pH of the culture did not change during processing but the DO dropped by

25%. The culture was plated on LB media to ascertain the extent of any bacterial

contamination and none was observed. The culture was then pasteurized at 82 °C for

30 minutes with a ramp up time of 30 minutes and a cool down time of 45 minutes to 17

°C. The culture was finally spray dried and tasted. The final product was noted to have a

mild aroma with no perceptible taste at concentrations up to 10%. The product was

~75% protein on a dry weight basis.

Example 5:

[0067] A 250 L bioreactor was filled with 200 L of a medium consisting of 45 g/L pea

protein concentrate (labeled as 80% protein), 45 g/L rice protein concentrate (labeled as

80% protein), 1 g/L carrot powder, 1.8 g/L diammonium phosphate, 0.7 g/L magnesium

sulfate heptahydrate, 1 g/L antifoam and 1.5 g/L citric acid and sterilized in place by

methods known in the art, being held at 120 – 121 °C for 100 minutes. The bioreactor
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was inoculated with 5 L of inoculant from two bioreactors as prepared in Example 3.

The bioreactor had an air supply of 30 L/min (0.2 VVM) and held at 26 °C. The culture

was harvested in 2 days upon successful visible (mycelial pellets) and microscope

checks. The pH of the culture did not change during processing but the DO dropped by

25%. The culture was plated on LB media to ascertain the extent of any bacterial

contamination and none was observed. The culture was then pasteurized at 82 °C for

30 minutes with a ramp up time of 30 minutes and a cool down time of 90 minutes to 10

°C. The culture was finally concentrated to 20% solids, spray dried and tasted. The final

product was noted to have a mild aroma with no perceptible taste at concentrations up

to 10%. The product was ~75% protein on a dry weight basis.

Example 6:

[0068] Eight (8) 1 L baffled DeLong Erlenmeyer flasks were filled with 0.4 L of media

consisting of 45 g/L pea protein concentrate (labeled as 80% protein), 45 g/L rice

protein concentrate (labeled as 80% protein), 1 g/L carrot powder, 1 g/L malt extract,

1.8 g/L diammonium phosphate and 0.7 g/L magnesium sulfate heptahydrate and

sterilized in an autoclave being held at 120 – 121 °C for 1 hour. The flasks were then

carefully placed into a laminar flowhood and cooled for 18 hours. Each flask was

inoculated with 240 mL of culture as prepared Example 2 except the strains used were

G. lucidum, C. sinensis, I. obliquus and H. erinaceus, with two flasks per species. The

flasks were shaken at 26 °C at 120 RPM with a 1” swing radius for 8 days, at which

point they were pasteurized as according to the parameters discussed in Example 5,

desiccated, pestled and tasted. The G. lucidum product contained a typical ‘reishi’

aroma, which most of the tasters found pleasant. The other samples were deemed

pleasant as well but had more typical mushroom aromas.

[0069] As compared to the control, the pasteurized, dried and powdered medium not

subjected to sterilization or myceliation, the resulting myceliated food products was

thought to be much less bitter and to have had a more mild, less beany aroma that was

more cereal in character than beany by 5 tasters. The sterilized but not myceliated
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product was thought to have less bitterness than the nonsterilized control but still had a

strong beany aroma. The preference was for the myceliated food product.

STATEMENTS REGARDING INCORPORATION BY REFERENCE
AND VARIATIONS

[0070] All references throughout this application, for example patent documents

including issued or granted patents or equivalents; patent application publications; and

non-patent literature documents or other source material; are hereby incorporated by

reference herein in their entireties, as though individually incorporated by reference, to

the extent each reference is at least partially not inconsistent with the disclosure in this

application (for example, a reference that is partially inconsistent is incorporated by

reference except for the partially inconsistent portion of the reference).

[0071] The terms and expressions which have been employed herein are used as

terms of description and not of limitation, and there is no intention in the use of such

terms and expressions of excluding any equivalents of the features shown and

described or portions thereof, but it is recognized that various modifications are possible

within the scope of the invention claimed. Thus, it should be understood that although

the present invention has been specifically disclosed by preferred embodiments,

exemplary embodiments and optional features, modification and variation of the

concepts herein disclosed may be resorted to by those skilled in the art, and that such

modifications and variations are considered to be within the scope of this invention as

defined by the appended claims. The specific embodiments provided herein are

examples of useful embodiments of the present invention and it will be apparent to one

skilled in the art that the present invention may be carried out using a large number of

variations of the devices, device components, methods steps set forth in the present

description. As will be obvious to one of skill in the art, methods and devices useful for

the present methods can include a large number of optional composition and

processing elements and steps.

[0072] Whenever a range is given in the specification, for example, a temperature

range, a time range, or a composition or concentration range, all intermediate ranges

and subranges, as well as all individual values included in the ranges given are
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intended to be included in the disclosure. It will be understood that any subranges or

individual values in a range or subrange that are included in the description herein can

be excluded from the claims herein.

[0073] All patents and publications mentioned in the specification are indicative of

the levels of skill of those skilled in the art to which the invention pertains. References

cited herein are incorporated by reference herein in their entirety to indicate the state of

the art as of their publication or filing date and it is intended that this information can be

employed herein, if needed, to exclude specific embodiments that are in the prior art.

For example, when composition of matter are claimed, it should be understood that

compounds known and available in the art prior to Applicant's invention, including

compounds for which an enabling disclosure is provided in the references cited herein,

are not intended to be included in the composition of matter claims herein.

[0074] As used herein, “comprising” is synonymous with "including," "containing," or

"characterized by," and is inclusive or open-ended and does not exclude additional,

unrecited elements or method steps. As used herein, "consisting of" excludes any

element, step, or ingredient not specified in the claim element. As used herein,

"consisting essentially of" does not exclude materials or steps that do not materially

affect the basic and novel characteristics of the claim. In each instance herein any of

the terms "comprising", "consisting essentially of" and "consisting of" may be replaced

with either of the other two terms. The invention illustratively described herein suitably

may be practiced in the absence of any element or elements, limitation or limitations

which is not specifically disclosed herein.

[0075] One of ordinary skill in the art will appreciate that starting materials, biological

materials, reagents, synthetic methods, purification methods, analytical methods, assay

methods, and biological methods other than those specifically exemplified can be

employed in the practice of the invention without resort to undue experimentation. All

art-known functional equivalents, of any such materials and methods are intended to be

included in this invention. The terms and expressions which have been employed are

used as terms of description and not of limitation, and there is no intention that in the
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use of such terms and expressions of excluding any equivalents of the features shown

and described or portions thereof, but it is recognized that various modifications are

possible within the scope of the invention claimed. Thus, it should be understood that

although the present invention has been specifically disclosed by preferred

embodiments and optional features, modification and variation of the concepts herein

disclosed may be resorted to by those skilled in the art, and that such modifications and

variations are considered to be within the scope of this invention as defined by the

appended claims.

[0076] Throughout this specification and the claims which follow, unless the context

requires otherwise, the word "comprise", and variations such as "comprises" and

"comprising", will be understood to imply the inclusion of a stated integer or step or

group of integers or steps but not the exclusion of any other integer or step or group of

integers or steps.

[0077] The reference in this specification to any prior publication (or information

derived from it), or to any matter which is known, is not, and should not be taken as an

acknowledgment or admission or any form of suggestion that that prior publication (or

information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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CLAIMS

1. A method to prepare a myceliated high-protein food product, comprising the

steps of:

providing an aqueous media comprising a high protein material, wherein the

aqueous media comprises at least 50% protein on a dry weight basis, wherein the high

protein material comprises pea protein;

inoculating the media with a fungal culture, wherein the fungal culture is Lentinula

edodes, and

culturing the media to produce a myceliated high-protein food product;

wherein the flavor or taste of the myceliated high-protein food product is modulated

compared to the high protein material that is not myceliated, wherein the flavor

modulation comprises deflavoring the material resulting in no to low aroma intensities in

the myceliated high-protein food product, or reducing astringent flavors or reducing

bitter flavors in the myceliated high-protein food product.

2. The method of claim 1, wherein the fungal culture is a submerged or stationary

fungal culture.

3. The method of claim 1 or claims 2, wherein the aqueous media comprises at

least 50 g/L protein.

4. The method of any one of claims 1-3, wherein the aqueous media comprises at

least 70 g/L protein.

5. The method of any one of claims 1-4, wherein the high protein material is at least

70% protein on a dry weight basis.

6. The method of any one of claims 1-5, wherein the myceliated high-protein food

product is pasteurized, sterilized, and/or dried.
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7. A composition comprising a myceliated high-protein food product, wherein the

myceliated high-protein food product is at least 50% (w/w) protein on a dry weight basis,

wherein the myceliated high-protein food product comprises a protein concentrate of, or

protein isolate from pea, wherein the myceliated high protein product contains mycelia

from a fungal culture wherein the fungal culture is Lentinula edodes, and wherein the

myceliated high-protein food product has reduced astringent, bitter, and/or beany

flavors compared to an unmyceliated high-protein food product.

8. The composition of claim 7, wherein the myceliated high-protein food product is

at least 70% protein (w/w) on a dry weight basis.
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