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(57) Abstract: Provided are non-dairy yogurt analogs having qualities similar to dairy-based yogurts. Certain embodiments are to
plant-based yogurt analogs comprising fermented plant protein isolates and/or gelled plant protein isolates and processes for production
of non-dairy yogurt analogs. The method for producing a plant-based yogurt mixture to make a plant-based yogurt analog comprises
the steps of: a) obtaining an essentially dairy-free base for a yogurt formulation including a plant-based derivative; and b) adding an
acid to said formulation. Thereafter, formulation may be used to manufacture a plant-based yogurt analog comprising the steps of: a)
heating a plant-based yogurt mixture at for a first pre-determined amount ot time while stirring; b) allowing the mixture to cool; ¢)
adding yogurt cultures to the resultant mixture; and d) incubating the resultant mixture for a second pre-determined amount of time

to produce a plant-based yogurt analog.
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DAIRY PRODUCT ANALOGS AND PROCESSES FOR MAKING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/326,403, filed April 22, 2016, which is incorporated herein by reference in its entirety.
This application is also related to U.S. Provisional Application Serial No. 62/276,030, filed
January 1, 2016, and entitled Dairy Product Analogs and Processes for Making Same, which

is incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates to yogurt analogs that are derived substantially
from or wholly from non-animal sources, but that have color, flavor, nutritional content,
mouth-feel, texture and/or other qualities that are similar to those of dairy products. Also

provided are processes for production of such yogurt analogs.

BACKGROUND

[0003] Vegetarian and vegan diets provide many benefits to consumers. Such benefits
include healthy nutrition (e.g., lower saturated fats, no cholesterol), absence of ethical or
religious dietary conflicts, less negative environmental impacts (e.g., less green house gases
produced in production), more efficient use of resources (e.g., less water used in production),
and for consumers who have developed intolerances to certain dairy milk constituents,
avoidance of such intolerance.

[0004] Dairy-like food products derived from soybean, coconut, and almond are
available to consumers. Demand for these vegetarian/vegan alternatives to dairy products is
fueled, inter alia, by the factors described above. However, acceptance of the dairy
substitutes has been relatively low. In addition, the appearance, flavor and/or mouth feel of
the currently available dairy substitutes has not appealed to consumers. Moreover, many of
the currently available dairy substitutes have lower nutritional value than their dairy analogs.

[0005] Production of dairy substitutes from other natural sources is therefore
desirable. However, many natural sources comprise compounds that limit their application in
food products. For instance, many plants contain compounds that produce distinct colors
and/or flavors that are unpleasant and difficult to mask with coloring and/or flavoring agents.

The compounds may also affect the structure or stability of proteins, and consequently affect
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the appearance, sensory and nutritional qualities, and shelf lives of food products derived
from such other natural sources.

[0006] It is particularly challenging to create a plant-based yogurt formulation that
results in a texture and taste similar to dairy yogurt without using any, or only using little
dairy ingredients.

[0007] Commercial plant-based yogurts, such as So Delicious Almond Milk Plain
Greek Yogurt, Wildwood Organic Plain Unsweetened Soyogurt, and Nancy’s Organic
Blackberry Cultured Soy have not met customer’s needs. Many have proven too expensive or
have been deemed unpalatable either based on taste, texture, color, and nutritional content.

[0008] Therefore, there exists an unmet need for dairy-free or substantially dairy-free
yogurt formulations and/or plant-based yogurt that have the color, taste, nutritional content,
and/or other qualities of dairy products, that do not challenge common nutritional sensitivities,
and/or that provide consumption experiences consumers are accustomed to from dairy
products. The present disclosure describes exemplary embodiments of formulations and/or
plant-based yogurt that may meet various combinations of one or more of these features, as
well as processes for their production. The present disclosure is directed to solving these and
other problems disclosed herein. The present disclosure is also directed to overcoming and/or
ameliorating at least one of the disadvantages of the prior art as will become apparent from
the discussion herein. The present disclosure is also directed to pointing out one or more
advantages to using yogurt analogs that are derived substantially from or wholly from non-
animal sources, but that have color, flavor, nutritional content, texture and/or other qualities

that are similar, or substantially similar, to those of dairy-based yogurts.

SUMMARY

[0009] It is believed that one reason non-dairy yogurts result in poor taste is that
yogurt bases formulated from plant proteins and fats, instead of dairy milk, may not ferment
to sufficient completion. The yogurt cultures stall (do not grow as well) and end up producing
lower levels of organic acids. In exemplary embodiments, addition of various combinations
of one or more acids, vitamins, complex amino acid mixtures (e.g. yeast, yeast extract,
hydrolyzed soy protein, hydrolyzed pea protein, corn steep liquor, meat extract, peptone,
casein hydrolysate, lactalbumin hydrolysate, soytone, tryptone) and minerals allowed the
yogurt bacterial cultures to grow nearly as well as they do in a dairy culture, thus producing
similar levels of organic acids resulting in a product that tastes more like a dairy yogurt

fermentation.
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[0010] Some embodiments are directed to non-dairy yogurt analogs that have
qualities similar to those of dairy-based yogurts. Also provided are processes for production
of such non-dairy yogurt analogs.

[0011] Certain embodiments are directed to a plant-based yogurt analog comprising: a)
at least one of between 1% to 10% by weight of a plant protein, and between 1% to 90% by
weight of a plant protein isolate. Certain embodiments are directed to a plant-based yogurt
analog, wherein the plant protein isolate is a fermented plant protein isolate. Certain
embodiments are directed to a plant-based yogurt analog, wherein the plant protein isolate is
a gelled plant protein isolate. Certain embodiments are directed to a plant-based yogurt
analog, wherein the plant protein isolate is a gelled plant protein isolate and/or a fermented
plant protein isolate. Certain embodiments are directed to a plant-based yogurt analog,
wherein the percentage of protein in the plant-based yogurt analog is between 1% and 10%
by weight and the percentage of lactic acid in the plant-based yogurt is at least between
0.25% and 1.15% by weight. Certain embodiments are directed to a plant-based yogurt
analog, wherein the percentage of protein in the plant-based yogurt analog is between 3.9%
and 4.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than
or equal to 0.55% by weight. Certain embodiments are directed to a plant-based yogurt
analog, wherein the percentage of protein in the plant-based yogurt analog is between 7.9%
and 8.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than
or equal to 0.95% by weight. Certain embodiments are directed to a cultured plant-base
analog.

[0012] Certain embodiments are directed to methods of producing a non-dairy yogurt
formulation comprising the steps of: a) forming a mixture of plant-based milk; and b) one or
more of the following emulsifier, complex amino acids mixture, buffer, niacin, riboflavin,
yeast extract, l-methionine, 1-serine, I-threonine, in a sufficient quantity such that the pH of
the resulting mixture is below 4.5 or 5 once the mixture is (1) heated at about 185°F; (2) the
resultant mixture is covered and allowed to cool at about 105°F; (3) yogurt cultures are added
to the mixture; and (4) the resultant mixture is incubated at about 108°F.

[0013] Some embodiments are directed to methods for producing a plant-based
yogurt mixture capable of being used to make a plant-based yogurt analog comprising the
steps of: a) obtaining an essentially dairy-free base for a yogurt formulation that includes a
plant-based derivative, such as a paste and/or protein isolate; and b) adding an acid to said
formulation. Thereafter, the plant-based yogurt formulation may be used to manufacture a

plant-based yogurt analog comprising the method steps of: a) heating a plant-based yogurt
-3-
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mixture for a first pre-determined amount of time; b) allowing the mixture to cool; ¢) adding
yogurt cultures to the resultant mixture; and d) incubating the resultant mixture for a second
pre-determined amount of time to produce a plant-based yogurt analog. In certain
embodiments, the acid may be one or more amino acids. In some embodiments, the base is
dairy-free. Some embodiments are directed to methods for producing a plant-based yogurt
mixture capable of being used to make a plant-based yogurt analog wherein the base may
contain dairy-derived ingredients by weight of no more than about 15%, in some
embodiments it may be no more than about 10%, in some embodiments it may be no more
than about 5% and in some embodiments it may be no more than about 1% of the total weight
of the base.

[0014] Some embodiments provide for a method for producing a plant-based yogurt
formulation capable of being used to make a plant-based yogurt analog comprising the steps
of a) obtaining an essentially dairy-free base for a yogurt formulation that includes a plant-
based derivative, such as a paste and/or protein isolate; and b) adding an acid to said
formulation. In some embodiments, the base is dairy-free. In some embodiments, the plant-
based yogurt formulation may contain no more than about 1%, 5% or 10% by weight of
dairy-derived ingredients. In certain embodiments, the acid may be one or more amino acids.

[0015] In some embodiments, the acid may be an amino acid. In some embodiments,
the amino acid may be selected from the group of I-methionine, 1-serine, 1-threonine, and
mixtures thereof. In some embodiments, the amount of acid added may be at least about
0.001% by weight of the amount of plant-based derivative. In some embodiments the amount
of acid added may be between about 0.001 and 0.1% by weight of the plant-based derivative.
In some embodiments, the total amount of acid added may be about 0.003%, 0.004%, 0.005%,
0.006%, 0.007%, 0.008%, 0.009%, 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%,
0.08%, 0.09%, or 0.1% by weight of the plant-based derivative.

[0016] In some embodiments, the amount of acid added may be sufficient to obtain
about 0.5mM concentration of the acid in the plant-based yogurt formulation. In some
embodiments, the amount of acid added may be sufficient to obtain between 0.2mM to
0.8mM, 0.3mM to 0.65mM, 0.4mM to 0.6mM, 0.45mM to 0.55mM or 0.48mM to 0.52mM
concentration of the acid in the plant-based yogurt formulation. In some embodiments, the
amount of acid added may be sufficient to obtain about 0.2mM, 0.3mM, 0.4mM, 0.42mM,
0.46mM, 0.48mM, 0.52mM, 0.54mM, 0.56mM, or 0.58mM concentration of the acid in the
plant-based yogurt formulation.
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[0017] Some embodiments provide for a method of producing a non-dairy yogurt
formulation comprising the steps of: a) blending one or more plants to form a mixture; b)
adding an oil to the mixture; ¢) adding a sugar to the mixture; and d) adding an additive to the
mixture selected from the group of’ lecithin; amino acids; potassium phosphate; niacin;
riboflavin; yeast extract; yeast; or some combination thereof in a sufficient quantity such that
the pH of the resulting mixture is below 5 once the mixture is cultured using a yogurt
culturing procedure. In some embodiments, the method of culturing the mixture into a
yogurt-like product may comprise the steps of: a) heating the mixture at 185°F for about 30
seconds while stirring; b) covering the resultant mixture and allowing it to cool at 105°F; ¢)
adding yogurt cultures to the resultant mixture; and d) incubating the resultant mixture at
about 108°F for about 24 hours. In some embodiments, the stirring may be constant or
substantially constant. In some embodiments, the non-dairy yogurt formulation is
substantially dairy-free.

[0018] In some embodiments, the method of culturing the mixture into a yogurt-like
product may comprise the steps of: a) heating the mixture for a first pre-determined amount
of time while stirring; b) allowing the mixture to cool; ¢) adding yogurt cultures to the
resultant mixture; and d) incubating the resultant mixture for a second pre-determined amount
of time. In some embodiments, the stirring may be constant or substantially constant. The
amount time that the mixture is heated during the first pre-determined is based at least in part
on the kill kinetics for spore forming microbes and the temperature and time used may be
varied. In certain embodiments, the heat treatment may be extended to further denature the
protein and achieve a thicker texture. In some embodiments, the mixture may be heated for
the first pre-determined amount of time of between 4 minutes and 6 minutes, between 4.5
minutes and 5.5 minutes, between 5 minutes and 15 minutes or 5 minutes at a temperature of
about 165°F, between 160°F and 170°F, between 162°F and 168°F, between 165°F and
170°F or between 164°F and 166°F. In some embodiments, the mixture may be heated for the
first pre-determined amount of time of about 5 minutes at a temperature of about 165°F. In
some embodiments, the mixture may be heated for a first pre-determined amount of time of
between 0.3 minutes and 1 minute, between 0.4 minutes and 0.8 minutes, between 0.5
minutes and 2 minutes or 0.5 minutes at a temperature of about 185°F, between 175°F and
190°F, between 182°F and 187°F, between 185°F and 190°F or between 180°F and 185°F. In
some embodiments, the mixture may be heated for the first pre-determined amount of time of
about 0.5 minutes at a temperature of about 185°F. In some embodiments, the mixture may

be heated for the first pre-determined amount of time of between 0.03 minutes and 1 minute,

-5-



WO 2017/185093 PCT/US2017/029167

between 0.04 minutes and 0.08 minutes, between 0.05 minutes and 0.2 minutes or 0.05
minutes at a temperature of about 210°F, between 195°F and 220°F, between 200°F and
215°F, between 205°F and 215°F or between 208°F and 212°F. In some embodiments, the
mixture may be heated for the first pre-determined amount of time of about 0.05 minutes at a
temperature of about 210°F. Other variations or combinations in the temperature and time
period for the first pre-determined amount of time are contemplated. In some embodiments,
incubation of the resultant mixture for a second pre-determined amount of time of between 5
hours and 35 hours, between 6 hours and 8 hours, between 20 hours and 26 hours, between 6
hours and 10 hours may be carried out at a temperature of about 108°F, between 90°F and
120°F, between 95°F and 115°F, between 100°F and 110°F, between 105°F and 115°F or
between 95°F and 105°F. In some embodiments, incubating the resultant mixture at about
108°F for about 24 hours. In some embodiments, incubation of the resultant mixture for a
second pre-determined amount of time of between 22 hours and 26 hours may be carried out
at a temperature of between 105°F and 110°F. In some embodiments, incubation of the
resultant mixture for a second pre-determined amount of time of between 6 hours and 8 hours
may be carried out at a temperature of between 110°F and 115°F.In some embodiments the
amount of acid added may be sufficient to obtain about 0.5mM concentration of the acid in
the plant-based yogurt formulation. In some embodiments, the amount of acid added may be
sufficient to obtain between 0.2mM to 0.8mM, 0.3mM to 0.65mM, 0.4mM to 0.6mM,
0.45mM to 0.55mM or 0.48mM to 0.52mM concentration of the acid in the plant-based
yogurt formulation. In some embodiments, the amount of acid added may be sufficient to
obtain about 0.2mM, 0.3mM, 0.4mM, 0.42mM, 0.46mM, 0.48mM, 0.52mM, 0.54mM,
0.56mM, or 0.58mM concentration of the acid in the plant-based yogurt formulation.

[0019] In some embodiments, the desired pH of the yogurt-like product is below 4.5.
In some embodiments, the plant, from which the plant-based derivative is obtained, is a high-
starch plant. In some embodiments, the high-starch plant is pea. In some embodiments, the oil
is sunflower oil. In some embodiments, the additive is lecithin. In some embodiments, the
additive is selected from the group consisting of l-methionine, 1-serine, I-threonine, or
mixtures thereof.

[0020] Some embodiments provide an essentially dairy-free formulation comprising:
a) between about 20-50% of a plant-based derivative; and b) an additive selected from the
group consisting of: lecithin; amino acids; potassium phosphate; niacin; riboflavin; yeast

extract; yeast; or some combination thereof in a sufficient quantity such that the pH of the
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resulting mixture is below 5 once the mixture is cultured using a yogurt culturing procedure.
In some embodiments, the formulation and/or plant-based yogurt is dairy-free.

[0021] In some embodiments, the amount of dairy-derived ingredients by weight may
be no more than about 30%, in some embodiments it may be no more than about 25%, in
some embodiments it may be no more than about 20%, in some embodiments it may be no
more than about 15%, in some embodiments it may be no more than about 10%, in some
embodiments it may be no more than about 5% and in some embodiments it may be no more
than about 1% of the total weight of the plant-based formulation and/or plant-based yogurt.

[0022] In some embodiments, the method of culturing the mixture into a yogurt-like
product may comprise the steps of: a) heating the mixture at 185°F for 30 seconds while
stirring; b) covering the resultant mixture and allowing it to cool at 105°F; ¢) adding yogurt
cultures to the resultant mixture; and d) incubating the resultant mixture at 108°F for 24 hours.

[0023] In some embodiments, the ultimate pH of the yogurt-like product may be
below 4.5. In some embodiments, sugar may be added. In some embodiments, the weight of
the added sugar may be at least about 10% of the weight of the plant-based derivative. In
some embodiments, the additive may comprise an amino acid. In some embodiments, the
additive may be a combination of multiple amino acids. In some embodiments, the additive
may comprise at least one of l-methionine, 1-serine, or I-threonine. In some embodiments, the
amount of amino acid added may be at least about 0.5% of the weight of the plant-based
derivative, and, in some embodiments, riboflavin and/or niacin may be further added to the
amino acids. In some embodiments, the additive may comprise potassium phosphate.

[0024] Some embodiments provide a formulation comprising, by weight, about: a)
30% purified pea protein paste; b) 6.6% cane sugar; ¢) 1% sunflower oil; d) 0.1% sunflower
lecithin; e) 0.00007% riboflavin; f) 0.0007% niacin; g) 0.11% potassium phosphate
monobasic; h) 0.0076% I-methionine; 1) 0.0053% I-serine; j) 0.006% l-threonine; and k)
0.51% yogurt cultures.

[0025] Some embodiments provide a formulation comprising, by weight, about: a)
protein paste; b) cane sugar; ¢) sunflower oil; d) sunflower lecithin; e) riboflavin; f) niacin; g)
potassium phosphate monobasic; h) I-methionine; 1) 1-serine; j) I-threonine; and k) yogurt
cultures. Some embodiments provide a formulation comprising, by weight one or more of the
following: a) protein paste; b) cane sugar; ¢) sunflower oil; d) sunflower lecithin; )
riboflavin; f) niacin; g) potassium phosphate monobasic; h) I-methionine; 1) I-serine; j) 1-
threonine; and k) yogurt cultures. In some embodiments, the protein paste is made from a

purified pea paste. However, other plant proteins pastes or sources are contemplated.
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Exemplary pastes are disclosed in US provisional patent application Serial No. 62/276,030.
In some embodiments, the purified pea protein paste may contain at least water, pea protein
of between 15 to 20% by weight of the total weight of the paste and pea fat of between 1 to
2.5% by weight of the total weight of the paste. Some embodiments provide a formulation
comprising, by weight of the total formulation one or more of the following: a) pea protein
paste (between 25% to 35%); b) cane sugar (between 3% to 8%); c) sunflower oil (between
0.5% to 6%); d) sunflower lecithin (between 0.0% to 0.3%); e) riboflavin (0% to 0.001%); f)
niacin (between 0% to 0.001%); g) potassium phosphate monobasic (between 0.1% to 1%); h)
I-methionine (between 0% to 0.1%); 1) l-serine (between 0% to 0.1%); j) I-threonine (between
0% to 0.1%); and k) yogurt cultures (between 0.5% to 2%).1t is to be understood that the
plant based proteins or pastes may have variable properties (for example, different levels of
protein) so the particular amount of paste added to the embodiments disclosed herein may
depend on the particular lot of the plant based protein and its content.

[0026] As well as the embodiments discussed in the summary, other embodiments are
disclosed in the specification, drawings and claims. The summary is not meant to cover each
and every embodiment; combination or variations are contemplated with the present

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the present disclosure are described, by way of example only,
with reference to the accompanying figures.

[0028] FIGURE 1 shows the ingredients and amounts of one embodiment described
herein.

[0029] FIGURE 2 depicts pH as a function of time of three different yogurt
formulations incubated for 20 hours. The squares show the pH of a formulation containing
purified pea protein, cane sugar, sunflower lecithin, and sunflower oil. The circles show the
pH of the formulation described in FIGURE 1. The triangles show the pH of a typical dairy
formulation.

[0030] FIGURE 3 depicts the lactic acid and acetic acid produced in 24 hours by the
formulation described in FIGURE 1 as compared with two commercial dairy yogurt
formulations. The bar, on the left, shows the amounts of lactic acid. The bar, on the right,
represents acetic acid.

[0031] FIGURE 4 shows the effect of increasing buffer capacity in plant-based

yogurt formulations has on lactic acid production, according to certain embodiments.

-8-
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[0032] FIGURE 5 shows the increase in lactic acid concentration across a range of
protein concentrations, according to certain embodiment.

[0033] FIGURE 6 shows the increase in lactic acid concentration using a range of
plant protein isolates, according to certain embodiments.

[0034] FIGURE 7 shows the increase in lactic acid concentration upon

supplementation of plant-based beverages, according to certain embodiments.

DETAILED DESCRIPTION

[0035] The present disclosure is described in further detail with reference to one or
more embodiments, some examples of which are illustrated in the accompanying drawings.
The examples and embodiments are provided by way of explanation and are not to be taken
as limiting to the scope of the disclosure. Furthermore, features illustrated or described as part
of one embodiment may be used by themselves to provide other embodiments and features
illustrated or described as part of one embodiment may be used with one or more other
embodiments to provide further embodiments. The present disclosure covers these variations
and embodiments as well as other variations and/or modifications.

[0036] The term “protein isolate” as used herein refers to the protein material that is
obtained from a natural source and/or modified natural source upon removal of at least a
portion of (or a substantial portion of) one or more of the following: insoluble polysaccharide,
soluble carbohydrate, ash, and other minor constituents. It typically has at least about 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% by weight of protein.

[0037] The term “comprise” and its derivatives (e.g., comprises, comprising) as used
in this specification is to be taken to be inclusive of features to which it refers, and is not
meant to exclude the presence of additional features unless otherwise stated or implied.

[0038] The term “complex amino acid mixture” as used in the present disclosure
refers to a material that is obtained from a natural source and/or modified natural source that
contains one or more free amino acids, amino acid containing peptides, amino acid
containing protein fragments, hydrolysates, extracts and combinations thereof.

[0039] The term “actual protein” as used herein refers to the total amount of protein
in a material or a composition.

[0040] The term “fermented protein” as used herein refers to the protein material that
has been cultured and/or fermented by one or more microorganisms. The protein material

may or may not be partially and/or fully denatured, partially and/or fully degraded, partially
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and/or fully hydrolyzed, partially and/or fully truncated, partially and/or fully aggregated,
partially and/or fully modified, and/or unchanged or combinations thereof.

[0041] The term “gelled protein” as used herein refers to the protein material that has
formed or been fully and/or partially incorporated into a gel or a gel-like structure. The gel
may be a hydrogel. The gel by be a covalent network. The gel may be crosslinked. The gel
may be a non-covalent network. The gel may be one or more of the following: a hydrogel, a
covalent network, a crosslinked network, and a non-covalent network. The gel may contain
other materials including, but not limited to, oils, fats, proteins, emulsifiers, soluble materials
(e.g. sugar, salts, flavorings), gums, and/or hydrocolloids.

[0042] As used in this application, the singular form “a”, “an” and “the” include
plural references unless the context clearly dictates otherwise.

[0043] The features disclosed in this specification (including accompanying claims,
abstract, and drawings) may be replaced by alternative features serving the same, equivalent
or similar purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise,
each feature disclosed is one example of a generic series of equivalent or similar features.

[0044] The subject headings used in the detailed description are included for the ease
of reference of the reader and should not be used to limit the subject matter found throughout
the disclosure or the claims. The subject headings should not be used in construing the scope
of the claims or the claim limitations.

[0045] Dairy yogurt may be made by fermenting milk, using bacteria cultures to
convert milk sugars (lactose) into organic acids such as lactic and acetic acid. In one method
of producing yogurt, the milk is heated to about 85-100°C to denature the milk proteins,
which allows them to set into gel-like structures during the fermentation. Then the culture is
cooled to about 37-45°C and the microbial cultures are added. The yogurt cultures may
consist of a mixed population of Lactobacillus and Streptococcus strains, which work
synergistically to acidify the culture, creating the characteristic yogurt tang.

[0046] One procedure for producing yogurt involves six steps:

1) Blending the protein in 120°F water and allowing it to hydrate for about 5 minutes
while under shear;

2) Adding oil to the mixture under shear;

3) Adding cane sugar to the mixture under shear;

4) Heating to about 185°F and stirring constantly for 30 seconds;

5) Covering with the mixture and cooling to 105°F; and

6) Adding yogurt cultures and incubating at 108°F for 24 hours.
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[0047] Another procedure for producing yogurt involves six steps:
1) Mixing protein in water;
2) Adding oil to the mixture;
3) Adding cane sugar to the mixture;
4) Heating to about 85°C for 30 seconds;
5) Cooling to 42°C; and
6) Adding yogurt cultures and incubating at 42°C for 24 hours.

[0048] Other procedures are provided herein. Applying one or more of these
processes to plant-based formulations for use in producing yogurts, dairy-free formulations
for use in producing yogurts, substantially dairy-free yogurts, or an essentially dairy-free base,
however, proved unworkable. For instance, culturing a base yogurt formulation containing
purified pea protein and/or pea protein isolate, cane sugar, sunflower lecithin, and sunflower
oil in the manner described above resulted in a plant-based yogurt that had a poor taste. The
inventors identified that such a formulation would typically only reach a terminal pH of about
5.4 (vs ~3.8-4.3 in a dairy culture) and produced about 50% of the lactic acid found in dairy
yogurts.

[0049] The term “substantially dairy-free” or “essentially dairy-free” as used in the
present disclosure means that the yogurt product or formulation has less than 5% by weight
of milk-based ingredients.

[0050] The term “dairy-free” as used in the present disclosure means that the yogurt
product or formulation has no or less then 0.5% by weight of milk-based ingredients. It was
believed that the problem in the taste of yogurt that is substantially dairy-free is the inability
of yogurt cultures to grow and produce sufficient levels of organic acids. Regardless of the
particular reason that such yogurts taste odd, the inventors have identified that adding one or
more ingredients—which, when added to base formulations, allow the fermentation to
proceed to more typical terminal pH’s and organic levels—improves the taste of yogurt that
is substantially dairy-free or dairy-free. Beneficial additives include complex amino acid
mixtures, vitamins, minerals, and acids to the base formulation. Specific embodiments are
described herein.

[0051] In plant-based embodiments, the formulations and/or plant-based yogurt may
use a single-plant or they may come from combining multiple plants to form the base. The
formulations may also contain yogurt cultures. In some embodiments, the formulations
and/or plant-based yogurt may also contain fragrances, natural thickening agents, fats, water,

and/or oils. In some embodiments, the formulation and/or plant-based yogurt may contain
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acids, yeasts and/or yeast extracts, sweetening agents, emulsifiers, standard commercial
natural and/or artificial flavors, certified colors and/or vitamins.

[0052] In one embodiment, the formulation contains a pea-based paste, water, sugar,
sunflower oil, riboflavin, niacin, potassium phosphate monobasic, I-methionine, 1-serine, 1-
threonine, and yogurt cultures. In one embodiment, the formulation contains a pea protein
isolate, water, sugar, sunflower oil, riboflavin, niacin, potassium phosphate monobasic, 1-
methionine, I-serine, I-threonine, and yogurt cultures. However, the present disclosure is not
limited to a particular embodiment.

[0053] Various plants and/or protein isolates may be used, including melon, barley,
coconut, rice, pear, emmer, carrot, lupin seeds, pea, fennel, lettuce, oat, cabbage, celery,
soybeans, almond, rice, flax, potato, sunflower, mushroom, or combinations thereof. Of
course, other suitable plants and/or protein isolates are also acceptable. In some embodiments,
the amount of plant-based derivative may comprise at least about 10% by weight of the
ultimate formulation; in some embodiments the amount of plant-based derivative may
comprise at least about 15% by weight of the ultimate formulation and/or plant-based yogurt;
in some embodiments the amount of plant-based derivative may comprise at least about 20%
by weight of the ultimate formulation and/or plant-based yogurt; in some embodiments it may
comprise at least about 25% by weight of the ultimate formulation; and in some embodiments
it may comprise at least about 30% by weight of the ultimate formulation and/or plant-based
yogurt. In some embodiments, the amount of plant-based derivative may be, about, 20, 21, 22,
23,24, 25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40% of the weight of the
total formulation and/or plant-based yogurt. In some embodiments, the amount of plant-
based derivative may be, between 15-20%, 20-25%, 25-30%, 30-35%, or 35-40% of the
weight of the total formulation and/or plant-based yogurt.

[0054] In some embodiments, the amount of plants and/or protein isolate may
comprise at least about 1% by weight of the plant-based yogurt formulation and/or yogurt; in
some embodiments the amount of plant-based derivative and/or protein isolate may comprise
at least about 5% by weight of the plant-based yogurt formulation and/or yogurt; in some
embodiments the amount of plant-based derivative and/or protein isolate may comprise at
least about 10% by weight of the plant-based yogurt formulation and/or yogurt; in some
embodiments it may comprise at least about 20% by weight of the plant-based yogurt
formulation and/or yogurt; in some embodiments it may comprise at least about 40% by
weight of the plant-based yogurt formulation and/or yogurt; in some embodiments it may

comprise at least about 60% by weight of the plant-based yogurt formulation and/or yogurt;
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in some embodiments it may comprise at least about 80% by weight of the plant-based yogurt
formulation and/or yogurt; and in some embodiments it may comprise at least about 90% by
weight of the plant-based yogurt formulation and/or yogurt. In some embodiments, the
amount of plant-based derivative may be, between 1-5%, 5-10%, 10-15%, 15-20%, 20-30%,
30-40%, 40-50%, 50-60%,60-70%, 70-80%, or 80-90% of the weight of the total formulation
and/or plant-based yogurt.

[0055] The percentage of protein in the plant-based derivative and/or protein isolate
may also vary. In some embodiments, the protein percentage by weight of the plant-based
derivative and/or protein isolate may be between about 5 and 30%, in other embodiments it
may be between about 10 and 25%, in other embodiments it may be between about 15 and
20%, in other embodiments it may be between about 12 and 20%, and in other embodiments
it may be, about, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25%. In some
embodiments, a smaller quantity of a more concentrated plant-based derivative and/or protein
isolate may perform substantially the same function in substantially the same way to obtain
the same result in the final formulation. Thus, by way of example, a formulation using 10%
by weight of the formulation of a plant-based paste and/or protein isolate that has a 20%
protein content, by weight of the plant-based derivative and/or protein isolate, may be
interchanged with a formulation using 20% by weight of a plant-based paste and/or protein
isolate that has a 10% protein content. In some embodiments, the protein percentage by
weight of the plant-based derivative and/or protein isolate may be between about 30 and 98%,
in other embodiments it may be between about 50 and 95%, in other embodiments it may be
between about 70 and 90%, in other embodiments it may be between about 75 and 85%, and
in other embodiments it may be, about, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, or 85%.

[0056] In some embodiments, the percentage of protein may comprise at least about
1% by weight of the plant-based yogurt formulation and/or yogurt; in some embodiments the
percentage of protein may comprise at least about 2% by weight of the plant-based yogurt
formulation and/or yogurt; in some embodiments it may comprise at least about 4% by
weight of the plant-based yogurt formulation and/or yogurt; in some embodiments it may
comprise at least about 6% by weight of the plant-based yogurt formulation and/or yogurt; in
some embodiments it may comprise at least about 8% by weight of the plant-based yogurt
formulation and/or yogurt; and in some embodiments it may comprise at least about 10% by
weight of the plant-based yogurt formulation and/or yogurt. In some embodiments,
percentage of protein may be, about, 1,2, 3,4, 5,6, 7, 8, 9, or 10% of the weight of the total
formulation and/or plant-based yogurt.
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[0057] The percentage of protein in the plant-based derivative may also vary. In some
embodiments, the protein percentage by weight of the plant-based derivative may be between
about 5 and 30%, in other embodiments it may be between about 10 and 25%, in other
embodiments it may be between about 15 and 20%, in other embodiments it may be between
about 12 and 20%, and in other embodiments it may be, about, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, or 25%. In some embodiments, a smaller quantity of a more
concentrated plant-based derivative may perform substantially the same function in
substantially the same way to obtain the same result in the final formulation. Thus, by way of
example, a formulation using 10% by weight of the formulation of a plant-based paste that
has a 20% protein content, by weight of the plant-based derivative, may be interchanged with
a formulation using 20% by weight of a plant-based paste that has a 10% protein content.

[0058] Diftferent yogurt cultures may be used, including commercially available ones.
For instance, Vivolac, Chr. Hansen, Bella and Bella, and GI ProStart make dairy-free yogurt
cultures.

[0059] Difterent flavors may be used. Some exemplary ones include: honey; vanilla;
fruit prep (blueberry, strawberry, raspberry, etc); mango, citrus (lemon, orange, etc); coconut;
passion fruit; peach, combinations of flavors and so forth.

[0060] Different thickening agents may be used, including gelatin, pectin, agar, gums,
starches, and ultra-gel. Examples of acceptable gums include sodium alginate, xanthan gum,
guar gum or combinations thereof. Examples of acceptable starches include tapioca starch,
arrowroot starch or combinations thereof.

[0061] Different fatty materials may be used. Some exemplary fatty materials include
coconut oil, coconut cream, palm oil, canola oil, soybean oil or combinations thereof. Other
plant based fatty materials are also contemplated.

[0062] Different oils may be used, including corn oil, sunflower oil, cotton seed oil,
peanut oil, coconut oil, soy bean oil, other similar oils or combinations thereof. In some
embodiments, the percentage of oil added may be between about 0.1 and 5% by weight. In
other embodiments the percentage may be between about 0.3 and 4% by weight. In other
embodiments the percentage may be between about 0.5 and 3% by weight. In other
embodiments, the percentage of oil added may be between about 2.5 and 3%. In other
embodiments, the percentage of oil added may be between about 2.3 and 3.4%. In other
embodiments the percentage may be between about 0.8 and 2% by weight. In some
embodiments the percentage may be, about, 0.5,0.6,0.7,0.8,09,1,1.1,1.2, 13,14, 15,2,
2,3,2.5,2.7,3,3.2,3.4,3.6,3.8 or 4% by weight.
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[0063] Different sweetening materials may be used, including honey, sugar, glucose,
invert sugar, dextrose, or combinations thereof. In some embodiments, cane sugar is used. In
some embodiments, the amount of sweetening materials may be about 1, 1.5, 2,2.5,3, 3.5, 4,
45,5,55,6,65,7,75,8, 8.5, or 9% by weight of the ultimate formulation and/or plant-
based yogurt.

[0064] Different emulsifiers may be used, including various lecithins, such as egg
yolk emulsifying lecithin, sunflower lecithin, and soy lecithin, honey, CSL calcium stearoyl
di-laciate, polyglycerol ester, sorbitan ester, PG ester, sugar ester, monoglyceride, acetylated
monoglyceride, lactylated monoglyceride or combinations thereof. In some embodiments, the
amount of emulsifier may be about between about 0.01 and 1% of the weight of the
formulation and/or plant-based yogurt. In some embodiments, the amount of emulsifier may
be about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 0.15,
0.16,0.17,0.18, 0.19, or 0.2% of the weight of the formulation and/or plant-based yogurt.

[0065] In some embodiments, probiotic bacteria may also be added.

[0066] Different complex amino acid mixtures may be used, including yeast, yeast
extract, hydrolyzed soy protein, hydrolyzed pea protein, corn steep liquor, meat extract,
peptone, casein hydrolysate, lactalbumin hydrolysate, soytone, tryptone or combinations
thereof. In some embodiments, the amount of complex amino acid mixture may be about
between about 0.01 and 1% of the weight of the formulation and/or plant-based yogurt. In
some embodiments, the amount of complex amino acid mixture may be about 0.01, 0.02,
0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or
1.0% of the weight of the formulation and/or plant-based yogurt.

[0067] In some embodiments, riboflavin, niacin, potassium phosphate monobasic,
phosphate salts (sodium phosphate monobasic, sodium phosphate dibasic, potassium
phosphate monobasic, potassium phosphate dibasic, ammonium phosphate, magnesium
phosphate), citrate salts (sodium citrate, potassium citrate, ammonium citrate, magnesium
citrate), other buffer salts, ammonium chloride, thiamine, B12, pantothenic acid, myo-Inositol,
biotin or combinations thereof may be included. In some embodiments, these ingredients may
be added in solid, paste, and/or liquid form.

[0068] In some embodiments, these ingredients may be added dissolved in an
aqueous solution. When using, for example, a 0.7 mg/mL stock concentration of riboflavin,
the weight concentration of riboflavin solution to add, as a percentage of the weight of the
total base formulation and/or plant-based yogurt, may be, in some embodiments, between

about 0.02 and 0.2%. In other embodiments, the weight concentration of the stock solution as
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a percentage of the weight of the base formulation and/or plant-based yogurt may be between
about 0.05 and 0.15%. In other embodiments, the weight concentration of the stock solution
as a percentage of the weight of the base formulation and/or plant-based yogurt may be
between about 0.08 and 0.12%. In other embodiments, the weight concentration of the stock
solution as a percentage of the weight of the base formulation and/or plant-based yogurt may
be between about 0.09 and 0.11%. In other embodiments, the weight concentration of the
stock solution as a percentage of the weight of the base formulation and/or plant-based yogurt
may be about 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18,
0.19 or 0.2%.

[0069] In some embodiments, the amount of riboflavin added may be between about
0.05 and 0.5% of the weight of the plant-based derivative. In other embodiments, the amount
may be about 0.1, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.2, 0.21, 0.22, 0.23,
0.24,0.25,0.26,0.27,0.28, 0.29, or 0.3% of the weight of the plant-based derivative. In some
embodiments, the amount of riboflavin added may be between about 0.05 and 10 parts per
million (ppm) of the weight of the ultimate formulation and/or plant-based yogurt. In other
embodiments, the amount may be about 0.1, 0.2,0.3,0.4,0.5,0.6,0.7,0.8,09,1,2,3,4, 5, 6,
7, 8,9, or 10 ppm of the weight of the ultimate formulation and/or plant-based yogurt.

[0070] When using, for example, a 7 mg/mL stock concentration of niacin, the weight
concentration of niacin solution to add, as a percentage of the weight of the total base
formulation and/or plant-based yogurt, may be, between about 0.02 and 0.2%. In other
embodiments, the weight concentration of the stock solution as a percentage of the weight of
the base formulation and/or plant-based yogurt may be between about 0.05 and 0.15%. In
other embodiments, the weight concentration of the stock solution as a percentage of the
weight of the base formulation and/or plant-based yogurt may be between about 0.08 and
0.12%. In other embodiments, the weight concentration of the stock solution as a percentage
of the weight of the base formulation and/or plant-based yogurt may be between about 0.09
and 0.11%. In other embodiments, the weight concentration of the stock solution as a
percentage of the weight of the base formulation and/or plant-based yogurt may be about 0.05,
0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19 or 0.2%.

[0071] In some embodiments, the amount of niacin added may be between about 0.5
and 5% of the weight of the plant-based derivative. In other embodiments, the amount may
beabout1,1.1,1.2,13,14,1.5,16,1.7,1.8,19,2,2.1,2.2,23,2.4,2.5,2.6,2.7,2.8, 2.9,
or 3% of the weight of the plant-based derivative. In some embodiments, the amount of

niacin added may be between about 1 and 20 parts per million (ppm) of the weight of the
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ultimate formulation and/or plant-based yogurt. In other embodiments, the amount may be
about 1,2, 3,4,5,6,7,8,9, 10, 15, or 20 parts per million (ppm) of the weight of the
ultimate formulation and/or plant-based yogurt.

[0072] When using, for example, a 1 molar stock concentration of potassium
phosphate monobasic, the weight concentration of potassium phosphate monobasic solution
to add, as a percentage of the weight of the total base formulation and/or plant-based yogurt,
may be between about 0.1 and 4%. In other embodiments, the weight concentration of the
stock solution as a percentage of the weight of the base formulation and/or plant-based yogurt
may be between about 0.5 and 3%. In other embodiments, the weight concentration of the
stock solution as a percentage of the weight of the base formulation and/or plant-based yogurt
may be between about 0.6 and 2%. In other embodiments, the weight concentration of the
stock solution as a percentage of the weight of the base formulation and/or plant-based yogurt
may be between about 0.7 and 1%. In other embodiments, the weight concentration of the
stock solution as a percentage of the weight of the base formulation and/or plant-based yogurt
may be about 0.5, 0.6, 0.7, 0.8, 0.9, and 1%.

[0073] In some embodiments, the amount of potassium phosphate monobasic added
may be between about 0.05 and 0.5% of the weight of the plant-based derivative. In other
embodiments, the amount may be about 0.2, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27, 0.28,
0.29,0.3,0.31, 0.32, 0.33, 0.34, 0.35, 0.36, 0.37, 0.38, 0.39, or 4% of the weight of the plant-
based derivative.

[0074] In some embodiments, the amount of phosphate salts, including sodium
phosphate monobasic, sodium phosphate dibasic, potassium phosphate monobasic, potassium
phosphate dibasic, ammonium phosphate, magnesium phosphate and/or other phosphate salts,
may be between about 0.05 and 5% of the weight of the ultimate formulation and/or plant-
based yogurt. In other embodiments, the amount may be about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9 or 1% of the weight of the ultimate formulation and/or plant-based yogurt.

[0075] In some embodiments, the amount of citrate salts, including sodium citrate,
potassium citrate, ammonium citrate, magnesium citrate and/or other citrate salts, may be
between about 0.05 and 5% of the weight of the ultimate formulation and/or plant-based
yogurt. In other embodiments, the amount may be about 0.1, 0.2,0.3,0.4,0.5, 0.6, 0.7, 0.8,
0.9 or 1% of the weight of the ultimate formulation and/or plant-based yogurt.

[0076] Different acids may be added. In some embodiments, the acids are amino-
acids. Some embodiments utilize l-methionine, 1-serine, I-threonine, combinations thereof,

and/or casamino acids. In some embodiments, these ingredients are added dissolved in an
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aqueous solution. When using a 0.2 molar stock concentration of an amino acid, the weight
concentration of the amino acid solution to add, as a percentage of the weight of the total base
formulation and/or plant-based yogurt, may be between about 0.1 and 4%. In other
embodiments, the weight concentration of the stock solution as a percentage of the weight of
the base formulation and/or plant-based yogurt may be between about 0.3 and 3%. In other
embodiments, the weight concentration of the stock solution as a percentage of the weight of
the base formulation and/or plant-based yogurt may be between about 0.5 and 2%. In other
embodiments, the weight concentration of the stock solution as a percentage of the weight of
the base formulation and/or plant-based yogurt may be between about 0.6 and 1%. In other
embodiments, the weight concentration of the stock solution as a percentage of the weight of
the base formulation and/or plant-based yogurt may be about 0.25, 0.3, 0.35, 0.4, 0.45, 0.5,
0.55,0.6,0.65,0.7,0.75,0.8, 0.85, 0.9, 0.95, or 1%.

[0077] In some embodiments, the amount of amino acids added may be between
about 0.01 and 1% of the weight of the plant-based derivative. In other embodiments, the
amount may be about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, or 1% of the weight
of the plant-based derivative. In some embodiments, the amount of each amino acid added
may be between about 1 and 500 parts per million (ppm) of the weight of the ultimate
formulation and/or plant-based yogurt. In other embodiments, the amount of each amino acid
added may be about 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, or 200 parts per million (ppm)
of the weight of the ultimate formulation and/or plant-based yogurt. In some embodiments,
the combination of amino acid may be a combination of I-methionine, 1-serine, and 1-
threonine. The concentrations of the three amino acids may be equal or they may not be. Thus,
in some embodiments the ratio of 1-methionine to 1-serine to I-threonine may be 1:1:1, 2:1:1,
1:2:1,1:1:2,2:2:1, 2:1:2, or 1:2:2, respectively. In some embodiments, a combination of
threonine, methionine, serine, phosphate, citrate, niacin, and riboflavin may be added.

[0078] In some embodiments, a smaller quantity of a more concentrated solution of
an additive may perform substantially the same function in substantially the same way to
obtain the same result. Thus, for instance, 0.1% by weight of the final base formulation of a 7
mg/mL stock concentration of niacin may be equivalent to 0.05% by weight of the final base
formulation of a 14 mg/mL stock concentration.

[0079] In some embodiments, a combination of yeast extract and potassium
phosphate may be added. In other embodiments, a combination of yeast extract, potassium
phosphate, and sodium citrate may be added. In some embodiments, a combination of

threonine, methionine, serine and potassium phosphate may be added. In some embodiments,

-18-



WO 2017/185093 PCT/US2017/029167

hydrolyzed soy protein and potassium phosphate may be added. In other embodiments,
hydrolyzed pea protein and potassium phosphate may be added. Other combinations of these
ingredients are also contemplated.

[0080] In some embodiments, a plant-based yogurt formulation containing plant
protein isolate and one or more of the following nutrients: complex amino acid mixtures,
vitamins, minerals, and acids, is cultured to form a plant-based yogurt analog containing
about 1% (w/w) actual protein and greater than or equal to 0.25% (w/w) lactic acid. In other
embodiments the plant-based yogurt analog contains about 1.5% (w/w) actual protein and
greater than or equal to 0.3% (w/w) lactic acid, about 2% (w/w) actual protein and greater
than or equal to 0.35% (w/w) lactic acid, about 2.5% (w/w) actual protein and greater than or
equal to 0.4% (w/w) lactic acid, about 3% (w/w) actual protein and greater than or equal to
0.45% (w/w) lactic acid, about 3.5% (w/w) actual protein and greater than or equal to 0.5%
(w/w) lactic acid, about 4% (w/w) actual protein and greater than or equal to 0.55% (w/w)
lactic acid, about 4.5% (w/w) actual protein and greater than or equal to 0.6% (w/w) lactic
acid, about 5% (w/w) actual protein and greater than or equal to 0.65% (w/w) lactic acid,
about 5.5% (w/w) actual protein and greater than or equal to 0.7% (w/w) lactic acid, about
6% (w/w) actual protein and greater than or equal to 0.75% (w/w) lactic acid, about 6.5%
(w/w) actual protein and greater than or equal to 0.8% (w/w) lactic acid, about 7% (w/w)
actual protein and greater than or equal to 0.85% (w/w) lactic acid, about 7.5% (w/w) actual
protein and greater than or equal to 0.9% (w/w) lactic acid, about 8% (w/w) actual protein
and greater than or equal to 0.95% (w/w) lactic acid, about 8.5% (w/w) actual protein and
greater than or equal to 1% (w/w) lactic acid, about 9% (w/w) actual protein and greater than
or equal to 1.05% (w/w) lactic acid, about 9.5% (w/w) actual protein and greater than or
equal to 1.1% (w/w) lactic acid, about 10% (w/w) actual protein and greater than or equal to
1.15% (w/w) lactic acid.

[0081] In some embodiments, the protein may be gelled. In other embodiments, the
protein may be fermented. In some embodiments, the protein may be gelled and/or fermented.
In some embodiments, a gelled and/or fermented protein results from culturing a formulation.

[0082] In some embodiments, the yogurt analog may be a liquid. In some
embodiments, the yogurt analog may be a drinkable liquid, in other embodiments it may be a
thick liquid, in other embodiments it may be a thin liquid, in other embodiments it may be a
semi-solid, in other embodiments it may be a solid, in other embodiments it may be a gel, in
other embodiments it may be a paste. In some embodiments, the yogurt analog may be Greek

style.
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[0083] In some embodiments plant-based milks may be added. The plant base of
these milks may include soy, rice, almond, flax, coconut, sunflower, pea, cashew, peanut,
and/or combinations thereof. In some embodiments, the amount of plant-based milks may be
between 1-20% (w/w) of the plant-based yogurt formulation. In other embodiments, the
amount may be between 20-40%, 40-60%, 60-80%, or 80-99% (w/w). In some embodiments,
the amount may be 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% (W/w).

[0084] FIGURE 1 provides an exemplary embodiment of a formulation. FIGURE 2
shows an example of how this embodiment improves culture acidification during
fermentation resulting in a lower terminal pH as compared to a base formula. The incubation
time was 20 hours. FIGURE 3 shows that the embodiment is also able to achieve lactic acid
levels similar to that found in two commercial dairy yogurts (i.e., yogurt 1 is Dannon OIKOS
Greek Nonfat and yogurt 2 is Brown Cow Plain Nonfat). Under each of the three samples
there are two bars the one of the left is the lactic acid level and the one on the right is the
acetic acid level. The plant-based yogurt shown on the left hand side of FIGURE 3 is the
formulation provided in FIGURE 1 and was prepared by: a) heating the mixture at 185°F for
30 seconds while stirring; b) covering the resultant mixture and allowing it to cool at 105°F; ¢)
adding yogurt cultures to the resultant mixture; and d) incubating the resultant mixture at

108°F for 24 hours.

Examples
[0085] The present disclosure will now be described with reference to specific
example(s), which should not be construed as in any way limiting.

[0086] Example 1. Yogurt Analog

[0087] In this example, a base yogurt formulation was prepared that contained pea
protein, cane sugar, sunflower lecithin and sunflower oil. This formula was cultured using a
typical small-scale yogurt procedure:

1) Mix pea protein in water for 5 minutes.

2) Add sunflower oil to mixture.

3) Add the cane sugar to mixture.

4) Heat to 85 °C while mixing, hold for 30 seconds.

5) Cool to 42 °C.

6) Add yogurt cultures and incubate at 42 °C for 24 hours

[0088] This type of formulation would typically only reach a terminal pH of about 5.4
(vs ~3.8-4.3 in a dairy culture) and produce about 50% (w/w) of the lactic acid found in dairy
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yogurts. Dairy milk contains a complement of free amino acids, vitamins, and other nutrients
which yogurt bacteria utilize for growth. This was confirmed by adding to the above plant-
based formula a small amount of dairy milk and the modified plant-based formula achieved
typical lactic acid concentrations and low pH.

[0089] Nutrient supplementation

[0090] Since the fermentation appeared to be stalled due to nutrient limitations, the
inventors screened a wide array of nutrients to find one or more combinations that would
allow the strains to grow well and properly acidify the culture. The screening efforts
identified several nutrients which, when added to the plant-base formulation, allowed the
fermentation to proceed to a more typical terminal pH and organic acid levels. The inventors
surprisingly discovered that adding one or more of the following nutrients: 1. Complex amino
acid mixtures (e.g. yeast, yeast extract, hydrolyzed soy protein, hydrolyzed pea protein, corn
steep liquor, meat extract, peptone, casein hydrolysate, lactalbumin hydrolysate, soytone,
tryptone), 2. Amino acids (e.g. threonine, methionine, and/or serine) and 3. Vitamins (e.g.
niacin and/or riboflavin) to the plant-based formulation that the formulation was able to
achieve near-normal growth as well as acidification.

[0091] Buffer capacity

[0092] Dairy milk is able to buffer the drop in pH deriving from lactic acid
production by the fermenting bacteria. Traditional, unpurified plant milks like soy milk are
also able to provide buffering, though to a lesser degree than dairy. However, the purification
of plant proteins reduces their ability of these solutions to buffer pH drop. During the
bacterial fermentation, this causes the culture media to acidify rapidly, limiting the growth of
the bacterial culture and negatively affecting the development of lactic acid and/or flavor
compounds. Addition of buffering agents caused the pH to drop more slowly and allow for
better bacterial growth, leading to higher lactic acid concentrations. Combining the buffer
agents (potassium phosphate, 0.15% w/w) with the nutrients identified above further aided
the fermentation of the plant-based formulation.

[0093] Figure 1 shows the formulation for the example yogurt analog.

[0094] Figure 2 shows the improvement in culture acidification that is achieved with
nutrient and buffer supplementation of an exemplary embodiment. The pH change in the
basic plant-based formula is shown in the line with solid circles. The pH starts at about 6.8
and is just under 5.5 after 20 hours of fermentation. The pH change in the planted-based
formula with supplements added, according to certain embodiments, is shown in the line with

squares. The pH starts at about 6.7 and after 20 hours the pH is 4.3. The pH change in a
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typically dairy formula (2% dairy milk) is shown in the line with triangles and starts at about
6.5 and after 20 hours the pH is 4.3. The supplemented fermentation of the plant-based
formulation resulted in a lower terminal pH as compared to the plant-base formulation
without supplements.

[0095] Figure 3 shows that the lactic acid level in nutrient and buffer supplemented
plant-based yogurt formulation is similar to what is found in commercial dairy yogurts. Three
yogurts are shown, a plant-based yogurt produced according to certain embodiments and two
commercial diary-based yogurts. Commercial yogurt 1 is Dannon OIKOS Greek Nonfat and
commercial yogurt 2 is Brown Cow Plain Nonfat. The larger bars on the left of each of the
three bar groupings show the amount of lactic acid present and the small bars on the right of
each of the three bar groupings show the amount of acetic acid present.

[0096] Figure 4 shows the effect of increasing buffer capacity on the percentage (w/w)
of lactic acid production in an exemplary embodiment. As shown in Figure 4, the amount of
potassium phosphate was in increased from 0% (w/w) (step 1), to 0.1% (w/w) (step 2), to
0.2% (w/w) (step 3) to 0.9% (w/w) (step 4) and to 1.8% (w/w) (step 5). The increase in
buffer capacity resulted in an increase in lactic acid production.

[0097] Table 1 below provides some exemplary embodiment formulations for certain
of the plant-based yogurt formulations and/or plant-based yogurts disclosed herein. The

percentages given in Table 1 are weight/weight.

Ingredient Product A|Product B({Product C|Product D|Product E
Pea Protein Isolate (as % Protein) 4% 4% 4% 4% 4%
Cane Sugar 6.5% 6.5% 6.5% 6.5% 6.5%
Sunflower oil 1.% 1% 1% 1% 1%
Sunflower lecithin 0.11% 0.11% 0.11% 0.11% 0.11%
Non-dairy starter culture 0.1% 0.1% 0.1% 0.1% 0.1%
Yeast Extract 0.1%
Riboflavin 0.7 ppm 0.7ppm | 1.5ppm

Niacin 7 ppm 7 ppm 20 ppm
Methionine 75 ppm | 75 ppm | 100 ppm | 100 ppm

Serine 53 ppm | 53 ppm | 100 ppm | 100 ppm
Threonine 60 ppm | 60 ppm | 100 ppm | 100 ppm
Potassium phosphate 0.14% 0.30% 0.1% 0.5%
Sodium citrate 0.1%

Table 1
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[0098] Example 2. Lactic acid production over a range of protein concentrations

[0099] One measure of fermentation in a plant-based yogurt is the production of
certain amounts of lactic acid. However, using protein isolates alone the lactic acid
concentration may be deficient. This example shows an increase in the production of lactic
acid across a range of protein concentrations by supplementing the fermentation. Figure 5
shows production of lactic acid after fermentation in a fat-free yogurt formulation (Table 2) at
protein isolate levels from 1%, 2%, 4%, 6%, 8%, and 10% (w/w as actual protein). Two
commercial pea protein isolates were used, World Food Pea Protein Isolate (diamonds) and
Now Sports Pea Protein Isolate (squares). The open symbols indicate formulations with
added supplements. The filled symbols indicate formulations without supplementation.
Supplementation increased the lactic acid concentration at each protein concentration by

about 0.35% (w/w).

Pea Protein Isolate (as % actual Protein) 1-10% 1-10%
Cane Sugar 5% 5%
Non-dairy starter culture 0.02% 0.02%
Yeast Extract 0.2%
Potassium phosphate 0.3%
Table 2

[00100] Example 3. Lactic acid production with varying plant protein sources

[00101] This example shows an increase in the production of lactic acid across a range
of plant protein isolates by supplementing the fermentation. Figure 6 shows the increase in
lactic acid concentration by supplementing fat-free yogurt formulations that contain one of a
variety of plant protein isolates including mushroom, pea, potato, rice, and soy. The change
in lactic acid % (w/w) is calculated by subtracting the unsupplemented lactic acid amount
from the supplemented lactic acid amount. Each symbol represents a unique protein isolate.

Formulations are defined in Table 3.
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Ingredient Uns:)n/i)]i)slewn;vevnted Sug)/opliesn‘:ve/::ed
Plant Protein Isolate (as % actual Protein) 4% 4%

Cane Sugar 5% 5%

Non-dairy starter culture 0.02% 0.02%

Yeast Extract 0.1%
Potassium phosphate 0.15%

Table 3

[00102] Example 4. Fat-free Yogurt Analog

[00103] In this example, a fat-free yogurt formulation was prepared that contained pea

protein, honey, riboflavin, niacin, methionine, serine, threonine (Table 4). Fat-free diary

yogurts deliver a product with protein (about 4-8% w/w actual protein) but without the

negative health associations of fat. This example shows a plant-based fat-free yogurt analog

that eliminates added fat while maintaining protein content (about 4% w/w actual protein).

This formula was cultured using a typical fat-free yogurt procedure:

1) Mix protein in water for 5 minutes.

2) Add the honey to mixture.

3) Add vitamins and amino acids to mixture.

4) Heat to about 95 °C while mixing, hold for 2 minutes.

5) Cool to 40 °C.

6) Add yogurt cultures and incubate at 40 °C for 15 hours.

[00104]

This example demonstrates the ability to enable successful fermentation of fat-

free yogurts and yogurt derivatives that contain gelled and fermented protein.

Ingredient Example 4 % is w/w
Pea Protein Isolate (as % actual Protein) 4%

Honey 6.5%
Non-dairy starter culture 0.1%
Riboflavin 1.5 ppm
Niacin 20 ppm
Methionine 100 ppm
Serine 100 ppm
Threonine 100 ppm
Table 4
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[00105] Example 5. Large Scale Yogurt Analog

[00106] In this example, a yogurt formulation was prepared that contained pea protein,
cane sugar, sunflower lecithin, sunflower oil, yeast extract, and sodium phosphate (Table 5).
This formula was cultured using a typical large-scale yogurt procedure:

1) Batch ingredients using a liquefier and mix for about 30 minutes.

2) Homogenize mixture at about 2500 psi to reduce particle size.

3) Pasteurize mixture for about 7 minutes at about 90 °C.

5) Cool to about 42 °C.

6) Add yogurt cultures and incubate at about 42 °C for about 8 hours.

[00107] This example demonstrates the scalability of the technology and use of

standard dairy yogurt manufacturing techniques.

Ingredient Example S % w/w
Pea Protein Isolate (as % actual Protein) 4%

Cane Sugar 4%
Sunflower oil 3%
Sunflower lecithin 0.1%
Non-dairy starter culture 0.1%

Yeast Extract 0.5%
Potassium phosphate 0.4%

Table §

[00108] Example 6. Drinkable Style Yogurt Analog

[00109] In this example, a drinkable style yogurt formulation was prepared that
contained soy protein, glucose, soy lecithin, soybean oil, soy protein hydrolysate, and sodium
citrate (Table 6). Drinkable dairy yogurts may have less protein (about 2 to 3% w/w actual
protein) and added water compared to standard yogurts. In order to create a plant-based
version of a drinkable yogurt the protein content of the yogurt mixture was adjusted, yielding
a product with lower viscosity and greater pourability. This formula was cultured using the
procedure described in Example 5.

[00110] This example demonstrates that the technology disclosed herein enables
fermentation of lower protein (about 2% w/w actual protein) containing yogurts and yogurt

derivatives that contain gelled and fermented protein.
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Ingredient Example 6 % w/w
Soy Protein Isolate (as % actual Protein) 2%
Glucose 6%
Soybean oil 2%

Soy lecithin 0.05%
Non-dairy starter culture 0.1%

Soy Protein Hydrolysate 0.1%
Sodium Citrate 0.2%

Table 6

[00111] Example 7. Greek Style Yogurt Analog

[00112] In this example, a Greek style yogurt formulation was prepared that contained
pea protein, invert sugar, sunflower lecithin, sunflower oil, coconut oil, sodium citrate, and
sodium phosphate (Table 7). Greek Style dairy yogurts are typically thicker than standard
yogurt and often contain more protein (about 8% w/w). This example shows a plant-based
Greek style yogurt analog that matches the thickness and protein content of Greek style dairy
yogurts. This formula was cultured using procedure described in Example 5.

[00113] This example demonstrates fermentation of high protein (about 8% w/w actual

protein) containing yogurts and yogurt derivatives that contain gelled and fermented protein.

Ingredient Example 7 % w/w
Pea Protein Isolate (as % actual Protein) 8%

Invert Sugar 5%
Sunflower oil 3%
Coconut oil 2%
Sunflower lecithin 0.1%
Non-dairy starter culture 0.1%
Sodium citrate 0.2%
Sodium phosphate 0.1%

Table 7

[00114] Example 8. Fermentation of plant-based beverages
[00115] In this example soy and almond plant-based beverages were fermented into
yogurts or yogurt type analogs. Figure 6 shows the increase in lactic acid concentration with

supplementation. Silk Original soy milk or Almond Breeze original almond milk were
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inoculated with non-dairy starter culture (0.02%) and incubated at 40 °C. The formulas were
either unsupplemented (closed circles) or supplemented with 0.2% yeast extract and 0.4%
potassium phosphate (open circles). The supplemented fermentations were able to produce
higher amounts of lactic acid compared to the unsupplemented fermentations.

[00116] These examples define a range of conditions that allow for suitable
fermentation from yogurt formulations containing plant-based protein isolates. Table 8

provides exemplary ranges of some of the ingredients.

Ingredient Range
Plant Protein Isolate (as % actual Protein) 1-10%
Fermentable Carbohydrate 1-10%
Oil/Fatty Material 0-6%
Emulsifier 0-0.5%
Complex amino acid mixture 0-1%
Vitamins 0-30 ppm
Amino Acids 0-200 ppm
Buffer agents 0-1%
Table 8

[00117] Further advantages of the claimed subject matter will become apparent from
the following examples describing certain embodiments of the claimed subject matter.

[00118] Example 1A. A method for producing a plant-based yogurt formulation
capable of being used to make a plant-based yogurt analog comprising the steps of:

a) obtaining an essentially dairy-free base for a yogurt formulation that includes a plant-

based derivative; and

b) adding one or more acids to said formulation.

[00119] 2A. The method of example 1A, wherein the one or more acids are selected
from the group of amino acids.

[00120] 3A. The method of one or more of examples 1A or 2A, wherein the one or
more acids are selected from the group of I-methionine, 1-serine, 1-threonine, or combinations
thereof.

[00121] 4A.  The method of one or more of examples 2A or 3A, wherein the amount
of the amino acids added is between about 0.03 and 0.1% by weight of the plant-based

derivative.
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[00122] SA. A method of producing a non-dairy yogurt formulation comprising the
steps of’

a) blending a protein-containing edible portion of one or more plants to form a mixture;

b) adding oil to the mixture;

¢) adding sugar to the mixture; and

d) adding an additive selected from the group of’ lecithin; amino acids; potassium

phosphate; niacin; riboflavin; yeast extract; yeast; or some combination thereof in a

sufficient quantity such that the pH of the resulting mixture is below 4.5 or 5 once the

mixture is cultured using a yogurt culturing procedure.

[00123] 6A. The method of example SA, wherein the yogurt culturing procedure
comprises; (1) heating the mixture for a first pre-determined amount of time; (2) allowing the
mixture to cool; (3) adding yogurt cultures to the mixture; and (4) incubating the mixture for
a second pre-determined amount of time.

[00124] 7A. The method of example 6A, wherein the mixture is heated at a
temperature of greater than 150°F.

[00125] 8A. The method of one or more of examples 6A or 7A, wherein the
mixture is heated at a temperature of about 185°F.

[00126] 9A. The method of one or more of examples 6A-8A, wherein the first pre-
determined amount of time is greater than 10 seconds or greater than 20 seconds or greater
than 30 seconds.

[00127] 10A. The method of one or more of examples 6A-9A, wherein the first pre-
determined amount of time is about 20 seconds or about 25 seconds or about 30 seconds or
about 35 seconds.

[00128] 11A. The method of one or more of examples 6A-10A, wherein the mixture
is stirred while being heated.

[00129] 12A. The method of one or more of examples 6A-11A, wherein the mixture
is cooled below 130°F or 120°F or 110°F or 100°F.

[00130] 13A. The method of one or more of examples 6A-12A, wherein the mixture
is cooled to about 125°F or 120°F or 115°F or 110°F or 105°F or 100°F or 95°F or 90°F.

[00131] 14A. The method of one or more of examples 6A-13A, wherein the second
pre-determined amount of time is greater than 6 hours or greater than 12 hours or greater than

18 hours or greater than 24 hours.
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[00132] 15A. The method of one or more of examples 6A-14A, wherein the second
pre-determined amount of time is about 12 hours or about 14 hours or about 16 hours or
about 18 hours or about 20 hours or about 22 hours or about 24 hours.

[00133] 16A. The method of one or more of examples 6A-15A, wherein the mixture
is incubated at greater than 80°F or greater than 90°F or greater than 100°F or greater than
105°F or greater than 110°F or greater than 115°F.

[00134] 17A. The method of one or more of examples 6A-16A, wherein the mixture
is incubated at about 95°F or about 100°F or about 105°F or about 106°F or about 107°F or
about 108°F or about 109°F or about 110°F or about 115°F or about 120°F.

[00135] 18A. A method of producing a non-dairy yogurt formulation comprising the
steps of’

a) blending the protein-containing edible portion of one or more plants to form a mixture;

b) adding oil to the mixture;

¢) adding sugar to the mixture; and

d) adding an additive to the mixture selected from the group of lecithin; amino acids;

potassium phosphate; niacin; riboflavin; yeast extract; yeast; or some combination thereof

in a sufficient quantity such that the pH of the resulting mixture is below 4.5 or 5 once the
mixture is (1) heated at about 185°F for 20 to 60 seconds while stirring; (2) the resultant
mixture is covered and allowed to cool at about 105°F; (3) yogurt cultures are added to
the mixture; and (4) the resultant mixture is incubated at about 108°F for about 24 hours.

[00136] 19A. The method of one or more of examples SA-18A, wherein the one or
more plants are high-starch plants.

[00137] 20A. The method of one or more of examples SA-19A, wherein the one or
more plants are peas.

[00138] 21A. The method of one or more of examples SA-20A, wherein the oil is
sunflower oil.

[00139] 22A. The method of one or more of examples SA-21A, wherein the additive
is lecithin.

[00140] 23A. The method of one or more of examples SA-21A, wherein the additive
is selected from the group of l-methionine, I-serine, I-threonine, or combinations thereof.

[00141] 24A. An essentially dairy-free formulation comprising:

a) between 10-50% by weight of a plant-based derivative; and

b) an additive selected from the group of’ lecithin; amino acids; potassium phosphate;

niacin; riboflavin; yeast extract; or yeast; or some combination thereof in a sufficient
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quantity such that the pH of the resulting mixture is below 4.5 or 5 once the mixture is

cultured using a yogurt culturing procedure.

[00142] 25A. The formulation of example 24A, wherein the yogurt culturing
procedure comprises: (1) mixing the plant-based derivative and the additive to form a mixture;
(2) heating the mixture for a first pre-determined amount of time; (3) allowing the mixture to
cool; (4) adding yogurt cultures to the mixture; and (5) incubating the mixture for a second
pre-determined amount of time.

[00143] 26A. The formulation of example 25A, wherein the mixture is heated at a
temperature of greater than 150°F.

[00144] 27A. The formulation of one or more of examples 25A or 26A, wherein the
mixture is heated at a temperature of about 185°F.

[00145] 28A. The formulation of one or more of examples 25A-27A, wherein the
first pre-determined amount of time is greater than 10 seconds or greater than 20 seconds or
greater than 30 seconds.

[00146] 29A. The formulation of one or more of examples 25A-28A, wherein the
first pre-determined amount of time is about 20 seconds or about 25 seconds or about 30
seconds or about 35 seconds.

[00147] 30A. The formulation of one or more of examples 25A-29A, wherein the
mixture is stirred while being heated.

[00148] 31A. The formulation of one or more of examples 25A-30A, wherein the
mixture is cooled below 130°F or 120°F or 110°F or 100°F.

[00149] 32A. The formulation of one or more of examples 25A-31A, wherein the
mixture is cooled to about 125°F or 120°F or 115°F or 110°F or 105°F or 100°F or 95°F or
90°F.

[00150] 33A. The formulation of one or more of examples 25A-32A, wherein the
second pre-determined amount of time is greater than 6 hours or greater than 12 hours or
greater than 18 hours or greater than 24 hours.

[00151] 34A. The formulation of one or more of examples 25A-33A, wherein the
second pre-determined amount of time is about 12 hours or about 14 hours or about 16 hours
or about 18 hours or about 20 hours or about 22 hours or about 24 hours.

[00152] 35A. The formulation of one or more of examples 25A-34A, wherein the
mixture is incubated at greater than 80°F or greater than 90°F or greater than 100°F or greater

than 105°F or greater than 110°F or greater than 115°F.
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[00153] 36A. The formulation of one or more of examples 25A-35A, wherein the
mixture is incubated at about 95°F or about 100°F or about 105°F or about 106°F or about
107°F or about 108°F or about 109°F or about 110°F or about 115°F or about 120°F.

[00154] 37A. An essentially dairy-free formulation comprising:

a) between 10-50% by weight of a plant-based derivative; and

b) an additive selected from the group of’ lecithin; amino acids; potassium phosphate;

niacin; riboflavin; yeast extract; or yeast; or some combination thereof in a sufficient

quantity such that if the formulation was (1) mixed; (2) heated at about 185°F for
between 20 to 60 seconds while stirring; (3) the resultant mixture were then covered and
allowed to cool at about 105°F; (4) yogurt cultures were added to the mixture; and (5) the
resultant mixture were incubated at about 108°F for about 24 hours, then the pH of the

resultant mixture would be below 4.5 or 5.

[00155] 38A. The formulation of one or more of examples 25A-37A, further
comprising at least about 4% sugar.

[00156] 39A. The formulation of one or more of examples 25A-38A, wherein the
additive comprises one or more amino acids.

[00157] 40A. The formulation of one or more of examples 25A-39A, wherein the
additive comprises at least one of I-methionine, 1-serine, or -threonine.

[00158] 41A. The formulation of one or more of examples 25A-40A, wherein the
weight of the amino acid added is at least about 0.02% of the weight of the plant-based
derivative.

[00159] 42A. The formulation of one or more of examples 25A-38A, wherein the
additive comprises potassium phosphate.

[00160] 43A. The formulation of one of more of examples 25A-41A, further
comprising potassium phosphate.

[00161] 44A. The formulation of one or more of examples 25A-38A, wherein the
additive comprises niacin.

[00162] 45A. The formulation of one of more of examples 25A-43 A, further
comprising niacin.

[00163] 46A. A formulation comprising, by weight:

a) between 25% to 35% pea protein paste,

b) between 3% to 8% cane sugar,

¢) between 0.5 to 8% sunflower oil,

d) between 0.05% to 0.3% sunflower lecithin,
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e) between 0.0% to 0.001% riboflavin,

f) between 0.0% to 0.001%% niacin,

g) between 0.1% to 1% potassium phosphate monobasic;

h) between 0.0% to 0.03% of a combination of 1-methionine, 1-serine, and 1-threonine, and

1) between 0.1% to 3% yogurt cultures.

[00164] 47A. A formulation comprising, by weight:

a) between 28% to 32% pea protein paste,

b) between 5% to 7% cane sugar,

¢) between 0.5 to 2% sunflower oil,

d) between 0.1% to 0.3% sunflower lecithin,

e) between 0.0% to 0.001% riboflavin,

f) between 0.0% to 0.001% niacin,

g) between 0.1% to 1% potassium phosphate monobasic;

h) between 0.0% to 0.03% of a combination of 1-methionine, 1-serine, and 1-threonine, and

1) between 0.3% to 1.5% yogurt cultures.

[00165] 48A. The formulation of one of more of examples 24A-47A, wherein the
formulation is dairy free.

[00166] 49A. The method of one or more of examples 1A-23 A, wherein the
formulation is essentially dairy-free.

[00167] SOA. The method of one or more of examples 1A-23 A, wherein the
formulation is dairy-free.

[00168] S1A. A plant-based yogurt analog comprising:

a) at least one of between 1% to 10% by weight of a plant protein, and between 1% to

90% by weight of a plant protein isolate.

[00169] 52A. The plant-based yogurt analog of example 51A, wherein the plant
protein isolate comprises at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or
90% by weight of protein.

[00170] S53A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a fermented plant protein isolate.

[00171] 54A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a substantially fermented plant protein isolate.

[00172] S55A. The plant-based yogurt analog of example 52A, wherein a portion of

the plant protein isolate is a fermented plant protein isolate.
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[00173] S56A. The plant-based yogurt analog of example 52A, wherein at least 60%,
70%, 80%, 90%, or 95% by weight of the plant protein isolate is fermented.

[00174] 57A. The plant-based yogurt analog of example 52, wherein the plant
protein isolate is a gelled plant protein isolate.

[00175] S58A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a substantially gelled plant protein isolate.

[00176] S59A. The plant-based yogurt analog of example 52A, wherein a portion of
the plant protein isolate is a gelled plant protein isolate.

[00177] 60A. The plant-based yogurt analog of example 52A, wherein at least 60%,
70%, 80%, 90%, or 95% by weight of the plant protein isolate is gelled.

[00178] 61A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a fermented plant protein isolate.

[00179] 62A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a substantially fermented plant protein isolate.

[00180] 63A. The plant-based yogurt analog of example 52A, wherein a portion of
the plant protein isolate is a fermented plant protein isolate.

[00181] 64A. The plant-based yogurt analog of example 52A, wherein at least 60%,
70%, 80%, 90%, or 95% by weight of the plant protein isolate is fermented.

[00182] ©65A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a fermented and gelled plant protein isolate.

[00183] 66A. The plant-based yogurt analog of example 52A, wherein the plant
protein isolate is a substantially fermented and substantially gelled plant protein isolate.

[00184] 67A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 1% and 10%
by weight and the percentage of lactic acid in the plant-based yogurt is at least between
0.25% and 1.15% by weight.

[00185] 68A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is at or below 1% by
weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal to
0.25% by weight.

[00186] 69A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 1.4% and 1.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal

to 0.3% by weight.
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[00187] 70A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 1.9% and 2.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.35% by weight.

[00188] 71A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 2.4% and 2.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.4% by weight.

[00189] 72A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 2.9% and 3.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.45% by weight.

[00190] 73A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 3.4% and 3.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.5% by weight.

[00191] 74A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 3.9% and 4.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.55% by weight.

[00192] 75A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 4.4% and 4.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.6% by weight.

[00193] 76A. The plant-based yogurt analog of one or more of examples STA to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 4.9% and 5.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.65% by weight.

[00194] 77A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 5.4% and 5.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.7% by weight.

[00195] 78A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 5.9% and 6.1%
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by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.75% by weight.

[00196] 79A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 6.4% and 6.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.8% by weight.

[00197] 8O0A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 6.9% and 7.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.85% by weight.

[00198] 81A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 7.4% and 7.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.9% by weight.

[00199] 82A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 7.9% and 8.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 0.95% by weight.

[00200] 83A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 8.4% and 8.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 1.0% by weight.

[00201] 84A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 8.9% and 9.1%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 1.05% by weight.

[00202] 85A. The plant-based yogurt analog of one or more of examples STA to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 9.4% and 9.6%
by weight and the percentage of lactic acid in the plant-based yogurt is greater than or equal
to 1.1% by weight.

[00203] 86A. The plant-based yogurt analog of one or more of examples S1A to 66A,
wherein the percentage of protein in the plant-based yogurt analog is between 9.9% and

10.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than or
equal to 1.15% by weight.
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[00204] 87A. A plant-based yogurt analog comprising:

a) a plant protein,

b) a carbohydrate,

¢) an oil and/or fat,

d) an emulsifier, and

e) a buffer agent.

[00205] 88A. The plant-based yogurt analog of example 87A, wherein the plant
protein is a plant protein isolate.

[00206] 89A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a fermented plant protein isolate.

[00207] 90A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a substantially fermented plant protein isolate.

[00208] 91A. The plant-based yogurt analog of example 88 A, wherein a portion of
the plant protein isolate is a fermented plant protein isolate.

[00209] 92A. The plant-based yogurt analog of example 88 A, wherein at least 60%,
70%, 80%, 90%, or 95% by weight of the plant protein isolate is fermented.

[00210] 93A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a gelled plant protein isolate.

[00211] 94A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a substantially gelled plant protein isolate.

[00212] 95A. The plant-based yogurt analog of example 88 A, wherein a portion of
the plant protein isolate is a gelled plant protein isolate.

[00213] 96A. The plant-based yogurt analog of example 88A, wherein at least 60%,
70%, 80%, 90%, or 95% by weight of the plant protein isolate is gelled.

[00214] 97A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a fermented plant protein isolate.

[00215] 98A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a substantially fermented plant protein isolate.

[00216] 99A. The plant-based yogurt analog of example 88 A, wherein a portion of
the plant protein isolate is a fermented plant protein isolate.

[00217] 100A. The plant-based yogurt analog of example 88 A, wherein at least 60%,
70%, 80%, 90%, or 95% by weight of the plant protein isolate is fermented.

[00218] 101A. The plant-based yogurt analog of example 88 A, wherein the plant

protein isolate is a fermented and gelled plant protein isolate.
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[00219] 102A. The plant-based yogurt analog of example 88 A, wherein the plant
protein isolate is a substantially fermented and substantially gelled plant protein isolate.

[00220] 103A. The plant-based yogurt analog of one or more of examples 87A to
102A, wherein the percentage of protein in the plant-based yogurt analog is between 1.9%
and 2.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than
or equal to 0.35% by weight.

[00221] 104A. The plant-based yogurt analog of one or more of examples 87A to
102A, wherein the percentage of protein in the plant-based yogurt analog is between 3.9%
and 4.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than
or equal to 0.55% by weight.

[00222] 105A. The plant-based yogurt analog of one or more of examples 87A to
102A, wherein the percentage of protein in the plant-based yogurt analog is between 5.9%
and 6.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than
or equal to 0.75% by weight.

[00223] 106A. The plant-based yogurt analog of one or more of examples 87A to
102A, wherein the percentage of protein in the plant-based yogurt analog is between 7.9%
and 8.1% by weight and the percentage of lactic acid in the plant-based yogurt is greater than
or equal to 0.95% by weight.

[00224] 107A. The plant-based yogurt analog of one or more of examples S1A to 86A,
wherein the plant-based yogurt analog further comprises between 0.0% to 1% by weight of a
complex amino acid mixture.

[00225] 108A The plant-based yogurt analog of one or more of examples S1A to 86A,
wherein the plant-based yogurt analog further comprises one or more of the following niacin,
riboflavin, yeast extract, I-methionine, 1-serine, I-threonine.

[00226] 109A. The plant-based yogurt analog of one or more of examples S1A to 86A,
wherein the plant-based yogurt analog further comprises one or more yogurt cultures.

[00227] 110A. The plant-based yogurt analog of one or more of examples STA to 86A,
wherein the plant-based yogurt analog further comprises between 0.1% to 1% by weight of a
buffer agent.

[00228] 111A. The plant-based yogurt analog of one or more of examples STA to 86A,
wherein the plant-based yogurt analog further comprises one or more yogurt cultures.

[00229] 112A. The plant-based yogurt analog of one or more of examples S1A to 86A,

wherein the plant-based yogurt analog is a cultured plant-based yogurt analog.
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[00230] 113A. The plant-based yogurt analog of one or more of examples 87A
to106A, wherein the plant-based yogurt analog further comprises between 0.0% to 1% by
weight of a complex amino acid mixture.

[00231] 108A The plant-based yogurt analog of one or more of examples 87A
to106A, wherein the plant-based yogurt analog further comprises one or more of the
following niacin, riboflavin, yeast extract, [-methionine, 1-serine, 1-threonine.

[00232] 109A. The plant-based yogurt analog of one or more of examples 87A
to106A, wherein the plant-based yogurt analog further comprises one or more yogurt cultures.

[00233] 110A. The plant-based yogurt analog of one or more of examples 87A
to106A, wherein the plant-based yogurt analog further comprises between 0.1% to 1% by
weight of a buffer agent.

[00234] 111A. The plant-based yogurt analog of one or more of examples 87A
to106A, wherein the plant-based yogurt analog further comprises one or more yogurt cultures.

[00235] 112A. The plant-based yogurt analog of one or more of examples 87A
to106A, wherein the plant-based yogurt analog is a cultured plant-based yogurt analog.

[00236] The disclosure has been described with reference to particular embodiments.
However, it will be readily apparent to those skilled in the art that it is possible to embody the
disclosure in specific forms other than those of the embodiments described above. The
embodiments are merely illustrative and should not be considered restrictive. The scope of
the disclosure is given by the appended claims, rather than the preceding description, and all
variations and equivalents that fall within the range of the claims are intended to be embraced

therein.
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What is Claimed is:

1. A plant-based yogurt analog comprising: at least one of between 1% to 10%

by weight of a plant protein, and between 1% to 90% by weight of a plant protein isolate.
2. The plant-based yogurt analog of claim 1, wherein the plant protein isolate
comprises at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% by weight

of protein.

3. The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

fermented plant protein isolate.

4. The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

substantially fermented plant protein isolate.

5. The plant-based yogurt analog of claim 2, wherein a portion of the plant

protein isolate is a fermented plant protein isolate.

6. The plant-based yogurt analog of claim 2, wherein at least 60%, 70%, 80%,
90%, or 95% by weight of the plant protein isolate is fermented.

7. The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

gelled plant protein isolate.

8. The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

substantially gelled plant protein isolate.

0. The plant-based yogurt analog of claim 2, wherein a portion of the plant

protein isolate is a gelled plant protein isolate.

10. The plant-based yogurt analog of claim 2, wherein at least 60%, 70%, 80%,
90%, or 95% by weight of the plant protein isolate is gelled.
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11.  The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

fermented plant protein isolate.

12.  The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

substantially fermented plant protein isolate.

13.  The plant-based yogurt analog of claim 2, wherein a portion of the plant

protein isolate is a fermented plant protein isolate.

14. The plant-based yogurt analog of claim 2, wherein at least 60%, 70%, 80%,
90%, or 95% by weight of the plant protein isolate is fermented.

15.  The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

fermented and gelled plant protein isolate.

16.  The plant-based yogurt analog of claim 2, wherein the plant protein isolate is a

substantially fermented and substantially gelled plant protein isolate.

17.  The plant-based yogurt analog of one or more of claims 1 to 16, wherein the
percentage of protein in the plant-based yogurt analog is between 1% and 10% by weight and
the percentage of lactic acid in the plant-based yogurt is at least between 0.25% and 1.15% by
weight.

18.  The plant-based yogurt analog of one or more of claims 1 to 16, wherein the
percentage of protein in the plant-based yogurt analog is between 1.9% and 2.1% by weight
and the percentage of lactic acid in the plant-based yogurt is greater than or equal to 0.35%

by weight.

19.  The plant-based yogurt analog of one or more of claims 1 to 16, wherein the
percentage of protein in the plant-based yogurt analog is between 3.9% and 4.1% by weight
and the percentage of lactic acid in the plant-based yogurt is greater than or equal to 0.55%

by weight.
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20.  The plant-based yogurt analog of one or more of claims 1 to 16, wherein the
percentage of protein in the plant-based yogurt analog is between 5.9% and 6.1% by weight
and the percentage of lactic acid in the plant-based yogurt is greater than or equal to 0.75%
by weight.

21.  The plant-based yogurt analog of one or more of claims 1 to 16, wherein the
percentage of protein in the plant-based yogurt analog is between 7.9% and 8.1% by weight
and the percentage of lactic acid in the plant-based yogurt is greater than or equal to 0.95%

by weight.

22. The plant-based yogurt analog of one or more of claims 1 to 16, wherein the
percentage of protein in the plant-based yogurt analog is between 9.9% and 10.1% by weight
and the percentage of lactic acid in the plant-based yogurt is greater than or equal to 1.15%

by weight.

23.  The plant-based yogurt analog of one or more of claims 1 to 22, wherein the

plant-based yogurt analog further comprises between 1% to 10% of a carbohydrate,

24.  The plant-based yogurt analog of one or more of claims 1 to 23, wherein the

plant-based yogurt analog further comprises between 0.5 to 8% by weight of an oil.

25. The plant-based yogurt analog of one or more of claims 1 to 24, wherein the
plant-based yogurt analog further comprises between 0.05% to 0.3% by weight of an

emulsifier.

26. The plant-based yogurt analog of one or more of claims 1 to 25, wherein the
plant-based yogurt analog further comprises between 0.0% to 1% by weight of a complex

amino acid mixture.
27.  The plant-based yogurt analog of one or more of claims 1 to 26, wherein the

plant-based yogurt analog further comprises one or more of the following niacin, riboflavin,

yeast extract, l-methionine, 1-serine, 1-threonine.
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28.  The plant-based yogurt analog of one or more of claims 1 to 27, wherein the

plant-based yogurt analog further comprises one or more yogurt cultures.

29.  The plant-based yogurt analog of one or more of claims 1 to 28, wherein the

plant-based yogurt analog further comprises between 0.1% to 1% by weight of a buffer agent.

30.  The plant-based yogurt analog of one or more of claims 1 to 29, wherein the

plant-based yogurt analog further comprises one or more yogurt cultures.

31.  The plant-based yogurt analog of one or more of claims 1 to 30, wherein the

plant-based yogurt analog is a cultured plant-based yogurt analog.
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