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PONGAMIA PROTEIN PRODUCTS, AND METHODS FOR PRODUCING AND USING
THEREOQOF

CROSS-REFERENCE TO RELATED APPLICATIONS

{86003} This application clatms priority to and the benefit of U.S. Provisional Apphication
63/004,780, filed Apnl 3, 2020; U.S. Provisional Application 63/004,785, filed Apnil 3, 2020;
and U.5. Provisional Application 63/004,792, filed Apnil 3, 2020, the disclosures of which

are incorporated heremn by refercnee in their entiretics.

FIELD

[6004] The present disclosure relates generally to ponganmia protein products. More
specifically, the present disclosure relates to ponganua compositions with high protein
conient, such as pongamia protein concentrates or isolates, as well as methods for producing

thereof, and methods for using thereof m food and beverage products.

BACKGROUND

[0005] As global population is expected to grow o over 9 billion by 2050, the demand
for edible protein continues to nise. Production of animal protein requires significant
resources molading land and water and has significant impact on the enviropment. Plants
offer an alternate and viable source of protein as they provide more yield per acre with
positive noupact on the eovironment. Consumer ntcrest in sustainability and plant-based dicts
is expanding around the globe. In the United States, the plant-based foods market was
estimated to be around $4.5 billion 1n 2019. In the United States, approximately 55 nullion
people are considered vegetarian or flexitarian and looking for more plani-based protein-

enriched food options.

HEELRY Pongamia, Millettia pinnata (1.}, 1s a multipurpose tree that grows in the tropics,
producing oil- and protein-rich beans. Pongamia has several advantageous features: it is easy
to grow, has a short generation time, and prodaces large quantities of oil- and protem-rich
beans. Pongamia beans, also referred to as pongamia otlseeds, contain approximately 35-40%
oil and 20% protein. Pongarnia bean cake, a bvproduct of off extraction from ponganua
beans, offers a potential rencwable source of plant protein for use mn animal feed and
foodstuffs for haman consumption. However, pongamia beans and bean cake are extremely

bitter in taste and considered nedible, due to many ntnnsic active chenucal components such



as karanjin and pongamol. These intrinsic active compounds must be removed or significantly reduced, in

order to produce edible pongamia protein products.

[0007] Currently, there are no commercially viable processing methods available to extract and produce
edible clean tasting concentrated pongamia protein products from pongamia beans. Hence, there is a need for
commercially viable methods to extract and remove intrinsic active chemical components, such as karanjin and

pongamol, from pongamia beans and produce value added edible protein compositions.

BRIEF SUMMARY

[0007a] In an aspect of the present disclosure, there is provided a protein-enriched pongamia ingredient or
composition, comprising at least 40% of pongamia proteins on a dry weight basis,

wherein the ingredient or composition has: (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of
pongamol; or (iii) less than 500 ppm of karanjin and pongamol combined; and

wherein the ingredient or composition has less than or equal to 40% of carbohydrates on a dry weight basis.

[0007b] In another aspect of the present disclosure, there is provided a method of producing a protein-
enriched pongamia composition disclosed herein, comprising:

preparing an aqueous slurry of pongamia meal, wherein the pongamia meal is defatted and debittered
and has (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of pongamol; or (iii) less than 500 ppm of
karanjin and pongamol combined;

adjusting the pH of the aqueous slurry to a pH between 6 and 10;

separating the slurry into a protein liquid fraction and an insoluble wet cake fraction;

neutralizing, concentrating and/or pasteurizing the protein liquid fraction; and

drying the protein liquid fraction to provide a protein-enriched pongamia composition, optionally
wherein the protein-enriched pongamia composition comprises at least 50% of pongamia proteins on a dry

weight basis.

[0007c] Ina further aspect of the present disclosure, there is provided a method of producing a protein-
enriched pongamia ingredient disclosed herein, comprising:

preparing an aqueous slurry of pongamia meal, wherein the pongamia meal is defatted and debittered
and has (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of pongamol; or (iii) less than 500 ppm of
karanjin and pongamol combined,;

adjusting the pH of the aqueous slurry to a pH between 6 and 10,

separating the slurry into a protein liquid fraction and an insoluble wet cake fraction;



precipitating at least a portion of pongamia protein from the protein liquid fraction to obtain
purified pongamia protein solids, optionally wherein the precipitation step is performed by isoelectric
precipitation,;

neutralizing and pasteurizing the purified pongamia protein solids; and

drying the purified pongamia protein solids to provide a protein-enriched pongamia ingredient,
optionally further comprising washing the pongamia protein solids prior to drying, optionally wherein the

protein-enriched pongamia ingredient comprises at least 70% of pongamia proteins on a dry weight basis.

[0007d] In another aspect of the present disclosure, there is provided a method of producing a protein-
enriched pongamia ingredient disclosed herein, comprising:

preparing an aqueous slurry of pongamia meal;

adjusting the pH of the aqueous slurry to a pH between 6 and 10,

separating the slurry into a protein liquid fraction and an insoluble wet cake fraction;

passing the protein liquid fraction through a membrane system to obtain a retentate comprising
pongamia protein;

optionally washing, neutralizing and/or pasteurizing the retentate; and

drying the retentate to provide a protein-enriched pongamia ingredient, optionally wherein the
protein-enriched pongamia ingredient comprises at least 70% of pongamia proteins on a dry weight basis.

[0007e] In a further aspect of the present disclosure, there is provided a method of producing a protein-
enriched pongamia composition disclosed herein, comprising:
preparing an aqueous slurry of pongamia meal;
adjusting the pH of the aqueous slurry to a pH between 4 and 5 to obtain pongamia protein solids;
washing, neutralizing, and pasteurizing purified protein solids; and

drying the purified pongamia protein solids to provide a protein-enriched pongamia composition.

[0007f] Inanother aspect of the present disclosure, there is provided a food product, a beverage
product, a dietary supplement product or other product, comprising: the protein-enriched pongamia
ingredient or composition disclosed herein, optionally wherein the beverage product comprises at least 20

g of protein-enriched pongamia ingredient or composition per serving.
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[0008] In some examples, provided herein are pongamia compositions with high protein content,
such as pongamia protein concentrates or isolates, that can serve as an edible protein source for animals,
in particular humans. In some variations, the pongamia protein products described herein have functional
properties, including for example solubility, viscosity, and emulsifying properties, that are comparable or
improved as compared to other commercial plant protein ingredients, such as soy, pea, lupin, and
sunflower. These pongamia protein products can serve as useful ingredients in a variety of food and
beverage products, and address the substantial unmet need in the industry for emerging plant proteins that
are superior in protein quality with great taste and great texture.

[0009] In some examples, provided is a protein-enriched pongamia composition, comprising at least
50% of pongamia proteins on a dry weight basis. In some examples, provided is a protein-enriched
pongamia composition, comprising at least 70% of pongamia proteins on a dry weight basis. In some
examples, the composition is a pongamia protein concentrate. In other examples, the composition is a

pongamia protein isolate.

[0010] In certain examples, provided is method of producing a protein-enriched pongamia
composition, comprising: preparing an aqueous slurry of pongamia meal; adjusting the pH of the aqueous
slurry to a pH between 8 and 10; separating the slurry into a protein liquid fraction and an insoluble wet
cake fraction; neutralizing, concentrating and/or pasteurizing the protein liquid fraction; and drying the

protein liquid fraction to provide a protein-enriched pongamia composition.

[0011] In certain examples, provided is a method of producing a protein-enriched pongamia

composition, comprising: preparing an aqueous slurry of pongamia meal; adjusting the pH of
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the aqueous slurry to a pH between 8 and 10, separating the slurry into a protein liquid fraction and
insoluble wet cake fraction; precipitating a portion of pongamia proteins from the liquid fraction by
adjusting pH to between 3.5 to 4.5 to obtain purified pongamia proteins; washing, neutralizing and/or
pasteurizing the purified pongamia proteins; and drying the purified pongamia proteins to provide a

protein-enriched pongamia composition.

[0012] In certain examples, provided is a method of producing a protein-enriched pongamia
composition, comprising: preparing an aqueous slurry of pongamia meal; adjusting the pH of the aqueous
slurry to a pH between 6 and 10, separating the slurry into a protein liquid fraction and an insoluble wet
cake fraction; passing the protein liquid fraction through a membrane system to obtain a retentate
comprising pongamia protein; washing, neutralizing and/or pasteurizing the retentate; and drying the

retentate to provide a protein-enriched pongamia composition.

[0013] In one example, provided is a protein-enriched pongamia composition produced according to

the methods described herein.

[0014] In certain examples, provided are also various products incorporating any of the protein-
enriched pongamia compositions described herein. In some examples, the product is food product, a
beverage product, or a dietary supplement product. In some variations, the product is a baked good, a
protein supplement, a protein bar, or a non-dairy beverage. In yet other variations, the product is a

medical food, an infant formula, a cosmetic or a pharmaceutical product.

[0015] In one example, provided is a protein-enriched pongamia ingredient, comprising at least 40%
of pongamia proteins on a dry weight basis, wherein the ingredient has: (i) less than 500 ppm of karanjin;
or (ii) less than 500 ppm of pongamol; or (iii) less than 500 ppm of karanjin and pongamol combined; and
wherein the ingredient has less than or equal to 40% of carbohydrates on a dry weight basis. In some
examples of the present example, the protein-enriched pongamia ingredient comprises at least 70% of
pongamia proteins on a dry weight basis, wherein the ingredient has: (i) less than 500 ppm of karanjin; or
(ii) less than 500 ppm of pongamol; or (iii) less than 500 ppm of karanjin and pongamol combined; and

wherein the ingredient has less than or equal to 15% of carbohydrates on a dry weight basis.

[0016] In some examples, the ingredient has (i) a viscosity of between about 2 mPa*s and about 100

mPa*s at a shear rate of 100 s*; (ii) a foaming capacity of between about



100% and about 200% of volume of 0.1% protein solution; (iii) a bulk density of at least about 0.2 g/cm?;
(iv) a protein solubility of at least about 35% at pH 7; (v) a median emulsion droplet size of less than or
equal to about 5 um; (vi) a median emulsion droplet size of less than or equal to about 5 um after 7 days
of storage; (vi) a water-holding capacity of at least about 1.5 g water per gram of protein-enriched
pongamia ingredient; (vii) an oil-holding capacity of at least about 1.5 g oil per gram of protein-
enriched pongamia ingredient; (viii) a minimum gelling concentration of at least about 10 g protein-
enriched pongamia ingredient per 100 grams; (ix) a powder dispersibility of at least about 10%; or (x) a

neutral, non-bitter taste; or any combinations of (i)- (x) thereof.

[0017] In other examples, the ingredient has: (i) a viscosity of between about 2 mPa*s and about 100
mPa*s at a shear rate of 100 s™; (ii) a foaming capacity of between about 100% and about 200% of
volume of 0.1% w/v pongamia protein solution; (iii) a bulk density of at least about 0.2 g/cm?; (iv) a
protein solubility of at least about 35% at pH 7; (v) a median emulsion droplet size of less than or equal to
about 5 um; (vi) a median emulsion droplet size of less than or equal to about 5 um after 7 days of

storage; (vii) a neutral, non-bitter taste; or any combinations of (i)-(vii) thereof.

[0018] In yet other examples, the ingredient has: (i) a viscosity of between about 2 mPa*s and about
100 mPa*s at a shear rate of 100 s™; (ii) a foaming capacity of between about 100% and about 200% of
volume of 0.1% wi/v protein solution; (iii) a bulk density of at least about 0.2 g/cm?; (iv) a protein
solubility of at least about 35% at pH 7; (v) a median emulsion droplet size of less than or equal to about
5 um; (vi) a median emulsion droplet size of less than or equal to about 5 um after 7 days of storage; (vii)
a water-holding capacity of at least about 1.5 g water per gram of protein-enriched pongamia ingredient;
(viii) a minimum gelling concentration of at least about 10 g protein-enriched pongamia ingredient per

100 grams; or (ix) a neutral, non-bitter taste or any combination of (i)- (ix) thereof.

[0019] In still other examples, the ingredient has (i) a bulk density of at least about 0.2 g/cm?; (ii) a
protein solubility of at least about 35% at pH 7; (iii) a water-holding capacity of at least about 1.5 g water
per gram of protein-enriched pongamia ingredient;(iv) an oil-holding capacity of at least about 1.5 g oil
per gram of protein-enriched pongamia ingredient; (v) a minimum gelling concentration of at least about
10 g protein-enriched pongamia ingredient per 100 grams; or (vi) a neutral, non-bitter taste; or any

combination of (i)-(vi) thereof.



[0020] In some examples, the ingredient has: (i) a foaming capacity of between about 100% and
about 200% of volume of 0.1% w/v protein solution; (ii) a minimum gelling concentration of at least
about 7 g protein-enriched pongamia ingredient per 100 grams; or (iii) a neutral, non-bitter taste; or any

combination of (i)-(iii) thereof.

[0021] In one example, provided herein is a method of producing a protein-enriched pongamia
composition, comprising: preparing an aqueous slurry of pongamia meal, wherein the pongamia meal is
defatted and debittered and has (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of pongamol;
or (iii) less than 500 ppm of karanjin and pongamol combined; adjusting the pH of the aqueous slurry to a
pH between 6 and 10; separating the slurry into a protein liquid fraction and an insoluble wet cake
fraction; neutralizing, concentrating and/or pasteurizing the protein liquid fraction; and drying the protein
liquid fraction to provide a protein-enriched pongamia composition.

[0022] In another example, provided herein is a method of producing a protein-enriched pongamia
ingredient, comprising: preparing an aqueous slurry of pongamia meal, wherein the pongamia meal is
defatted and debittered and has (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of pongamol;
or (iii) less than 500 ppm of karanjin and pongamol combined; adjusting the pH of the aqueous slurry to a
pH between 6 and 10, separating the slurry into a protein liquid fraction and an insoluble wet cake
fraction; precipitating at least a portion of pongamia protein from the protein liquid fraction to obtain
purified pongamia protein solids; neutralizing and pasteurizing the purified pongamia protein solids; and

drying the purified pongamia protein solids to provide a protein-enriched pongamia ingredient.

[0023] In another example, provided herein is a method of producing a protein-enriched pongamia
ingredient, comprising: preparing an aqueous slurry of pongamia meal; adjusting the pH of the agueous
slurry to a pH between 6 and 10, separating the slurry into a protein liquid fraction and an insoluble wet
cake fraction; passing the protein liquid fraction through a membrane system to obtain a retentate
comprising pongamia protein; optionally washing, neutralizing and/or pasteurizing the retentate; and

drying the retentate to provide a protein-enriched pongamia ingredient.

DESCRIPTION OF THE FIGURES

[0024] The present application can be understood by reference to the following description taken in

conjunction with the accompanying figures.
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{6025} FIG. 1 provides an overview of an exemplary process for producing pongamia

compositions with high protein content from pongamia beans.

3626} FIG. ZA depicts an exemplary process for producing ponganua protein

concentrate from defatied, debittered pongamia meal by solubilization.

{8627} FIG. 28 depicis an exemplary progess for producing pongania protein isolate

from defatted, debittered pongamia meal by tsoclectric precipitation,

[6628] FIG. 2 depicts an exemplary process for producing pongamia protein isolate

from defatted, debittered pongamia meal by membrane filtration.

[0029] FIG. 3 depicts the solubility curve for pongamia protein preseut in a freeze-dried

pongamia protein concentrate at varying pH values.

16030) FIGS. 4A-4C depict graphs showing the functional properties comaparison of
exemplary pongamia protein concentraies against commercial proteins (soy, pea and lupin)
with respect to solubility (FIG. 4A), viscosity at a shear rate of 100 571 (FIG. 4B), and against

commercial proteins (soy, pea and sunflower} with respect to enulsion (FIG. 4C).

{6031} FIGS. 45-4F depict graphs showing the functional propertics comparison of
excraplary ponganua protein isolates agamst comemercial proteins {sovy, pea and lupm} with
respect to solubility (FIG. 4D), viscosity at a shear rate of 100 7 {F1G. 4E), and against

commercial proteins (sov, pea and sunflower} with respect to emulsion (FIG. 4F).

[6632] FIGS. 3A-5D depict protein constituents resolved by SDS-PAGE, showing the
molecular weight distribution of various pongamia bean proteins to tHhustrate process

stability, integrity and to distinguish ponganua bean protein relative to soy protoin,

{6633} FIGS. 6A and 6B depict viscosity properties and emulsification properties of

pongania protein isolate produced at pilot-scale, as compared to pea and sov protemn isolates.
DETAILED BDESCRIPTION

(30334} The following description sets forth exemplary methods, parameters and the hike.

It should be recognized, however, that such description is not intended as a limitation on the

scope of the present disclosure but 1s mstead provided as a deseription of excmplary

embodiments.
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{8035} In some aspects, provided herein are pongamia composifions with high protein
content, including, for example, pongamia protein concentrates or isolates, that can be used
as alternative plant-based protein sources for consumption by animals meluding, 1 particular,
humans. In certain aspects, provided herem are methods for producing such protein-enriched
pongamia compositions, as well as methods of using such compositions m various food and

beverage products.

{86036} In some aspects, the protein-enriched pongamia compositions provided herein are
protewn-cnriched pougamia mgredients. As used hercin, “protein-eryiched ponganua
coroposition” may be miterchangeably referved 1o as “protem-cnriched pongamia ingredient”.
The protemn-cnriched pongamua ingredients of the present disclosure are distinguished from
pongamia bean cake, pongamia meal or pongamia flour in that the protein content of the
pongamia ingredients provided beremn is enriched while other components such as
carbohydrates and fat are reduced relative to naturally occurring amounts in pongamia beans,
bean cake, meal or flowr. Pongamia bean cakes, meals and floars are typically prepared with
processes to detoxify (or debitter) and defat the source ponganua beans, but are not
substantially curiched in their protein content nor reduced 1o their carbohydrate content. For
example, a typical pongamia bean contains approximately 25% protein content by weight on
adry basis. Typical processes to detoxify and/or defat the pongamia beans produce ponganua

cakes, meals, or flours having protein contents of 30-35%,

{8637} In addition, the protein-cnriched pongamia ingredients exhibit a number of
physical properties, that reflect the protein enrichment and reduction of fat and carbohydrates
that enable their use in a broader vartety of food applications than ponganiia bean cake, meal

or tlour.
Protein-Enriched Pongamia Compesitions

3038 The components and properties of the protein-enriched pongamia compositions
are described in further detail below. The fimetional properties, such as solubility, viscosity,
and eomulsifymg properties, of the protem-cnrniched pongamia compositions described herein
were unexpectedly found 1o be comparabie to, if not better than, that of commercial plant
protein ingredients, such as sov, pea, lupin and sunflower. These properties of the protein-
enriched pongania compositions described herein suggest that such products can find their

application in a wide varicty of food and beverage products.
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Ponganiia Protein Content

[B039] The protein-enriched pongamia compositions provided herein have a high
pongamia protein content, including relative to the pongamia protein content of the pongania

meal from which the ennched composition was obtained.

{6044 In some variations, the protein-enriched pongamia composition has at least 40%,
at least 45%, at least 50%, at least 35%, at least 60%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, or at least 95% of pongamia protens on a dry weight basis. In
certain variations, the protem-enrniched pongamia composition has between 50% and 99%,
between 50% and 95%, between 50% and 90%, between 50% and 83%, between 530% and
B0%, between 50% and 73%, between 45% and 70%, between 459 and 60%, between 40%
and 70%, between 40% and 95%, between 45% and 90%, of pongamia protens on a dry

weight basis.

{6041} In certain vanations, the protein-enriched pongamia composition is pongamia
protein concenirate, having at least 40%, at least 45%, at least 50%. at least 35%, at least
60%, or at feast 65%,; or between 45% and 70%, between 45% and 60%, between 50% and
70%, between 55% and 70%, between 35% and 65%, between 559 and 60%, between 60%

and 70%, or between 65% and 70% of pongamia proteins on a dry weight basis.

0343} In other variations, the proteim-enriched pongamia composiiion is pongamia
protein isolate, having at fcast 70%, at least 75%, at least 80%, at least 85%, or at least 95%
or between 70% and 95%, between 75% and 95%, between 80% and 95%, between 85% and

95%, between 90% and 95%5 between 70% and 90%, between 75% and 90%, between 80%
and 90%, between 83% and 90%, between 70% and 83%, between 73% and 85%, between
80% and 85%, between 70% and 80%, or between 75% and 80% of pongamia profems on a

dry weight basis.

8043} {n certain vanations of the foregoing, the protein-curiched pongamia composition
has at least 1.1 times, at least 1.25 umes, at least 1.5 times, at least 2 times, at least 2.5 times,
at least 3 times, at least 3.5 times, or at least 4 times more pongamia protein than the
pongamia meal from which the enriched composition was obtained. In certain variations, the
protein-cnriched pougamia composition has between 1.25 and 5 times more ponganua protein

than the pongamia meal from which the enriched compositions were obtained.

o]
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Protein Solubility

6044 Protein solubility may be measured using any suitable techniques known in the
art. For example, in one variation, solubility 1s measured 1n accordance with the protocol set

forth in Example 4 below.

{6045} in some embodimenis, at least 353%, at least 40%, at Ieast 50%, at least 60%, at
least 70%, at least 75%, at least 80%, or at least 85% of the proteins present in the protein-
enriched pongamia composttion are soluble 1t water at a pH greater than or equal to pH 6. In
certamn variations, at least 35%, at least 40%, at least 50%, at least 60%, or at least 70%, at
least 75%. at least 80%. or at least 3% of the proteins present in the protein-enriched
pongamia composition are soluble in water at pH 7. fu other embodiments, less than or equal
1o 50%, less than or equal to 45%, less than or equal to 40%, or less than or equal to 30% of
the proteins present in the protein-enriched pongamia composttion are soluble in water at a
pH between 3 and 3. In certain variations, less than or equal to 50%, less than or equal to
45%, less than or equal to 40%, or less than or equal o 30% of the proterns present in the

protein-enriched pongamia composition are soluble n water at pH 4.5.
Carbohydrate Content

[3046] In tandem with the ennichioeng of protein in the protein-enriched pongamia
compositions provided herein, the protem-enriched pongamia compositions have a reduced
carbohydrate content, including relative to the carbobhydrate content of the pongamia meal

from which the enriched composition was obtained.

{8047} In some embodiments, the protein-coriched pongamia composition has foss than

or cqual to about 50%, less than o1 equal to about 40%, less than or equal to about 359, less
than or equal to about 30%, less than or equal to about 25%, less than or equal 1o about 20%,
less than or equal to about 15%, or less than or equal to about 10% of carbohydrates on a dry

weight basis.

{0048} In some embodiments, the protein-enriched pongamia composition has at least
40% of pongamia proteins on a drv weight basis and less than or equal to about 50% of
carbohvdrates on a dry weight basis. In certain embodiments, the protein-enniched pongamia
composition has at least 40% of pongamia proteins on a dry weight basis and less than or

cqual to about 40% of carbohvdrates on a dry weight basis. In other embodiments, the
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protem-enriched pongamia composition has at least 70% of ponganua protemns on a dry
weight basis and less than or equal to about 20% of carbohvdrates on a dry weight basis. In
certain other embodiments, the protein-curiched pongamia composition has at least 70% of
pongamia proteins on a dry weight basis and less than or equal to about 13% of carbohydrates

on adry weight basis.
Frat Content

[6049] In some embodiments, the protemn-cnriched pongamia composition has less than
or equal to 0.5%, less than or equal to 0.75% or less than orequal to 1% of fat on a dry
weight basis. In other cmbodiments, the protein-cunched pougamia composition has less than
or egual to 4%, less than or equal to 3%, less than or equal to 2%, or less than or equal to

of fat on a drv weight basis. In certain embodiments, the protein-enriched pongamia
composition has between 0.5% and 4%, between 0.5% and 3%, between 0.5% and 2%,
between $.5% and 1%, between 0.75% and 4%, between 0.75% and 3%, between 0.73% and
296, between 0.75% and 1%, between 1% and 4%, between 1% and 3%, between 1% and 29,

between 0% and 1% of fat on a dry weight basis.

[06654] In other embodiments of the foregoing protein-enniched pongamia compositions,
depending on the composition of the pongamia meal used, the protein-eoriched pongamia

composition may have:

(1) less than 4%, less than 3%, less than 2%, or less than 1% of fat on adry

weight basis; or

{11} less than 500 ppm, less than 200 ppm, less than 150 ppm, less than 100 ppm,
less than 5O ppm, less than 25 ppm, less than 20 ppm, less than 15 ppm, less than 10 ppm,

fess than S ppm, or less than 1 ppm of bitter compounds;
or both (i) and ().
Furanoflavonoids

{06651} The bitter compounds refer to compounds that have a bitter tasie found naturally
i pongamia beans. In some embodiments, bitter fasic may be attributable to

furanoflavonoids such as karanjin and pongamol.

10
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{8652} In some vanations of the foregoing, the bitter compounds present m the proten-
enriched pongamia compositions may include karanjin and/or pongamol. Thas, in certain
crobodiments of the foregoing, the protein-curiched pongamia compositions have: (i) less
than 500 ppm, less than 200 ppm, less than 130 ppm, less than 100 ppm, less than 50 ppm,
less than 25 ppm, less than 20 ppm, less than 15 ppm, less than 10 ppm, less than 5 ppm, or
less than | ppm of karanjin; or (11} less than 500 ppm, lcss than 200 ppr, less than 150 ppm,
fess than 100 ppm, less than 30 ppm, less than 25 ppm, less than 20 ppr, less than 15 ppm,
less than 10 ppm, less than S ppm, or less than 1 ppm of pongamol; or (111) less than 500 ppm,
less than 200 ppm, less than 150 ppm, less than 100 ppm, less than 50 ppm, less than 25 ppm,
less than 20 ppm, less than 15 ppm, less than 10 ppm, less than 5 ppm, or less than 1 ppro of

karanjin and pongamol combined.

[80583] {n some varations, the karanjin and/or pongamol contents of the protem-cunched
pongamia compositions provided herein are deternmined by higuid chromatography. The
analytical methods to determing karanjin and/or pongamol content may nclude solvent
extraction of the ponganmia sample, followed by liquid chromatography analysis. In some
variations, the extraction solvent comaprises an alkvi alkanoate. To one vanation, the
exiraction solvent comprises ethyi acetate. In certain embodiments, the hgud
chromatography analysis may include high performance igud chromatography and mass

spectrometry {(e.g.. MS or MS/MS) or ultraviolet detection {e.z., UV, UV/Vis or DAD).

{6654} In certain variations, the solvent extraction may involve microwave-assisted
solvent extraction. For exarople, one exemplary analytical method may include a microwave-
assisted extraction of karanpin and pongamol using cthyl acetate to collect extract for
subsequent high performance liquid chromatography and mass spectrometry analvsis or UV
spectrophotometry. A ponganua sample 1s added to a microwave extraction tube. Then, the
extraction solvent is added to the sample tubes and vortexed to mix. Next, the samples are
extracted using a microwave extractor. Once cooled, the supernatant is vacuoam-filtered to
remove particulates. Alternatively, the supematant may be centnfuged to remove particulates.
The extracted samples can then be analyzed by HPLC {(and detected by mass spectrometry or
UV spectrophotometry) to determine the level of karanjin and pongamol! present in the

sampie.

{8055} In certain embodiments, the protein-enriched ponganua composition comprises at

least 40% pongamia proteins on a dry weight basis, wherein the ingredient has: (i) less than

1
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500 ppm of karanjin; or (11} less than 500 ppm of pongamol; or (111} less than 300 ppm of
karanjin and pongamol combined; and wherein the ingredient has less than or equal to 40%

of carbohydrates on a dry weight basis,

{(3056] In certain other embodiments, the proiein-enriched pongamia composition
comprises at least 70% of pongamia proteins on a dry weight basis, wherein the mgredient
has: (1) less than 500 ppm of karanjin; or (i1) less than 5300 ppm of pongamol; or (i) less than
500 ppm of karangin and pongamol combined; and wherein the ingredient has less than or

cqual to 15% of carbohydrates on a dry weight basts,
Relative Amine Acid Profile

{6057} In certain embodiments of the foregoing, the pongarma proteins present in the
protein-enriched pongamia compositions have a relative amino acid profile on the basis of
protein that mcludes:

{1 at least about 4.5% methionine,

{11} at least about 1% tryptophan,

(i) at least about 1% cystene,

{iv}  at least about 2% histidine,

{v} at least about 3% threonine,

{vi)  at least about 3% iscleucing,

{vii}  at least about 39 tyrosine,

{vin} at least about 3% alanine,

(ix}  atleast about 3% glycineg,

{x) at least about 4% valine,

{xi}  atleast about 5% proline,

{xit}  at least about 5% serine,

{xiit} at least about 5% arginine,

{xiv) at least about 6% phenvlalanine,

{xv} atleast about 8% lvsine,

{xvi} atleast about 9% leucine,

{xvii} at least about 12% aspartic acid,

{xviii} at least about 15% glutanic acid,

or any combination of {1)-(xviii}.
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HEEREY In some embodiments, the protein-enriched pongamia composttion has a relative
aming acid profile that includes at least 13% ghutamic acid, at least 12% aspartic acid, at keast
8% leucine, at teast 8% lysine, at least 6% phenvlalanine, or any combiation thereof. In
some varations, the protein-enriched pongamia composition has a relative aming acid profile
that includes at least 13% glutamic acid. In other variations, the protemn-enriched pongamia
composition has a relative amino acid profile that meludes at least 12% aspartic acid. In vet
other variations, the protein~-cnriched pongamia composition has a relative amino acid profile
that includes at least 9% leucine. In still other vanations, the proteim-enriched pongamia
composition has a relative amino acid profile that includes at least 8% lysine. In still vet other
variations, the protein-enriched pongamia composition has a relative amuno acid profile that
meludes at least 696 phenvlalanme. In certamn vanations, the protein-enriched pongamia
composition has a relative amino acid profile that mcludes at least 15% glutamie acid, at least

12% aspartic acid, at least 9% leucine, at least 8% lysine, and at least 6% phenylalanine.
Amino Acid Scores

HEESH! In still further embodiments, the protein-enriched pongamia composition is
characterized by an amino acid score for the amount of amino acids present in the
composition as compared 1o the amount of the same amino acids present in a reference

composition. The amino acid (AA) score 1s calculated as follows:

Amino Acid (AA) Score = (mg of limifing essential amine acid in | g of test protem) / {mg of

same essential amino acid i 1 g of reference protein} »100.

LU BV In some embodiments, the protein-enriched pongamia composition has an AA
score that is greater than or equal to 70, greater than or equal to 80, greater than or equal o
90, greater than or equal to 100, greater than or equal to 125, or greater than or equal to 150
for at least one of: the combination of cysteine and methionne; histidine, soleucine; leucine;
tvsine; threonine; tryptophan; the combination of tyrosine and phenylalanine; or valine. In
some embodiments, the protein-enriched pongamia composition has an AA score that s
greater than or equal to 70, greater than or equal to 80, greater than or equal to 90, greater
than or equal to 100, greater than or equal to 125, or greater than or equal to 150 for each of
the following: the combination of cysteine and methionine; histiding, isolencine; leucine;

tysine; throonine: tryptophan; the combination of tyrosine and phenvialanine; and valine.
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{6661} Protein digestibility-corrected anino acid score (PDCAAS) 15 a method known in
the art for evaluating protein quality based on both the amino acid requirements of lhvmans
and thewr ability to digest the protein. A value of 717 is the bighest, whereas a value of “07 1s
the lowest. The formula for caleulating PDCAAS as prescribed by FAQ/WHO/UNY Expert

Consultation is as follows:
PDCAAS = Lowest Essential Anmino Acid Ratio X Fecal True Digestibility (%)
where the Lowest Essential Amino Acid Ratio is derived by:

(myg of limiting essential amino acid 1 1 g of fest protein} / {mg of same essential anuno acid

m 1 g of reference protein)

(0663} In some embodiments, the protem-enriched pongamia compositions described
herein have a relatively high PDCAAS value. In some variations, the protein-ennched
pongamia compositions have a PDCAAS of at least 0.7, at least 0.75, at least 0.8, at foast
0.83, at least 0.9, or at least 0.95. In certain vanations, the protecin-enniched ponganua
compositions have a PDCAAS of between 0.7 and 0.95, between 0.75 and .95, between 0.8
and 0.95, between 0.85 and 0.93, between (0.9 and 0.95, between 6.75 and 0.9, between 0.8

and 0.9, between 0.85 and 0.9, or between 0.4 and 0.85.
Molecuiar Weight

{6063} Molecular weight distributions of the proteins present i the protemm-enriched
pongamia compositions may be determined using any suitable techniques known in the art.
For example, in one variation, molecutar weight is determined in accordance with the

protocol set forth in Example 3 below.

{8064} ¢ protein-enriched pongamia compositions of the present disclosure are
obtained from pongamia meal derived from pongamia beans. By virtue of their provenance
from pongamia oilseeds, the protein-ennched pongamia compositions provided herein
contain sced storage proterns and may be characterized by the presence of seed storage
proteins in contrast to compositions obtained, for example, from pongamia leaves. The
protein-enriched pongamia compositions of the present disclosare may, in some

embodiments, be differentiated from protein compositions denived from other plant sources,
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such as pea or soy, as characternized by the molecular weight distribution of proteins present

within the protein-enriched pongamia compositions.

HEERY In some embodiments, the protein-enriched pongamia compositions described
herein comprise proteins having varying molecular weights. In some variations, the pongania
protein concendrates or isolates have an average molecular weight of greater than or equal to
10,000; 15,000, 20,000, 25,000, 30,000; 35,000; 40,000, 45,000, 50,000; or 55,000 Daltons.
In other variations, the protein-enriched pongamia compositions have an average molecular
weight of less than or equal to 250,000, 200,000, 175,000, 150,000; 130,060; 120,000,
1E0,000; 100,000; 90,000 80,000, 70,000; 60,600; or 55,600 Dalions. In ceriam vanations,
the protein-enriched pongania compositions have an average molecular weight falling within
arange wherein any of the foregoing weights can serve as the upper or lower bound of the
range. For exaraple, in one variation, the protein-ergiched ponganya compositions have an
average molecular weight of between 55,000 Daltons and 72,000 Daltons. In vet other
variations, the protem-enriched pongamia compositions have an average molecular weight of

between 5,000 Daltons and 250,000 Daltons.

HEES: In some embodiments, the protein-enriched pongamia Compositions comprise
seed storage protewns. In certain embodiments, the protein-enriched ponganuia compositions
comprise seed storage protems, wherein about 30-40% of the proteins present are proteins
having a molecular weight of between about 45 kDa and about 70 kDa, as deternuned by
SBS-PAGE. In other embodiments, the protein-enriched pongamia compositions comprise
pronunent seed storage protens having molecular weight of about 170-250 kDa, about 115-
160 kBra, about 45-70 kDa, about 19-25 kDa, about 14-17 kDa, or about 10-13 kB4, or any

combinations thereof

{6067} In certain variations, the molecilar weight of the protein-enriched pongamia
compositions, mgredients, concentrates and isolates provided herein are deterenmined by SDS-

PAGE according to the protocol as deseribed m Examaple 3.
Viscosity

{0068] The protein-enriched pongamia compositions provided herein may also be
characterized by their viscosity when prepared in solution. The viscosity of such pongamia
protein-enriched solutions may be suitable for certain food product applications such as

beverages, for which viscosity can influence the overall perception of the thickness or

15
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thinness of a tood product. High viscosity may be favored for certain food products, such as

yogurt, whereas low viscosity may be more suitable to high protein beverages.

[(30369] Viscosity may be measured using any suitable technigques known in the ast. For
example, in one variation, the viscosity of a protein solution is measured using a rheometer,

1 accordance with the protocol set forth in Example 4 below.

{3078 In some emboduments, the protem-coriched pongamia compositions have varying
viscosities. In some vanations, the protein~-enriched ponganua compositions have a viscosity
of at least 2 milhipascal-seconds (mPa*s), at least 3 mPa*s, or at least 4 mPa*s as measured at
a shear rate of 100 s7'. In some variations, the protein-enriched pongamia compositions have
a viscostty of less than or equal to 100 mPa*s, less than or equal to 75 mPa*s, less than or
equal to 30 mPa*s, or less than or equal to 25 mPa¥s as measured at a shear rate of 100 57! In
other variations, the protein-enriched ponganna compositions have a viscosity of less than or
equal to about 10 mPa*s, less thao or equal to 8 mPa*s, less than or equal to 7 mPa¥*s, less
than or equal to 6 mPa*s, or less than or equal to 5 mPa*s as measured at a shear rate of 100
s\ In still other variations, the protein-enriched pongamia compositions have a viscosity of
between about 2 mPa*s and about 100 mPa*s, between about 2 mPa*s and about 75 mPa*s.
between about 2 mPa*s and about 30 mPa*s, between about 2 mPa*s and about 25 mPa¥*s,
between about 2 mPa*s and about 10 mPa*s, between about 3 mPa*s and about 10 mPa¥s, or

between about 7 mPa* and 10 mPa¥s at a shear rate of 100 57

{6671} In vet other vanations, the protem-enriched pongamia compositions have a
viscosity of at least 2 mPa*s, at least 4 mPa*e, at least 6 mPa¥*s, or at least 8 mPa*s as
measured at a shear rate of 50 57! In some variations, the protein-enriched pongamia
compositions have a viscosity of less than or equal to 15 mPa¥s, less than or cqual to 12
mPa*s, or less than or equal to 10 mPa*s as measured at a shear rate of 30 7. In vet other
variations, the protein-enriched pongamia compositions have a viscosity of at least 2 mPa¥s,
at least 4 mPa*s, at least 6 mPa*s, or at least 8 mPa*s as measured at a shear rate of 10 571 In
still vet other vanations, the protem-cnriched pongamia compositions have a viscosity of less
than or equal to 15 mPa*s, less than or equal to 12 mPa¥*s, or less than or equal to 10 mPa¥*s

as measured at a shear ratc of 10571
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Fmulisification

[6072] The protein-enriched pongamia compositions provided herein may be further
described in terms of their emulsification properties. The emulsifying properties of the
protein-enriched pongamia compositions may be suitable for food products containing
mmiscible liquid mmgredients, such as non-dairy milks or protein drinks. For example, the
mouthfeel of a beverage product may be atfected by the droplet size distribution within the
beverage, with narrower distributions {whether single mode or bimodal) and smaller size

droplets providing a stooth texture and uniform mouthfecl.

16073] Emulsification may be measured using any suitable techniques known in the art.
For example, in one variation, emulsions are analyzed for droplet size by laser diffraction, in

accordance with the protocol set forth in Example 4 below.

3374 In some embodiments, emulsions comprising the protein-coriched pongamia
compositions may have varying droplet size distributions. In some embodiments, an emulsion
comprising the protein-enriched pongamia composition has a unimodal droplet size
distribution. In other cmbodiments, an emulsion corapnsing the protem-enriched pongamia

composition has a bimodal droplet size distribution.

[B075] In some variations, an emulsion coropnsing the protein-enviched ponganua
coroposition has an average droplet size of af least 1 pm, at least 2.5 pum, at least S pm, at
cast 10 pum, at least 25 um, at least 50, or at keast 75 um. In other variations an emulsion
comprising the protein-enriched pongamia composition has an average droplet size of less
than or equal to 150 wm, less than or equal to 100 um, less than or cqual to 75 um, or less
than or equal to 50 wm. In certain vanations, an emulsion comprising the protein-enriched
pongamia composition has a bimodal droplet size distribution, wherein the bimodal
distribution has a first average droplet size of about 1w and a second average droplet size

of between about 10 pm and about 100 pm.

{6676} In some embodiments, when emulsified, the protein-enriched pongamia
composition (in the form of an emulsion) has an average droplet size of at least 1 um, at least
2.5 pun, at least 5 um, af least 10 pm, at least 25 um, at least 50, or at least 75 um. n other
embodiments, when emulsified, the protein-enriched pongamia composition has an average
droplet size of less than or equal to 150 um, less than or equal to 100 pm, less than or equal

to 75 wm, or less than or equal to 50 um. In certain vanations, when emuldsified, the protein-
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enriched pongamia composition has a bimodal droplet size distribution, wherein the bimodal
distribution has a first average droplet size of about 1 um and a second average droplet size

of between about 10 pm and about 100 ym.

16677) In some embodiments wherein the emulsion comprising the protein-cariched
pongamia composition has a unimodal droplet size distribution, the protein-enriched
pongamia composition {m the form of an emulsion) may be characterized as having a median
droplet size. In still other embodiments, when emalsified, the protein-gnriched pongamia
coraposttion (in the form of an cowlsion) has a median droplet size of less than or equal 1o
about 5 um, less than or equal to about 4 pm, less than or equal to about 35 pum, less than or
equal {0 about 2 pum, or less than or equal to about 1 pm. In certain embodiments, when
emulsified, the protein-enriched pongamia composition (in the form of an emulsion} has a

median droplet size of less than or equal to about 5 .

{6878} In some embodiments, emulsions comprising the protein-curiched pongamia
compositions provided herein may be further characterized by their stability over time, such
as several days after initial preparation. For example, m still other embodiments, when
emulsified, the protein-enriched pongamia composition (in the form of an emulsion} has a
median emuision droplet size of less than or equal to about 5 um, less than or equal to about
4 um, less than or equal 1o about 35 um, less than or equal to about 2 wm, or less than or
cqual to about 1 pm after 1 day, 2 davs, 3 days, 4 days, 5 days, 6 days, or 7 days of storage.
In certain embodiments, when ennulsified, the protein-enriched pongamia composition {in the
form of an emulsion} has a median droplet size of less than or equal to about 5 ym after 7

days of storage.
Foaming Properties

[3079] The protein-enriched pougamia compositions provided hercin may also be
described in terms of their foaming propertics, including their maximum foam production (or
foamability} per unit weight of the pongamia composition and their foam stability {e.g.,
change m foam volume after a specified period of time). The foaming properties of the
protem-curiched pongamia compositions may be desirable in certain food applications, for
example, as an egg substitute. The foaming properties may be determined in accordance with

the protacol set forth in Example 5 below.
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16084} In some embodiments, the protein-enriched pongamia compositions have a
foamability of at least about 70 mL, at least about 80 mL, at feast about 50 mL, or at least
about 100 mL per 60 ol of a 0.1% w/v pongaria protein solution. o certain embodimerds,
the protem-curiched pongania compositions have a foamability of at least about 70 mL per
60 mL of a 0.1% w/v solution of pongarmia protein. In other crmbodiments, the protein-
enriched pongamia compositions have a foamability of less than or equal to about 150 mb.,
less than or equal to about 140 mL, less than or equal to about 136 mi, less than or equal to
about 120 mL, or less than or equal to about 110 mL per 60 mL of 2 0.1% w/v solation of
pongamia protein. In certain embodiments, the protem-enriched pongamia compositions have
a foamability of less than or equal to about 150 mL per 60 bl of a 0.1% w/v solution of
pongamia protein. In still other embodiments, the protein-enriched pongamia compositions
have a foamability of between about 70 mL and about 1530 mL per 60 mb of a 8.1% wiv
solution of pongamia protein, between about 70 mi and about 120 mL per 60 mi. of 2 8.1%
w/v solution of pongamia protem, or between about 70 ml and about 100 mL per 60 mb. of 2
0.1% w/v solution of ponganua protein. In certam embodiments, the protein-enriched
pongamia compositions have a foamability of between about 70 mb. and about 150 mb per 60

mlb of a 0.1% w/v solution of pongamia protein.

{6081} The foamability may be altematively described 1o terms of the foam capacity . In
some crbodiments, the protewn-cnriched poungamia composition has a foam capacity of at
least about 100%, at least about 1109%, at feast about 120%, at least about 130%, at least
about 140%, or at least about 150% of volume of a 0.1% w/v pongamia protein solution. In
certain embodiments, the protein-enriched pongamia composition has a foam capacity of at
least about 100% of volume of a 0. 1% w/v pongamia protein solution. In other combodiments,
the protem-enriched pongamia composition has a foam capacity of less than or equal fo about
200%, less than or equal to about 190%, lezss than or equal to about 180%, less than or equal
to about 170%, less than or cqual to about 160%, or less than or equal to about 150% of
volume of a 0.1% w/v pongamia protein solution. In certain embodiments, the protem-
enriched pongamia composition has a foam capacity of less than or equal o about 200% of
volume of a 0.1% w/v pongamia protein solution. In still other embodiments, the protem-
enriched pongamia composition has a foam capacity of between about 100% and about
200%, between about [00% and about 150% or between about 150% and about 200% of

volume of a $.1% w/v pongamia protein solution. In certain embodiments, the protein-
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enriched pongamia composition has a foam capacity of between about 100% and about 200%

of volume of a 0.1% w/v pongamia protein solution.

[30682] In still other embodiments, the protein-enriched pongamia compositions may be
characterized by their foam stability, for example, as measured as the percentage of the foam
volume after 5 seconds, after 3 minutes after 10 nunutes, afier 13 nuivutes or after | hour with
respect to the maximum foam volume after inttial preparation. In some embodiments, the
in-eririched pongania ¢ sitions have foam stability of at least about 5%, at least
protein-enriched ponganma compositions have foam stability of at least about 5%, at leas

i)

% Yo, at least about 9% or at least about 10%.

about 6%, at least about 7%, at least about 8°
Bulf Density

{6083} The protein-enriched pongamia proteins may be further described in terms of their
buik density. The bulk density, or volumetric density, of the protein-enriched pongamia
corapositions provided herein may indicate the relafive case of use, storage and/or packing
for both large-scale food processing and consumer applications, such as for protein powder

mixes.

{6084} In some embodiments, the protem-enriched pongamia composition has a bulk
density of at least about 0.2 gfcm’, at least about 0.25 g/em’, at least about 0.3 g/em’, at least
about 0.4 gfom’, at least about 0.5 g/cod’, at least about 0.6 g/om?, at feast about 6.7 g/om’, at
cast about 0.8 g/om’, at least about 0.9 g/em’®, or at least about 1 g/om’. In certain
embodiments, the protein-enriched ponganua composition has a bulk density of at least about

0.2 gfom®,
Waier- and Oil-Holding Capacities
;S

HEERRY In stll other embodiments, the protem-enriched pongamia composttions provided
herein may be characterized by their water- and/or oil-holding capacitics. Water holding
capacity, also known as water-binding or water-absorption capacity, 1s a measure of the total
amount of water that can be absorbed per umit weight of a substance, such as a protein
powder or the protein-cariched pongamia composition of the present disclosure. In one
variation, water holding capacity is determined in accordance with the protocol set forth in
Example 3 below. Similardy, the o1l holding capacity is a measure of the total amount of od
that can be absorbed per unit weight of a substance. In one variation, oil holding capacity s

deternmined in accordance with the protocol set forth in Example 5 below.
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{6686} ¢ water and o1l holding capacitics of the protein-coriched pongamia
compositions provided herem sugeest potential utility and suitable incorporation i food
products where water and ot retention are desired. For example, in non-dairy vogurts and
vogurts, high water holding capacity may be favorable to avoid separation of hiquid {whey}
from protein (milk solids} in storage. In another example, protein-enriched pongamia
compositions may find use in meat mimetics, for which high water holding capacity and ol
holding capacity could contribute to cortain sensory aspects (such as juiciness) that replicate
the sensory properties of animal meat. The water and o1 holding capacities of the protem-
enriched pongamia compositions provided herein may reflect the methods used to obtain the
compositions, as these properties are influenced by protein sclubility, degree of denaturation

of proteins and exposed hydrophobic groups on the proteins.

16087] {n some crubodiments, the protein-cnriched pongamia composition has a water-
holding capacity ot at least about 0.5 g water, at least about 0.7 g water, at least about 1 g
water, at least about 1.2 g water, at least about 1.5 g water, at least about 2 g water, af least
about 2.5 g water, at least about 3 g water, or at least about 3.5 g water per gram of protein-
enriched pongamia ingredient. o certain embodiments, the protein-entiched pongamia
coroposition has a water-holding capacity of at least about 1.5 g water per gram of protein-

enriched pongamia ingredient.

{0088} In some embodiments, the protein-enriched pongamua composition has a water-
hoiding capacity of at least about 0.5 g oil, at least about .7 g oi1l, at least about 1 g oil, at
cast about 1.2 g o1, at least about 1.3 g o1l at least about 2.5 g water, at least about 3 g
water, or at least about 3.5 g oil per gram of protein-enriched pongamia ingredient. In certain
embodiments, the protein~-¢nriched pongamia composition has a water-holding capacity of at
least about 1.2 g o1l or at least about 1.5 g oil per gram of protein-enriched pongamia

mgredient.
Gelling Properties

{6089} {n still other embodiments, the protein-enriched ponganua compositions of the
present disclosure may be characterized by their gelling properties. The abihity of the protein-
enriched pongamia compositions to form gels suggest potential mcorporation into food
products where semi-solid gel-like structure is desirable, such as in desserts, (non-dairy}

vogurts, non~-dairy cheese, puddings, sauces, dips and spreads. In one vanation, minimum
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gelling concentration 1s determined in accordance with the protocol set forth m Example S

below.

[30690] In some embodiments, the protein-enriched pongamia compositions of the present
disciosure a minimum gelling concentration of at least about 5 g protein-enriched pongamia
composition per 100 gram of total solution, at least about 6 g protein-curiched pongania
composition per 100 gram of total solution, at least about 7 g protein-enriched pongamia
composition per 100 gram of total solation, at least about & g protem-enriched pongamia
coraposition per 100 gram of total sclution, at least about 9 g protem-cnriched porgania
coraoposition per 100 gram of total solution, at least about 10 g protein-enriched pongamia
composition per 100 gram of total solution, at least about 11 g protein-enriched pongamia
composition per 100 gram of total sohution, or at least about 12 g protein-curiched pongamia
composition per 100 gram of total solution. T certain eobodunents, the protein-coriched
pongamia compositions of the present disclosure a minimum gelling concentration of at least
about 7 g protemn-enriched pongamia composition per 100 gram of total solution. In certain
other embodiments, the protein-curiched pongamia composition has a minimuom gelling
concentration of at least about 10 g protein-enriched ponganua composition per 100 gram of

total sohution

.

Powder Dispersibiliry

o

091} In some embodiments, the protem-enriched pongamia compositions may be
described in terms of their powder dispersibility. Powder dispersibility, or the ability of a
powder 1o break down into particles in water, may indicate suitability of a dried powder for
reconstitution in water, such as is the case for certain beverage products {e.g. dricd nulk or
protem shake powder). For example, in one vanation, powder dispersibibity 1s determined n
accordance with the protocol set forth m Example 5 below. In some embodiments, the
protein-cnriched pongamia composition has a powder dispersibility of at fcast about 10%, at
least about 129, at least about 15% or at least about 17%. In certain embodiments, protein-

enriched pongamia composition has a powder dispersibility of at least about 10%.
Taste and Color

[6092] In some embodiments, the protein~-coriched pongamia compasitions described
herein have a clean faste profile that is free from bitterness. In certain embodiments, the

protein —enriched pongamia composition has a ngotral and/or non-bitter taste. In some
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embodiments, the concentration of bitter compounds, such as karanjin and/or pongamol,
present in the protein-enriched pongamia compositions is less than 500 ppm. In certain
crobodiments, the concentration of bitter compounds, such as karangin and/or pongamol,
present in the protemn-cnriched pongamia compositions i1s less than 200 ppm. In certain
variations, the concentration of karanjin and/or pongame! present 1o the protein-enriched
pongamia compositions 1s not detectable by methods and technigues known in the art to

measure karanjin and/or pongamol.

{0093 In still other cmbodiments, the protein-curiched pongamia compositions described
herein have a white or light brown color, In certain embodiments, the protein-enriched

g 2
pongamia compositions described herein have a white color. In certain other embodiments,

protein-enriched pongamia compositions have a light brown color.

{6094} In some embodiments, the protem-eoriched pongamia compositions have:
(i} a viscosity of between about 2 mPa*s and about 100 mPa*s at a shear rate of 100 g%

(1} afoaming capacity of between about 100% and about 200% of volume of 0.1% wiv
protein solution;

(i)  abulk density of at least about §.2 g/em?;

{iv}  aprotein solubiity of at keast about 35% at pH 7;

{v} a median enmulsion droplet size of logs than or equal to about 5 oy

{(vi}  amedian emulsion droplet size of less than or equal to about 5 um after 7 days of
storage;

{(viy  awaier-holding capacity of at least about 1.5 g water per gram of protein-enriched
pongamia ingredient;

{vii} an oil-holding capacity of at least about 1.5 g o1l per gram of protein-enriched
pongamia ingredient;

{viit}y a minimum gelling concentration of at least about 10 g protein-enriched ponganua
mgredient per 100 grams;

(ix}  apowder dispersibility of at least about 10%;

{x) angutral, non-bitter taste; or

{xi} awhite color;

or any combinations of (3)-(x1} thereof.

[B095] In other embodiments, the protein-cnriched pongamia compositions have:

2
o
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(1) a viscosity of between about 2 mPa*s and about 100 mPa*s at a shear rate of 100 7,
{11} a foaming capacity of between about 100% and about 200% of volume of 0.1% wiv
protein solution;

(i)  abulk density of at least about 0.2 g/em?;

(ivy  aprotein solubiity of at least about 35% at pH 7,

v} a median emulsion droplet size of less than or equal to about 5 pm;

{(vi}  amedian emulsion droplet size of less than or cqual to about 3 um afier 7 days of
storage;

{vty  awater-holding capacity of at least about 1.5 g water per gram of protein-enriched
pongania ingredient;

{(vii} an oil-holding capacity of at least about 1.5 g ot per gram of protein-enriched
pongamia ingredient;

{viit} aminimnun gelling concentration of at least about 10 g protein-enriched pongamia
rgredient per 100 grams;

{ix)  apowder dispersibihity of at least about 10%; or

{x} a neutral, non-bitter taste;

or any combinations of (1}-(x} thereof.

[3096] In vet other embodiments, the protein- enriched pongamia composition has:
{1} a viscosity of between about 2 mPa*s and about 100 mPa¥s at a shear rate of 100 57,

{1}  a foaming capacity of between about 100% and about 200% of volume of §.1% wiv
pongamia protein solution;

(i)  abulk density of at least about 0.2 g/em?;

{ivi  aprotein solubility of at keast about 35% at pH 7,

() a median emulsion droplet size of less than or equal to about 5 pm;

{vi) amedian emulsion droplet size of less than or equal to about 3 wm afier 7 days of
storage;

{vii} anecutral, non-bitter taste;

or any combinations of (1}-(vit} thereof.
[6697] in still vet other embodiments, the protein- enriched pongamia composition has:

(1} a viscosity of between about 2 mPa*s and about 100 mPa*s at a shear rate of 100 s7%;
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(1} afoanung capacity of between about 100% and about 200% of volume of 0.1% wiv
protein solution;

(i)  abulk density of at least about 0.2 g/em?;

(ivy  aprotein solubiity of at least about 35% at pH 7,

() a median emulsion droplet size of less than or equal to about 5 pm;

{(vi}  amedian emulsion droplet size of less than or cqual to about 5 ym afier 7 days of
Storage;

{vii} awater-holding capacity of at least about 1.3 g water per gram of protein-cnriched
pongamia ingredient;

{(vit} amimimum gelling concentration of at least about 10 g protein-eryiched ponganua
mgredient per 100 grams; or

(ix} aneutral, non-bitter taste or

or any combmation of (1)- (x) thereof.
{6098} In some embodiments, the protem- enriched ponganua composition has:

(i} a bulk density of at least about 0.2 g/om’;

{1t} a protein solability of at least about 35% at pH 7,

(i)  awater-holding capacity of at least about 1.5 g water per gram of protem-coriched
pongamia mgredient;

{iv}  an cil-holding capacity of at least about 1.3 g o1l per gram of protein-enriched
pongamia ingrediont;

(v} a mimmum getling concentration of at least about 10 g protein-enriched pongamia
mgredient per 100 grams; or

{(vi}  anecutral, non-biter taste;

or any combmation of (i}~ (vi) thereof

j30393] In other embodiments, the protein- enriched pongamia composition has:

(1 a foaming capacity of between about 100% and about 200% of volume of 0,19 wiv
protein solution;

{1}  amnimom gelling concendration of at least about 7 g protein-enriched pongamia
mgredient per 100 grams; or

(i)  aneutral, non-bitter taste;

or any combmation of (i}~ (11} thereof,
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Methods of Producing Protein-Enriched Pongamia Compositions

{3106} In some aspects, provided herein are vanous methods of producing protein-
enriched pongamia compositions (including, for example, pongamia protein concentrates oy
isolates). The proicin-enriched pongamia compositions described herein are denved from
pongamia beans. In some embodiments, such protein-enriched pongamia compositions are

produced from vartous forms of processed ponganua meal,

Pongamia Meal

{6161} in some embodiments, the pongamia meal has:
{i) {ess than 1%, less than 2.5%, or less than 5% of fat on a dry weight basis; or

(i1y  less than 1,000 ppm, less than 900 ppm. less than 800 ppm, less than 700 ppm,
fess than 600 ppm, less than 500 ppm, less than 400 ppm, less than 300 ppm, less than 200

ppm, or less than 100 ppm of bitler compounds;
or both {1} and (1},
6102} in certain enbodiments, the pongamia meal has:
{1} less than 0.2%, less than .59, or less than 19 of {at on a dry weight basis; or

(i1} less than 500 ppmy, less than 200 ppm, less than 150 ppm, less than 100 ppm,
fess than 50 ppm, less than 25 ppm, less than 20 ppm, less thao 15 ppm, less than 10 ppm,

less than 5 ppmy, or less than 1 ppm of bitter compounds;
ot both (1) and (1),

{3163} As noted above, the bitter compounds refer to compounds that have a bitter taste
found naturally in ponganua beans. In some vanations of the foregomg, the bitter
compounds present in the ponganua meal may include karanjin and/or pongamol. Thus, in
certain embodiments of the foregoing, the pongamia meal has: (x) fess than 500 ppm, less
than 200 ppm, less than 150 ppm, less than 100 ppm, less than 50 ppm, less than 25 ppm, less
than 20 ppm, less than 15 ppm, less than 10 ppm, less than 3 ppm, or less than T ppm of
karanjin; or (v} less than 500 ppm, less than 200 ppm, less than 150 ppm, less than 100 ppm,

fess than 50 ppm, less than 25 ppm, less than 20 ppm, less thao 15 ppm, less than 10 ppm,
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less than 5 ppmy, or less than 1 ppm of pongamol; or {z) less than 560 ppm, less than 200
ppm, less than 150 ppm, less than 100 ppm, less than 50 ppm, less than 25 ppm, less than 20
ppny, less than 15 ppm, less than 16 ppm, less thao S ppm, or less than 1 ppm of karanjin and

pongamol combined.

{3104} in some vanations, the pongamia meal is defatted and debittered and has (i) less
than 300 ppm of karanjin; or (it} less than 500 ppm of pongamol; or (in) less than 500 ppm of
karanjin and pongamol combined. In certain variations, the pongamia meal is defatted and
debittered and has {1} less than 200 ppm of karanjin; or (i1} less than 200 ppm of pongamol; or

(i) less than 200 ppm of karanjin and pongamol combined.

{8103} Pongarnia meal used for the mcthods deseribed herein o produce the protem-
enriched pongamia compositions may be produced from vanous methods and technigues
known i the art. With reference to FIG. 1, process 100 depicts an exemplary process to
produce the protein-enrniched pongamia compositions, Process 108 depicts dehulling 102,
mechanically pressing 164 and grinding 106 ponganua beans to produce a reduced fat
pongamia meal, which can then undergo solvent extraction 108 {o produce a defatted
debittered pongamia meal. This defatted debittered pongamia meal then undergoes protein
extraction 118, followed by protein scparation/isclation 112, neutralization 114,
pasteunization 116 and dryving {e.g., by spray drving or lvophilization) 118 to produce a

protein-cnriched pongania composition.

{3186} Dehulling m step 102 typically involves passing pongamia beans through a
dehuller to loosen the hulis from the beans, and separating the two fractions. Any suitable
cchnigques known 1n the art may be emploved to achieve dehulling and hull separation. For
example, in some vanations, dehulling 18 performed by passing the pongamia beans through
an impact tvpe dehuller and loosening the hulls from beans. Other types of dehudling
cquipment such as the abrasive/brushiog type may be used for this purpose. Separation of the
beans from the hulls can be performed by, for example, a gravity table or an aspirator. In

some vanationg, the step of dehulling may be omitied.

{8167} ¢ beans are then mechanically pressed {e.g., cold-pressed) in step 184, which
typically may be performed using an expelier to remove free oil and produce reduced fat
{e.g., 10-14% fat) pongamia meal. Cold-pressing can be performed using any suitable

techriques known inthe art. For example, cold-pressing can be performed using various
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pieces of equipment, such as a Farmet FL-200 expeller presa. In some variations, pressing
can include passing the debulled beans through the apparatus to produce free od and reduced
fat meal. Mechanically pressing the beans produces a partially defatied bean meal that

refains, m some vanations, approximately 30-43% of the onginal pongamia o1l content.

{0108} Then, the meal undergoes grinding o step 106 to disperse aggregates and produce
a slightly less coarse meal {e.g., particle size ranging from 0.25 mm to 5.0 mm) that has a
reduced fat content. Grinding can be performed using any suiiable techniques known in the
art. For examople, grunding car be performed using cquipment such as havvoer null, FrtzMidl

or Quadromill,

{3199} The ground reduced fat meal can be extracted with a solvent in step 108 1o
produce a detatted debitiered meal. In some vanations, the resulting defatted debittered
pongamia protein meal has less than 200 ppm karanjin and pongamol. The solvent extraction
typically removes oif and trinsic flavonoid compounds, such as karanjin and pongamol. In
some variations, the solvent extraction may include exposing the reduced fat roeal to a sclect
group of solvents such as ethyl acetate, ethyl alcobol, hexane, or other organic solvents, or
any combinations thereof. The solvent extraction may be camied out at a solvent-to-solids
raio of 10:1; 9.1, 8:1; 7.1, 6:1;, 5.1, 4:0; 3:1: 2:1; 1.1 or to a ratio falling within the range
between any of the foregoing. In certamn varations, the extraction can be held for 1, 2, 3, 5,
6, 8, or 10 howurs, or for a duration of time falling within the range between any of the
foregoing. In certain vanations, the extraction is performed at a temperature of 25°C, 45°C,
35°C, 60°C, or 653°C or to a temperature falling within the range between any of the
foregoing. In yet other vaniations, the solvent extraction may be carried out 1o two or more
sequential extractions, wherein the solvent for cach extraction may be the same or different.
The solvent is then removed, for example by evaporation, to produce defatted debittered

pongamia protein meal, rich in protein {e.g., 30-39%]) and carbohydrates {e.g., 55-60%).

[3110] In some embodiments, between steps 108 and 118 in exemplary process 188, the
defatted debittered pongamia meal may be ground to a smaller, more uniform particle size.
Any suitable methods or techniques may be emploved to gnnd the meal. For example, in one
variation, a coffee grmder or a grain mili/flour grnder, with or without subseguent sieving,
maybe used. In certam embodiments, the defatted debittered pongamia meal 15 ground to
particle size of less than or equal to 0.5 mm n diameter. In some embodiments, the defatted

debittered pongamia meal is ground uniformly to particle size of legs than or equal t0 0.5 mm,
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less than or equal to 0.2 mm, less than or equal to 0.15 mm, or less than or equal (o 0.053 mm
i diameter.  In one embodiment, the defatted debittered pongamia meal is ground uniformly

to particle size of less than or equal o 0.5 mun in diameter,

{6111} With reference again to FIG. 1, although exemplary process 188 depicts the
production of a protein-enriched pongamia corgposition frora pongamia beans, it should be
understood that in other exemplary processes, the proiein-enriched pongamia composition
may be produced from pongamia meal, which may be obtained from any methods or
techriques known in the art or any conunercially available sources. In other words, i other
embodiments, the protein-gnriched pongamia compositions may be produced from various

forms of pongamia meal.

8112} Similarly, with reference to exemplary processes 204, 300 and 400 m FIGS  2A-
2 1t should be understood that although a defatted debittered pongamia meal is used as the
starting material. In other variations, other forms of pongamia meal may be used. For

cxample, i certain embodiments, the pongamia meal may be ground full fat pongamia meal

or a reduced fat pongamia meal.

{6113} In some vanations, the pongamia meal 1s obtaimed by dehulling and grinding
pongamia beans. In one variation, the ground pongamia meal has: (i} less than or equal to
25% of pongamia protein on a dry weight basis; or (it} at least 30% of fat on a dry weight
basis; or (111} less than or equal to 20,000 ppm of bitter compounds (such as karanjin and/or

pongamol}, or any combination of {i3-(in1).

{8114} In other vanations, the pongamia meal 15 a reduced fat pongamia meal, oblained
by dehulling, pressing {e.g., cold-pressing} and grinding pongamia beans. In one variation,
reduced fat pongamia meal has: {1} less than or equal to 30% of pongamia protein on a dry
weight basis; or (1) less than or equal to 15% of fat on a dry weight basis; or (ii3) less than or

equal to 10,000 ppm of bitter compounds, or any combination of (3)-(111}.

{8115} In yet other variations, the pongamia meal 18 a defatted debittered pongamia meal,
obtained by solvent extracting the reduced fat pongamia meal described above. For example,
i certain variations, suitable solvents for such solvent extraction may inchude organic
solvents such as esters {e.z., ethyl acetate), alcohols (e 2., methanol, ethanol, ¢tc.) and alkanes
{e.g., hexane). In one varation, defatied debitiered pongamia meal has: (1) less than or egual

to 40% of pongamia protein on a dry weight basis; or (i1} less than or equal to 3% of faton a

29



WO 2021/202994 PCT/US2021/025572

dry weight basis; or (311} less than or equal 1o 500 ppm of bitter compounds, or any
combination of (13-(in). In another vartation, defatted debittered pongamia meal has: (1) less
than or ¢qual to 40% of pougamia protein on a dry weight basis; or (it} less than or equal to
5% of fat on a dry weight basis; or {111) less than or equal to 200 ppm of bitter compounds, or

any combination of (1}-(1i1).

{6116} In the protein extraction step 114, the proten in the defatted debittered pongamia
meal 15 solubilized mto a liguad extract, as discussed in further detail below. Protein
separation and isolation 112 may employ various solid-liquid separation techoiques. For
example, In some vanations, decantation of the supematant protein hquid extract from the
wet pongamia bean cake (residual solids) may be employed to obtain the protein-enriched
pongamia compositions. in some variations, solabilization may be emploved to obtain the
protein-enriched pongamia compaositions. In some variations, isoclectric precipitation may be
emploved to obtain the protein-enriched pongamia compositions. In some varations,

membrane filtration may be emploved to obtain the protein-enriched pongamia compositions.

7.

Solubilization

{8117} In ong aspect, provided 1s a method of producing protemn~-enriched pongamia
compositions from pongamia meal by solubihization. With reference to exemplary process
288 i FIG. 2A ) in stop 202, an aqueous shurry is prepared using a defatted debitiered
pongamia meal, and the pH is adjusted to an alkahne pH {e. g, between 8 and 10}, for
example with a suttable base, such as sodium hydroxade. In step 284, extraction of the
pongamia protein is achieved by separating the atkaline protein liquid fraction from the
msoluble wet cake fraction. In other variations of step 282, an aqueous slurry is prepared
using a defatted debittered pongamia meal, and the pH is adjusted to a pH between 6 and 10,
with a sustable acid or base, and the protein ligund fraction separated from the msohible wet

cake fraction.

{3118} Any suitable techaigques known in the art may be used to achicve such separation.
For example, such separation may be achieved using a decanter or centrifuge. A protein
higuid 1s obtamed, and in step 206, the pH of the protein hiquid 1s neutralized by adjusting to
about pH 7.0, for example, by addiion of a suitable acid, such as bydrochloric acid or
phosphoric acid. In step 208, the neutralized protein liquid is concentrated. In steps 218 and

212, the concentrated protein liguid vndergoes pasteurization and spray drying, respectively,
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to obtam a protein-enriched pongamia compostiion. The neutralization, concentration and

pasteurization steps are optionally included in the exemplary process.

[3119] In one aspect, provided herein is a method of producing a protein-enniched
pongamia composition, COMprising:

preparing an aqueous shurry of ponganua meal;

adjusting the pH of the agueous slurry 1o a pH between 8 and 1,

separating the slurry into a protein kquid fraction and an insoluble wet cake fraction;

optionally neutralizing, concentrating and/or pasteurizing the protein iquid fraction;

and
drving the protein Hguid to provide a protein-enriched pongamia composition.
{6124 In another aspect, provided herein 1s a method of producing a protein-enriche

pongamia composition, comprising:
preparing an aqueous siurry of pongamia meal;
adjusting the pH of the aqueous slutry to a pH between 6 and 10;
separating the shurry mito a protem hquid fraction and an insoluble wet cake fraction;

optionally newtralizing, concentrating and/or pasteurizing the protein liguid fraction;

and
drying the protein Higuid to provide a protem-enriched pongamia composition.
3121} In some embodiments, the step of preparing of the agueous shurry may comprise

combining pongamia meal with water. In some embodiments, the method further comprises

agitating or nuixing {e.g.. under high shear} of the ponganua meal and water.

[8122] As discovered in the present disclosure, pongamia proteins are found to be highly
soluble in basic aquecus media. The adjustment of the aqueous slurry comprising the
pongamia meal 1o an alkaline pH facilitates the extraction, ot solubihization, of pongamia
proteins into solution. In some embodiments, the agueous shurry 1s adjusted (o a pH between

% and 10, In other embodiments, the aqueous shurry 1s adjusted to a pH between 6 and 10,

18123} The slurry 1s subsequently separated into an alkaline protein liguid fraction and an
msolable wet cake fraction in step 204, The separation may be achioved through solid-liuad

separation techrigues known in the art including for example decastation and contrifugation.
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{6124} In some vanations, steps 282 and 204 for adjusting the pH and separating out a
protein liquid fraction may alse be carried out one or more times on the wet cake fraction that
is obtained to mprove protein vield. That is to say, the pongamia meal may be subjected to
several sequential itcrations of solubilization as carried out on the residual insoluble wet cake
fraction. For example, the wet cake may be prepared in a second agueous slurry and adjusted
to an alkaline pH, after which a second alkalime protein liquid fraction is separated from the
msoluble cake fraction and the two liguid fractions combined. For repeated extractions, the
pongamia meal can be prepared in an agueous shurry and the pH adjusted to either an acidic
pH (e.g., pH 2} or an alkaline pH {e.g., pH 8), the resulting pH-adjusted slurry separated imto
its protein ligquid fraction and insoluble wet cake fraction, and the wet cake fraction prepared
m a subseguent agueous slurry that 1s subsequently adjusted to an alkaline pH and separated
mto an additional protein liguad fraction. Any protein hguid fractions obtained from
sequential solubilizations are combined mito a single protein liguid fraction prior to
subsequerd processing. In other variations, enzymes for digesting carbohydrates in the

pongamia meal may be added to the agueous slurry to facilitate solubtlization of the protems.

[3125] In some embodiments, the protemn liguid fraction is neutralized to a pH of about
pH 7. The protemn hguid may be neutralized through the addition of suitable food grade acids,
such as phosphorie acid or hvdrochlonie acid. In certain embodiments, neutralizing the
protein higuid fraction comprises adding phosphoric acid or hydrochlone acid to the protein

hguid fraction.

[3126] In other embodiments, the protein hiquid fraction is concentrated after being
neutralized. Concentration of the protein liquuid fraction may mvolve reducing the volhume of
fipid in the protein liguid fraction for casier handling or downstream processing such as acid

precipitation and/or membrane filtration.

{6127} In still vet other embodiments, the protein hiquid fraction is pastourized.
Pastourization 15 a standard food processing technigue, 1 which products for consumption by
humans are treated with mild heat, usually to less than 100 °C (212 °F), to elinunate

pathogens and extend shelf hife.

{8128} In stll further embodiments, the protein ligquid extract is dried to provide the final

protein-cnriched pongamia composition. The protein Hguid oxtract may be dried by methods
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known i the art melading, for example, spray-dryving and/or lvophilhization {e.g, freeze-

drying}.

(3129] In some variations, the proiein-enriched pongamia composifion obtained by the
foregoing method is a ponganmia protein concentrate. In cerfain variations, the protein-
curiched pongamia composition has at least 40%, at ieast 50%, or between 50% and 70% of
pongamia proteins on a dry weight basis. In other variations, the protein-enriched pongamia
composition has at least 40% of pongamia proteins on a dry weight basis; and less than or

cqual to 40% of carbohydrates on a dry weight basts,
Immediaie Precipitation

6134 In another aspect, provided hersin is a method of producing protein-enriched
pongamia composiions from pongamia meal by precipitation without prior solubilization of
pongamia proteins. By viriue of the immediate precipitation of ponganua proteins from the
aqueons shurry of pongamia meal without prior solabilization, the method of the present
aspect may alfow for the recovery of a wider range of proteins from the pongamia meal
mchuding msoluble proteins, require fewer process steps overall, increase protein vield, and
decrease water and energy use. Additionally, the recovery of a wider range of proteins m
combination with the carbohydrate content of the compositions obtained by the present

method may provide enhanced functionality for specific food apphications.

103131} In some embodiments of the present aspect, an agueous shurry 1g prepared using a
defatted debittered pongamia meal, and the pH s adjusted to an acidic pH {e.g., between 3
and §, between 4 and 3, between pH 4 and 4.5) fo induce precipiiation of protein solids. The
protein present in the pongamia meal is immediately precipitated out of sohition as acid is
added to the slurry. The precipitated protein is separated from the agueocus shurry. Any
suttable technigues known in the art may be used to achieve such separation. For example,

such separation may be achicved using a decanter or centrifuge.

18132} ¢ precipitated protein is washed with water and neutralized with base. The
neutralized protem is then pasteurized and dried. Washing, neutralization, concentration and

pasteurization of the proteins in the exemplary process described above are optional.

4133} In one aspect, provided herein is a method of producing a protein-enniched

pongamia composition, COMPTISing:
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preparing an agueous sturry of pongania meal;

adjosting the pH of the agueous slurry to a pH between 4 and 5 to obtain pongamia
protein solids;

washing, neutralizing, and pasteurizing purified protemn sohds; and

drving the purified pongamia protein solids to provide a protein-enriched pongania

composition.

[8134] In another aspect, provided hersin is a method of producing a protein-gnriched
pongantia composition, conmpusing:
preparing an agueous shurry of pongamia meal;

adjusting the pH of the agueous slurry to an acidic pH to obtain pongama protein

solids;

washing, neutralizing, and pasteurizing purified protein solids; and

drying the purtfied pongamia protein solids fo provide a protein-enriched pongamia
Composition.

[3135] Ag described above, pongamia proteins are precipitated from the agueous slurry
containing pongamia meal by adjusting the pH of the slurry to an acidic pH, such as between
3 and 5.5, In some emboduments, the pH of the protemn liquid 15 adjusted to a pH of between 3
and 5.5, between 3 and 3, between 3 and 4.5, between 3 and 4, between 3 and 3.3, between
35 and 3.5 between 3.5 and 5, between 3.5 and 4.5, between 3.5 and 4, between 4 and 3.5,
between 4 and 5, between 4 and 4.5, between 4.5 and 5.5, or between 4.5 and 3. In certain

variations, the pH 1s adjusted to a pH between 4 and 4.5,

[8136] The pongamia protein solids are subsequently separated from the agqueous shury.
The separation may be achieved through solid-hiquid separation techniques known in the art

mehuding for example decantation and centrifugation.

{3137} In certamn vanations, the method further comprises washing the solid punfied

pongamia proteins,

{8138} In some embodiments, the pongamia protein solids are neutralized to a pH of
about pH 7. The purified pongamia protein solids may be neutralized through the addition of
suttable food grade bases, such as sodium hvdroxide. In certaimn embodiments, neutralizing
the pongamia protein solids comprises adding sodium hydroxide to the purified pongamia

protein solids.
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16139} In other embodiments, the purified pongamia protein solids are concentrated after
being neutralized. it should be recognized that the newtralization of the purified pongamia
protein solids roay result i their partial or complete solubilization. Concentration of the
purified pongamia protem solids may mvolve reducing the volume of hgquid left over from
precipitation or mtroduced during neutralization in the pongamia protein sohids, by drying or
decanting the purified pongamia protein solids introduced for easier handling or downstream

processing.
[3140] In still vet other embodiments, the pongamia protein solids are pasteurized.

{3141} in stll further embodiments, the pongamia protein sohids are dried to provide the
final protem-enriched pongamia composition. The pongamia protein solids may be dried by
methods known in the art including, for example, spray-drving and/or lvophilization {e.g,

freeze-drving).

(3142} In some variations, the proiein-enriched pongamia composifion obtained by the
foregoing method is a pongamia protein concentrate. In cerfain variations, the protein-

o

curiched pongamia composition has at least 40% or at least 50%; or between 40% and 50%
or between 40% and 70%, of pongamia proteins on a drv weight basis. In other vanations, the
protein-cnriched pongania composition has at least 40% of pongamia proteins on a dry

weight basis; and less than or equal to 30% of carbohvdrates on a dry weight basis.

{6143} In one aspect, provided is a method of producing protein-enriched pongamia
compositions from pongamia meal by isoclectric precipitation. With reference to excmplary
process 300 1 FIG. 2B, in step 302, an agucous slurry 15 prepared using a defatied debitiered
pongamia meal, and the pH 13 adjusted to a pH between 8 and 10, In step 384, extraction of
the pongamia protein is achieved by separating the alkaline protein liguid fraction from the
rsotuble wet cake fraction. Any suitable technigques known in the art may be used to achicve
such separation. For example, such separation may be achieved using a decanter or

centrifuge.

j4144] In other variations of step 302, an agueous shurry is prepared using a defatted
debiitered pongamia meal, and the pH is adjusted to a pH between 6 and 19, with a suitable

acid or base, and the protein liquid fraction separated from the msoluble wet cake fraction.
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[8145] In some vanations of step 302, the agueous slurry may be adjusted to a pH
between 6 and 10, and the protein liquid fraction 1solated from the agueous shury. A protein
liguid 1s obtained, and in step 306, isoelectric precipitation is emeploved to precipitate the bulk
of alkaline-soluble pongamia profeins. In some variations, the ispelectric precipitation is
performed at a pH that 1s at or below the isoelectric point of pongamia proteins {(e.g.,
performed at a pH between 4.0 and 4.5). In step 306, the pH of the alkaline protein hguid
fraction is adjusted to a pH between 4.0 and 4.3 by the addition an acid such as phosphoric
acid or hvdrochloric acid. The precipitated pongamia protemn solids are collected. In step
308, the precipitated protein is washed. In step 310, the washed protoin is neatrabized by
adjusting to about pH 7.0, for example with a base, such as sodivm hydroxide. o step 312,
the neutralized protein is concentrated. In steps 314 and 316, the concentrated protein hguid
wndergoes pastenrization and drving {e.g., by spray-drying or freeze-dryingAyophilization),
respectively, to obtain a protem-coriched pongamia composition, Washing, neuiralization,
concentration and pasteurization of the proteins in the exemplary process described above are

optional.

[B146] In one aspect, provided herein is a roethod of producing a protein-enriched
pongamia composition, comprising:

preparing an aqueous shurry of pongamia meal;

adjusting the pH of the aqueous slurry to a pH between § and 10,

separating the slurry into a protein hquid fraction and an msoluble wet cake fraction;

precipitating at least a portion of pongania protein from the protein higeid fraction to
obtain purified pongamia protein solids;

washing, neutralizing, and pasteurizing purified protein sohids; and

drving the purnificd pongamia protem solids o provide a protein-enriched pongamia

composition.

{8147} In another aspect, provided hersin is a method of producing a protein-gnriched
pongamia composition, comprising
preparing an aqueous shurry of pongarnia meal;
adjusting the pH of the aqueous slurry to a pH between 6 and 10,
separating the shurry into a protein liquud fraction and an nsoluble wet cake fraction;
precipitating at least a portion of pongamia protein from the protein hquid fraction to

obtain purified ponganua protein sohids;
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washing, neutralizing, and pasteunizing purified protein solids; and
drying the punified pongamia protein solids fo provide a protein-enriched pongamia

COMPOSHIoN.

13148} As described above, ponganua proteins are solubthized from the agueous shurry
containg ponganua meal by adjusting the pH of the slurry to an alkaline pH, such as
between 8 and 10, In other vanations, the pongamia proteins are solubilized from the agueous

slurry containing pongamia meal by adjusting the pH of the shurry to a pH between 6 and 10.

(3149} The sturry 13 subsequently separated into an atkaline protein hiqutd fraction and an
msohible wet cake fraction in step 304, The separation may be achieved through sohid-hquid

separation techuigues known in the art including for example decandation and contrifugation.

{6154 In some variations, steps 302 and 304 for adjusting the pH and separating out a
protein hiquid fraction may also be carried out one or more times on the wet cake fraction that
1s obtamed to improve protein yvield. That is {o say, the pongamia meal may be subjecied to
several sequential terations of solubiization as carried out on the residual insoluble wet cake
fraction. For example, the wet cake may be prepared in a second aqueous slurry and adjusted
to an alkaline pH, after which a second alkaline protein hguid fraction is separated from the
msolable cake fraction and the two liquid fractions combined. For repeated extractions, the
pongamia meal can be prepared in an aqueous slurry and the pH adjusted to either an acidic
pH {e.2., pH 2) or an alkaline pH {e.g., pH 8}, the resulting pH-adjusted shurry separated into
tts protein hguid fraction and tnsohible wet cake fraction, and the wet cake fraction prepared
i a subsequent agueous slurry that is subsequently adjusted to an alkaline pH and separated
rto an additional protein hguid fraction. In some variations, protein liguid fractions obtamned
from sequential solubilizations may be combined into a single protein hguid fraction prior to
subsequent processing. In some variations the solubilization is carried out by countercurrent
extraction. In other varnations, enzyvmes for digesting carbohydrates {such as carbohydratases,
ncluding cellulases or amylases) in the pongamia rmeal may be added to the aqueous slurry to
facilitate solubilization of the proteins. In some variations wherein enzymes for digesting
carbohydrates are added to the agueous shirry, the agucuous slurry may be heated to a

temperature suitable to enable enzymatic activity, for example 37°C,

{6151} Isoglectric precipitation in stop 306 may be carried out at a pH that is at or near

the isoeleciric point of pongamia proteins to provide pongamia protein solids from the protem

37



WO 2021/202994 PCT/US2021/025572

hquid fraction. For example, as shown m FIG. 3, the solubility of pongamia protems 1s
substantially lower between pH 3 and pH 5.5, The addition of acid to the protein hquid
obtained from: step 304 to generate an acidic pH that is between 3 and 5.5 will precipitate out
pongamia protein solids from solution. In some embodiments, the pH of the proten hguid 1s
adjusted to a pH of between 3 and 5.5, between 3 and 3, between 3 and 4.5, between 3 and 4,
between 3 and 3.5, between 3.5 and 5.5, between 3.5 and 5, between 3.5 and 4.3, between 3.5
and 4, between 4 and 5.5, between 4 and 5, between 4 and 4.5, between 4.5 and 5.5, or

between 4 5 and 5.

[(41153] In certain vanations, the method further comprises washing the solid punfied

pong amia Pro teins.

[8153] In some embodiments, the pongamia protein solids are neutralized to a pH of
about pH 7. The purified pongamia protein solids may be neutralized through the addition of
suitable food grade bases, such as sodium hydroxide. In certain embodiments, neutralizing
the pongamia protein solids comprises adding sodium hydroxide to the puritied ponganua

protein solids.

{8154} In other embodiments, the purified pongamia protein solids are concentrated after
being neutralized. It should be recognized that the neotralization of the purified pongamia
protein sofids may result in their partial or complete re-solubilization. Concentration of the
purified pongamia protem solids may mvolve reducing the volume of hgquid left over from
precipitation or mtroduced during neutralization in the pongamia protein sohids, by drying or
decanting the purified pongamia protein solids introduced for easier handling or downstream

processing.
{6155] In still vet other embodiments, the pongamia protein solids are pasteurized.

13156} in stll further embodiments, the pongamia protein sohids are dried to provide the
final protein-coriched pongamia composition. The ponganya protein solids may be dried by
methods known in the art melading, for example, spray-drving and/or Ivophilization {e.g.,

freeze-drving).

{3157} In some variations, the proiein-enniched pongamia composition obtained by the
foregoing method 1s a pongamia protein isolate. In certain variations, the protein-enriched

pongamia composition has at least 70%, or between 70% and 90% of pongamia proteins on a
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dry weight basis. In other variations, the protem-enriched pongamia composition has at least
70% of pongamia proteins on a dry weight basis; and less than or eqoal to 20% of

carbohydrates on a dry weight basis.
Membrane Filtration

[B158] In vet another aspect, provided i3 2 method of producing protein-enriched
pongamia compositions from pongamia reeal by membrane filtration. With reference 1o
excmplary process 408 m FIG. 20, in step 402, an agueous slurry is prepared using a defatted
debiitered pongamia meal, and the pH is adjusted to a pH between 6 and 10 {e.g., pH R and
18). In step 404, extraction of the pongamia protein is achieved by separating the (atkaline)
protein higuid fraction from the msoluble wet cake fraction. Any suttable techniques known in
the art may be used to achieve such separation. For example, such separation may be
achieved using a decanter or centrifuge. A protein hquid is obtained, and in step 406, the
protein liquid undergocs membrane filtration o obtain a retentate of the purified pongamia
protein. With reference again to FYG. 2C, m steps 408, 410, 412, and 414, the retentate is
washed, neutralized, pasteurized and dned, respectively, to produce a protein-enriche

pongamia composition.

[6159] In one aspect, provided herein is a method of producing a protein-enriched
pongamia composition, comprising

preparing an agueous shurry of pongamia meal;

adjusting the pH of the agusous slurry to a pH between 6 and 10,

separating the protein hiquid fraction of the agueocus shurry,

passing the solated protein hguid fraction through a membrane system to obtain a
retentate comprising ponganua protein;

optionally washing, neutralizing and/or pasteurizing the retentate; and

drving the retentate to provide a protein-enriched pongamia composition.

13160} In vet another aspect, provided hergin is a method of producing a protein-cnriched
pongamia composition, COMPTISing:

preparing an agueous sturry of pongania meal;

adjasting the pH of the agueous slurry to a pH between 8 and 1,

separating the protein Hguid fraction of the agucous shurry,
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passing the isolated protein hguid fraction through a membrane system to obtain a
retentate Comprising ponganmia protein;
optionally washing, neutralizing and/or pasteurizing the retentate; and

drving the retentate to provide a protein-enriched pongamia composition.

10161} As described above, pongamia proteins are solubthized from the agueous sharry
containing pongamia meal. In one aspect, the pongamia protems are solubilized from the
agueous slurry containing pongamia meal at a pH between 6 and 10, In other aspects, the
pongamia proteins arc sofubilized from the agueous shurry containing pongamia meal by

adjusting the pH of the slurry to an alkaline pH, such as between 8 and 10,

8162} The slurry 18 subsequently scparated into an alkaline protein liguid fraction and an
msoluble wet cake fraction in step 404, The separation may be achieved through sohid-hguid

separation techniques known in the art mclading for example decantation and centrifugation.

(4163} In some variations, steps 482 and 404 for adjusting the pH and separatimg out a
protein liguid fraction may also be carried out one or more times on the wet cake fraction that
is obtained to improve protein yield. That is o say, the pongamia meal may be subjected 1o
several sequential iterations of solubihization as carried out on the residual msoluble wet cake
fraction. For example, the wet cake may be prepared in a second aqueous slurry and adjusted
to an alkaline pH, after which a second alkaline protein hiquid fraction is separated frony the
msoluble cake fraction and the two hiquid fractions combined. For repeated extractions, the
pongamia meal can be prepared in an agueous slurry and the pH kept as-is or adjusted to
cither an acidic pH {e.g., pH 2} or an alkaline pH {e.g., pH 8}, the resulting as-is or pH-
adjusted slurry separated o s protew hiquid fraction and msoluble wet cake fraction, and
the wet cake fraction prepared m a subsequent agueous slurry that 1s subsequently adjusted to
an alkaline pH and separated into an additional protein hiquaid fraction. Any protemn hquid
fractions obtained from sequential solubilizations are combined inéo a single protein hiquid
fraction prior to subsequent processing. In other variations, enzyvmes for digesting
carbohvdrates in the ponganua meal may be added fo the agueous slurry 1o facilitate

solubilization of the proteins,

[8164] With reference to FIG. 20, in step 406, the protein hguid fraction is passed
through a membrane system for filtration. Membrane filtration may be carried out using

variable membranes of different cut-off sizes, vanable transmembrane pressures and
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concentration factors and diafiltration factors. In some variations, the protein hguid is passed
through a 5 kPa molecular weight cat-oftf (MWCO) membrane filter or a 10kDa MWCQO
membrane filter. In certain variations, the protein higuid s passed through a 5 kDa MWCO
membrane filier. In certain other vanations, the proten liguid is passed through a 13kDa
MWCO membrane filter. In yet further vanations, the protemn liquid 1s passed through a §
kbDa MWCO membrane filter or a 10kDa MWCO membrane filter at a concentration factor
{CFyof 0-5, 04, -2, 2-53, 2-4, or 4-5, and a diafiltration factor (DBF) of 0-10, 0-3, 0-4, 0-2, 2-

10, 2-5, 2-4, 4-10, or 4-5.

[3165] The resulting protem-enriched retentate from membrane filtration may be further
optionally washed, neutralized and/or pasteurized. In certain variations, the method further

comprises washing the retentate.

[8166] In some embodiments, the retentate 1s neutralized to a pH of about pH 7. The
retentate may be neutralized through the addition of suitable food grade acids or bases, such
as phosphoric acid or hydrochlornic acid and sodivot hydroxide. In certain erobodiments,
neuiralizing the retentate comprises adding phosphonc acid or hydrochlornice acid and/or

sodion hydroxide to the retentate.
[8167] In still vet other embodiments, the retentate 1s pasteurized.

[3168] In still further embodiments, the retentate 1s dned {o provide the final protein-
enriched pongamia composition. The pongamia protein solids may be dried by methods
known  the art mcluding, for example, spray-drying and/or lyophilization {e.g, freeze-

drying}.

{3169} In some variations, the protein-enriched pongamia composition obtained by the
foregoing method 18 a pongaroia protem isolate. In certain varations, the protein-enriche
pongamia composition has at least 70%, or between 70% and 95% of pongamia proteins on a
dry weight basis. In other variations, the protein-enriched pongamia composition has at least
o & &
70% of pongarma proteins on a dry weight basis; and less than or equal t0 20% of
b

carbohvdrates on a drv weight basis.

Food, Beverage and Other Products
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{6174 In cerfamn aspects, provided are also food and beverage products incorporating or
produced using the protein-enriched pongania compositions herein. Such protem-enriched
pongamia compositions may be used for protein fortification in various food and beverage
products, mcluding for example, in jwice based high acid beverages, allergen-free non-dairy
low acid beverages, plant-based vogurts, plant-based ice-creams, bakery products, baked

snacks, cream soups, meat analogs, and cheese analogs.

[8171] In some embodiments, suitable food products may include, for example, scups,
sauces, salad dressings, hunumus, breads, cookics, crackers, nutritional bars, meal
replacement products, and snacks. In some vanations, the food product incorporating or

produced from the protein-enriched pongamia compositions herein s a bakery product.

{6172} In some embodiments, beverages may mclude, tor example, ligh-acid beverages,
neutral beverages, carbonated beverages, non-carbonated beverages, high protein beverages,

and meal replacement beverages.

103173] In one aspect, provided herein is a food product, a beverage product, a dietary
supplcmaent product or other product, comprising a protein-enriched pongamia mgredicnt as

provided herein, wherein the protein-enriched ponganua ingredient has

{1} a viscosity of between about 2 mPa*s and about 100 mPa*s at a shear rate of 100 575
(i1}  a foaming capacity of between about 100% and about 200% of volame of 0.1% wiv
protein solution;

(i)  abulk density of at least about 0.2 g/em?;

{iv)  aprotein solubiiity of at least about 35% at pH 7

{v} a median emulsion droplet size of less than or equal to about 3 pun;

{viy  amedian emulsion droplet size of less than or equal o about 5 ym after 7 days of
storage;

{(vi}  awaier-holding capacity of at least about § .5 g water per gram of protein-enriched
pongamia mngredient;

{(vit} an oil-holding capacity of at least about 1.5 g oul per gram of protein-enriched
pongamia mgredient;

{viit} amnimom gelling conceniration of at least about 10 g protein-enriched pongamia
ingredicnt per 100 grams;

{ix}  apowder dispersibility of at least about 10%; or

42



WO 2021/202994 PCT/US2021/025572

(x} a neutral, non-bitier taste;

or any combinations of {1}-(x} thereof,

3174} Ag described heremn, the properties of the protein-enriched pongamia compositions
may be used as ingredients 1 varous food applications. The protein-enriched pongamia
compositions, or ingredients, as provided herein possess a number of favorable propertics in
addition to their hugh protein content, which makes them suitable for a wide-array of food and
beverage products. With respect to certaim applications, the protein-enriched pongamia
ingredients provided herein demonstrate supernior propertics as compared to other plant-based
protein ingredients in the market {such as pea and soy), and thus may be advantageously
meorporated inio specific food products over competitor protein sources. Exemplary products
may include but are not imited to beverage producis such as ready-to-drink beverages or
protein shake powders, dairy product substituies including plant~based yogurt, cheese or

mitks, meat substitute products such as plant-based burgers, and ¢gg substitutes.

[3175] In vet other embodiments, provided herein is a beverage product, comprising a

protein-enriched pongamia ngredient, wherein the protem-cnriched pongamia ingredient has:
(1} a viscosity of between about 2 mPa*s and about 100 mPa*s at a shear rate of 100 ¢7;

(1)  a foaming capacity of between about 100% and about 200% of volume of 0.1% w/iv
pongamia protein solution;

(i)  abulk density of at least about 0.2 g/em?;

(iv}  aprotein solubiity of at least about 35% at pH 7.

{v} a median emulsion droplet size of less than or equal to about 5 pm;

{vty  amedian emulsion droplet size of less than or equal o about 5 wm after 7 days of
storage;

{(vii} ancutral, non-bitter taste;

or any combinations of (1)-(vi1} thereof.

13176} In stll vet other embodiments, provided herein is a dairy product substitute,
comprising a protein-enriched pongarua ingredient, wherein the protein-crriched pongamia

mgredient has:

(1) a viscosity of between about 2 mPa*s and about 100 mPa*s at a shear rate of 100 574
(i1}  a foaming capacity of between about 100% and about 200% of volume of 0.1% wiv

protein solution;
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~
3.

(i) abulk density of at least about 8.2 glem’;
{iv}  aprotein solubiity of at keast about 35% at pH 7;

(v} a median eoulsion droplet size of less than or cqual to about 5 poy

{(vi}  amedian emulsion droplet size of less than or equal to about 5 um after 7 days of
storage;

{(vii} awaier-holding capacity of at least about 1.5 g water per gram of protein-enriched
pongamia ingredient;

{vit} amimimum gelling concentration of at least about 10 g protein-enriched pongamia
mgredient per 100 grams; or

(ix}  ancutral, non-bitier taste or

or any combmation of (i}~ (x) thereof,

10177} In some embodiments, provided herein s a meat substitute product, comprising a

protein-enriched pongamia ingredient, wherein the proten-cnriched pongamia ingredient has:

{1} a bulk density of at least about 4.2 g/om®;

{11} a protein solubility of at least about 35% at pH 7;

() awaier-holding capacity of at least about 1.5 g water per gram of protein-enriched
pongamia mngredient;

(ivy  an oil-holding capacity of at least about 1.5 g oul per gram of protein-enriched
pongamia mgredient;

{v} a nunimom gelling concentration of at least about 10 g protein-cnriched pongania
ingredicnt per 100 grams; or

{(viy  ancutral, non-biticr taste;

or any combination of (i}~ (vi) thereot.

[6178] In other aspects, provided herein 18 an egg-substitute, comprising a protein-

enriched pongamia ingredicnt, wherein the protein-enriched pongamia ingredient has:

(  afoaming capacity of between about 100% and about 200% of volume of 0.1% wiv
protein solution;

{11} a munimum gelling concentration of at least about 7 g protemn-~enriched pongama
mgredient per 100 grams; or

{1y  aneutral, non-bitter taste;

or any cormbimnation of (i}~ (i} thereof,
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[6179] In some vanations of the foregoing, the food or beverage products have at least 1,
at feast 2. at least 3, at least 4, at least 5, at least 6, at least 7, at least &, at least 9, at least 10
grams, at feast 12 g, at least 15 g, or at least 17 g of ponganua protein per serving. In some
variations, the food or beverage products have between 1 g and 20 g of pongania protein per
serving. In cortam varniations, at least 10%, at lgast 20%, at least 25%, at least 309%, at least
40%, at least 50%, at least 60%, at least 70%, at least 75%, at least 80%, at least 90%, or at
least 95% by weight of the protein in the food or beverage product is from ponganua protein.
In some variations of the forcgoing, the pongamia protein has a PDCAAS of atleast 0.7. In

other vanations of the foregoing, the pongamia protein has a PDCAAS of at least 3.85.

(3180} The food and beverages products can include various other components other than
the protein-cnriched pongamia compositions deseribed herein. For example, the food and
beverage products may include, for example, water, flour, fats and oils, sweeteners (such as
sugar), salt, leavening agents, frnut and vegetable juices, thickeners (such as pectin and other
hydro colloids), anti-foaming agenis, natoral and artificial flavorings, preservatives, and

coloring agenis.

{3181} In another aspect, provided is a method of preparing food and/or beverages
products. Such methods mayv include one or more of mixing/blending, pasteurizing and/or

sterilizing, baking, fermenting, carbonating, leavening, and packaging.

[3183] In other aspects, the protein-enriched pongamia composifions herein may be used
as or incorporated mto pharmaceutical products. In certaim variations of the foregoing aspect,
the protein-cnriched pongamia compositions have a pharmaceutical-grade punity. In other
variations, the protein-curiched pongamia compositions have a protein purity of greater than

or equal to 99%.

[3183] In other aspects, the protein-enriched pongamia compositions berein may be used
as or incorporated into dictary supplement products. In certain variations of the foregoing
aspect, the protein-enriched pongamia compositions have a dictary supplement-grade purity.
In other vanations, the protein-enriched ponganua compositions have a protein purity of

greater than or equal to 99%,.

[3184] In other aspects, the protein-enriched pongamia compositions berein may be used
as or incorporated into cosmetic products. In certain vanations of the foregoing aspect, the

protein-enriched pongamia compositions have a cosmetic-grade purnity. In other variations,
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the protein-enriched pongamia corpositions have a protein purity of greater than or equal to

99%.

j(3185] In other aspects, the protein-enniched pongamia compositions herein may be used
as or incorporated mto medical foods. In certain vanations of the foregoing aspect. the
protein-enriched pongamia compositions have a medical food-grade punity. In other
variations, the protein-coriched pongamia compositions have a protein purity of greater than

or equal to 99%.

(4186} In other aspects, the protein-enniched pongamia compositions herein may be used
as or incorporated mto nfant foromdda products. In certain vanations of the foregoing aspect,
the protem-cnriched pongamia corapositions bave an mfant formula-grade punty. In other

variations, the protein-coriched pongamia compositions have a protein purity of greater than

or equal to 99%.

ENUMERATED EMBODIMENTS

{8187} ¢ following enumerated embodiments are representative of some aspects of the
mvention.
L. A protem-enriched pongamia composition, comprnsing at least 45% of pongamia

proteins on a dry weight basis.

2. The composition of esrbodiment 1, wherein the composition has between 45% and

70% of pongamia proteins on a dry weight basis.

3. The composition of erabodiment 1, wherein the composition is a pongamia proicin
concentrate,
4, The composition of any one of crbodiments 1 to 3, wherein the composition is

derived from pongamia meal, wherein the protein-¢uriched pongamia composition has at

cast 1.25 times greater pongamia protein content than the pongamia meal.

5. The composition of any one of embodiments | to 4, wherein the composition has less

than 3% of fat on a dry weight basis.

6. The composition of any one of embodiments 1 1o 5, wherein the composition has less

3

than 2% of fat on a dry weight basis.
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7. The composition of any one of embodiments | to 6, wherein the composition has less

than 200 ppm of bitter compounds naturally derived from pongamia.

3. The composition of any one of embodiments 1 t¢ 6, wherein the composition has: {1}
fess than 200 ppm of karanjin; or (it} less than 200 ppm of pongamel; or {u1} kess than 200

ppi of karanjin and pongameol combined.

9, The composition of any one of crubodiments 1 to &, wherein the composition has a
relative amino acid profile that includes at least 15% glutamic acid, at least 12% aspartic
acid, at least 9% leucine, at least 8% lysine, at least 6% phenvialaning, or any combination

thereof.

10.  The composition of any one of embodiments 1 to 9, wherein the at least 50% of the

proteins present in the composition are soluble n water at a pH of at least pH 6.

11.  The composition of any one of embodiments 1 to 10, wherein the composition has a

viscosity of at least 2 mPa*s at a shear rate of 100 g1,

12. The composition of any one of crabodiments 1 1o 11, wherein the composition, when

croulsified, produces an emulsion having an average droplet size of at least 1 um.

13 The composttion of any one of emboduments 1 to 12, wherein the composition has a

protein digestibility-corrected amino acid score of at least 0.7.

4. The composition of any one of embodiments 1 to 13, wherein the composition has an
average molecular weight distribution of protein between 10,000 Daltons and 250,600

Daltons.

15, A method of producing a protein-enriched pongania composition, comprising:
preparing an aqueous siurry of pongamia meal;
adjusting the pH of the agqueous sluty to a pH between 8 and 10;
separating the shurry into a protem ligud fraction and an insoluble wet cake fraction;
neotralizing, concentrating and/or pastearizing the protein liquid fraction; and
drving the protein liquid fraction to provide a protein-enriched ponganua

COMposition.
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16. The method of embodiment 13, wherein the protein-enniched ponganua composition

comprises at least 50% of ponganna proteins on a dry weight basis.

17. The method of embodiment 15, wherein the proicin-enriched pongamia composition

1S @ pongamia protein concentrate.

8. The method of any one of embodiments 15 o 17, further comprising dehalling and

grinding ponganua beans to produce the pongamia meal.

19. The method of any one of embodiments 15 to 17, further comprising:
debulling pongamia beans to produce dehulled ponganua beans; and
pressing the dehulled pongamia beans to remove at least a portion of free oil in the

pongamia beans to produce the pongamia meal, wherein the pongamia meal has a reduced fat

condent.
20. The method of emmbodiment 19, further comprising grinding the pongamia meal.
21 The method of any one of embodiments 15 to 17, further comprising:

dehulling pongamia beans to produce dehulled pongamia beans;

pressing the dehulled pongamia beans to remove at feast a portion of free o 1o the
pongamia beans to produce a reduced fat pongamia meal; and

combining the reduced fat pongamia meal with solvent to produce the pongamia

meal, wherein the pongamia meal is defatted and debittered.

22 The method of embodiment 21, further comprising grinding the reduced {at pongamia

meal prior to combining with solvent.

23, A protein-enniched pongamia composition produced according the method of any one

of emnbodiments 15 to 22.

24, A food product, a beverage product, a dictary supplement product, or other product,
comprising: the protein-enriched pongamia composition of any one of embodiments | 1o 14

and 23.

25, The product of embodiment 24, wheremn the product i1s a baked good, a protem

supplement, a protein bar, or a non-dairy beverage.
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26. The product of embodiment 24, wherein the product 15 a medical food, an infant

formala, a cosmetic or a pharmaceutical product.

27. A protein-ennched pongamia composition, comprising at least 70% of pongamia
3 o > g

proteins on a dry weight basis.

23. The composition of embodiment 27, wherein the composition has between 70% and

50% of pongamia proteins on a dry weight basis.

28, The composition of erabodiment 27, wherein the composition is a pongamia protein
isolate.
30, The composition of any one of erobodiments 27 to 29, wherein the composition is

derived from pongamia meal, wherem the protein-cnriched pongamia composition has at

least 1.25 times greater pongamia protein content than the pongamia meal.

31, The composition of any one of embodiments 27 to 30, wherein the composition has

less than 3% of fat on a dry weight basis.

32, The composition of any one of embodiments 27 to 31, wherein the composition has

fess than 2% of fat on a dry weight basis.

33, The composition of any one of embodiments 27 to 32, wherein the composition has

less than 200 ppm of bitter compounds naturally derived from pongamia.

34. The composition of any one of embodiments 27 to 33, wherein the composition has:
(1} less than 200 ppro of karanjin; or (11} less than 200 ppm of pongamol; or (i} less than 200

ppm of karanjin and pongamol combine

35 The composition of any one of erobodiments 27 to 34, wherein the composition has a
relative amino acid profile that includes at least 15% ghutamic acid, at least 12% aspartic
acid, at least 9% leucine, at least 8% lysine, at least 6% phenvialaning, or any combination

thereof

36.  The composition of any one of ermbodiments 27 to 35, wherein the at least 50% of the

profeins present in the composition are soluble n water at a pH of at least pH 6.
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37.  The composition of any one of embodiments 27 to 36, wherein the composition has a

viscosity of at feast 2 mPa*s at a shear rate of 100 571,

38. The composition of any one of embodiments 27 to 37, wherein the composition, when

emulsified, produces an emulsion having an average droplet size of at least 1 pm.

39, The composition of any one of embodiments 27 to 38, wherein the composition has a

protein digestibility-corrected amino acid score of at least 0.7

44, The composition of any one of embodiments 27 to 39, wherein the composition has
an average molecular weight distribution of protein between 10,000 Daltons and 250,000

Dalions.

4} A method of producing a protein-gnriched pongamia composition, comprising:
preparing an aqueous shurry of pongamia meal;
adjusting the pH of the aqueous slurry to a pH between 8 and 10,
separating the slurry wito a protein kquid fraction and an msoluble wet cake fraction;
precipitating at least a portion of pongamia protemn from the protein hguid fraction to
obtain purified pongamia protein sohds;
neutralizing and pasteurizing the purified pongamia protein solids; and
drying the punificd pongamia protein solids to provide a protein~-enriched pongamia

COMPOSIION,

42, The method of embodiment 41, further comprising washing the pongamia protem

solids prior to drying.

43, The method of embodiment 41 or 42, wheremn the precipitation step 1s performed by

isoelectric precipitation,

44 The method of any one of embodiments 41 to 43, wherein the protein-enriched

pongamia composition comprises af least 70% of pongamia proteins on a dry weight basis.

45. The method of any one of embodiments 41 to 43, wherein the protein-enriched

pongamia composition 1S a pongamia protein isolate.

46. The method of any one of embodiments 41 to 45, further comprising deholling and

grinding ponganua beans to produce the pongamia meal.
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47, The method of any one of embodiments 41 to 45, further comprising:
dehulling pongamia beans to produce dehulled pongamia beans: and
pressing the dehulled pongamia beans to remove at feast a portion of free o 1o the

pongamia beans to produce the pongamia meal, wherein the ponganua meal has a reduced fat

content.
48. The method of embodiment 47, further comprising grinding the pongamia meal.
49. The method of any one of embodiments 41 to 45, further comprising:

dehulling pongamia beans to produce dehuolled pongamia beans;

pressing the dehulled pongamia beans to remove af least a portion of fiee oil in the
pongamia beans to produce a reduced fat pongamia meal; and

combining the reduced fat pongamia meal with solvent to produce the pongamia

meal, wherein the pongamia meal is defaticd and debittered.

50.  The method of embodiment 49, further comprising grinding the reduced {at pongamia

meal prior to combining with solvent.

51 A protein-enriched pongamia composition produced according the method of any one

of embodiments 41 to 50.

52, A food product, a beverage product, a dictary supplement product, or other product,
comprising: the protein-enriched pongamia composttion of any one of emboduments 27 1o 40

and 51,

53 ¢ product of embodiment 532, wherein the product 1s a baked good, a protein

supplement, a proicin bar, or a non-dairy beverage.

54. The product of embodiment 52, wherein the product 15 a medical food, an infant

formula, or a pharmaceutical product.

35, A protem-enriched pongamia composition, comprnsing at least 70% of pongamia

proteins on a dry weight basis.

36. The composition of embodiment 53, wherein the composition has between 70% and

90% of pongamia proteins on a dry weight basis.



WO 2021/202994 PCT/US2021/025572

57.  The composition of embodiment 53, wherein the composition is a pongamia protein
isolate.
38. The composition of any one of embodiments 35 to 57, wherein the composition is

derived from pongamia meal, wherein the protein-enriched pongamia composition has at

feast 1.25 times greater pongamia protein content than the pongamia meal.

39 The composition of any ove of crubodiments 55 to 38, wherein the composition has

less than 5% of fat on a dry weight basis.

60, The composttion of any one of embodiments 55 to 39, wherein the composition has

less than 2% of fat on a dry weight basis.

6l The composition of any one of embodiments 55 to 60, wherein the composition has

less than 200 ppm of bitter compounds naturally derived from pongamia.

62.  The composition of any one of embodiments 35 to 61, wherein the composition has:
{1} less than 200 ppm of karanjin; or (11} less than 200 ppm of pongamol; or (111} less than 200

ppm of karanjin and pongamol combined.

63. The composition of any one of embodiments 55 to 62, wherein the composition has a
relative amino acid profile that includes at least 15% glutamic acid, at least 12% aspartic
acid, at least 9% leucine, at least 8% lysine, at least 6% phenylalamine, or any combination

thereof.

;

64, The composition of any one of embodiments 55 to 63, wherein the at least 50% of the

proteins present in the composition are soluble in water at a pH of at least pH 6.

65, The composition of any one of embodiments 35 to 64, wherein the composition has a

viscosity of at feast 2 mPa*s at a shear rate of 100 571,

66. The composition of any one of embodiments 55 to 63, wherein the composition, when

emulsified, produces an emulsion having an average droplet size of at least 1 pum.

.
/.

& The composition of any one of ecmbodiments 35 to 66, wherein the composition has a

protein digestibility-corrected amino acid score of at least 0.7
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68.  The composition of any one of embodiments 35 to 67, wherein the composition has
an average molecular weight distribution of protem between 10,000 Daltons and 230,000

Dalions.

69, A method of producing a protein-enriched pongamia composition, comprising:
preparing an aqueous shurry of ponganua meal;
adjusting the pH of the agueous slurry to a pH between 8 and 10,
separating the slurry into a protein hquid fraction and an insohible wet cake fraction;
passing the protemn hiquid fraction through a membrane svstem to obtain a retentate
cOTprising pongamia protein;
optionally washing, neutralizing and/or pasteurizing the retentate; and

drving the retentate to provide a protein-enniched pongamia composition.

70. The method of embodiment 69, wherein the protein-enriched pongamia composition

comprises at least 70% of pongamia proteins on a dry weight basis.

71 The method of embodiment 69, wherein the profein-enriched pongamia composition

1 a pongamia profein isolate.

72 The method of any one of embodiments 69 to 71, further comprising deholling and

grinding ponganua beans to produce the pongamia meal.

73. The method of any one of embodiments 69 to 71, further comprsing:
dehulling pongamia beans to produce dehulled ponganua beans; and
pressing the dehulled pongamia beans to remove at least a portion of free oil in the

pongamia beans to produce the pongamia meal, wherein the pongamia meal has a reduced fat

condent.
74.  The method of crabodiment 73, further comprising grinding the pongamia meal.
75, The method of any one of embodiments 69 to 71, further comprising:

dehulling pongamia beans to produce dehulled pongamia beans;

pressing the dehulled pongamia beans to remove at least a portion of free oil in the
pongamia beans to produce a redaced fat pongamia meal; and

combining the reduced fat pongania meal with solvent to produce the pongamia

meal, wherein the pongamia meal 1s defatied and debittered.

()]
IS}
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76.  The method of ermnbodiment 753, further comprising grinding the reduced fat pongamia

meal prior to combining with solvent.

77. A protemn-enriched pongamia composition produced according the method of any one

of embodiments 69 to 76.

78 A food prodact, a beverage product, a distary supplement product or other product,
corapnising: the protein-enriched pongamia composition of any onc of embodiments 55 to 68

and 77.

79. The product of embodiment 78, wherein the product 15 a baked good, a proten

supplernent, a protein bar, or a non-dairy beverage.

80. ¢ product of embodiment 78, wherein the product 18 a medical food, an mfant

formuda, a cosmetic or a pharmaceutical product.

8. A protemn-enriched pongamia mgredient, comprising at least 40% of pongamia

proteins on a dry weight basis,

wherein the mgredient has: (1) less than 300 ppm of karanjing or (11} less than 300 ppm of

pongamol; or (3i1) ess than 500 ppm of karanjin and pongamol combined; and
wherein the mgredient has less than 40% of carbohydrates on a dry weight basis,

82, The ingredient of embodiment 81, wherein the mgredient has between 40% and 70%

of pongamia proteins on a dry weight basis.

83, The mngredient of embodiment 81, wherein the ingredient 1s a pongamia protein
£ 5 g £
concentrate.
84. The ingredient of embodiment 81, comprising at least 70% of pongamia proteins on a
E > 2 5

dry weight basis,

wherein the ingredicnt has: (i} less than 500 ppm of kavanjin; or (1t} less than 500 ppm of

pongamaol; or {111} less than SO0 ppm of karanjin and pongamol combined; and

wherein the mgredient has less than or equal to about 20% of carbohydrates on a dry weight
e R J i)

basis.
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85.  The ingredient of embodiment 84, wherem the ingredient has between 70% and 0%

of pongamia proteins on a dry weight basis.

36. The mgredient of embodiment 85, wherein the ingredient 13 a pongamia protein
isclate.
87. A protein-enriched pongamia ingrediont, comprising at least 40% of pongamia

proteins on a dry weight basis,

wheretn the ingredient has: {1} less than 500 ppm of karanjm; or (11} less than 500 ppm of

pongamol; or (i1} less than 300 ppm of kararjin and pongarsol combined; and
wherein the ingredient has less than 30% of carbohydrates on a dryv weight basis,

88.  The ingredient of any one of embodiments 81 to 87, wherein the ingredient is denved
from pongamia meal, wherein the protein-cnriched pongamia ingredient bas at least 1.25

tmes greater pongama protein content than the pongamia meal.

89, The ingredient of any one of erabodiments 81 to 88, wherein the ingredient has less

than 5% of fat on a dry weight basis.

80.  The mngredient of any one of embodiments 81 o 89, wherem the mgredient has less

than 2% of fat on a dry weight basis.

1. The mgredient of any one of embodiments 81 to 90, wherein the ingredient has a
relative amino acid profile that includes at least 15% ghitamic acid, at feast 12% aspartic
acid, at least 9% leucine, at lcast 8% lysine, at least 6% phenylalanine, or any combination

thereof.

82, The ingredient of any one of emabodiments 81 to 91, wherein the at least 35% of the

proteins present in the mgredient are soluble m water at a pH of at least pH 6.

63, The mgredient of any one of embodiments 81 to 92, wherein the ingredient has a

viscosity of at feast 2 mPa*s at a shear rate of 100 s

G4, The mmgredient of any one of embodiments 81 to 93, wherein the ingredient, when
o gt}

emulsified, produces an emulsion having an average droplet size of at least 1 pm.

()]
wh
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85, The mgredient of any one of embodiments 81 to 94, wherein the ingredient has a

protein digestibility-corrected amino acid score of at least 0.7.

96. The mgredient of any one of embodiments 81 to 95, wherein the wgrediont has an

average molecular weight of protein between 10,000 Daltons and 250,000 Balions.

97. The ingredient of any one of embodiments 81 to 96, wheren the ingredient comprises
£ ¥ 5 g
seed storage proteins, and wherein 30-40% of the protems present are profeins having a

molecular weight of between 435 kDa and about 70 kDa, as determined by SDS-PAGE.

9%, The megredient of embodiment 97, wherein the ingredient further comprises seed
storage proteins having molecular weight of 170-250 kDa, 115-160 kDa, 45-70 kD3a, 19-25

kDa, 14-17 kDa, or 10-13 kD, or any combinations thercof

59.  The mmgredient of any one of embodiments 81 to 9%, wherein the ingredient has:
{1} a viscostty of between 2 mPa*s and 100 mPa*s at a shear rate of 100 7,

{1}  a foaming capacity of between 100% and 200% of volume of (0.1% protem

solation;

(it} a bulk density of at least 0.2 g/om?;

{iv)  aproten solubility of at least 35% at pH 7;

(v} a median emulsion droplet size of less than or equal to 5 pm;

{vi)  amedian enulsion droplet size of less than or equal to 5 pm after 7 days of

storage;

{vi}  awatcr-holding capacity of at least 1.3 g water per gram of protein-eoriched

pongamia ingredient;

{vii}  an oil-holding capacity of at least 1.5 g ot per gram of protein~-coriched

pongamia mgredicnt;

{viii) anunimum gelling concentration of at least 10 g protem-cnriched pongamia

mgredient per 100 grams;
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(ix)

)

a powder dispersibility of at least 109 or

a neutral, non-bitter taste;

or any combmations of (i}~ (X} thereof,

100

The mngredient of embodument 99, wherein the mgredient has:

{8

{11}

a viscosity of between 2 mPa*s and 100 mPa*s at a shear rate of 100 571;

3 foaming capacity of between 100% and 200% of volume of 0.1% w/v

pongamia protein solution;

(i)  a bulk density of at least 0.2 g/em?;

{tv}  aprotem solubility of at least 35% at pH 7;

{v) a median emualsion droplet size of less than or equal to § pmy;

(vi)  amedian emulsion droplet size of less than or equal to 5 pm afier 7 days of
storage,

{(vit}  anecutral, non-bitter taste;

or any combinations of (1}-(vit} thereof.

101,

The ingredient of embodiment 99, wherein the ingredient has:
=g > &

{1}

(i)

a viscosity of between 2 mPa*s and 100 mPa*s at a shear rate of 100 7,

a foaming capacity of between 100% and 200% of volome of 0.1% wiv

protein solution;

{11}

()

(v}

)

a bulk density of at least 0.2 glom?;
a protemn solubility of at least 35% at pH 7;
a median emulsion droplet size of less than or equal to 3 pum;

a median emmlsion deoplet size of less than or equal to 8 pm after 7 days of

storage;
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102.

{vit} a water-holding capacity of at least 1.3 g water per gram of protein-cnriched

pongamia ingredient;

(viit} amimimum gelling concentration of at least 10 g protem-enriched pongamia

mgredient per 100 grams; or

(1x}  a neutral, non-bitter taste or

or any combination of (1)~ {x) thereof.

The mgredient of embodiment 99, wherein the ingredient has:
(1) a bulk density of at Jeast 0.2 g/lem’;

(1}  aprotein sclubdity of at feast 35% at pH 7,

{11}  awater-holding capacity of at least 1.5 g water per gram of protein-enriched

pougamia ingredicut;

(v}  anoil-holding capacity of at least 1.3 g o1l per gram of protein-enriched

pongamia ingredient;

{v} a mimmum gelling concentration of at least 10 g protem-enriched porganuia

mgredient per 100 grams; or

{vi}  anecutral, non-bitter taste;

or any combination of (i)~ (vi) thereof.

The mgredient of ernbodiment 99, wherein the mgredient has:

{1} a foaming capacity of between 100% and 200% of volume of 0.1% w/v
L (=2 o

protein sohution;

(i1} a runumwn gelling concentration of at least 7 g protein~-cnriched pongamia

mgredient per 100 grams; or
(i}  ancuiral, non-bitter taste;

or any combination of (i)- (113) thereof,
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104. A method of producing a protem-enriched pongamia composition, comprising:
preparing an agueous slorry of pongamia meal, wherein the pongamia meal is defatted and
debittered and has {1} less than 500 ppm of karanjin; or (i1} less than 500 ppm of pongamaol; or

(i) less than 500 ppm of karanjin and pongamol combined;

adjusting the pH of the agueous slurry to a pH between 6 and 10;

separating the shurry mto a protein liguid fraction and an insoluble wet cake fraction;
neutralizing, concentrating and/or pastounzing the protein hiquad fraction; and

drying the protern liguid fraction {0 provide a protein-enriched pongamia composition.

105, The method of embodiment 104, wherein the protein-enriched pongamia composition

comprises at least S0% of pongamia proteins on a dry weight basis.
106. A method of producing a protein-enriched pongamia ingredient, comprising;

preparing an agueous sharry of pongamia meal, wherein the pongamia meal is defatied
and debittered and has (i) less thao 500 ppm of karanjin: or {(ii) less than 500 ppm of
pongamol; or (111} less than 300 ppm of karanjin and pongarsol combined;

adjusting the pH of the agueous slurry to a pH between 6 and 10,

separating the slurry into a protein kquid fraction and an insoluble wet cake fraction;

precipitating at least a portion of ponganua protein from the protein liguid fraction to
obtain purified pougamia protein solids;

neotralizing and pasteurizing the purified pongamia protein solids; and

drving the purified ponganua protein solids to provide a protein-enriched pongamia

mgredient.

107, The method of cbodument 166, further comprising washiog the pongamia protein

solids prior fo drving.

108, The method of ermbodiment 106 or 107, wherein the precipitation step is performed

by isoclectnic precipifation.

109, The method of any one of erabodiments 106 to 108, wherein the protein-enriched

pongamia ingredient comprniges at least 70% of ponganua proteins on a dry weight basis.
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110, The method of any one of embodiments 106 to 109, further comprising:

dehulling pongamia beans to produce dehulled pongamia beans; and
pressing the dehulled pongamia beans to remove at least a portion of free oil in the
pongamia beans to produce the pongamia meal, wherein the pongamia meal has a reduced fat

content.
111, The method of eobodument 119, further comprising grinding the pongamia meal.

112, The method of any ong of embodiments 106 to 111, further comprising:

debulling pongamia beans to produce dehulled ponganua beans;

pressing the dehulled pongamia beans to remove at least a portion of free oil in the
pongamia beans to produce a reduced fat pongamia meal; and

combining the reduced fat pongamia meal with solvent to produce the pongamia

meal, wherein the pongamia meal is defatted and debittered.

113, The method of erabodiment 112, further conprising grinding the reduced fat

pongamia meal prior to combining with solvent.

114, The method of embodiment 112 or embodiment 113, wherein the solvent compuses

ethyl acetate, ethvl alcohol, or a combmation thergof.

115, A method of producing a protem-enriched ponganua ingredient, comprising
preparing an aqueocus slurry of pongamia meal;
adjusting the pH of the agueous slurry to a pH between 6 and 10,
separating the shurry into a protem ligud fraction and an insoluble wet cake fraction;
passing the protein Hguid fraction through a membrane system to obtain a retentate
COmpiising pongamia profein;
optionally washing, neutralizing and/or pasteurizing the rotentate; and

dryving the retentate to provide a protein-enriched pongamia ingredient.

116, The method of embodiment 115, wherein the protein-enriched pongamia mgredient

comprises at least 70% of pongamia proteins on a dry weight basis.

117, The method of embodiment 115 or embodiment 116, further comprising;

dehulling ponganua beans to produce dehuldied pongamia beans; and
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pressing the dehulled pongamia beans to remove at least a portion of free oil in the
pongamia beans to produce the pongamia meal, wherein the pongamia meal has a reduced fat

content,
118, The method of embodiment 117, further comprising grinding the pongamia meal.

119, The method of any one of embodiments 115 to 117, further comprising:

dehulling pongamia beans to produce dehulled pongamia beans;

pressing the dehulled pongamia beans to remove at least a portion of free oil in the
pongamia beans to produce a redaced fat pongamia meal; and

combining the reduced fat pongamia meal with solvent to produce the pongamia

meal, wherein the pongamia meal is defatted and debittered.

126, The method of embodiment 119, further comprising grinding the reduced fat

pongamia meal prior to combining with solvent.
121, A method of producing a protein-enriched ponganiia composition, comprising;

preparing an aqueous siurry of pongamia meal;

adjusting the pH of the aqueous sluy to a pH between 4 and 5 to obtain pongansia
protein solids;

washing, neutralizing, and pasteurizing purified protein solids; and

drving the purificd ponganua protein solids o provide a protein-enriched pongamia

COMposition.

122, A protem-enniched pongamia ingredient produced according the method of any one of

embodiments 103 t0 121.

123, A food product, a beverage product, a dictary supplement product or other product,
compnsing: the protein-enriched pongamia ingredient of any one of embodiments 81 to 103

and 122.

124, The product of embodiment 123, wherein the product is a baked good, a protein

supplcraent, a proiein bar, or a non-dairy beverage.

125, The product of embodiment 123, wherein the product is a medical food, an infant

formula, a cosmetic or a pharmaceutical product.
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126, The product of embodiment 123, wherein the product 1s a beverage product, a dairy-

product substitute, a meat substitate product, or an egg substitute,

127, The product of embodiment 126, wherein the beverage product is a frnt smoothie, a

meal replacement beverage, a protein drink, an instant shake.

128, The product of any one of embodiments 123, 126 and 127, wherein the product is a
beverage product comprising at least 20 g of protein-cnniched pongamia ingredient per

seTVIng.

129, The product of embodiment 126, wherein the dairy-product substitute 15 a son-dairy
milk, non-dairy cheese, non-dairy coffee whitener or creamer, non-dairy yogurt, non-dairy

Greek vogart, non-dairy dnnkable yvogurt,
EXAMPLES

{0188} ¢ presently disclosed subject matter will be better understood by reference to
the following examples, which are provided as exemplary of the invention, and not by way of

hmitation.

Example 1

Preparation of Defatted Debittered Pongamia Meal

{6189} This example demonstrates the preparation of defatied debittered ponganmia meal,
and generally follows the process described 10 FIG. 1. Poongamia beans were pressed through
an oil-press to remove free oil, therchy producing a reduced fat pongamia meal with about
15-25% fat. The reduced fat pongamia meal was then extracied with ethanol (5:1; solvent:
solids ratio} for 3 hours at 30-63 °C using an ol extractor. The residual solvent was removed
by drying. The solvent-extracted meal was subjected to various assavs to analvze the
pongamia meal for various components {e.g., moisture, crude fat, protein, carbohydrates, ash,
fiber, amino acids, sugars, etc.}. The assays used to evaluate the pongamia meal in the
present disclosure were taken from AOAC Intomational analytical methods. The assays are

summarized briefly and shown m Table 1 below.
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Table 1. Assays for Proximate and Amino Acid Analvsis of Ponganmia Meal and Protein-

Enriched Pongamia Compositions

Assay Reference

Moisture - Forced Draft Oven AQCS Ba 2a-38

Crude Fat by Petroleum Ether Extraction AQCS Ba 3-38 Mod.

Protein - Combustion AGAC ?92‘ 13: AOAC 990.03;
o AQCS Ba 4¢-93

Carbohvdrates, Calculated {FR Zi-calc.

Ash AQAC 942 05

Fiber, Crude AQAC 962.09; AQCS Ba 6-84

Tryptophan (AQAC, Most Matrices) AQAC 98815 mod.

Cysteine & Methionine {AOAC, Most Matrices) AQAC 994 17 mod.

Amino Acids by AH (AOAC, Most Matrices) AGAC 98230 mod.

Sugar Profile (AOQAC, Most Matrices) - Total

Sugars, Fructose, Glacose, Sucrose, Maltose, AQAC 982 .14, mod

Lactose

{6194} Proximate analysis was carried out as follows: Total protein content was
determined by placing the ponganua meal samples in the combustion chamber of a protein
analvzer, measuring the total mitrogen content of the gas produced by combustion, and
calculating the protein from the observed nitrogen content (protein content = 6.25 X nitrogen
content). The total fat content was determined by solvent extraction under reflux with

petroleum ether (AOCS BA3-38 reference method, modified).

{6191} Total carbohydrate content was calculated as the remaining percentage of the
pongania meal (100%) less the sum of the total ash content (%), total protein content (96},
total moisture content (%), and total fat (%), The total ash content was deternuned by placing
the pongamia meal samples (2g} into a crucible, drying the samples in an oven, ashing the
samples 1o a muffle fumace at 600°C, and measuring the weight of the ash (AQAC 942.05
reference method). The fotal moisture content was determined by heating a weighed sample
at 130°C for 2 howrs in a forced draft oven, and deternuning the difference in sample weight,

with the % difference caloulated as moisture content (AQCS BA 2A-38 reference method).

{3192} The karanjin and pongamecl content of the pongamia sample was determuned by
solvent extraction of karanjin and pongamol from the sample, followed by HPLC analysis as

described heren.

)
5]
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{8193} The solvent-extracted meal was analyzed for crude fat, protein, karanjin, and
pongamol content. Results are shown i Table 2. The defatted, debittered pongamia meal was
observed to have less than 0.5% fat, and karanjin and pongamol levels of less than about 10

ppm. The treated meal was observed to be free from off-flavors and had no bitterness.

Table 2. Proximate composition of various forms of pongamia bean meal raw material,

Crude . .. !
Raw Material Fat P‘.i’fem K'Manjm Fongame Taste
% (%%, {ppm) {ppm)
Ground debulled pongamia 411 187 11621 1741 Hatreme
meal, full fat Biticrness
Ground dehulled pongamia 257 27.0 6006 309 High
meal, reduced fat Bitterness
Defatied debittered pongamia 0.1 3838 <19 < 10 No
protein meal Bitterness
Example 2A
Preparation of Pongamia Protein Concentrate by Solubilization
[3194] This example demonstrates protein extraction and production of ponganmia protein

concentrate from defatied debittered ponganua meal, and geonerally follows the exemplary

process described 1 FIG. ZA.

{6195] The defarted debittered pongamia meal was obtained according to the method set
forth in Example 1 above using cthyl acetate as the solvent. The resulting ethyt acctate-
extracted pongamia meal was used as the starting material for protem extraction in this
example. An aguecus slurry of defatted debittered pongamia meal was prepared with water
{1:6; 15% solids} using a high shear mixer. The pH of the shury was adjusted to pH 8 with
MNaOH (10 M NaOH (aqg), about 40% agquecous solution} and continually stirred for 2 bours at
25 °C. The slarry was separated by centrifugation info a protein containing liguid phase and
wet cake. The pH of the protein sohution was adjusted to neutral pH (7.0) and freeze dried to
produce pongamua protein concentrate. This process resulted in exiracting and recovering 70-
75% of total protein from the meal by weight. Pongamua protein concentrate contained 50%

protein by weight.

{8196} The protein content was determined by total nitrogen using the general conversion
factor of 6.25. The nitrogen content was determined using the combustion analbysis method as

described in Example 1 above.
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{6197} ¢ proximate composition, the relative annno acid profile, protein digestibility-
correcied amino acid score (FDCAAS) of the ponganua protein concentrate is provided in
Tables 3, 4, and 3 below. The proximate composition and aruno acid profile were determined
by the protocols described in Example | above. The PDCAAS was calculated using a
reference amine acid pattern for human milk as a reference protein. The pongamia profein
concentrate produced m this example was cbserved to have similar and comparable amino
acid profile to sovy protemn (U.S. Department of Agriculture Food Data Central Database, soy
protein concentrate produced by acid wash (Ttem 16420)) and pea protein (PURIS ™ pea

protein §70).

Table 3. Pongamia protein concentrate composition, as dry weight (except moisture)}

Parameter %%
Moisture 435
Crode Fat (.99
Crude Protein (dry basis) 5142
Total Carbohvdrate 3816
Crude Fiber .30
Total Sugars 24.5%
Sucrose 2215
Fructose 2.43
Glucose <{. 16
Lactose <(3.16
Maltose <(3.16
Ash 8.42

Table 4. Relative aming acid profile — Pongamia, Sov, and Pea Proteins

Amine Acid Pon gamia ?rgtein Soy Protein Y;;i?);lgfa
Concentrate Concentrate

Isolate
Glutamic Acid 16.4% 19.1% 16.6%
Aspartic Acid 12.7% 11.5% 11.7%
Leucineg® Q2% 7.8% 8.5%
Lysine {(total)* 8.3% 6.2% 7.6%
Phenvialanme* 6.1% 5.2% 4.8%
Argining 5.8% 7.4% 8.5%
Serine 5.7% 5.4% 4.8%
Proline 54% 5.2% 4.4%
Valine* 4.8% 4.9% 3.3%
Glycine 4.1% 4.3% 4.1%
Alanine 4.0% 4.3% 4.3%
Tyrosine™* 3.6% 3.7% 4.8%
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Isoleucine® 3.5% 4.7% 5.1%
Threonine™® 3.4% 3.9% 3.8%
Histidine® 2.7% 2.3% 2.5%
Cysteine® 1.8% 1.4% 1.1%
Tryptophan® 1.6% 1.3% L0%
Methioning® 0.9% 1.3% 1.1%

Note: *denotes Essential Amine Acds

Tabie 5. Ponganua Protein Concentraie Anino Acid Score

Amine Acid mg/g Pongamia mg /g Reference AA Score

‘ ‘ Protein Protein SR
Cysteme + Metluonine 274 25 110
Histidine 265 io 140
Isoleucine 347 28 124
Leucine 924 66 140
Lysine 83.1 58 143
Threonine 338 34 99
Tryptophan 15.7 11 143
Tyrosine + Phenvialanine 96.5 63 {53
Valine 481 35 137

Limiting Amino Acid = Threonine

Limiting Aminc Acid Score = 99

Digestibility Factor = 0.87; PDCAAS = 087
Example 2B

Preparation of Pongamia Proiein Isolate by [soelectric Precipitation

16198} This example demonstrates protein extraction and production of a profein-
enriched pongamia composition {pongamia proiein isolate) from defatted debittered

pongamia meal, and geoerally follows the exemplary process described in FIG. 2B.
Process Run A

[6199] Defatted debitiered pongania meal was used as the starting material for protein
extraction in this example. The defatted debittered pongamia meal was obtained according to

the method set forth in Example 1 above, except that cthvl acetate was used as the solvent.

{6264} An agueous shurry of defatted debittered pongamia meal was prepared with water
{1: 6; 15% solids) using a high shear mixer. The pH of the slurry was adjusted to pH 8§ with
10 M NaH and continually stirred for 2 hours at 25°C. The slurry was separated by

centrifugation into a protein containing liguid phase and wet cake. The pH of the protein
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solution was adjusted to pH 4.5 with phosphoric acid {85% aqueous solution) and stirred for

30 munates to form protein precipitate. The precipitated protem was collected by

centrifugation, resuspended in water to 40% sohids, adjusted to pH 7.0 with 1 M NaOH, and

freeze dried mnto a protein 1solate powder. Thus process resulted in extracting about 70-75%

and recovering about 40-50% of total protein from the defatted debiticred pongamia meal by

weight. Pongamia protein isclate contained about 70

protein by weight. About 38% of total

protein in the starting maternal was recovered. The proximate composition and amine acid

profile of the ponganua protein isolate was determined according the protocols descenibed in

Example 1 above. The moisture, crude fai, protein, carbohvdrate and ash content of the

pongamia protein isoiate are shown in Table 6. The relative amino acid profile of the

pongamia protein isolate is provided mn Table 7.

Table 6. Ponganua protein 1solate composition, as dryv weight {except moisture).

Parameter o
Moisture - Forced Draft Oven 3.96
Crude Fat by Petroleum Fther Extraction <0 1]
Protein - Combustion 76.70
Carbohydrate, Calculated 14.08
Ash 922

Pongamia protein isolate prepared from ethyl acetate-cxtracted meal by isoelectric

precipitation.

Table 7. Relative amino acid profile for pongamia protein isolate

Aming Acd g/ 108 g protein
Glutamic Acid 16.26
Agspartic Acid 12.26

Leucine® §.93
Lysine {totahy* 8.69
Phenylalanine® 6.61

Argining 5.66

Serine 6.03
Proline 5.26
Valine* 494
Olvemne 370

Alanine 3.67

Tyrosine® 395

Isoleucine® 3.68

Threomne® 3.22

Histidine® 2.61

Cysteme™ 1.31

Tryptophan® 1.27
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| Methionine® | (.96
Note: *denotes Essential Anuno Acids

Process Run &

{0201} Defatted debittered pongamia meal was used as the starting materiad for protem
extraction 1n this example. The defatted debittered pongamia meal was obtamed according to

the method set forth in Example 1 above, using cthanol as the solvent.

{8262} An agueous sturry of defatted debittered pongamia meal was prepared with water
{1:6; 15% solids) using a high shear mixer. The pH of the slurry was adjusted to pH & with
10% NaOH and continually stirred for 1 hour at 25°C. The slurry was separated using a
decanter centrifuge into a protein-containing liquid phase and wet cake. The wet cake was
again resuspended i water, adjusted to pH &, and stirred for additional 1 hour at 25°C. The
slurry was again separated by decanter centrifuge info a protein-containing liquid phase and
wet cake. The two protein-containing liquid phases were combined together, and adjusted to
pH 4.5 with phosphoric acid (85% agueous solution} and stirred for 30 minutes to form
protein precipitate. The precipitated protein was collected by centrifugation, washed with
water, resuspended in water {~ 16% solids}. adpusted to pH 7.0 with 10% NaOH, pasteurized

and finally spray dued into a protein isolate powder.

10283] During the first extraction, ~ 45% of the total proteins present in the starting meal
was extracted. By washing the msoluble matenal (wet cake) from the first extraction, an
additional 10-14% of starting protein was recovered, resulting in a combined 54-39%
extraction of the total amount of itial protein. About 35-47% of the extracted protein was
recovered during the acid precipitation step, resulting 1o an overall vield of 15-26% of total

protein from the defatted debittered pongamia meal by weight.

{82084} The above process was carried out twice to obtam two pongamia protein isolate
samples. Both pongamia protein isolates contained about 8G% protein by weight. The
proximate composition and amino acid profile of the pongamia protein isolates were
deterrained according the protocols described in Exampie | above. The moisture, crude fat,
protein, carbohvdrate and ash content of the pongamia protein isolate are shown i Table 8.

The relative amino acid profile of the pongamia protein isclate is provided in Table 9.

Table 8. Pongamia protein isolate composifions, as dry weight {except moisture).
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Paramctor Pongamia Protein Pongamia Protein
‘ Isolate, Run #B1 Esolate, Run #B2

Moisture - Forced Draft Oven 4.8% 3.6%

Crude Fat by Petroleum Ether Extraction 3.8% (.8%

Protein —~ Combustion 23.9% 21.7%

Carbohvdrate, Calculated 122 % 13.2%

Ash 3.1% 4.3%

Furanoflavonoids 115 ppm 80 ppm

Table 8, Relative Aming Acid Profiles of Pongamia Protein Isolate produced at Pilot Scale.

Parameter Peongamia Protein, Run #1
Relative AA%
Glatamic Acid i6.9
Aspartic Acid §2.7
Leucine® 10.4
Lysine {total)y* 8.2
Phenyialanine” 7.8
Serine 6.1
Arginine 5.6
Proline 54
Valine® 5.0
Tyrosine* 4.1
Isoleucine® 3.7
Glyeine 3.4
Alanine 3.3
Threoning® 25
Histidine® 2.6
Cysteing® it
Tryptophan® 1.0
Methionine® 8.8
Total Amine Acids 106.0
*denotes cssential amino acids.
Example 2C

Preparation of Pongamia Pretein Isolate by Membrane Filiration

16205] This example demonstrates protein extraction and production of a profein-

enriched pongamia composition {pongamia proiein isolate) from defatted debittered

pongamia meal by membrane filtration, and gencrally follows the exerplary process

described 10 FIG. 2C.




WO 2021/202994 PCT/US2021/025572

{8206} Defatted debitiered pongania meal was used as the starting material for protein
extraction in this example. The defatted debittered pongamia meal was obtained according {o

the method set forth in Example 1 above, except that cthvl acetaie was used as the solvent.

10287] Ar agueous shurry of defatted debittered pongamia meal was propared with water
{1: 6; 15% solids) using a high shear mixer. The pH of the slurry was adjusted to pH 8 with 2
M NaQH (~8% agqueous solution) and continually stirred for 2 hours at 25°C. The slurry was
separated using a decanter mto a protein containing hguid phase and wet cake. The protem
cordaining hiquid phase was filtered using a 10 kDa molecular weight cut-off (MWCO)
hollow fiber membrane module (420 cm?} or a 5 kDa MWCO flat sheet cassette {1000 cm™)
with a lab-gcale membrane Hltration setup. Permeate flow and trans membrane pressure (~
2.8 bar) were selected 1o obtain a reasonable permeate flux. Membrane filtration was carried
out at concentration factor (CF) of 4-5 and diafiltration factor (DF) of 2-4. The obtained

retentate was further washed and freeze-dried mio a protem solate powder,

[3208] This process resulted in extracting about 70-73% and recovering about 30% of
total protem from the meal by weight. Pongamia protem isolate produced by membrane

filtration contained about 8(% protein by weight.

{6249} In one experiment performed, trials involving either a 5 kDBa or 10 kDa membrane
were performed on a protein containing hquid phase (produced according to the protocol

described above). The conditions and results are provided in Table 10 below.

Tabie 10. Swomary of Protein Punity and Yield from Membrane Filtration

MWCO | CF | DF | Feed | Protein | Retentate | Proten Protein Yield | Overall
{2} in foed | (g} i1} n {%o) Yield
% retentate | powder {%;
% (%o}
10kDa |5 2 733 {47 118 iz.1 76 479 32
10kDa (43 1431674 147 133 10.0 80 42 6 29
5 kDa 3 5 618 147 145 6.4 79 3573 24
Example 3
Molecular Weight Characterization of Pongamia Protein
3216} This example demonstrates the molecudar weight characterization of proteing

present 1n (i) pongamia beans, (i) cold-pressed pongamia meal, (111} defatted debittored
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pongamia meal obiained according to the method set forth in Example 1 above, and (1v)
protein-enriched pongana compositions obtained according to the methods set forth in
Examples 2A-2C above. The molecular weights of pongamia protemns obtained after various
processing stages are shown m companson to the molecular weight characterization of a soy

protein isclate and proteins extracted from partially defatted sovbean meal.

{8231} With reference to FIGS. S3A-8D, the size distribution and relative abundance of
proteing present in pongamia beans and matenals denved thersfrom were determined by
SDS-PAGE. Molecular weight was determmed generally in accordance with the following
protocol. For FIG. SA, protein extracts in these panels were prepared by mechanical
disraption of the indicated materials i protein extraction buffer containing 50 mM TRIS-
HCL pH %3, 100 mM NaCi, 2 mM EDTA 1% 8DS, and 1 ;M PMSF. Protein
concentration in cach extract was determined using the Bradford assay with bovine serum
albumin (B5SA) as a standard.  Extracts were diluted and mixed with denatuning SDS-PAGE
sample buffer prior to loading onto a 12% SDS-PAGE gel (about 30 pg per lane}. Pare BSA
from a commercial stock was diluted directly into SDS-PAGE sample buffer and was
ncluded as an unstamed molecular weight marker (about 66 kDa), as well as a protein
amount reference {about 6 pg per lane}. Soy protein 1solate was SUPRO X140 Isolated Soy
Protein Product from Solae (10002061). Reduced fat soy meal was made in-house by cold-
pressing commercially available sovbeans (sova). Prestained molecular weight standards
{not shown} were Thermo Scientific PageRuler Plus Prestained Protein Ladder (266193,
With refergnce to FIGS. SB-3B, protein samples in these panels were taken from vanous
stages in the preparation of pongamia protein-ennched compositions. Freeze-dried (FI3)
powder for pongamia protein concentrate, isolate by isoclectric precipitation, or isolate by
membrane filiration was reconstituted in water at 20 mg/mi (2% w/v). Protemn concentration
mn cach sample was determined by Bradford or BCA assay using bovine serum albumin
(BSA)as a standard. Aliquots were diluted i HO and nuxed with denaturing SDS-PAGE
sample butter prior to loading protein samples onto an SDS-PAGE gel. Note, for the panel
that compares protein profiles in frecze-dried 1solates generated by membrane fltration of 2
simple pH 8 extract to the corresponding “parental” freeze-dried pH 8 extract {concentraic),

relatively less protein was loaded per lane and a different gel systenm was used.

106212} Pongamia beans were found to contain several readily discernable proteins that

range in size from about 10 kDato 250 kBa. The single most abundant protein
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species {representing 30-40% of total protemn} is a doublet at about 55 kDa. In addition, there
are five other prominent classes at 250 kDa, 130 kDa, 25 kDa, 15 kDa, and 10 kDa. Together
these six classes, which likely correspond to pongamia seed storage proteins, have been
found to have the greatest impact on the functionality of pongamia meals and flours, as well
as profein concentrates or 1solates prepared therefrom. The prominent proteins {as well as
most other proteins} found in pongamia beans were observed to remain largely intact
throughout the processing steps described 1n the preceding examples to produce edible flour.
Importantly, it was observed that these proteins can be readily extracted from defatted and/or
debittered pongamia meals using aguecus extraction protocols, isoclectric precipitation

protocols, or membrane filtration protocols described herem (Examples 2A-2C),

Example 4

Functional Properties of Pongamia Protein

16213} In this example, the solubility, viscosity, and emulsification properties of the
pongamia protein compositions produced according to the method set forth in Example 2

above were characterized and compared agamst sov, pea, lupin and sunflower seed proteins,

Provein Solubifity

{03214} To measure the solubiity of pongamia protein compositions, 2% w/w protein
solutions (based on nitrogen *3.7) were propared in water, adjusted to the indicated pH values
using acid or base, and stirred for 2 hours at room temperature. The samples were contrifuged
at 20,000z for 10 mn at 20 °C and the supernatant was collected. The nitrogen conterd of the
supernatant was determined by the Kjeldahl method. Protein solubility {e.g., proten present
i the 20,000 g supernatant) was expressed as a percentage of the nitial amount of protein
added in sohution. Protein solubility can also be expressed as the mass of dissolved solute per

volume of solvent {g/1.}.

10215) FIG. 3 shows the protein solubilty curve for pongamia proteins present in a
pongamia protein concentrate in water at various pH values. The solubility curve was
prepared by adjusting the pH of a 2% w/w protem solution in water (based on nitrogen®3.7)
to desired values (pH 3 to pH 9) with HC! or NaOH. The suspension was stirred for 2 hours
at room temperature, then centrifuged to remaove insoluble material. FIGS. 4A and 4D
coropare the solubility at pH 7.0 of proteins i a ponganua protein concentrate or isolate to

that of commercial plant protein compositions.
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Viscosity

[3215] To measure the viscosity of protemn-enriched pongamia compositions, a 4% w/w
protein solution {based on nitrogen *5.7} was prepared and stirred for 30 minutes at room
emperature. The protein sohution was then heated for 15 minutes at 90 °C and cooled to
room temperature. Viscosity was measured using a theometer at 20 °C at shear rates from O 57
Yo 1000 7. FIGS. 4B and 4F compare the viscosity at a shear rate of 100 s for a solution
prepared from pongamia protein concentrate or isolate to those prepared with commercial

plant protein compositions.
Protein Emulsification

18217} Emulsions were prepared using a protein to fat ratic of 1:10. A 1% protein
concentration was used with 10% sunflower o1l in aqueocus sohition. The protein was
hydrated fivst, and fat was added slowly while mixing at high shear {15,000 ypm} tor 2
minutes. The water-protein-oil mixtures were homogenized at 300/30 bar to form stable
emulsions. Emulsions were analyzed for droplet size by laser diffraction. The droplet sizes

observed are shown 1n FIGS. 4C and 4E.

{6218} The functional property results for sohubility, viscosity and emulsification
propettics are shown in FIGS. 4A-4F. The pongamia protein concentrate ot isolate was found
to have superior solubility (about 80%) as compared fo the commercial legume proteins
ested. The pongamuia protein {either concentrate or isolate} was found o be comparable to

pea and soy proteins in viscosity and cmulsification properties.

Example

Additional Functional Studies of Pongamia Protein

{6213} The present example details functionality evaluation of pongamia protein isolates
prepared generally in accordance with the protocol as provided in Example 2B, runs A and B
{sample B1). Pongamia protein isolates produced were assessed for therr emuldsification
propertics, viscosity, water-holding capacity, oil holding capacity, gelling propertics, foaming
propertics, powder dispersibility, and solubtlity at pH 7 as compared to the same properties

cbserved for commercially available sov protem 1solate and pea protein solate.

Protein Solubility
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{6224 Solubility was determined on protein suspensions prepared at 2% protein content
at pH 7, and the solubility was estimated by the Kjedahl method on the supernatant after

centrifugation at 15000 g for 10 minutes.

10221} Table 11 shows the observed sohubilities for the pongamia protein isolates. Both
pongamia protein 1solates exhibited high protein solubility of 38% and 57% respectivelv. The
observed solubihities were significantly higher than the pea protein solubility and comparable

{or higher for the pongamia protein isolate from Ran B1) than the same for soy protein.
Viscosity

{0222} To measure the viscosity of protein-enriched pongamia compositions, a 10% w/w
protein solution (hased on nitrogen *3.7) was prepared and stirred. Viscosity was measured

using a theometer at 25 °C at shear rates from 0.1 570 1o 1000 871,

10223} Table 11 shows the observed viscosities for the pongamia protein isolates. The
pongamia protein 1solates were found to exiubit relatively constant viscosity with shear rate,
corresponding to Newionian behavior. The viscosity of pongamia protein isolate was
observed to be relatively low, on the order of 107 Pass, which is slightly higher than that of

water and comparable to pea protein isolate.

10224} FIG. 6A shows the viscosity measured for a sohution of pongamia protein 1solate
{obtained from Run B1) at difforent shear rates and as compared to solutions prepared pea
protein 1solate or soy protein isolate. At all measured shear rates, pongamia protein isolate

exhibited lower viscosities than both pea protein and soy protem isolates.

Tabie 11. Protein Solubility of Pongamia Protein, Pea Protein and Soy Protein Isolates

Sample Solubility (%, at pH | Viscosity at 100 1 (183
73 Parsy

Pongamia Protein [solate, Ex. 2B, 38 9

Run A

Ponganua Protem Isolate, Ex. 2B, 57 7

Run Bl

Pea Protein Isolate 2} 17

Soy Protemn Isolate 42 103
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Provein Enundsification

10225] The emulsifving propertics of a protein sample is measured by producing an
oil-in-water emulsion. A solution containing 1% protein is prepared in water. The emulsion
is produced by mixing protein solution with o1l in a proportion of 75/25 followed by
sonication. The size distribution of the oil droplets 1s then measured on a particle size
analvser (Mastersizer, Malvern) with two dispersards (water and SPS} followmg procedure
PR-14010. A refraction mndex of 1.46 15 used for sunflower oil and 1.33 for water. An

absorption mdex of 0.01 1s used for sunflower o1l

{8226} For the emulsification assessment, the emulsifying properties of the pongamia
protein isolates, pea protein isolates and soy protein solates were assessed immediate after
preparation {(Day O) and afier 7 days of storage (Day 7). Table 12 shows the ohserved particle
size distribution D30 value for the ponganua protein isolates at Day 0 and Day 7. As
provided heremn, the D50 valoe indicates the droplet size at which 50% of particles in the

sampie are greater than the indicated value.

{8227} The pongamia protein 1solates were ohserved to produce a fine emulsion
immediate after preparation {median size below 5 um} and were stable after 7 days of
storage. The pongamia profein samples had very good emulisifving properties, sumilar to sov
protein and milk caseinate. FIG. 6B shows the droplet size distribution for an emulsion of
pongamia protein isolate (prepared at pilot-scale) as compared to emulsions prepared with
sodium caseinate {as a reference), pea protein isolate or soy protein isolate. As shown i FIG.
6B, the droplet size distrnibution of the ponganua emulsion was uwnimodal and similar 1o

median droplet size and droplet size distribution to sodivm cascinate.

Table 12. Emulsion Stability and D50 values

Day 0 Day 7
Sample B5Gin PB36in | Flocculation | DS0in D53 in | Flocculation
water SDS Index (ratio | water | 5DS {um} | Index {ratio
{3evm) {pm} D&sps to {aorm ) DBS0sps to
D50 ater) DS58yarer)
Sodium 2.15 260 .93 2.00 .80 0.90
caseinate
{reference)
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Pongarnia 2.93 1.92
Protein

{solate, Ex.
2B, Run A

(.65 2.78

2.01 0.72

o
s
~d

Pongamia 2.80
Protein
Isolate, Ex.

2B, Run Bl

(.83 291

Pea Protein 31.1 228

Isolate

4.07 68.8

2.49 0.12

i
(4]

Soy Protein 3.04 1’

Isolate

.58 3.8

1.82 0.57

Water and O Holding Capacities

[3228] The water and o1l holding capacitics of pongamia proten isolates were measured

by adding cach sample to o1l or water at a concentration of 20 mg/mi of dryv matter.

Suspensions were blended for 1 hour under stirring. After centrifugation at 15004 g for 10

min, the water and o1l content 1 the pellet was measured and compared with the mitial

weight of material. The results are expressed as the number of times that sample 18 able to

retain its weight in water or oil. As shown in Table 13, the pongamia protein isolates had

medium water holding capacity, but lower than pea and soy protein isolates; the pongamia

protein 1solates had shightly higher oil binding propertics compared to sov and pea protems.

Table 13. Water- and Oil-Holding Capacitics

Sample Water Heolding Uapacity (il Holding Capacity
{g water/g sample) {g oil/g sample)

Pongamuia Protein Isolate, Ex. 39 1.2

2B, Rum A

Pongamia Protein Isolate, Ex. 1.7 21

2B, Run Bl

Pea Protein fsolate 31 16

Sov Proten Isolate 4.3 1.6
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Fomming Properiies

[6229] Foanung propertics were evaluated with a Foamscan (Teclis Scientific) using a
0.1% w/v protein solution at pH 7 (60 mL). Foam was formed by bubbling air in the solution
at a flow rate of 200 ml/min for 30 seconds. The foam volume and its stability were then
recorded during 10 min. Egg white was used as a reference for this test. Table 14 shows the
results from the Egg white (as a reference} produced a high volume of foam, which was very
stable over ime. Pongamia protein produced a high volume of foam but had a significant

decrease in foam volume over time.

Table 14. Foaming Fropertics

Sample Max Foam Volume | Foam Volume after Foam
{mb} 10 min (ml) Stability
(%o}
Egg White 110 74 67
Pongamia Protein Isolate, 100 8 8

Ex 2B, Rm A

Pongamia Protein Isolate, 96 6 6

Ex 2B, Run Bl

Pea Protem Isolate 58 { 0

Sov Proten Isolate 35 0 0
Gelling Properties
{6234} Mimimum gelhing concentration was measured by preparing sohstions from 2% to

20% protein content in test tubes. After solubilization, solutions were heated 1h in a water-
bath at 85°C and then conled Zh at 4°C. The protein solution was considered to have formed
a gel if it behaved bke a hguid before heating {1.¢. fice-Howing} but did not flow when the

esttube was put upside-down after heating.
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{0231} The minimum gelling concentration results for the pongamia protein 1solates are
shown in Table 15. Pongamia protein isolates were foand to exhibit comparable gelling to

pea protein and sov protein.
Powder Dispersibility

{8232} Powder dispersibility was measured as follows. Five (3) g of sample was added to
100 ml of water under mixing at 500 rpm {vortex}. The dispersion was nixed for 3 nio, then
filtered through a 30 um pore size filter. The filter and any retained content were dued at
105°C for 4h and weighed. The proportion of material retained on the filter (undispersed

produact} per g sample was calculated.

18233} The digpersibility results for the pongamia protein isolates are shown in Table
15. As shown in Table 15, pongamia protein were observed to have superior dispersibility as

compared to soy and pea.

Tabie 15, Dispersibility and Gelling Propertics

Sample Bispersibility (%) Minimum Gelling Conceniration

{g protein/160g solution)

Pongamia Protein 12.3 10
fsolate, Ex. 2B, Run A

Pongarnia Protein 17.7 12
fsolate, Ex. 2B, Run Bl

Pea Protein Isolate <3 i4
Soy Protein Isolate <3 16
Milk Powder {reference} 99.6 -
Glaten (reference) 212 --

.-~ indicates not measured

Example 6

Individual Food Uses and Levels for Protein-Enriched Pongamia Compositions

§234 The proteun-enriched ponzamia compositions {€.g., pongantia protein concentrates
@ fo i) &

or isolates) as described herein may be used as direct protein replacement of animal or
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vegetable proteins in a variety of conventional food and beverage products across muliiple

categories. Exemplary food categories and use levels are summarized i Table 16 below.

Table 16. Exemplary foods and levels of use

Food Category Propesed Food-Uses Pongamia
Protein
{g}/Serving
Bakery Products Breads, Bagels, Pagstries 2-4
Cookies and Crackers 2
Breakfast Cereal Bars 3
Meal replacement nutritional bars 10-20
Beverages Fruit Smoothics 10-16
Meal replacement beverages 10-16
Protein dnnks 20
Instant shakes 10
Bairy Product Non-dairy cheese 5
Substitutes Non-dairy milk &
Non-dairy coffee whiteners I
Non-dairy yogurt, drinkable voguris )
MNon-dairy Greek vogurt 15
Desserts Non-dairy ice cream 3
Frozen desserts/yogurt 3
Puddings 4
Egeg Substitutes g product analogs S
Grain Products and Pasta 10
Pasta Noodles 10
Meat Substitutes Meat analogs 16
Plant-based meat crumbles,
meatballs or burgers 16
Sauces, Pips, and Bean dips and spreads 3
Condiments Sauces 2
Snack Foods Chips, Extruded Snacks, Candy 2-8
Example 7
Plaut-based Milk Beverage
{63235] This example describes the preparation of a plant-based milk beverage using a

protem-enriched pongania composition {e.g., pongamia protein concentrates or 1solates) as
described herein, inclading the protein compositions obtained 1n accordance with the methods

in Examples 2A-2C above.

16236] A pongamia protein milk is prepared by hydrating a protein-enriched pongamia
composition, for example, pongamia protein isolate {70-80 wi% protein) at 5.5-6% by weight

{10 g protein per serving), in hot water {e.g., 140-160°F) for about 15-20 minutes using a
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high shear mixer. To the hydrated aqueous protein, canola/sovbean oil, sugar, thickeners, and
flavorings are added and mixed for additional 5-10 mimstes. The nuxture is then

homogenized to form a uniform emulsion, and pasteurized.

Example 8
Plant-based Yogurt

66237} This example describes the preparation of a plant-based vogurt using a protein-
enriched pongamia composition (e.g., pongamia protein concentrates or isclates) as deseribed
herein, including the protein compositions obiained in accordance with the methods in

Examples 2A-2C above.

{68238} A poungaria protein nulk 15 prepared by hydrating a protein-eryiched ponganua
composition, for example, pongamia protein isolate {70 wit% protein} at 9-10% by weight, in
hot water (e.g, 146-160°F) for about 13-20 munutes using a high shear mixer. To the
hydrated aqueous protein, the other optional ingredients such as canola/sovbean oil, sugar,
thickeners, and flavormgs are added and mixed for additional 5-10 minutes. The mixture is
then homogenized to 2 untform emulsion, pasteurized, and cooled to about 100°F. A vegan
vogurt culiure 1s added and fermented for about 6-10 hours. After the yogurt reaches the

desired pH range of 4.5, 1t 13 stirred and filled into contaivers and stored refrigerated.

Example 9

Fortified White Bread

[3239] This example describes the production of white bread fortified with the protein-
enriched pongamia compositions {e.g., pongamia protein concentrates or isolates) as
described herein, inchuding the protein compositions obtained m accordance with the methods

m Examples ZA-2C above.

{0244 Pongamia Frotein Conceniraie: Two bread doughs are prepared: (1} a control
dough with no protemn fortification (3 g protein per serving}; and {2} a test dough with the
protein-enriched pongamia composition (6 g proten per serving). In the test dough, at least a
portion (20 wi%:) of wheat flour is replaced with the protein-carnched pongamia composition
{e.g., concentrate)}. The other optional ingredicnts in the formulation include salt, sugar, veast,

oil, butter, non-fat dry milk and water. The doughs are mixed, weighed, formed, placed in
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pans, proofed, and baked at about 420°F for about 25-30 minutes. The breads are then

evahiated. The loaf vohmme, texture, and tasie of the control and fortificd bread are evaluated.

3241} Pongamia Protein Isolate: Two bread doughs are prepared: {a) control - no
protein added (b} protein enriched — with pongamia protein. In the protein enriched
formulation, wheat flour is replaced by 10 wi% with protein-ergiched pongania composition
{pongamia protemn isolate, about 70-80 wit% protein). The optional ingredients include sugar,
salt, butter, yeast and water. The ingredients are mixed into a dough, weighed, formed and

placed 1o baking pans, proofed, and baked at about 420°F for about 23-30 munutes.

Example 10

Fortified Crackers

16242} This example describes the production of crackers fortified with protein-enriched
pongania compositions {e. g, pongamia protein concenirates or isolates) as described herein,
mclading the protein compositions obtained m accordance with the methods i Examples 2A-

2C above.

[8243] Tweo cracker doughs are prepared: (1) a control dough with no protein fortification
{3 g protein per serving); and (2) a test dough with the protem-cariched pongamia
corapostiion (5 g protein per serving). In the test dough, a portion (20%) of wheat flour is
replaced with the protem-enriched pongamia composifion (e.g2., pongamia protein
concentrate. about 50 wt% protein). The other optional mngroedients in the formulation mclude
salt, sugar, sesame secds, oil, leavening agent {e. g, sodium bicarbonate) and waier. The
doughs are prepared, sheeted to desired thickness {~ 1.5 mum), cut into desired shapes, and

baked. The texture and tasie of the control and fortified crackers are evaluated.
Wheat Cracker with Added Pongamia Protein or Sov Protein

10244} Three cracker doughs were prepared: (A} a control dough with no protein
fortification (2.1 g protein per serving); (B) a test dough with the protein-enriched pongamia
composition (4.9 g protein per serving, with 2.9 g protein from the pongamia protein isolate);
and {C} a test dough with enriched with sov protem (2.7 g protein from the sov protemn). The
control dough was prepared usmg whole wheat and all-purpose flour in 50:50 blend. In the
test dough (B) using pongamia protem solate, the whole wheat/all-purpose flour blend was

replaced with the pongamia protein isolate at 8. 7%: in the test dough () using sov proten
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enrichment, the whole wheat flows/ all-purpose flour was replaced with the sov proten isolate

at 7.4%. The other ingredients in the formulations mncluded salt, sugar, malt bardey, canola

oil, cornstarch, baking soda and water. Additional water was added to the two test doughs to

achieve a similar texture to the control dough; all other ingredients excepting flour were kept

constant across the control and test doughs. The doughs were prepared, sheeted to desired

thickness {~ 1.5 mm)}, cut into 1. 5-inch squares, and baked. The texture and taste of the

countrol and fortified crackers were evaluated. Table 17 below shows the sensory evaluation

summary.

[0245]

whaole wheat flavor than the control cracker.

Tabie 17. Sensory Evaluation

The fortified cracker containing pongamia protein had a darker color and stronger

Sample

VYariable

A - Control wheat

cracker

B - Pongamia
protein-fortified

wheat cracker

C - Soy protein-
fortified wheat

cracker

Color/Appearance

Light tan cracker
with dark brown,

whole wheat

Darker brown, more
monochromatic than

control, without

Slightly more
golden brown with

hghter background

particulates whole wheat with whole wheat
throughout particulaies showing | particulates showing
through through
Mild wheat baked | Whole grain aroma Wheat aroma
cracker aroma MOTe prominent, slightly stronger
Aroma
similar to graham than m control
cracker
Mild neutral wheat | Heavier whole grain | Mild neutral wheat
Fiavor flavor with Havor with sweetness | flavor with more

in the finish; flavor

sweetness in the

middle and finish;
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sweetness and salt | similar to graham comparable to
in the finish cracker control
Crisp even textore | Harder bite and Harder bite and
throughout. crispness thao the crispness than the
Cracker has a more | control. The bie is control.
Texture
tender bite than the | slightly harder and
protein opiions. dense than the sov
option.
Overall Control Somewhat acceptable | Acceptable
Acceptability

Example 11

Plant-based Ready to Drink Protein Beverage

[6246] This example describes the preparation of a plant-based ready to drink (RTD}
chocolate protemn beverage using a protein-enriched pongamia composition {e.g., pongamia
protein isolate) as described herein, including the protein compositions obtained in

accordance with the methods 1o Example 2A-2C above.

{3247} Three ready to drink chocolate beverages- (A) with 16g/serving of pongamia
protein, (B) with 20g/serving of pongamia protein; and () with 20 g/serving of pea protein
were prepared. First, cocoa was hydrated in hot water, separately. Ponganna protein along
with dipotassium phosphate was bydrated in warm water for 15 minutes. To the hydrated
aqueous protein, hvdrated cocoa, sunflower oil, lecithin, sugar, natural sweeteners,
thickeners, and flavorings are added and mixed for additional 5 nmunutes. The mixture 1s then
homogenized to form a uniform emuldsion, pastearized, and filled into bottles and stored at

refrigerated temperature for further evaluation.

13248} The beverages were evaluated for the following characteristics: visual appearance
{(including color, physical appearance, stability), aroma, texture and roouthfeel {including
creamy, smooth, gritty, chalky, thick, thin}, flavor and taste {(including sweetness, salty,

aftertaste. offenotes) and overall liking (acceptable/not acceptable}. Table 18 below shows the
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summary of the sensory evaluation. The two pongamia protein beverages were more

preferred over pea protein beverage.

Tabie 18. Sensory Evaluation Summary - Ready to Drink Chocolaie Protein Beverage

Yariable
Sample Color Aroma Texture Taste {(verall
{Appearance Liking
A -16g Dark brown Dark Thin, Less swoeet, Acceptable.
Pongamia Foamy, chocolate Lacks body | Rich chocolate
protein/ Cocoa settled aroma taste,
serving to bottom Slight
bitterness
at the end
B-20g Dark brown Dark Creanuer Rich chocolate | Acceptable
Pongamia Foamy, chocolate than 16g taste,
protein/ Cocoa settled aroma pongamia Balanced
serving o bottom sample. SWeetness,
Thintexture | Less bitterness,
MNo off notes

C- g Pea Light Milk Shightly Unbalanced Not
protein/ brown/Milk chocolate creamy than | sweet and salty | acceptable
serving chocolate tvpe | Aroma 16g faste, {too

No cocoa pongania Slightly rancid, | salty/off

settling sample Pea and bitter flavors)

observed. Chalky afternotes

Fxample 12
Protein Powdersed Drink Mix

18249} This example describes the preparation of a powdered chocolate protein drink nux

using a protein-curiched pongamia composition {e.g , pongamia protein isolate) as described
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heremn, including the protein compositions obtained in accordance with the methods

Examples 2A-2C above.

6250} This example describes the preparation of a powdered chocolate protein drink mix
using a proteim-enriched pongamia composition {¢.g., pongamia protein isolate} as described
herein, including the protein compositions obiained in accordance with the methods in

Examples 2A-2C above.

{3251} Two chocolate protein powdered muxes — (1) 15 g of pongammia protein and (2} 13
g of pea protein, per serving were prepared. The other ingredients inchude cocoa, sugar,
natural sweetener, salt, and flavorings. Al the mgredients were added to blender and mixed
for 10 nunutes, until all ingredients were uniformly mixed. The product was packaged in
metallized pouch for further use. The powdered products were mixed with 12 fl. oz, of water
and evaluated for sensory. The reconstituted pongamia protein and pea protein drinks were
evaluated for the following characteristics: visual appearance {(including color, physical
appearance, and stability), aroma, texture and mouthfeel (inchiding creamy, smooth, gnitty,
chalky, thick, and thin}, flavor and taste (including sweetness, salty, aftertaste, and off-notes)
and overall fiking (acceptable/not acceptable}. Table 19 below shows the summary of the
sensory evaluation. The ponganua chocolate powder was mare preferred over the chocolate

pea protein powder.

Tabie 19, Sensory Evaluation Summary ~ Chocolate Protein Drink Mix (Reconstituted)

Variahle
Sample Color Aroma Texture Taste Overall
{Appearance Liking
Pongamia Dark brown | Dark Creamier | Mild Acceptable
Protein Dark chocolate | than pea chocolate
chocolate aroma with | protein flavor
{(15g protein | Significant faint sample, upfront,
12 . oz foam after vanilla Thick and | Less sweet,
serving} HUXing acrated Slight
bittemess,
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Mo protein

after tasie
Control -Pea | Light brown, | Typical Watery Strong Moderately
Milk mitk and thin, | cocoa flavor | acceptable
{i5g chocolate, chocolate | Slightly Strong pea
protein/i2 fl. | Product aroma, chalky taste

07 Serving)

Setiles fast,
Simall

Pea aroma

Less sweet,

Slight

amount of bittemess
foam after

Mixing

[0252]

value readily known to the skilied person in this technical ficld. Reference to “about™ a value

The term “about” as used herein refers to the usual grror range for the respective

or paramgter herein includes {and describes) embodiments that are directed to that value or
parameter per se. For example, “about x7 includes and describes “x” per se. In some
cmbodiments, the term “about™ when used in association with a measurement, or used to
modity a value, a unit, a constant, or a range of values, refers to variations of +/- 3% of the

stated value or parameter.

{3253} Reference to “between” two values or parameters herein includes {and describes)
embodiments that mclude those two values or parameters per se. For example, description

refernng o “between x and v7 inchudes desceription of “x7 and *y” per se.
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CLAIMS
What is claimed is:
1. A protein-enriched pongamia ingredient or composition, comprising at least 40% of pongamia
proteins on a dry weight basis,
wherein the ingredient or composition has: (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of
pongamol; or (iii) less than 500 ppm of karanjin and pongamol combined; and
wherein the ingredient or composition has less than or equal to 40% of carbohydrates on a dry weight

basis.

2. The ingredient or composition of claim 1, wherein the ingredient or composition has between

40% and 70% of pongamia proteins on a dry weight basis, optionally wherein the ingredient or

composition is a pongamia protein concentrate;

or

the ingredient or composition comprises at least 70% of pongamia proteins on a dry weight basis,
wherein the ingredient or composition has: (i) less than 500 ppm of karanjin; or (ii) less than 500
ppm of pongamol; or (iii) less than 500 ppm of karanjin and pongamol combined; and
wherein the ingredient or composition has less than or equal to 20% of carbohydrates on a dry
weight basis;

or

the ingredient or composition has between 70% and 90% of pongamia proteins on a dry weight basis,

optionally wherein the ingredient or composition is a pongamia protein isolate.

3. The ingredient or composition of claim 1 or claim 2, wherein the ingredient or composition is
derived from pongamia meal, wherein the protein-enriched pongamia ingredient or composition has at

least 1.25 times greater pongamia protein content than the pongamia meal.

4. The ingredient or composition of any one of claims 1 to 3, wherein the ingredient or composition
has less than 5% of fat on a dry weight basis, optionally wherein the ingredient or composition has less

than 2% of fat on a dry weight basis.

5. The ingredient or composition of any one of claims 1 to 4, wherein the ingredient or composition
has a relative amino acid profile that includes at least 15% glutamic acid, at least 12% aspartic acid, at
least 9% leucine, at least 8% lysine, at least 6% phenylalanine, or any combination thereof, optionally
wherein the ingredient or composition has a protein digestibility-corrected amino acid score of at least
0.7.
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6. The ingredient or composition of any one of claims 1 to 5, wherein at least 35% of the proteins
present in the ingredient or composition are soluble in water at a pH of at least pH 6;
and/or
wherein the ingredient or composition has a viscosity of at least 2 mPa*s at a shear rate of 100 s?;
and/or
wherein the ingredient or composition, when emulsified, produces an emulsion having an average

droplet size of at least 1 um.

7. The ingredient or composition of any one of claims 1 to 6, wherein the ingredient or composition
has an average molecular weight of protein between 10,000 Daltons and 250,000 Daltons; and/or
wherein the ingredient or composition comprises seed storage proteins, and wherein 30-40% of
the proteins present are proteins having a molecular weight of between 45 kDa and 70 kDa, as determined
by SDS-PAGE, optionally wherein the ingredient or composition further comprises seed storage proteins
having molecular weight of 170-250 kDa, 115-160 kDa, 45-70 kDa, 19-25 kDa, 14-17 kDa, or 10-13

kDa, or any combinations thereof.

8. The ingredient or composition of any one of claims 1 to 7, wherein the ingredient or composition
has:
(1) a viscosity of between 2 mPa*s and 100 mPa*s at a shear rate of 100 s*;
(i) a foaming capacity of between 100% and 200% of volume of 0.1% protein solution;
(iii)  abulk density of at least 0.2 g/cm?;
(iv) a protein solubility of at least 35% at pH 7;
(V) a median emulsion droplet size of less than or equal to 5 um;
(vi) a median emulsion droplet size of less than or equal to 5 um after 7 days of storage;
(vi) a water-holding capacity of at least 1.5 g water per gram of protein-enriched pongamia
ingredient or composition;
(vii)  anoil-holding capacity of at least 1.5 g oil per gram of protein-enriched pongamia
ingredient or composition;
(viii)  aminimum gelling concentration of at least 10 g protein-enriched pongamia ingredient or
composition per 100 grams;
(ix) a powder dispersibility of at least 10%; or
(x) a neutral, non-bitter taste;

or any combinations of (i)- (x) thereof.
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9. A method of producing a protein-enriched pongamia composition of any one of claims 1 to 8,
comprising:

preparing an aqueous slurry of pongamia meal, wherein the pongamia meal is defatted and
debittered and has (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of pongamol; or (iii) less
than 500 ppm of karanjin and pongamol combined;

adjusting the pH of the aqueous slurry to a pH between 6 and 10;

separating the slurry into a protein liquid fraction and an insoluble wet cake fraction;

neutralizing, concentrating and/or pasteurizing the protein liquid fraction; and

drying the protein liquid fraction to provide a protein-enriched pongamia composition, optionally
wherein the protein-enriched pongamia composition comprises at least 50% of pongamia proteins on a

dry weight basis.

10. A method of producing a protein-enriched pongamia ingredient of any one of claims 1 to 8,
comprising:

preparing an aqueous slurry of pongamia meal, wherein the pongamia meal is defatted and
debittered and has (i) less than 500 ppm of karanjin; or (ii) less than 500 ppm of pongamol; or (iii) less
than 500 ppm of karanjin and pongamol combined;

adjusting the pH of the aqueous slurry to a pH between 6 and 10,

separating the slurry into a protein liquid fraction and an insoluble wet cake fraction;

precipitating at least a portion of pongamia protein from the protein liquid fraction to obtain
purified pongamia protein solids, optionally wherein the precipitation step is performed by isoelectric
precipitation;

neutralizing and pasteurizing the purified pongamia protein solids; and

drying the purified pongamia protein solids to provide a protein-enriched pongamia ingredient,
optionally further comprising washing the pongamia protein solids prior to drying, optionally wherein the

protein-enriched pongamia ingredient comprises at least 70% of pongamia proteins on a dry weight basis.

11. The method of claim 10, further comprising:

dehulling pongamia beans to produce dehulled pongamia beans; and

pressing the dehulled pongamia beans to remove at least a portion of free oil in the pongamia
beans to produce the pongamia meal, wherein the pongamia meal has a reduced fat content, optionally
further comprising grinding the pongamia meal,;
or

dehulling pongamia beans to produce dehulled pongamia beans;
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pressing the dehulled pongamia beans to remove at least a portion of free oil in the pongamia
beans to produce a reduced fat pongamia meal; and

combining the reduced fat pongamia meal with solvent to produce the pongamia meal, wherein
the pongamia meal is defatted and debittered, optionally wherein the solvent comprises ethyl acetate,
ethyl alcohol, or a combination thereof,

optionally further comprising grinding the reduced fat pongamia meal prior to combining with

solvent.

12. A method of producing a protein-enriched pongamia ingredient of any one of claims 1 to 8,
comprising:

preparing an aqueous slurry of pongamia meal;

adjusting the pH of the aqueous slurry to a pH between 6 and 10,

separating the slurry into a protein liquid fraction and an insoluble wet cake fraction;

passing the protein liquid fraction through a membrane system to obtain a retentate comprising
pongamia protein;

optionally washing, neutralizing and/or pasteurizing the retentate; and

drying the retentate to provide a protein-enriched pongamia ingredient, optionally wherein the
protein-enriched pongamia ingredient comprises at least 70% of pongamia proteins on a dry weight basis.

13. The method of claim 12, further comprising:

dehulling pongamia beans to produce dehulled pongamia beans; and

pressing the dehulled pongamia beans to remove at least a portion of free oil in the pongamia
beans to produce the pongamia meal, wherein the pongamia meal has a reduced fat content, optionally
further comprising grinding the pongamia meal,
or

dehulling pongamia beans to produce dehulled pongamia beans;

pressing the dehulled pongamia beans to remove at least a portion of free oil in the pongamia
beans to produce a reduced fat pongamia meal; and

combining the reduced fat pongamia meal with solvent to produce the pongamia meal, wherein
the pongamia meal is defatted and debittered, optionally further comprising grinding the reduced fat

pongamia meal prior to combining with solvent.

14. A method of producing a protein-enriched pongamia composition of any one of claims 1 to 8,
comprising:

preparing an aqueous slurry of pongamia meal;
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adjusting the pH of the aqueous slurry to a pH between 4 and 5 to obtain pongamia protein solids;
washing, neutralizing, and pasteurizing purified protein solids; and
drying the purified pongamia protein solids to provide a protein-enriched pongamia composition.

15. A food product, a beverage product, a dietary supplement product or other product, comprising:
the protein-enriched pongamia ingredient or composition of any one of claims 1 to 8, optionally wherein
the beverage product comprises at least 20 g of protein-enriched pongamia ingredient or composition per

serving.

16. The product of claim 15, wherein the product is a baked good, a protein supplement, a protein
bar, or a non-dairy beverage; or
wherein the product is a medical food, an infant formula, a cosmetic or a pharmaceutical product; or
wherein the product is a beverage product, a dairy-product substitute, a meat substitute product, or an egg
substitute,

optionally wherein the beverage product is a fruit smoothie, a meal replacement beverage, a
protein drink, an instant shake,

optionally wherein the dairy-product substitute is a non-dairy milk, non-dairy cheese, non-dairy
coffee whitener or creamer, non-dairy yogurt, non-dairy Greek yogurt, non-dairy drinkable yogurt.
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