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METHODS FOR MAKING PLANT PROTEIN CONCENTRATES
CROSS-REFERENCE TO RELATED APPLICATIONS

{6001} The present application claims pricgity to ULS. patent application muunber
15/871,329 that was filed Janmary 15, 2018 and issued as US. patent number 10,143,226 on

December 4, 2018, the entire contents of which are hereby moorporated herein by reference.
FIELD OF THE INVENTIONS

{6602] The field of this mvention 1s food-grade protein concentrates prepared from
vellow field peas and other pulses and flowrs derived therefrom, methods of making the

concenirates, and food products prepared usmg the concentrates.
BACKGROUND

{6603] The market for plant protein concentrates as mutritional supplements 1s large and
growing. Unlike protein concentrates derived fron some other plants, such as sovbeans,
protein concentrates derived from vellow field peas have the advantage of bemng
hypoallergenic. Unfortunately, vellow pea protem concentrates having a complete essential
amino acid profile, a digestibility score of 1.00, and Protein Digestibility Comvected Amnino

Acid Score (PDCAAS) of 1.00 are not ciurently available.

[6604] Certamn cultivars of vellow peas naturally contam the correct anuno acid profile fo
meet one of the age categories for a complete amino acid profile, as published by the Food
and Agricultural Organuzation of the United Nations/World Health Organization
{FAO/WH(). However, the digestibihity of vellow field peas 1s relatively low, with typical
Digestibility Scores of $.61-0.74, primarily due to the presence of low digestible proteins
{e.g., prolamins and glutehins}, fibers, and the mfluence of anti-nutritional factors. {See, Field
Peas: Chemtcal Conposition and Energy and Ao Acid Availabilities for Poultry™,
Canadian Joumal of Anunal Science, 1997 and the Canadian Field Pea Industry Guude, Third
Edition, 2003 and Leterme ef al. in the Jownal of the Science of Food and Agniculture, vol.
53 pp. 107-110 (1990} Moreover, the processing techniques presently used to extract,
1solate, and concentrate pea protems from vellow peas resull in concentrates that do not have
a complete essential anuno acid profile, even when they are derwved from vellow pea pulses

that mav have a complete essential anuno acid profile.
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[6605] The processes currently being used for the production of protein concentrates
from yellow field peas and Howrs produced therefron generally include thuee steps: 1}
aqueous protemn extraction, 2} separation of water-insoluble materials, and 3} a final
separation of water-soluble non-protemn comnponents from the proteins. The protein
extraction (Step 1) 1s performed in one of three processes: alkaline pH extraction, whereun the
pH of a vellow pea‘water shury 1s moreased by adding sodium, potassinm, or calcinm
bydroxide; fermentation with lachic acid or other bacteria; or salt exfraction, whersin a
specific ionic strength of salt 1s added to take advantape of the salting-1n and salting-out
phenomena of protems. In Step 2, the major portion of the water-inscluble, non-protein
components of starch, crude fiber, sngars, non-starch polysacchandes, oligosacchandes, fat,
and ash are removed from the protein extracts from: Step 1 by separating the msoluble
matenials from the water phase using phyvsical nethods such as setthing, decanting,
centrifuging, filtrating, or sereenmg fo provide a protem-enriched extract and an msoluble co-
product. In Step 3, the protem-enriched extract obfamed in Siep 2 15 futher processed to
separate the water-soluble proteins from other water-sohihle non-protein conponents m the
protem-enriched extract. This step is most commonty carnied out using an isoelectric

precipitation {also referred 1o as acid precipiiation).

{03606} To address the deficiencies in the essential arpne acud profiles of pea protein
concentrates made usmg conventional processing techoiques, producers have resorted o
blending together concentrates derrved from different protem sources {with ditferent hmiting
anuno acid compositions) to create a product which has a blended amino acid profile that
meets the mdustry standards for a complete amine acid profile. For example, typically
compaies would blend pea and rice profeins together, as rice is high i sulfiw-contaming
amino acids and low m tysine; whereas, pea 1s high in lysine and low i sulfw-containing
ammo acids. For example, US. patent application publication number 20080206439,
“Compuostitons Consisting of Blended Vegetartan Proteins” wdentifies a protem blend of soy,
peas, and rice profems blended in specific proporitons o obtain a protein product with a
blended ammo acid of 1.00; even still, this blended fornla does not provide a PDCAAS of

1.00 because the digestibility of the protein blend was not 1.00,
SUMMARY

{6607] Food-grade plant protem: concentrates prepared from yellow field peas and other

pudses, such as chickpeas, lentils, fava beans and mung beans, and flours derived therefrom
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are provided. Also provided are methods of nwking the concentrates and food products that

nchude the concentrates.

[6008] Onmie agpect of the myentions provides plant protem concentrates comprising
protenss, which may be proteolytically modified plant proteins, wheremn the plant protemn
concentrate 1s free of protems other than plant proteins and has a plant protein concentration
of at least 5%, based on dry weight, a complete amno acid profile for adulis | greater than
or equal fo 22 nulligrams of salfiw-confaming anmo acids per gram of protein, an in vitro
Protem Dhgestibility of at least 8.97, and a PDCAAS value of at least 0.97. This mehades
embodiments of the plant protein concentrates that have a plant protemn (e.g., vellow pea
protem, chickpea proten, lentil profein, fava bean protem, or mumg bean protein}
concentration of at least 70%0, based on dry weight, andfor greater then or eqgual o 23
milligrams of sulfr-contamning aomoe acids per gram of protemn for older ehuldren,
adolescents, and adnlts {(ages 3 and up)}, andfor an #r vitre Protemn Digestibility of at least
.98, andfor a PDCAAS value of af least 0.98. Some embodiments of these plant protem
concentrates have a sulfiw-contaiming ammo acid content of 27 milligrams or greater and,
therefore, provide a complete amnmno acud profile for children aged 6 months through 3 yveas.
Some embodonents of the plant profein concentrates have a plant profemn {e.g., vellow pea
protemn, chickpea protem, lentil pritem, fava bean proten, or oung bean protein}

concentration of at least 80%0, based on dry weight.

{(6609] Embodunents of the plant proteins nwy be hvdrolyzed, but are typically only
mildly hydrolyzed, having a Degree of Hydrolysis {DH) of at least one andfor a DH of less

than 15.

{66106} Embodments of the plant protein concentrates melnde albunun protem fragments

with molecular weights m the range from about 3 kDa fo about 40 kDa.

{8611} Another aspect of the inventions provides food products that mnclude plant protein
concenttrates of the type desceribed herein in combination with a beverage and‘or a foodstuit.
Thus, the food products comprise a beverage or foodstulf, and a plant protein concentrate,
such as g vellow pea, chickpea, lenti}, fava bean, or mung bean concentrate, combined with

the beverage or foodstuff.
{6612} Iir various embodients of the food products, the plant protein concentrate has a
plant profein concentration of at least 60%, based on dry weight, & complete apuno acid

profile for adults, greater than or equal to 22 mulligrams of sulfur-contaming amino acids per
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gram of protein, an i vitre Protein Digestibihity of at least .97, and a PDCAAS value of at
least £.97. In some enbodiments of the food products, the plant protewt concentrate has a
plant protein concentration of at least 70%, based on dry weight, a complete amino acid
profile for older children, adelescents, and adults {ages 3 and up), greater than or equal to 23
mithgrams of sulfr-contaimng ammne acids per gram of protem, an in virro Proten
Dhgestibility of at least 0.9R, and 8 PDCAAS value of at least 0.98. In some embodiments of
the fsod products, the plant proten concentrates bave a sulfin-containing amue acid content
of 27 nulligrams or greater and, therefore, provide a complete amino acid profile for clulidren
aged 6 months through 3 vears. Some embodiments of the plant protein concentrates
conttained in the food products have a plant protem concentration of at least 80%, based on
drv weight. The food product may be free of plant proteins other than the plant proteins
contained within the plant profem concentrates and mav be free of any proteins other than the

plant proteins contamed withm the plant protem concentrates.

{6013} Exemplary food products include non-dairy ligqiud beverages, non-dairy beverage

powders, and non-dairy vogurts.

[0014] Angther aspect of the inventions provide a mrethod for making a protem
concenttrate from pulse particles, such as vellow pea, chickpea, lentil, fava bean, or nung
bean parficles, the miethod comprising: {a} conducting an alkaline exiraction, such as an
alkaline protenlytic extraction, on an agueous slurry of the pulse particles; (b) removing
water-ipsoluble proteins and other water-insoluble components from the agqueouns shury to
provide a water-soluble, protem-nich hiqud fiaction; {¢) optionally performmg an amvlase
carbohydrate reaction on the water-soluble, protein-rich iqud fractiony, {d) separating water-
soluble protems from water-solble lower molecular weight peptides and water-soluble non-
protems from the proteni-rich, hquid fraction via ultrafiltration nsing an ultrafiltration
membrane that concentrates the albumm protems to provide a protem-rich retentate; and {e}
remving water from the protenvrich retentate to provide a dry pulse profein concenfrate. In
some entbodiments of the methods, the nltrafiliration membrane has a molecular weight

cutoft of 5 kDa or simaller.
{6615} Iz various embodients of the methods, the alkaline proteciviic extraction is
conducted at @ pH m the range from 7.3 t0 9.5 for a duration sufficient to provide the pulse

protems with a DH of greater than zero and less than 15,
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{6616} Inx various embodients of the methods, the aqgueous shuiry comprises from 5
wt.% to 12 wt %% of the pulse particles, the pulse particles having a maxinwim particles size of
less than 200 nuecrons; and the water-soluble, protem-rich hiquid has an insoluble solids

content of no greater than 2.0 vol %,

{617y In vanious embodiments of the methods, the amylase reaction is caried out on the
water-soluble, protein-rich hqud at a pH in the range from 4.0 fo 7.0, meluding 3010 6.0, to
convert starch, dexinns, maltodextrms, and complex sugars mito smmller Fagments to allow
these to pass through ito the permieate fraction of the ulirafilfration process. Previous
attemapts to utihize lower molecular weight cutoff membranes n the production of vellow pea
protem concentrates did not provide a vellow pea profein concentration of at least 70%5, based
ont dry weight. Implementation of the amvylase/glucommylase can assist in reducmg the
molecular weight of the carbobydrate fraction allowing the permeation of these carbohvdrates
through the ultrafilfration membrane durimg the ulfrafiltration step, allowing for the recovery
of a pulse protemt concentrate havig a protem concentration of at least 80%, based ont dry
weight. The utilization of an ultrafiltration membrane with a lower molecular weight cutoff

mproves the recovery of albhumin proteins, thereby increasing protein aming acid score,

[6018] In various embodiments of the methods, the ulfrafiltration 1s camed out ina
mttistage vhvafiltration-diafiltration system that provides the protem-nich retenfate with a

pulse protein concenfration of at least 60 wt. %% of protein, based on a dry weight basis.

{6619] Other principal features and advantages of the mvention will become apparent to
those skilled in the art upon review of the followmg drawings, the detailed description, and

the appended clamns.
BRIEF DESCRIPTION OF THE DRAWINGS

{06620} THustrative emboduments of the invention will hereafter be described with

reference to the accomnpanving drawings, wherein like mumerals denote like elements.

{8021} FIG. 1 1s block flow diagram of one embodiment of a process for producing a
protein concentrate from vellow field peas. Althongh the process 1s exemplified nsing vellow
peas as the pulses and vellow pea proteins as the plant {pulse) proteins, the process can also
be applied to other pulses, such as chickpeas, lentils, fava beans or onmng beans, to provide

plant {pulse) protemn concentrates.
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{6622} FIG. 2 provudes the 2011 FAG/WHO reconumended amino actd sconng pattems
for Infant (burth to 6 months), Youag Clukdren (6 months to 3 vears), and Older Children,

Adolescents, and Adulis.

{6023} FIG. 3 shows the essential ammno acid analvsis and amino acid score of a split
vellow pea raw nwterial, a vellow pea protein concentrate as dexcnibed in Exanple 1, and the
conibined nltrafiliration permeate produced from these sphit peas with a companson to the

anuno acid reference pattern for children, aged 6 months to 3 vears.

ey FIG. 4 shows a companison of the pea protein concentrates produced m Example
i, Example 2 (comparative}, and five conunercially available yellow pea protein concentrates
produced by other pea protem manufacturers with the complefe essential anuno acid
requirement for children aged 6 months to 3 vears, and to the complete essential amino acid

requrement for uider children, adolescents, and adults (aged 3 yvears and up).
DETAILED DESCRIPTION

[8025] Food-grade plant profein concentrates prepared from palses and flours dertved
therefrom are provided. Also provided are methods of making the concentrates and food
products that mclude the concentrates. The plant protemn concentrates are characterized by a
pulse protein content of at least 60 wi.% based on dry weight basis, a lugh digestibility and a

contplete essential amino acid profile.

{6026} As used heremn, the tenn plant protein concentrate refers to a composition that is
derrved from a given plant and has a plant proten concentration of at least 60 wt. %, and
desirably at least 70 wit.%, based on a dry weight basis. By way of illustration, the term
vellow pea protein concentrate refers to a composition that 1s dertved from vellow peas and
has a vellow pea protein concentration of af least 60 wi.%5, and deswably at least 70 wit.%,
based on a dry weight basis. This defimtion for plant protein concertrate includes
compasttions dertved from 8 given plant having a plant protemn concentration of at least 90
wt. %o, which would be generally recogmized 1n the field as plant protem 1solates. The term
plant profeins melude both whole proteins and protein fragments that result from, for
example, cleaving the tertiary structwre of whole protems.

{8627} Various embodiments of the plant protein concentrates are derived froum pulses
meluding vellow peas, chickpeas, lentils, fava beans and mung beans and are characierized

bv a complete amino acid profile for adults, greater than or equal to 22 mlligranss of sulfiu-
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contaiing anuno acids (cysteine + methionwnie} per gram of profein, an in vifro Protein
Digestibility of at least 6.97, and a PDCAAS value of at least .97, This includes
embodunents of the profein concentrates having an i vitro Protemn Digestibility of at least
(.99 and a PDCAAS value of at least .99, and further ncludes enbrodiments of the protemn
concentrates having an in vitre Protems Digestibdity of 1.0 and a PDCAAS valueof 1.0 In
some of these embodiments, the protein concentyates are characterized by a complete anuno
acid profile for children ages 6 months to 3 vears, suce they contain greater than or equal to

27 sodligrams of sulfur-contaming ammo aculds {eysteme + methionme) per gram of proteuy.

[6028] PDCAAS 1x 2 method of gauging protemn quality. PDCAAS wax adopted by the
1158, Food and Drug Admmustration and the Food and Agnicultural Organization of the
United Nations/World Health Organization m 1993 as the preferved method to determine
protem quality, PDCAAS is caleulated by multiplying the “Protem Digestibility™ for a
protein composition by the compostiion’s “Anuno Acid Score”. The Federal Register,
January &, 1993, Vol 38, No. 3, P. 2194 provides a standard histing of conymon protein
Dipestibility Scores, based on anintal studies, and pea protein concentrate 1s identified on the
Federal Register with a Protem Digestibility of 0.94.

[6629] Protem Digestibility can be analyzed via an /n vitro analysis technique, as
described m ULS. patent munber 9,378,920, The digestibility score derved from this in virre
techmique, which invislves enzymatically digesting a protein contamning sarnple to sinwlate
digestion that would ocour inside a mammmiahian body, 1s referred to hevein as in vifro Protein
Digestibility. The m vitro Protem Digestibidity analysis can be performed commercially by
Medallion Labs {(General Mills; Minneapolis, MN}. Medallion Labs provides the in vifro
Protem Dhgestibility as a “ASAP — {QJuality Score™ (Animal-Safe Accurate Protemn Quality

Score).

{8636 The in vitro Protein Digestibilify nses enzymatic digestion steps sinilar to
stomach and soial untestine for protein digestion. For each cleavage of a protein backbone
bv an enzyme, an alpha-amino nirogen (primary anune} 1s exposed which s reactive to the
colorimetric reagent, ninhydin, and allows for quantification of the digestion reaction. The
analysis entails a pepsin digestion at a pH of 2, followed by a trypsin/chymotrypsin digestion
at a pH of 7.5, followed by a TCA precipitation and centrifigation, followed by the reaction
of the resultng supemnatant with ninhydrm. Quantification 1s done by absorbance

spectroscopy.
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{6631} The other component to PDCAAS calculation is Anuso Acid Score. The Aming
Acid Score comppares a proteint’s eleven Essential Apunc Acids: Histidine, Inoleucine,
Lencine, Lysine, Methiomne + Cysteine {the sulhw-contaming ammo acids), Phenyvlalanine
+Tyrosine {aromatic anuno acids), Threomine, Tryptophen, and Valine, with the
recounnended essential amuno acid protem profiles of The Food and Agricultural
COirganization of the United Nations'World Health Organization (1985), which vary
depending oun factors like age, weight, gender, and other criterta. In 2011, FAO published
Food and Nutrition Paper #92 “Dhietary Pritemn Quality Evalnation in Human Nutrition®™
reconnnended consohidation of the amino acid pattern {o three categories: Infant (buth to 6
months), Young Children {6 months to 3 vears), and Older Children, Adolescents, and
Adults, Table 1 s FIG. 2 provides the 2011 FAO/WHO reconunended amino acid scorng
patierns for each of these three classifications. For the purposes of this discloswre, complete
anuno acid profiles for a given age group refer to the complete anuno acid profiles published
m the FAQO published Food and Nutrition Paper #92, as published in 2011 and hsted i Table
1 of FIG. 2.

[60632] The Amino Acid Score comnpares the above-referenced ammo acid pattemn which
15 appropriate for the age of the mdividual n order to determme any limfing amino acid(s).
The lowest concentration of bumting amino acid divided by the pattern for that aming acid
equals the Avuno Acid Score. For example, for most vellow pea protein concentrates that are
currently available, an upper limit 1s placed on the Amino Acid Score due to insufficient
Sulfiw-contaming Amino Acids (Methionine + Cysteine). If the complete profein requirement
for older cluldren through adulis 1s set at 23 mg'g, and a protein concenfrate only bas 16 mg'p
sulfur-containmge amino acids then the formula fo calculate the Ammo Acid Score would be

I6meg /23 mg=0.71

[8633] Amine acid confents and Anmno Acid Scores for the protein concenirates are
analvzed using Official Method 988.12 {for anuno acds, other than trvptophan) or 988,13
{for tryptophan), as published Official Methods of Analysis of AOAC International, 2020
Edition {2016), Gaithersburg, MD.

[0034] The final formula to determmine PDCAAS for a protein concentrate multiplies the
Aroine Acid Score times the Protein Digestibility. Thus, the PDCAAS for a protein
concenttrate haviig an Ammo Acid Score of §.71 and a Profein Digesfibihity of 0.94 {obiamed
from the previously identified Federal Register reference} would be calonlated as follows:

Anuno Acid Score 0.71 x Protemnn Digestibility §.94 = 0.66 PDCAAS, Conumercial pea
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protein concentrates typically are deficient m sulfur-contaimng arpmo acids (Cysteine +
Methionine} and/or tryptopban with Ammne Acid Scores ranging from 8.65 10 0.73 for

children aged 6 months to 3 vears.

[6035] Without mtendme to be bound {o any particular theory of the mmventions, the
mventors believe that the abiity of the present processing niethods to provide protemn
concentrates that have an # vitro Profemn Digestibihiy of 1 and a PDCAAS score of | canbe
attributed, at least m part, o the preferential retention of protemns, such as albwmins and
albumin protemn fragioents, that have a high sulfur-contaming anuno acid confent and/or a
bigh trvptophan content. This is consistent with the fatlure of nther processing methads to
achieve such high Protem Digestibidity, sulfur-contaming anuno acid contents, and PDCAAS
scores. For example, the soelectric precipitation process that 1s used m the conunercial
production of certain plant proteins, such as pea protems, captures most of the globulin
proteins, but few, if any, of the albumin proteins that are present. Salt extraciion, followed by
msolubles separation and then dialysis or mucelbization, another widely nsed processing
technology, also captures only a smmall porfion of the albupua proteins. In contrast, the
present processes, which utilize ultrafiltration with select menibranes to separate water-
soluble proteins from water-soluble non-proten carbohydrates, fats, and ash are able to
preferentially capiure & major portion of the albwnin proteins that are present by enploymg a
membrane with a molecalar weight cutoff of about 5§ kDa. In addition, the present methods
are able to address problems that can hinder the use of ultrafiltration for extracting protems
from protem sowces, mchiding reduced throughpnt and fonling of the membranes by residual
starch, fiber, and fat m a clarified extract {e.g., 11 an ulteafiltration feed shury} and a protem

retentale.

[8636] Methods of fonning protem concenfrates from pulses are described m more detasl
below. Although the description below and Examples 1-6 foons on fornung vellow pea
protein concentrates, it should be understood that yellow peas are used as only one illustrative
example. The methods can be applied to fonm concentrates of other pulses meluding
chickpeas {see Example 7). lentils, fava beans, and/or nnmg beans. Moreover, the protein
concentrates made from these other pulses can meet the protein concentration, amue acwd
profiles, sulfur-containing aming acid concentrafions, protemn digestibilities, PDCAAS
values, solubilities, and degrees of hydration that are achieved for the yellow pea protem

concentrates described herem.

i
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{6637} Three primary steps i the methods for producing yellow pea protein concentrates
are an agquenus alkaline extraction, followed by a separation of water-isoluble pwterials
from the water-soluble matenials, including the water-soluble vellow pea proteins, and the
subsequent separation of water-soluble, non-protemn components and lower molecular weight
water-soluble protetns from higher molecular weight water-soluble protemns via ulteafilration.
In sone embodiments of the methods, the aqueous alkaline exiraction 13 a proteolytic

extraction that results m proteolytic modification of the yellow pea proteins.

[6038] FIG. 1 shows a block flow diagram of one embodiment of a process for producing
a protein concentrate from yellow field peas. Imitially, the vellow peas from the field, which
typically have a protein concentration of aboui 20 wt.% to about 28 wt. %, are pre-processed
162 by cleaning and debulling to remove therr hulls and foreign maternial, such ax weeds, soil,
and seeds, and then breaking them down mto halves and smaller pieces, Altematively, the
cleaned debulled peas may be dry milled nito a pea Hour mn a pin null, pulverizer, or hammer
mill with particle size between 100 and 200 microns, and such pea Hour may be utilized as
the raw matenal for the present processes. Delwilled peas may also be processed o an
mcreased protem flowr (2.g., ~ 50 o 60 wi.% protein level} in a dry mulling and aw
classification process, as an alternative to wet malling. It thus process, debnlled peas are jet
milled to a fine powder with particle sizes which allow separation with air classification, such
that a protein enhanced fraction is separated from a starch fraction. This high protem flowr

may also be used as a raw matenial for the present process.

{6039} The vellow pea particles 183, which may be a Hour, are then dispersed m water io
form a slurry fo which an alkaline protease and a base are added to carry out an alkaline
proteolyvtic extraction. Optionally, if a vellow pea flowr 13 not used as the raw material, the
vellow pea particle size can be finther reduced by wet mulling the shury using, for example, a
colloid mull, a disintegrator, a grninder, or other device capable of reducing the particle size of
the shury. By way of illustration, the vellow pea particle size can be reduced, such that the
parficles have a mesh size m the range from about 50 1o about 150 mesh, and deswably in the
range from about 80 to about 1530 mesh (abont 100 to 200 microns). Typical pea particle
concentrations i the shury are in the range from about § wi.% to 15 wit %, although
concentrations outside of this range can be nsed. The shury 1s beated at a temperature and for
a pertod of fime to allow the pea particles o vadergo an alkabine extraction 104. For
example, the shury can be heated 1o a temperature 11 the range from about 100 to about 150

degrees F fuor a period of about 10 to about 60 nuputes.
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{60406} Generally, encugh base should be added to increase the pH of the shwrvito a pH
in the range from about 7.5 to about 9.5, Sattable bases wwelude soduun hvdroxide, potasstum
hydroxide, calerum hydroxide, or a combination thereof. In an alkalme proteolyiie
extraction, the protease cleaves the open structure of at least sume of the vellow pea proteins
and partially hvdrolyses the vellow pea protems and, therefore, the resulting proteins can be
referred to as proteolytically modified yellow pea protems. The conceniration of the alkaline
protease in the shury and the duration of the hydrolysix are desaably hmited, such thata
Depree of Hydrolvsis {DH) of no greater than 15 ix achieved. This mcludes enbodiments in
which a DH of no greater than 14 1s achieved, fiwther mcludes embodiments in which a DH
of no greater than 13 1s achieved, still further includes embodiments m which a DH of no
greater than 12 is achieved, and vet further mncludes einbodunents in which a DH of no
greater than 10 i3 achieved. For exaniple, the DH can be u1 the ranpe froni 1 to 14. DH s
caleulated usmg the method entitled Degree of Hydrolysis via O-Phthaldialdehvde (the “OPA
Method”) with test methodology published by Genencor Infemational, Inc. {See, Nielsen P.
M., Petersen D., and Dambmanmn C. 2001, Improved Method for Deternuning Food protem
Degree of Hydrolysis. Jowrnad of Food Science, Vol. 66, No. 5, pp. 642-640.) Generally, a
protease concentration in the range from abont 0.01 w95 to about 0.1 wit % and a reaction

time in the range from about 1 how to about 3 hours are safficient.

{0041} A non-pH stat process may be used to allow the pH of the shury to be reduced
naturally as the hvdrolysis reaction liberates a hydrogen molecule with each cut to the protem
molecules. As the reaction progresses, the pH contfinues to drop and the activity of the
enzyvme is reduced with this pH drop, and, thus, the hydrolysis ix self-himiting o a great
extent. The alkaline protease enzymes are desirably of a molecular weight that enables the
majority of the enzymes to be removed from the final product m the ulirafiltration step that is

discussed m greater detail below.

{042 The main classes of proteins m vellow field peas are albuouns {(~18-23% of the
total protein), globulims (~535-80% of the total proteins), and convieidin {<5%5 of the total
proteins} with minor quantiies of prolamins and ghatelins. (See, “Functional attributes of pea
protein isolates prepared using different extraction methods and caltivars™ Stone ef ¢l Food
Research Interpational 76 {2015) pp. 31-18.) Globulins are funther classified as leguoun {118
fraction, 320 — 400 kDa molecular weight with 6 subunit panrs each contanung one acidic 40
kDa and one basic subunit of 20 kDa}, vicilin (7S fraction, 150,000 molecular weight with

three subunits of 50 kDa each contanung sulnuuts for post-translational proteolytic cleavage
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resulting in fractions of 12-36 kDa), aud convietlin {70 kDa). “Pea Profeins: A Review of
Chemustry, Technology of Production, and Utiization”, Owusu-Ansah et al. Food Reviews
International, 7(1}, pp. 103-134 (1991} 1dentifies that pea albumin protemns contam several
thousands of specific protems with molecular weight profile ranging froo 3 to 80 kDa with
two predominant albumins in roughty equal quantities with 24 kDa and 25 kDa molecular

weight fractions.

{6043} The alkaline protease cleaves the open ferbiary structre of the protem molecnles
at specific points, breaking the protem molecules mto smaller protein fragments having hvwer
molecular weights, In particular, this mild proteclvtic modification of the proteins reduces
the molecular weight of the legumm, vicilhn, and convicillin fiactions of the vellow pea
protems wto more soluble subunit fractions comyprising wolecular weights in the range of 20
to 70 kDa and reduces the albwmins mto more soluble subunits comprising molecular weights

of 1 o 40 kDa.

[6044] The proteolytic modification of the protemns to smaller molecular weights and
subupit size enables the capture all of globulin priteins without plugging the dovwnstream:
ultrafiltration membranes. It also allows for the use of a smaller molecular weight cutoff
membranes with an acceptable permeation rate that facilitates the capture and retention of
albunun protems in the final vellow pea protein concentrates. In addition, the smaller
subunits of protein molecules are more soluble i the hot alkaline conditions, making them
more binavailable and improving their digestibility, and also have moreased permeation rates

throngh the ultrafilfration membrane, which 13 described m greater detail below,

[8045] Another benefit of the proteolyiic modification of the vellow pea proteins i1s thal
the hydrolysis of the protemns by the allkcaline protease reduces the ennulsification of the native
fat globules present ai a low level i the raw material. Naturally cecwring fat bodies exast
{approximately 2.0 wt. %6 of the raw vellow peas) as reasonably large globules swrromnded by
enmlsifving protems with hrvdrophobic regions of the protems sticking o the fat globules
and the bydrophilic regions arvanging themselves info the water phase. This ennilsification of
the fats by the vellow pea globulins can prevent, or significantly hmder, the removal of the
fats dunng the separation of the water-insoluble conyponents from the water-soluble
components and the subsequent separation of the water-soluble, non-proteins fron the water-
soluble proteins. As a result, pea protemn concentrates produced by conventional miethods
retain the fals that are present m the raw vellow pea matenal, which typically have fat
contents m the range from about 10 wt.%s to about 11 wi.%. In the present methads, the

%
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allcaline proteases hvdrolyze serine and/or phenylalanine nwlecules causing the fats to
become ide-ennisified and broken up mto smaller globules that are more easily oxudized to
free faity acids. These degraded and oxidized fais can then be removed by the downsiream
uitrafiltration process. As a result, embodiments of the methods are able to produce vellow
pea profein concentrates having a fat content, as measured by acid hydrolyzed fat apalyses, of

§ wi.% or lower, mchading fat contents m the mnge from 6 wt.% fo 8 wt.%.

{6046} After achieving the aqueous alkalime extraction with proteolytic protemn
modification, water-insoluble materials (a “cake fraction™) are separated from a protemvrich
hiquud extract that 1s enniched in solubilized protems and other solubilized components, such
as sugars. This can be accomplished, for example, using a physical separation techmique and
equipment, such as centrifugation, decanting, filtration, a hvdro eyclone, a settling tank, a
screemng device, or a contbination thereof. The selection of the devices and the puniber of
separation steps and'or cveles 15 made such that an efficient separation of the protenm-rich
water-soluble fraction and water-insoluble fraction can occur. Generally, i 15 desirable o
design the separation such that the quantity of water-msoluble matenial remaining m the
water-soluble fraction is less than 3% sohids by voluoe. At fhus low level, a vellow pea
extract with acceptable protein concentration can be obtamed without significantly plugging
the altrafiltration membranes used 1 the subsequent ultrafiltration. The water-msoluble
solids thus separated are a by-product of the process and contam most of the water-msoluble
proteins {prolanuns and glutelins}, fiber, starch, cartbohydrates, and other non-profemn
materials. The removal of these compounds with low digestibility are required to achieve a
pea protemn concerdrate with perfect or near-perfect digestibility. Furthermiore, any residual
msolubilized protems, msolubilized carbohvdrates, and fat i the proten-rich extract will

fend to plug membranes.

{6647} The protein-rich, water-soluble fraction 165 contains a modest carbohydrate
concentration (for example, about 30% carbobydrates} existing as starch, nwliodextrins,
smaller dextrins, malfose, glucose, sucrose and fibers. Optionally, the protemn-rich, water-
soluble fraction 1835 can be processed by addmg a bactenial amvlase and a glucoamylase 106
at a pH, temperature, and time that i1s optimal for such enzymes to reduce the size of the
carbobydrate fractions so that these carbohyddrates will pass through mto the permeate  the
next step of the mventive process.

[6048] The resulting protemn-rich, starch converted hguor 187 1s further processed via

ultrafiliration 108 to separate the water-soluble carbohvdrates and other non-proteins and

<
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bower molecular weight water-soluble proteins from a retentate comprising relatively hugher
molecular weigltt water-soluble proteins 169, Thix step can be carried out wy an
ulirafilfration/diafiltration (UF/DF) apparatus using ulfrafiltvation membranes m a nmlii-stage
systemn at an elevated teroperature (1.2, at a tenyperature above ambient, room tenperature};
typically, a teroperature in the ranpge front about 100 degrees F 1o about 150 degrees F. Usiug
such an apparatus, the protem-rich, starch converied liquor from the previous step s fed mto
the first stage of the UF/DF system and ts separated into a protemn-rich refentate streavt and a
dilute penmeate stream contauung a small amonnt of proteins and most of the water-soluble
non-protem: components. The ultrafiliration membrane passes protems and other components
having molecular weights lower than the molecular weight culoff of the membrane and
retains proteuss baving molecular weights higher then the molecular weight cutoft of the
membrane. In this way, the ultrafiltration concentrates the higher molecular weight yellow
pea profeins m a refentate. In particnlar, by using an ulirafiltration membrane having a
molecular weight cutoff of 5§ kDa or lower, i conjunction with the npstream atkaline
extraction, such as a proteolytic enzymatic extraction, the present processes have the ability
fo capture all, or substantially all, of the globulins and the miajonity of the albwmn profeins,
thereby unproving the nutritional value of the yvellow pea protein concentraies derived using

the present methods.

{(049] In soume embodinients of the methods, ultrafiltration membranes having a
molecular weight cutoff of equal fo or less than 3 kDa can be used. Such miembranes melude
5 kDa cutoff, 3 kDa cutoff, and 1 kDa cntoff membranes. For these lower molecular weight
cutoff filters, larger molecnlar weight carbohwdrates present in the soluble fraction after the
msoluble separation step are, optionally, treated with amvlase enzymes with the clanfied
extract fo reduce their molecular weights, allowing for greater profein concenfrations with

mmprivved permeation rates from reduced membrane plugging.

{06650] Multiple stages of the ultrafiltration can be carried out 1 order to provide a
refentate with a high profein concentration. By way of illustiation, & first stage of the
ulirafiltration can be carried out until the UF feed concentration is at least doubled. The fust
stage refentate then can be diluted with a quantity of water equal to the amount of permieate
removed in the first stage. This diluted retentate then can be fed o a second stage of the
UF/DF system and the second stage can be carmied out untid the UF feed concentration 13 at
least doubled. The second stage retentate then can be diluted with a quantity of water eqgual

to the amount of permeate removed m the second stage. Thix diluted retentate then can be

r
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fed mnto a third stage of the UF/DF systen and the third stage can be camried out uotil the UF
feed concentration 15 at least doubled. This process can be repeated through a fourth stage,
and further stages to achieve a desiwed vellow pea protein level of the final refentate. The
resulting vellow pea proteus concerdration s desirably at least 70 wt %, based on the dry
yweight basis, but can be hugher. For example, some embodiments of the final ultrafiliration
retentate have a vellow pea protem concentration of at least 72 wit.%, at least 75 wi. %, at least

8C wt.%0, and at least 85 wt %%, based on the dry weight basis.

{6051} The pumber of stages utilized can be selected to optimize the speed of permeation
with the area of the mrembranes to provide a deswed throughput and product protein
concentration. A baich or continuous UF/DF system can also provide a lngh final protein
concentration, depending upon the amowmyt of diafiltration water used. The amount of
diafiltration water used typically will be between about 75 and about 2009 of the weight of

the onginal UF feed.

{6032} The final permeate and the final refentate obtamed from the UF/DF system with §
kDa membranes have very different compositions and properties, including different amino
acid profiles. The final retentafe has an anuno acid profile m which the concentrations of 6 of
the 11 essential amino acids are micreased when compared fo the raw material, and the final
retentate also contains 14 wit %% more sulfur-contamme amino acids per mig of protein than
the raw material. The anuno acid profile of the tvpical permieate contains a reduction in the
concentrations of 10 of the 11 exsential anuno acids when compared to the raw material peas,
and the sulfur-contaming amino acid levels are reduced by 42 wit % m the permeate
compared to the raw material. Unexpectedly, the process preferentially recovers more of the
essential arpmo ackls present in the raw oatenal, ncluding the sulfur-contaming asunoe acids
and permeates fewer of the essential ammo acids, micluding the sulfur-containing apnno

acids, as ithustrated i Example 1.

{6653] Another benefit of the ultrafiltration process is the removal of low mwlecular
weight enzyvmes, lipoxygenase, phivtic acid, saponins, tannins, oligosaccharides, added
alkalme protease, free fatty acids, fat degradation by-products, and/or other soluble
compounds whieh are paturally present in the raw yellow peas. Some of these compounds arg
amtioutritional factoors which can contribute o poor digestibility of vellow pea proteins.
Additionally, several of the atorementioned compounds contribute 1o poor organocleptic
properties related to vellow peas and vellow pea protems, as well as undesmable oft-tlavors.
Inn various embodiments of the UF/DF process greater than 95 wit % of the original water i1s

bY
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removed, confaining a stoular amowmnt of water-soluble non-protein solids of molecular

weiglt less than 5 kDa.

[6054] The present methods are able to produce vellow pea proiein concenirates with
greater than 93% solubility. This is due fo the removal the msoluble proteins prior to the
uitrafiltration and to the fact that the ultrafiltration process maintains the solubdity of proteins
that ave exfracted in the alkaline profeolvtic extraction m a soluble form. By contrast
1soelectric precipitation processes creale insoluble protens as a necessary step fo allow for
the separation from the non-protein soluble materials. The present methods create and
maintain the sohibulity of the vellow pea protems and remove many aptuwstntional factory,

resulting m the production of yellow pea profein concentraies having a digestibihity of 1.00.

[8655] The final reteniate 109 of the multistage UF/DF system can be heaf-treated 1o kil
microorgamsms and/or pathogens, and the sobids level of the heat-treated protein-rich final
refentate then can be mcreased in an evaporator 111 o the desired level {o provide vellow pea
protein concentrates 111 with different grades. The heat-freated, evaporated final refentate
may be further processed by adding different types and quantities of processing auds and
ngredients, beating and cooling steps, and other processes to differentiate the final retentate
mto dozens of end-use specific products differentiated by product physical properties,
composifion, and functionalities. These differentiated vellow pea prolem concenirates can be

spray dried into powders with typieal moisture levels of, for examnple, 4-6 wit.%% moisture.

{(656] The protein concentrates have myproved nutritional and functional properties
which make them excellent mgredients for use m the protein fortification of foodstuffs and
beverages. Foodstuffs and beverages refer to substances that are swmitable for eating or
driking by humans and/or other animals. The protein concentrates described berein can be
added to a wide range of foodstuffs and beverages, mnclnduig those that would not otherwise
have a complete ammo acid profile, n order to provide a food product with maproved
mytritional properties. For example, the protemn concentrates can be meluded m putritional
beverages, bars, and protem powders, replacing both arumal protems (meat, milk, whey, or
egg derrved) and other allergenistic plant-based protems such as gluten and soy. The
mprovement to the nutritional perforoiance s very unportant because % Daily Value of
protein claims on the Nutntional Facts panel that is requived on every food product sold are
based on the PDCAAS of the protem source. Rice profeins is another important
hypoallergenic plant-based protem, but the PDCAAS of rice protein is 0.45-0.50 with lysme

as the deficierd amno acid.
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{6637} Various embodiments of the food products that include the protem concentrates,
mncluding those that ichude the protein concentrates as the sole protein source, provide a non-
animal, plani-based, hypoallergenie food product with equal fo or greater than 22 mg of
sulfur-contaimung apuno acids {Cysteine + Metluonine} per gram of protein, a complete
amuno acid score for adults, an in vifro Protein Digestibility of af least .97, and a PDUAAS
of at least .97, Included within these embodiments are food products that provide a non-
animal, plant-based, bypoallergenic food product with equal to or greater than 23 g of
sulfur-containmg ammo acids {Cysteing + Methionine) per gram of protein, a complete
amino acid score for older children {aged 3 vears and up). adolescents, and adults, an in vitro
Protein Digestibility of at least 0.98, and a PDCAAS of at least 0.98. Further mcluded within
these embodinments are food products that provide a non-apumal, plant-based, hvpoallergenic
food product with equal to or greater than 27 mg of sulfir-containing amnme acids {Cystewne
+ Methionine) per gram of protein, a complete anuno acid score for children {aged 6 months

to 3 years), an in vitre Protein Digestibility of 1.00, and a PDCAAS of 1.00.

[6058] The protein concentrates can be nuxed with food-grade mgredients, mcluding but
not lnnited to, those that are Generally Recognized ax Safe (GRAS) by the U.S. Food and
Drug Adminsstration to provide a sohid {e.g., powder} or hguid supplement that can easily be
mixed with or used as foodstuffs and beverages. For example, the concentrates can be mixed
with colormg agents (e.g., natural dves), flavoring agents {e.g., sugar and other natural
sweeteners, natural vamila flavoriag, ete.), plant-based oils {e.g., canola oil, safflower oil,
grapeseed oil, efc.), vitamins, nunerals, preservatives, emulsifving agents, thickeners, and the
Like. The concentratex, alone or in combination with cne of mowe of these additional
mgredients, can then be incladed m a foodstuff or beverage by methods known in the field of
food and beverage processing, such as sunple mixmg. The amownt of the protem concentrate
m a food product will depend on the beverage of foodstuff to which they are added. By way
of iHlustration only, some food products will mclude about 1 to about 99 wi.% of the protein
concenirate. This mchudes food products that contam about 2 fo about 58 wi % of the protem
concentrate and further mcludes food producis that contain abount S to abont 30 wt %6 of the

protein concenirate.

[6639] Certain entbodinients of this mvention have been utilized to suceessfully produce
plant profein concentrates using other pulses such as dited beans, lentils, peas, and other
legnmies as raw materials. The plant-based protein concentrates from chickpeas, lentils, fava

{faba)} beans, mung beans and others produced utilizing the invention will have umproved
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compositional and nutritional value when compared to thetr raw 1naterials and protein

products produced using conventional metbods.

[6060] Specific examples of food products can melude the profemn concentrates made
using the present methods melade non-dawy based dnnks, non-dawy vogurts, and non-dairy

mutritional beverage powders,
EXAMPLES

[a061] Unless otherwise specifically indicated, concentrations recited as perceniages m

this disclosure, inchidmg these examples, refer to weight percentages.

[6062] EXAMPLE 1: Processing of nulled sphit yellow peas into a pea protein
concentrate characterized by a coroplete aming acid profile for chuldren {ages 6 months to 3
vears), a sulfur-contaimning amino acid content of greater than or equal to 27 nulhigrams per

gram of protem, an m viiro digestibihity of 1.00, and PDCAAS of 1.00.

{(6663] Yellow Field Peas harvested in Saskatchewan were cleaned, dehulled, and split in
a conumercial splitting operation {purchased from Belle Pulses, Domremy, SK, Canada), and
then nulled to a 120-mesh Hour in 2 nputrill stone null with as-1s analysis of protein 21.7%,
ash 2.53%, and acid-hvdrolyzed fat 1.8%. Sixty-five pounds of this flour was shuried at a
solids level of B.5% nto water at 138 deprees T, pH adjusted to 9.2 with NaOH (50%
concentration), and 29 grams of Alcalase 2. 4L protease was added. Tlus profease reaction
was maintained at 135 degree F for one howr under agitation, and then was pumped to a
Sharples P-660 horizontal decanter to separate water-soluble from water-insoluble matertal
present m the protease reacted shurry. The msoluble fraction separated from the protease
shury had sobids analvsis of 20.37% and protemn dry basis analysis of 7.6%. The solubles
fraction (extract} separated i the decanter was 2.84% solids and diry basis protein analysis of
64.7%. The decanter wax operated to achieve §.7% solids-by-vohime of the mscluble

matenial remammge m the solubles fraction.

[6064] The solubles fraction {exiract) from the decanter was fiwther processed usimg a
Westfalia SB-7 clanfving dislc-type centrifuge separating the final insoluble material
contained m the exfract. The extract was separated i the clanfier into a sludge fraction
confammg the residual insolnble materials and a clanfied extract fraction. The clanfied
exiract fraction contamed 3.00% solids and the msoluble spint down analysis was less than
0.1% sohids by volunie. The protem recovery m thux alkaline proteolvtic extraction, followed

by a two-stage msoluble removal, was 77.9%.
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[6063]  The protewn-rich, water-soluble clarified extract was heated to 155 degrees F and
the pH was adjusted to 6.0 with citrre acid (2% concentration}. 18 grams of Enzyvine
Development Corporation alpha amylase 2LC and 55 grams of Enzyme Development
Corporation glucoamylase L1000 were added to the pH adjusted clarified extract and the
reaction allowed fo comtmue for 2 howrs to convert larger molecnlar size starch, maltodextim,
and sugars to smaller molecnlar size to allow them to pass through the membrane in the
ultrafiltration step.

[0066] The pH of the proteun-rich, starch converted liguor was adjusted to 7.5 with NaOH
{30%s concentration), and then fed to a four-stage ultrafiltration membrane cuthitted with a
polvethersulfone membrane with 5,000 kDa molecular weight culoff for separation of the
larger protemnt molecules from the sugars, ash, and other non-protemn components. The
membrane was purchased from Microdyn Nady and was an 8038 membrane with 31 mul
spacers and contannng 344 sqnare feet of membrane surface. The amylase reacted clanfied
exiract was processed and recirculated at 150 degrees F until a 2x concentration of the
retentate was achieved m the first stage of the ulirafiltration separation and then the
processing was stopped (first stage diafiliration 1s finished}. Diafiltration water (fresh, potable
RAD water) was added to the first stage retentate m an amonnt equal to the permeate removed
in the membrane from the first stage and the first stage retentate diluted with diafiltration
water was processed in a second stage m the same manner as the first stage. The second stage
refentate was dilufed with diafiltration water i amount equal to the permeate removed n the
second stage. This process was repeated until four stages have been completed. The retentate
from stage 4 was not diluted and was fimther processed as descrnibed below. The anwount of
chafiltration waler consumed was equal to the permeate removed m the four stages. The final
proteni-rich retenfate contained 5.5% sohids with a profein concentration of 79.9% dry basis
protein. The average permeate solids was 0.26%, and the protem recovery in the

ultrafiliration/diafiltration step was §3.2%.

{8067} The final protem-rich retentate was vat pastenrized at 190 degrees F for 2 mmutes,
cooled to 170 degrees F and fed o and recircudated 1n an evaporator until 8 mmnmam of 16%
solids was achieved or two tines the final ulirafiltration retentate solids level, The produect
was spray dried to 6.8% moisture in a NIRO atomizing wheel pilot spray drier with et
femperature of 188 degrees C and an exhanst temperature of 85 degrees C. The final yellow
pea protemn concentrate was analyzed to contam 79.9%5 dry basis protem. 70.0% percent of

the protein contained i the raw matertal was collected m the pea protein concentrate
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produced. The flavor of the spray dried pea proten concentrate was very bland and contained

none of the tradifional ‘pea’ favor off notes.

[6068] Table 2 m FIG. 3 contans the essential amino acid analysis and ammo acid score
of the vellow pea profein concentrate produced from the split peas in this Example I with a
compartson to the anuno acid reference pattern for a child aged 6 ronths through 3 vears.
The amino acid pattern of the vellow pea protein concenirate produced therefrom was not
deficient in any essential anuno acid and had an ammno acid score of 1.00 and 15 a conplete
protein sowrce for children aged 6 maonths thyough 3 years. I is noted that the anuno acid
seore also 1s 1.00 for older cluldren, adnlescents, and adults, The sulfiw contamming anuno

acids confent of the vellow pea protem concenirate was 27 .4 mg/g profemn.

[6669] The amino acid composition of the split pea raw material, the vellow pea protemn
concentrate, and a typical permeate 15 also sununarized and compared in Table 2 in FIG. 3.
The retentate 1s the concentrated liquid pea protein which becomes the final product of thus
process, and the permeate contains all the non-protemn components and protems of less than
5,000 kDa molecular weight which have been separated from the retentate n the
uhtrafilration/diafilivation step. Thix is the last separation step ut the ventive process. When
the ammo acid profile of the typical permeate 1s compared to the splif pea raw material ammo
acid profile, ten of the eleven essential amino acids m the splii pea raw matenal are reduced
by 15% to 45%. At the sane timie, five of the eleven essential amino acids in the retentate
contains an merease of 1% to 21% of the same ammo acids compared to the split pea raw
material. The ultrafiliration processing step preferentially concentrates ten of the eleven
essential arpmno acuds present m the raw mstenal meluding the sulfr-contaming amino acids.
The sulfin-containing amuno acids {cyxteine + methionine) are mcreased m this processing
step from 24 mg of these amino acids per gram of protem m the raw material up fo 27.4 mg

of these ammo acids per gram of protein m the pea protem concentrate, a 14% increase.

{6670] The pea protein produced m this Example 1 has a sulfr-containing aming acid
apalvsis of 27 4 pulligrams of sulfur-contanung avuno acids per gram of protein conwpared to
the FAO/WHO reference pattern of 27 mg'g for children aged 6 months through 3 vears, and
the FAO/WHO reference pattern of older cluldren, adolescents, and adults of 23 nulhigranis
per gram.

{00671} The digestibility oof the pea protein concentrate produced in this Example | was

analyzed by General Mills Iaboratory {Medallion Labs) usmg the i vitro analysis techmique

oees
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(U.S. patent number 9,378,928} and detervuned i bave a digestibility score of 1.00. The
protein contains 27.4 mg of sulfur-contanyng avuno acids per gram of protewn, the anuno acid
score of 1.00, and a digeshibility of 1.00, and the pea protem concentrate produced m
Fxanyple 1 18 a coroplete protemn for older chuldren, adolescenty, and adults with a PDCAAS
of 1.00.

{872} COMPARATIVE EXAMPLE 2. Tlus exanyle compares the essential amino
acid profile, Digestibility Score, and PDCAAS for a yellow pea protemn concentrate tnade via
an 1soelectric precipitation, which is sinular m concept and resulis to a fermentation process,

to the vellow pea prolein concentrate produced 1 Example 1.

[80673] Using the same starting raw material ax Example 1 Yellow Field Peax harvested
n Saskatchewan were cleaned, dehulled, and split m a commercial splitting operation
{purchased from Belle Pulses, Donremy, SK, Canada), and then milled to 2 120-mesh flowr m
a mutrinul stone mull with ax 1s analysis of protein 20.7%, ash 2.5%, and acid-hvdrolyzed fat
2.5%. Sixty pounds of thus floww (which is the same flour used v Example 1) wax shuried at
a sohds level of 10.19% mio water at 140 degrees F with pH adjusied to 9.2 with NaOH {30%
conceniration). No protease reaction was performed and the extraction contmued for one
bour. The extraction slury was pumped to a Sharples P-660 bonizontal decanter o separate
soluble from msoluble matenial present in the protease reacted shury. The insoluble fraction
separated from the profease slurry had solids analysis of 30.27% and protein dry basis
analysis of 4.7%. The solubles fraction {extract} separated in the decanter was 3.0% solids
and drv basis protein analysis of 32, 1%, The decanter was operated to achieve 8.3% solids-

by-volume of the insoluble material remaming in the solubles fraction.

{8074} The solubles fraction {extract} from the decanter was further processed nsing a
Westfalia SB-7 clanfying disk-tvpe centrifiige separating the final msoluble material
comtamed o the extract. The extract was separated 1 the clanfier mto a sludge fraction
conttamning the residual msoluble miatenials and a clarified extract fraction. The clanfied
extract fraction contamed 2.94% sohids with 52.7% dry basis protemn analysis and the spm
down analysis was 2.5% solids by volunte. The protem recovery i thux alkaline extraction,
followed by a two-stage msolnble removal, was 88.5%.

[8075] The pH of the clarified extract was adjusted to the pH of 4.3 with hydrochlonic
acid {10% concentration} and the precipitated clarified extract was fed to a Sharples P-660
decanter to separate precipitated protein {curds) froum the acid whey. The precypmtated

R
by
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clanified curd bad a solids level of 6.61% and a protein dry basis of 48,194, and the whey had
a solids level of 2.56% and a protein dry basis of 18.4%. The protein recovery in this
separation was 84.2%, and the overall protem recovery was 74.5% of the protemn contaned m
the raw matenial. A single stage separation was performed with a 2 tunes concentration of the
precipitate and 63% of the orizinal water was removed resulting i a lower final product
protein conceniration. & second stage washing of the separated precipitated protem was not
performed, and this second stage would have mcreased the protemn concentration but would
ncrease the amomyt of protems {mostly albunun protems) lost i the whey further removing

the sulfin ammo acid anuno acid concentration mn the final pea protein product.

[8676] The final reteniate was vat pastewrized at 190 degrees F for 2 mmnmtes, cooled o
175 degrees F and fed into and recirculated 1 an evaporator el 15.6%5 solids was achieved.
The product was spray dried to 4.3% moiste m a NIRO atonuzing wheel pilot spray diser
with an miet temperature of 183 degrees C and an exhaust temperature of 88 degrees €. The

final product was analyzed {o contam 69.2% dry basis profein.

{8677 Table 3 m FIG. 4 contains the essential anuno acid analvsis and aming acid score
of the pea protein concentrate produced m this Examyple 2 and compares it to the amuno acid
reference pattern for children aged 6 months fo 3 vears, the anuno reference patiern for older
children, adolescents, and adults, and the essential amino acid profile of the pea protem
produced m: Example 1. It is noted that the raw matenial for Example 1 and Example 2 is the
same lot of amlled split vellow peas. The amino acid pattern of the pea protem concentrate
produced i Example 2 was deficient 1o the sulfur-containmg amino acids with 21.6 mg/e
protein and bas an apuno score of .80, The pea protem product produced in Example 2 bad a
digestibiltty of 0.94 and the PDCAAS 13 .75, The pea protemn produced in this Example 2
was deficient m sulur-contaimng ammo acids and 1s a not a complete protem source for
children aged 6 monihs throngh 3 vears and 1s not a complete proten source for older

children, adolescents, and adults {ages 3 vears and up).

{6678] Table 3 in FIG. 4 shows a comparison of pea protein concentrates produced m
Examples 1 and 2 and five yvellow pea protemn concentrates produced by other pea protein
concentrate manufactiwers. The yellow pea protemn concentrate produced i Example 1 had
an amino acid score of 1.00, while the vellow pea protein concentrate of Exanple 2 bad an
amino acid score of only (.80, It 18 noted that the PDCAAS of the concenirate of Example 2

1s directly comparable to scores calculated for the Pisanne and Puris vellow pea protemn
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concentrates, which are produced using the ton exchange or isoelectiic precipifation methad

and are 25-33% below the PDCAAS levels of Example 1.

[6079] The yellow pea protein concentrate of Example 2, which was produced i the
alkaline extraction, msolubles separation, and 1soelectric precipitaiion process compares
pootly to the allcaline proteolytic extraction, mseluble separation, and
ulirafiltration/diafiltration process of this mvention, as further illustrated m1 Example 1.
Clearly, the product and process of Example 2 {(which 1s the most widely used process in
commercial production) creates a vellow pea protein concentration that 1s deficient m sulfur-

contaiing anuno acids with reduced digestibility from the same raw material.

[6086] The amino acid score of the pea protemn concentrate of Example 2 mav be
nnproved fo a complete amne acid profile by the addition of an addifional processing step.
The acid whey generated in the separation of the precipitated protems sy be Ruther
processed nsing an amyvlase and glocoamylase carbohydrate reaction followed by a UF/DF
system to capture protems which are present m this acid whey, and these protenis scrubbed
from the acid whey may be added back to the pea protein produced in Exanple 2 before
spray dryving. The acid whey confains the majority of the albunun protems present in the rtaw
peas, and combinmg these albumin proteins with the precipitated protemns will resulf m a

product with an apuno acid score of 1.00. This 15 an alternate embodiment of the process.
{0081} COMPARATIVE EXAMPLE 3:

{6082] This example compares the essential anine acud profile, Digestibility Score, and
PDCAAS for conmmercially available yvellow pea protemn concentrates with the pea profein

concenirates produced in Examples 1 and 2.

[0083] Material Specification and Marketing Compumication Information Sheets bave
been obtamed from the five largest commiercial yellow pea protein manufacturers worldwide.
The conunercial vellow pea proten manufachurers are listed below, including the location of
their respective conntries of manufacture and the type of processmg methods uiidized 1 the

manufacture of thewr respective vellow pea protein concentrates:

Conmpany Location Process

Pisanne {Cosucre) Netherlands isoeleciric precipitation
Puris { World Foods) Uus soelectric precipitation
Roquette France salt/ion exchange
Shunpta China fermentation/precipitation

Jmpman China isoeleciric precipitation
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{6084} Table 3 m FIG. 4 15 a swrnmary of the anune acid analysis data taken directly from
their publicly distributed specification sheets of the five competitive pea protein
mannfaciurmg companies hsfed above compared to the essential ammino acid analysis of pea
protein concentrates produced wnt Examples 1 and 2. Conparmg the amino acid analysis
expressed m muligrans per gram of protein, all five commercial producers of yellow pea
protein concenirates hist a sulfir-containing amine acid analysis of 16-21 milligrams per gram
of protem and the two samples prepared m Examples 1 and 2 contain 27 4 and 21.6
vulligrams per gram of protemn. The suggested reference pattern for older cluld, adolescents,
and adulis 15 23 nulligrams per gram of sulfur-containing amino acids. The suggested
reference pattern for children aged 6 months through 3 vears 18 27 mgfg of protemn. The pea
protein concentrate produced in Exanyple 1 exceeds the reference pattern, while all of the

commercially available pea protemn products are deficient in sulfwr-contaming anuno acids.

[B085] The anuno acid score 1s caleulated for the vellow pea protemn concentrates
obtamed in Example 1, Example 2, and the five largest vellow pea profein concenirate
manufacturers and are shown on Table 3 of FIG. 4. The vellow pea protein concentrate
prepared in Example 1 has a calculated anmno acd score of 1,04 and the five conunercially
available vellow pea protem: concentrates have calculated ammo acid scores of .59 t0 0.738.
The digestibility for the yellow pea protemn concentrate of Example 1 1s 1.00, while the
conmercially available vellow pea protem concentrates cite a digestibility of 0.94, as
wdentified m the Federal Register. The PDCAAS of the vellow pea prolemn concentrate
produced m Example 1 was 1.00, winle the five conunercially available vellow pea protem
concentrates have PDCAAS of ondy (.65 10 0.73. The PDCAAS of the yellow pea protem
concenttrate of Examiple 1 was a 27% to 35% mnprovement over the five commercially
available vellow pea protem concentrates, and a 253% mmprovement when compared to the

vellow pea protein concentrate of Exanyple 2.

{(6086] EXAMPLE 4: Preparation of a bypoallergenic, plant based, non-dawy, aseptically
filled readv-to-drnink beverage {RTD). This RTD beverage has a protein and macro and micro
nutrient content level equal o skim mulk from cows with a sulfin-contaming ammo acid level
of 27 mg per gram of protem, anuno acid score of 1.00, a Digestibility Score of 1.00, and a
PDCAAS of 1.00 for children, aged 6 months to 3 vears and, as such, also provides a

PDCAAS of 1.00 for older children, adolescents, and adulfs {aged 3 vears and up}.

[60687] Fornmla

I
A
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Ingredient %
Pea Protemn Concentrate {produced in Example
1y 4.1200%
Sucrose 2.5500%,
{anola/Safflower O 0.8000%
Tricalcium phosphate 0.4770%
Locust Bean Gum {(TIC Guins} $.0320%;
Gellan G Keleogel HS-B {CP Keleo) 0.1200%
Sea Salt 0.1000%
Liqmd Sunflower Lecithin (Austrade) {.1400%
Vamlla Flavor #1 13940 (Natwal Flavors Inc.) 0.0194%
Cream Flavor #115666 {Natural Flavors Inc ) 0.0500%
Vitapuns Package WE-24994 {Wright Group) $.0230%
Water 91.5686%
Total
160.000000%

{(088] Batch Mixing Instictions:

{00891 Fill lugh-shear nuxer and batch tank with 70% of batch water called in fornmla at
less than 60 degrees F. Start recycle pumping loop between lugh-shear nuxer and batch
bolding tank. Add vellow pea protein concentrate slowly to the water to ensare hydration
with low dusting. Add remiauung ingredients n the order shown above to bigh-shear mixer,
Prenux Gellan Gum and Locust Bean Gum with Tricalcium Phosphate before adding.
Continne 1o nux for 15 mmutes and recvele product from bateh tank through high-shear
mixer. Adpost solids as needed with water withbeld from batch (approxumately 21.56% of
formpula). Product nuxture should be contunually agitated to prevent settling of Tricalonun

Phosphate.

{6090} Processmg Instruchions:

[00691] Process Product Aseptically using steamn injection according tx FDA aseptic
process filing {293°F for 9 seconds}. Cool to less than 180°F and bomogenize at 3500 psi
combined 1%/2™ stage before thermal processing/sterilization. Continaously agitate product
m sterile holding tank to prevent settling. Package aseptically m sterilized cartons with

Nitrogen headspace gas.

{6692] Finished Product Solids Target 8 13%:+ 8.10%

{6093} 100% of the mgredients m the RTD formmla in Example 4 are plant-based and no

antimal-based mgredients are nsed i the preparation. 100% of the RTD protem sonrce is a
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pea protemn concetrate produced according to Example 1, which has a caleulated PDCAAS
of 1.00. Accordmngly, the RTD produced in Exaraple 4 15 a hvpoallergenic, cholesterni-free
beverage with 27 mg of sulfur-contaming amino acids per gram of protem, an ammo acid
score of 1.00, a Digestibilitv Score of 1.00, and 8 PDCAAS of 1.00 for children, aged &

months to 3 years and for older ehuldren, adolescents, and adults {aged 3 vears and up).

{6094} EXAMPLE §: Preparation of a hypoallergenic, plant based, non-dany, aseptically
filled, Greek-styvle yogurt. This cholesterol-free vognrt has a protein level sunilar to Greek-
style low fat vogurt produced from cow’s nmlk i macro and micro nutrient content. The
yvogurt has a sulfur-contaming anuno acid content of 27 mg per gram of protemn, an ammoe
acid score of 1.00, a Digestibility Score of 1.00, and a PDCAAS of 1.00 for children, aged 6

months to 3 years and for older children, adolescents, and adults {aged 3 vears and up}.

Formoula

Inoredients h
Pea Protem Concentrate (produced it Example 1} 10.00%
Sugar .50
Caleium Chloride 0.25%
Wright vifamin mineral blend 0.4
Active vogut cultures (.05
Water 22.80

Tixtal 100.00%

Fruit Preparation, 20 brix 12.50%

{6095}  Batch Mixmg and Packagme Instruchions

{6696} Txry blend pea protein, sugar, and vitarnmn puneral blend. Heat water to 100
degrees F and nux dry blended powders mnto water m a well agatated hiquud blender. When
fully dispersed, heat fo 140 degrees and homogenize m a two-stage homogenizer with 2000
pst first stage and 500 pst second stage. Heat the homogenized mixture to 165 degrees and
hold for one nunute, then cool to 140 degree F. Under good apitation, slowly add cultures and
dilute calenwmn chlonde.  Yust prior to packaging, combme frwt preparation with homogenized
vogurt by mixmg 87.5% of the vogurt mux with 12.30% of the frwt preparation and package

aseptically m plastic cups.

{6697} 13(%% of the mgredients in the yogurt produced m Example 5 are plant-based and
no animal-based mgredients are used m the preparation. 100% of the profein source mn the
Greek-style vogut 1s a vellow pea profein product concentrate according io Example 1.
Accordingly, the Greek-style vogurt produced in Exanwyple 4 is a cholestero] freg,

hyvpoallergenic, Greek-style vognrt with a sulfur-contaming amino acid level of 27 mg per
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gram of protewn, an anuno acwd score of 1.4, a Digestibulity Score of 1.00, and a PDUAAS of
1.00 for children, aged 6 months fo 3 years, and for older cluldren, adolescents, and adults

{aged 3 years and up).

[6098] EXAMPLE 6: Preparation of a hypoallergenic, plant based, non-dawy, lactose-
free nutritional beverage powder for toddlers aged 3-5 vears. Thus cholesterol-free toddler
beverage has a protein level sanilar to toddier formmla produced from cow’s milk m macro
and micro nutrient content. The beverage powder has a sulfur-contannng anuno acid level of
27 g per gram of profein, an aring acid score of 1.00, a Digestibility Scove of 1.00, and a
PDCAAS of 1.00 for children, aged 6 months to 3 vears and for older children, adolescents,

and adulis {aged 3 years and up).

Formula

Dry Solids Ingredients %o Dy %2 of

hgud mix
Tapioca Syrup Sohds 39.3% 15.72%
High Oleic Sunflower O1l 28.53% 11.40%
Pea Protem Concentrate {(produced m Example 1} 20.4% R.16%
Sugar 5% 3.4
Wright Vitanun Mmeral & Oil Blend 3.8% 1.52%
Sunflower Lecithin 6.7% {.28%
Salt £.2% 0.08%
Natural Vanilla Flavor 0.075% 0.003%
Water -- 60.0%

Totals 100.00% 10660.00%

[6699] Muixing and Processing Instructions

[00108] Water at 125 degrees F 15 put into a liqmid blender and the vellow pea protein
concentrate 1s added under agitation and mixed for 20 minutes o allow the protems o
solubihize. Affer protemn solubilization, the carbohydrates {fapioca solids and sugar) are added
to the higmd protem nux and beld nnder agitation for 10 minutes after the last addition fo
allow nuxing. The Sunflower (i and Lecithin are added and the nuxture 1s heated fo 145
degrees F. The Vitamin Mineral Mix, salf, and Havors are added and the product 1s
inunediately homogenized in a two-stage hornogeruzer at 2000 psi first stage and 300 pst
second stage. The homogenized mixnwe is heated to 200 degrees F, helid for 30 seconds,
cooled 1o less than 150 degrees F, and 1s spray dried o a fine powder with less than 4.0%
motshire m a tall form spray drier. The toddler powder is packaged m 1-2-pound caos or
plastic bottles. 40 grams of toddler beverage powder is stirred into 250 ml of room

temperature water before consumptiont by an older c¢hild 3 vears old and up.
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[80101] Preparation of a hyvpoallergenic, plant based, non-dairy, lactose-free mutritional
beverage fiw toddlers aged 3-3 vears 15 accornplished. Thus cholesterol-free toddler beverage
has a protein level similar to toddler formula produced from cow’s nudk in macro and micro
mutrient content. The beverage has an anuno acid score of 1.00, a Digestibility Score of 1.04,

and a PDCAAS of 1.00.

[60102]  100% of the mgredients m the toddler beverage powder produced m Example 6
are plant-based and no ammal-based mgredients are nsed in the preparation. 100% of the
protein souree m the toddler beverage powder is a yellow pea protemn concentrate produced
according to Example 1. Accordingly, the toddler beverage powder produced in Example 6 s
a cholesierol free, lactose-free, hiypoallergenic, toddler beverage powder with a sulfiw-
confaining amuo acid score of 27 mig per gram of protew, an anuno acid score of 1.00, a
digestibility of 1.00, and a PDCAAS of 1.00 fur cluldren, aged 6 months to 3 vears, and for
older children, adolescents, and adulis {aged 3 vears and up). 250 ml of the reconstituted
toddler beverage powder contains 2595 of the RDA of proten, vitamins, and nunerals for an

older child of 3-5 vears old.

[60103] EXAMPLE 7: This example illustrates the processing of a chuckpea flour into a
chickpen protem concentrate characterized by a complete anuno acid profile for children
{ages 6 months {o 3 vears} and older children (aged 3 vears and up), adolescents, and adults, a
sulfiw-contaimung apuno acid content of greater than or equal to 27 milligrams per gram of

protemn, an in vifro digestibility of .97 and PDCAAS of .97,

[80104] Chickpea flour was purchased from Nuts.com with as-13 analysis of protein

23 D%, ash 3.9%, acid-hydrolyzed fat 6 8%, and a moisture level of 7.3%5. Fifty pounds of
this flour was shried at a sobids level of 9.6% into water at 118 degrees F and pH was
adjusted o 8.5 with NaOH (50% concentration). This shury was mamtained at 115 {o 118
degrees F for forty-five minutes under agitation, and then was pumiped to a Sharples P-660
horizontal decanter to separate soluble from mscluble material present i the shury. The
msoluble fraction separated front the shury had solids analysis of 25 9% and protem drv basis
analysis of 8.2%. The solubles fraction {exiract) separated m the decanter was 5.84% sohds
and dry basis protein analvsis of 52.6%. The decanter was operated to achieve 2.0% sohds-

by-vohune of the msoluble material remaining i the solublex fraction.

[80105] The solubles fraction {extract} fron the decanter was further processed using a

Westfalia SB-7 clanfying disk-type centrifuge separating the final insolible matenal
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containted 1o the extract. The extract wax separated in the clanfier into a shudge fraction
contannng the residual insoluble materials and a clarified extract fraction. The clanified
extract fraction contamed 3.5% sohds and the spin down analysis way less than 0.1% solids
bv volume. The protein recovery n this alkaline extraction, followed by a two-stage mnsoluble

removal, was 79.7%.

[60106]  The clarified exiract was heated to 140 degrees F and the pH was adpusted to 7.5
with hydrochlonic acid {10% concentration), and then fed to a four-sfage ultrafiltration
membrane cutfitted with a polvethersulfone mendwane with 5,000 kDa nolecular weight
cutoff for separation of the larger protein nolecules from the sugars, ash, and other non-
protem components. The membrane was purchased from Microdyn Nadir and was an 8038
membrane with 31 pul spacers and contaung 344 square feet of membrane surface. The
clarified extract was processed and recirculated at 150 degrees Funtil a 2x concentration of
the retentate was achieved m the first stage of the nltzafilivation separation and then the
processing was sfopped {first stage diafiltration 1s finished). Diafiliration water {fresh, potable
RO water) was added to the first stage retentate 1 an amount equal to the penmeate removed
in the membrane froo the first stage and the first stage refentate diluted with diafiltration
water 1s processed in a second stage i the same manner as the first stage. The second siage
retentate is diluted with diafiltration water in amount equal to the permeate remioved in the
second stage. This process is repeated until four stages have been completed. The retentate
from stage 4 1s not dilnted and is further processed as described below. The amount of
ciafiltration water consnmied is equal {o the permeate removed m the four stages. The final
retentate contams 4.8% solids with a protemnn concentration of 82.7% dry basis protein. The
average permeafe sohds was 1.59%, and the protein recovery m the ultrafiltration/diafiltration

step was 92.6%.

[801067] The final reteniate 1s vat pasteurized at 170 degrees F for 1 munutes and fed to
and recircuiiated mn an evaporator until a nuounum of tweo times the final ulrafiltration
retentate solids level. The product is spray dried to 6.0% moisture content in a NIRO
atomizing wheel pilot spray drier with mlet temiperatuwe of 185 degrees € and an exhaunst
terpperature of 95 degrees C. The final product is analvzed to contam 77.3% dry basis
protein. 73.8%5 percent of the protem contained i the raw material ix collected in the pea
protem concentrate produced. The flavor of the spray-dried chickpea profein concentrate 1s

very bland and contains no flavor off notes.
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[60108] The chickpea protein concentrate produced fromm the split peas m thus example was
compared to the apuno acid reference profile for child aged 6 oronths thwough 3 years, The
aming acid profile of the chickpea protemn concentrate 1s not deficient 1n any essential ammo
acid and has an anupo acid score of 1.00 and provides a comyplete anuno acid protile for
children aged 6 months through 3 vears. The anuno acid score also 15 1.00 for older ehildren,
adolescents, and adolts. The sulfur-contaming ammno acids of the chickpea profem 1527 .4

myg'g protein compared to the FAQYWHO refevence pattern of 27 oxg/g for cluldren aged 6
mths through 3 years, and the FAG/WHO reference pattern of older cluldren, adolescents,

and adulis of 23 nulligrams per gram.

[801069] The digestibility of the pea profein concenfrate produced in this example was
analvzed by General Mills Iaboratory (Medallion Labs} using the in vifro analysis technique

{LLS. patent number 9,378 ,920) and detenmined to be .97,

[80110] The word "illustrative” 1s used herein o mean serving as an example, mstance, or
illustration.  Any aspect or design desenibed herem as "illnstrative” 13 not necessanily to be
constiued as preferred or advantageous over other aspects or designs. Further, for the

o W

purposes of this disclosure and unless otherwise specified, "a” or "an" means "one or more.”

[86111] The foregoing descniption of itlustiative embodunents of the mvention has been
presented for purposes of illnstration and of deseniption. It 1s not infended 1o be exhaustive or
to Linut the mwvention to the precize form disclosed, and modifications and variations are
possible n hight of the above teachings or mav be acquired from practice of the mvention.
The embodiments were chosen and described 1 order to explan the principles of the
mvention and as practical apphications of the mvention fo enable one skilled m the ant to
utilize the wvention in varsous embodiments and with vanous modifications as suited to the
particular use conteniplated. It i1s miended that the scope of the invention be defined by the

clamns appended hereto and their equivalents.

ey
M2
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WHAT IS CLAIMED IS:

1. A method for making a plant protemn composition from pulse particles, the
method comprising: (a) conducting an alkaline extraction on an agueous shury of the pulse
particles; (b)) removing water-insoluble protews and other water-insoluble components from
the aqueous shury to provide a water-soluble, protenvrich bgud fraction; {c} separating
water-soluble protems n the protem-rich liquud fraction from water-solnble lower molecular
weight peptides and water-soluble non-proteins in the protein-rich higpud fraction via
ultrafiltration using an vhrafilration membrane that concentrates the albunun protemns o
provide a protemn-rich retentate; and {d) removing water from the protein-rich retentate to

provide a dry plant protemn compostiion.

2. The method of claim 1, wherein the alkaline extraction s conducted at apH
the range frivm 7.5 Yo 9.5 for a duration sufficient to provide the plant proteins with a degree

of hydrolysis of greater than zero and less than 15,

3, The method of claum 2, wherem the alkaline extraction is conducted atapH
the range from 7.5 to 9.5 for a duration sufficient to provide the plant protems with a degree

of hydrolysis of greater than 1, but no greater than 12,

4. The prethod of clain 1, wherein the agueous shury compnises from § wi% to
12 wt.%6 of the pulse particles, the pulse particles having a masumum particles size of less
than 200 nucrons; and the water-soluble, protein-rich hguid has an msoluble solids content of

no greater than 2.0 vol.%e.

5. The method of claun 1, wherein the plant protemn coraposition has a plant

protemn concentration of af least 60%, based on a drv weight basis.

6. The method of claun 1, wherein the plant protemn coraposition has a plant

protein conceniyation of at least 70%5, based on a dry weight basis.

7. The method of claim 1, wherem the plant protein composition has a plant

protein conceniration of at least 80%, based on a dry weight basis.

8. The method of clainy 1, wherein the alkaline extraction is an alkaline

proteolviic extractiog.
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9. The method of claioy 1, wherein the ulvafiltration memidwane bas a moclecular

weight cutoff of 5 kDa or spualler.

1. The method of clamm 1, wherein the pulse particles comprise yellow pea

particles and the plant profein comprises vellow pea protem.

11, The method of clamm 1, wherein the pulse particles comprise chickpea

particles and the plant protein comprises chickpea protem.

12, The method of clann 1, wherein the pulse particlex are selected from lentil
parficles, fava bean parficles, and mung bean particles and the plant protein 1s selected from

{entil protemn, fava bean protent, and mung bean protem.

13, The method of claim 1, wherein the dry plant proteni has a solubility of at

loast 95%;.

14, The prethod of elamm 1, Auther conyprising performmg an amvlase
carbohvdrate reaction on the water-soluble, protem-nich hiquid fraction prior to separating the
water-soluble proteins m the protem-rich hquid fraction from the water-soluble lower

molecular weight peptides and water-soluble non-profems,

15, The method of clann 14, wherein the amvlase carbobydrate reaction is carried
ot on the water-soluble, protemn-tich liquid at a pH in the range from 4.0 to 7.0 and vesults in
the conversion of starch, dextrms, maltodextrins, and complex sugars mto sanaller fragments

that pass through into a permeate fraction of the ultrafiltration process.

16, A food product comprising:

a beverage or foodstuff, other than vellow peas; and

a vellow pea protem concentrate combined with the beverage or foodstuft,

wherent the vellow pea protemn concentrate has a vellow pea protem concentration of
at least 7%, based on dry weight, greater than or equal to 27 sulligrams of snlfur-contaming
anuno acids per gram of profein, an & vitro Protemn Digestibility of at least 0.98, and a

PDCAAS value of at least 0.9R for children ages 6 months to 3 vears.

17.  The food product of claim 26, wheremn the food product is free of plant

proteins other than yellow pea proteins.
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18, The food product of claum 16, wherein the vellow pea protein concentrate has

a vellow pea protein concentration of at least 80%s, based on dry weight.

19, The food product of claim 16, wherein the food product 1s 2 non-dary hiquud
beverage, a non-dairy beverage powder, andfor a food product comprismg achive vogurt

culirures.

20.  The food product of clamm 16, wherein the yellow pea protein concentrate has

a DH value of at least 1, but less than 15

21.  The food product of claim 22, wherein the vellow pea protem concentrate
contprises albumin protein fragments comprising cleaved fertiary struchwres and having

moiecilar weiglits i the range from 5 kDa to 40 kDa.

22, The food product of claum 16, wherein the vellow pea protein concentrate has
an i vifro Protein Digestibility of 1.00, and a PDCUAAS value of 1.00 for cluldren ages 6

months to 3 yvears.

23, A vellow pea protein concentrate comprising vellow pea protemnss, wherein the
vellow pea protein concentrate is free of protemns other than vellow pea proteins and has a
vellow pea protein concentration of at least 7(¥%, based on drv weight, a complete aming acid
profile for children ages 6 months fo 3 vears, greater than or equal to 27 nulhgrams of sulfur-
confammg ammo acids per gram of protein, an in vitre Protein Digestibility of af least 0.98,

and a PDCAAS value of at least 0.98 for children ages 6 months to 3 years.

24, The yellow pea protein concentrate of claum 23 baving a vellow pea protemn

concentration of at least 8(%, based on dry weight.

25, The vellow pea protem concentrate of claun 23 having a DH value of greater

than 1, but less than 135,

26.  The vellow pea protemn concentrate of clann 23 having an #» vitre Protemn

Dhgestibulity of 1.00, and a PDCAAS value of 1.00 for children ages 6 mounths to 3 years.

27.  The vellow pea protein concentrate of claim 23, comprising albunun protein
fragments comprising cleaved tertiary stinctures and havimg molecular weights i the range

from 5 kDa fo 40 EDa.
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28 The yellow pea protem concentrate of claun 27, wherewn the vellow pea

proteins are partiaily hvdrolvzed.

29 A chackpea protein concenirate comprismg chickpea profemns, wherein the
chickpea protein concentrate 1s free of proteins other than chickpea proteins and has a
chickpea protemn concentration of at least 60%, based on dry weight, a complete anuno acid
profile for adults, greater then or equal to 22 milligrams of sulfur-contaming amine acids per
gram of protemn, an v vitro Protein Digestibility of at least 097, and a PDCAAS value of at

feast £3.97 for adults.

38, A chickpea protein concentrate conprising chickpea proteins, wheremn the
chickpea protem is free of protein other than chickpea protemns and has a chickpea protem
concentration of at least 6{%, based on dry weight, a complete anino acid profile for
children ages 6 month throngh adult, greater than or equal fo 27 mulligrams of sulfr
contamning arpine acids per gram of protein, an i vilre Protein Digestibility of af least 0.97,

and a PDCAAS value of at least 0.97 for children aged 6 maonths through adult.

31, A food product comprising:
a beverage or foodstuft, other than chuckpeas; and

the chickpea protein concentrate of clamm 29

32. A food product comprising:
a beverage or foodstuft, other than chickpeas; and

the chickpea protein concentrate of claim 30.

33, A lentdd protemn concentrate comprising lentil protems, wherem the lentil
protein concentrate is free of proteins other than lenti proteins and bas a lentil protein
concentration of at least 60%, based on dry weight, a complete aminoe acid profile for adulis,
greater than or equal to 22 mulligrams of sulfur-contaming amino acids per gram of protem,
an in vifro Protein Digestibility of at least .97, and a PDCAAS value of at least 0.97 for

adults,

34, A food product comprising:
a beverage or foodstuff, other than lentils; and

the lentil protem concentrate of clamn 33.



WO 2019/140363 PCT/US2019/013460

35. A favabean protein concentrate cotoprisung fava bean proteins, wherem the
fava bean protein concentrate is free of proteins other than fava bean proteins and hax a fava
bean protem concentration of al least 60%%, based on dry weight, a complete ammo acid
profile for adults, greater then or equal to 22 milligrams of sulfur-contaming amine acids per
gram of protem, an in vifro Protein Digestibility of af least 8.97, and a PDUAAS value of at

feast .97 for adults.

36. A food product comprising:
a beverage or foodstuft, other than fava beans; and

the fava bean protein concentrate of claim 35,

37. A oumg bean protein concentrate comprising nnng bean protemns, wherems the
g bean protemn concentrate is free of protems other than nmang bean proteins and has a
nuutg bean protein concentration of af least 60%, based on dry weight, a complete amimno acd
profile for adults, greater than or equal to 22 milhigrams of sulhr-contaming amine acids per
gram of protemn, an in vifro Protein Digestibility of at least 0.97, and a PDCAAS value of at

feast £3.97 for adults.

38 A food product comprising:
a beverage o foodstuff, other than mung beans; and

the moung bean protein concentrate of clamm 37,
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 19/13460

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A23J 1/14, A23L 2/66, A23L 3/00 (2019.01)
CPC

- A23J 1/142, A23L 1/3055, A23J 3/14, A23C 9/1315, CO7K 1/145

According to Intemmational Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

claim 1; claim 4

para [0025]; claim 14

Y US 4,677,065 A (BUCHBJERG et al.) 30 June 1987 (30.06.1987) Col. 6, In 15-30; Col. 6, In 49-
68; Col. 7, In 1-6; claim 3; claim 5; claim 9; claim 23; claim 27; claim 33

Y US 2009/0286961 A1 (TANG) 19 November 2009 (19.11.2009) Abstract; para [0006]; para
[100] para [0160}-[0161], para [0171]; para [0215]); para [0449]; claim 16;

Y US 2007/0207255 A1 (CRANK) 6 September 2007 (06.09.2007) Abstract; para [0032]-[0033];

Y US 2009/0203880 A1 (GOSNELL et al.) 13 August 2009 (13.08.2009) Abstract; para [0010};

Y US 4,259,358 A (DUTHIE) 31 March 1981 (31.03.1981) Col. 6, In 41-54; Col. 7, In 56-68; Col. 8,
In 1-26; Col. 10, In 54-68; Col. 16, In 53-68; Col. 17, In 1-7 claim 1; claim 6

1-16

1-15

14-15

I:] Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

3 May 2019

Date of mailing of the international search report

23 MAY 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
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Facsimile No. 571-273-8300
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Lee W. Young
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 19/13460

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive

concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.
Group I: Claims 1-15, directed to a method for making a plant protein concentrate from pulse particles.
Group II: Claims 16-38, directed to a food product comprising a plant protein concentrate with protein of a single plant, and a minimum

Protein Digestibility and amino acid content.

The inventions listed as Groups | and 1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:
continued on supptemental sheet

l. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
5

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continuation of Box Ill: Observations where unity of invention is lacking:

Special Technical Features

Groups Il does not require a method of making a protein concentrate, as required by group |.
Group | does not require a food product composition, as required by group I1.

Common Technical Features

The common technical feature shared by Groups | and |l is a plant protein-rich concentrate comprising water soluble plant proteins (e.g.
yellow pea protein) wherein the water can be removed to provide a dry composition comprising an amount (e.g. % dry weight) of plant
protein.

However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is
anticipated by US 4,677,065 A to Buchbjerg et al. (hereinafter ‘Buchbjerg'). Buchbjerg discloses a plant protein-rich concentrate
comprising water soluble plant proteins wherein the water can be removed to provide a dry composition comprising an amount (e.g. %
dry weight) of plant protein (abstract "Seeds of a grain legume of relatively low lipid content are processed under conditions found to
yield an improved protein isolate which is well suited for human consumption. The seeds of the grain legume are wet-milled in an
aqueous medium to form a finely milled slurry with the protein being substantially dissolved in water (as described). Solid material is
removed from the protein slurry, and low molecular weight coagulation inhibitors inherently present are removed from the extract of
protein by ultrafiltration with the aid of diafiltration to form a protein retentate ... to produce the improved protein isolate of the present
invention which optionally may be recovered in a particulate solid form. The resulting protein isolate of the present invention exhibits
excellent emulsifying properties and can be used to advantage as an additive for food systems." co! 7, In 48-55 "The product contains
approximately 87 percent by weight protein, approximately 6 percent by weight lipids (i.e., fat), approximately 1 percent by weight
carbohydrates, approximately 2 percent by weight ash, and approximately 4 percent by weight water. On a completely dry solids basis
the product consists of approximately 90 percent by weight protein.").

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Groups | and Il therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

NOTE: Claim 17 is objected to for lack of antecedent basis. As drafted, claim 17 depends from claim 26, which fails to recite a "food
product”. For the purposes of this application, claim 17 is construed as though depending from claim 16.

Form PCT/ISA/210 (extra sheet) (January 2015)
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