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ABSTRACT

There is disclosed a method of producing a standardized whey composition, comprising steeping
seed an identity preserved pulse cultivar selected from the genera for a predetermined time at a
predetermined temperature. Optionally this seed is subjected to processed by milling and
fractionation or heating and fractionation to produce a series of improved food ingredients that

uniformly stabilize foams and emulsions.
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AQUAFABA COMPOSITION AND METHODS OF MANUFACTURE

FIELD OF THE INVENTION

The present disclosure relates to aquafaba, and more generally to novel aquafaba compositions

and methods of manufacture.

BACKGROUND

Aquafaba is a viscous liquid obtained from cooked chickpeas or other pulses (edible legume seeds)
and has gained popularity in the vegan community to replace eggs and milk in many vegan foods.
Aquafaba was initially reported by Joel Roessel as a foaming agent to replace egg white
(Révolution végétale, 2014). This liquid is prepared by separating the viscous liquid from canned
or pressure-cooked chickpeas by filtration. Aquafaba has many highly desirable functional
properties such as foaming, emulsifying, binding and thickening, (Aquafaba, 2016) that allow
substitution for egg white or whole eggs in many food recipes such as meringue (Stantiall et al.,
2018), mayonnaise, cakes, butter and whipped cream, etc. However, different pulse varieties and
variations in production methods have produced aquafaba of varying quality with unpredictable

properties and inconsistent results.

What is therefore needed are improved aquafaba compositions and methods of production that

provide more consistent and predictable properties.

SUMMARY

The present disclosure relates to novel aquafaba compositions and methods of manufacture.

In an aspect, there is provided a method for producing aquafaba based on testing the properties of
pulses (edible legume seeds) and the process for preparing, cooking, straining and filtering in order
to produce standardized aquafaba with consistent quality and predictable properties for use in

foods as an egg replacement.
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In another aspect, various embodiments are directed to the improvement of aquafaba compositions
to more fully replace eggs in different food applications in predictable ways and achieve superior

performance.

Further embodiments of the invention are directed to the concentration and modification of
aquafaba compositions made from pulses (edible legume seeds) having consistent and predictable
characteristics for specific food applications, such as plant-based soy milk, baked goods, meringue,

mayonnaise, salad dressing and dips.

In this respect, before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of construction and to
the arrangements of the components set forth in the following description or the examples provided
therein, or illustrated in the drawings. Therefore, it will be appreciated that a number of variants
and modifications can be made without departing from the teachings of the disclosure as a whole.
Therefore, the present invention is capable of other embodiments and of being practiced and
carried out in various ways. Also, it is to be understood that the phraseology and terminology

employed herein are for the purpose of description and should not be regarded as limiting.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows an illustrative process for forming aquafaba in accordance with an embodiment.

FIGS. 2A and 2B show foam capacity and form stability characteristics, respectively, of aquafaba

prepared from various types of pulses (edible legume seeds).

FIG. 3 shows a representative 'H-NMR Spectrum of the total region of aquafaba in accordance

with an embodiment.

FIGS. 4A and 4B show spectrum diagrams of aquafaba compositions in accordance with an

embodiment.

FIGS. 5A —5C show NMR spectra for faba bean compositions in accordance with an embodiment.
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FIG. 6 shows another illustrative process for forming an aquafaba composition in accordance with

an embodiment.

FIG. 7 shows an illustrative design and construction of a foam separator in accordance with an

embodiment.

FIGS. 8A and 8B show illustrative foam stability of chickpea whey (A) and egg white (B) based

on whipping time.

FIG. 9 shows an illustrative comparison of foam capacity between egg white and aquafaba based

on whipping time.

FIG. 10 shows an illustrative photograph comparing egg white foam and aquafaba foam.

FIG. 11 shows a photograph comparing cake baked using egg white and cake baked using

aquafaba.

FIG. 12A shows a photograph comparing egg white icing and aquafaba icing.

FIG 12B shows a photograph comparing egg white meringue to aquafaba meringue.

FIG. 13 shows a schematic block diagram of a generic computing system in accordance with an

embodiment.

In the drawings, embodiments are illustrated by way of example. It is to be expressly understood
that the description and drawings are only for the purpose of illustration and as an aid to
understanding and are not intended as describing the accurate performance and behavior of the

embodiments and a definition of the limits of the invention.

DETAILED DESCRIPTION

As noted above, the present disclosure relates to novel aquafaba compositions and methods of

manufacture.
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In its dried form, aquafaba is a fine white flavorless powder containing protein and
polysaccharides. In this dried form no preservatives or additives are required but the addition of
said compounds with the aquafaba of this invention is obvious to those skilled in the art. In a
preferred embodiment, the aquafaba powder is typically dried then milled or processed by spray
drying such that >95% passes through a 90 um screen, 170 mesh. Those skilled in the art will
recognize that finer and coarser products are possible for specific applications. The preferred

protein content is about 27 % (Dry matter basis).

When the aquafaba powder is dispersed in water (in a preferred embodiment about 2.5-3 % w/w
aquafaba powder to water), and then whipped (in a preferred embodiment for 15 minutes), it
produces a foam approximately equal in volume and stability to an egg white foam. By way of
example, an aquafaba preparation of 10 wt% oil-in-aquafaba produces nanoemulsions with added

oil that are white in color and stable for more than 6 months (at 4°C).

Many food formulations, particularly baked goods, dairy desserts, noodles and pasta, include egg
to provide softness, colour and texture (Sadahira et al., 2018). Egg white has excellent surface-
active properties. Eggs bind ingredients (Stadelman & Schmeider, 2002), act as emulsifiers, and
form foams when whipped and coagulate when heated (Mine, 1995; Foegeding et al.,2006). The
foaming ability of egg white is needed for preparing mousses, and in baking applications,
especially sponge and angel cake (Stadelman & Schmeider, 2002). The emulsification properties
of egg white are advantageous in hollandaise, mayonnaise, salad dressing and other sauces.
Furthermore, egg white is used in meringues and confections to minimize sugar crystallization, in
icings to ensure creamy smoothness, and in baking to improve whiteness and texture (Stadelman

& Schmeider, 2002; Sadahira et al., 2016).

However, due to increasing costs, health considerations such as cholesterol intake, dietary choices
(i.e. vegans and vegetarians), egg allergies (Kemp, 2007) and environmental concerns (Janssen et
al., 2016), egg consumption has been declining. Consumers are actively searching for healthier
egg alternatives, but do not wish to sacrifice taste, appearance and functional properties contributed

by eggs to food.
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Many studies have been published describing possible replacements for egg in food products,
(Arozarena et al., 2001; Kohrs et al., 2010; Shao et al., 2015, Rahmati & Tehrani, 2014, Tan et al.,
2015, Lee et al., 1993; Myhara & Kruger, 1998; Raeker & Johnson, 1995). However, these studies
were unable to identify a substance which could completely replace the functionality of egg
including its contribution to producing a stable foam (Stadelman & Schmeider, 2002). The unique
foaming, emulsifying and heat coagulation properties of egg white protein are difficult to duplicate
using protein from other sources, even with the inclusion of additives such as hydrocolloids. The

search for a suitable egg replacement has therefore proven to be challenging (Ashwini et al., 2009).

Traditionally, egg replacements have been produced from a source of protein — often from an
animal source such a whey protein, and a vegetable oil. However, more recently, pulse flour and
pulse protein isolates have been investigated for their foaming and emulsifying properties in vegan
and gluten-free food products. For example, it has been found that lentil protein as an egg
replacement produces acceptable angel food cakes and muffins, but with slight increases in
hardness and chewiness (Jarpa-Parra et al., 2017). Incorporation of chickpea flour combined with
other hydrocolloids has also been used to produce gluten-free bread and snacks (Rachwa-Rosiak
et al., 2015; Herranz et al., 2016). Heat (Xu et al., 2017) and fermentation (Chandra-Hioe et al.,
2016) were investigated as treatments to improve chickpea flour functionality, but all such

treatments decreased emulsification and foaming ability.

The difficulty in development of egg replacement compositions that fully replace eggs is reflected
in the patent literature where numerous inventions are only partly capable of replacing eggs or

could only be used for some specific applications.

For example, US 3,864,500, and US 4,103,038, describe a process for preparing an egg yolk

substitute comprising non-elastic protein, oil and salt.

US 4,029,825 and US 4,267,100 describe a process for forming an egg white substitute made from

modified whey protein.

US 4,103,038 describes an egg replacement composition comprising whey protein, fat and lecithin.

This product is not useful for vegan foods as it contains animal protein and lecithin derived from

eggs.
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US 4,072,764 describes an egg yolk replacement made from soy flour, oil and lecithin. This

composition does not have the function of whole eggs.

US 4,214,010 describes replacement of whole eggs in custard using a composition comprising

whey protein and shortening, (animal fat).

US 4,293,574 and US 4,302,474 describe a process for a mayonnaise-like product using protease

treated soy protein, an emulsifier, oil, vinegar and salt.

US 4,360,537 describes lipoprotein emulsions that can partially replace eggs.

US 4,409,248 describes modified vegetable protein isolates that can be used to replace egg

albumin.

US 5,718,940 provide a method of making a vegetarian egg yolk comprising flour, vegetable oil,

fried beans and cheese.

US 6,878,394 and US 7,442,400 describe egg replacer compositions made from protein, oil and
steroyl lactylate.

US 8,287,930 describes a free-flowing egg replacement comprising wheat protein, propylene

glycol, glycerin, and lecithin.

US 10,321,705 describes a mung bean protein isolate that when mixed with phosphate has some
egg-like properties.

Unissued US patent application US 2014/0193565 A1 describes a multi-purpose ingredient for
baking and other food uses to replace eggs called Optisol. This product comprises protein and a
flaxseed fraction that provides gum, starch, fibre, carbohydrates and fat. The protein may be whey

protein or a plant protein.

Unissued US patent application US 2014/0356507 A1 describes a plant-based egg substitute that
is primarily comprised of some type of legume flour such as garbanzo beans (chickpea) or yellow

pea that additionally comprises some plant gums, (guar gum, xanthan gum), starch and carboxy-
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methyl cellulose and plant vegetable oils. Although this product comprises chickpea flour it is not

equivalent to aquafaba.

In summary, despite all of the work that has taken place to develop egg replacements, the desirable
properties of egg whites have proven hard to duplicate for all egg white uses and applications.
Prior art egg substitutes are therefore useful for only a limited number of products. Due to these
limitations, in many instances these products do not replace eggs entirely and may instead be used
to extend the volume of the egg product by mixing. Additionally, many of the protein compositions

include animal protein or fats, thus being unacceptable for vegan uses.

To address these various limitations of prior efforts, the inventors have developed a novel aquafaba
composition and method of production which provides a suitable egg white substitute for virtually

all egg white applications used in processed foods.

Aquafaba functional properties vary considerably depending on the pulse composition, steeping
time, temperature, pressure, cooking time and genotype (Shim et al., 2018, Mustafa et al, 2018).
For example, chickpeas from different commercially available brands, when prepared under
differing conditions, lead to differences in the quality and performance. Variations in processing
conditions result in inconsistent and irreproducible aquafaba quality, stability and foaming

properties, thus making the task of maintaining consistent food processing quality very difficult.

Unissued US patent application 2016/0309732 A1 by Gugger et al describes a legume-based dairy
substitute and food products that contain it. The product comprises a soybean milk made from
hydrated seeds heated under pressure in the presence of amylase to remove starch that is blended

with vegetable oil. The application includes a functional comparison (example 6) to aquafaba.

US patent application 2018/0042278 A1 by Brahimsha et al describes a protein enriched hummus
composition made by adding additional protein to the chickpea product to enhance texture and

functionality that additionally comprises a brine solution that includes aquafaba.

US patent application 2018/0303105 A1 by Desjardins-Lavisse et al describes a food dough and

method of production that includes, (i.e. claim 5) incorporation of aquafaba.
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US patent application 2019/0045807 A1l by Shah et al describes an air-stable edible foam
comprising at least one proteinaceous whipping agent from a plant source that may be aquafaba,

(claim 5).

US patent application 2019/0200662 A1 by Barewal et al describes food products for individuals
with chewing and swallowing difficulties that comprises a foamed aquafaba network to add

strength and viscosity to the product.

US 3,669,883 describes a foam fractionation system used to remove fibers, colloids and hogh

molecular weight contaminants from aquarium water.

US 5,484,525 describes a foam fractionation system used to remove contaminants (organic waste)

and purify water.

All of the applications cited above refer to aquafaba and provide possible uses in foods, but none
of them describe methods to produce an aquafaba composition, or to improve or concentrate or

standardize aquafaba for intended applications.

In an embodiment, the present invention provides methods for the production of aquafaba
compositions with improved functional aspects of stability, consistency, and predictability in

numerous and diverse food products.

In a further embodiment of the invention, methods are provided to the formation of a concentrated
aquafaba composition with altered profile of ingredients that enhances the performance and more

closely replicates the diverse abilities of eggs.

In a still further embodiment of the present invention to provide examples of the use of the
aquafaba compositions in the preparation of food products such as sponge cake, meringue, icing,

salad dressing, dips, chickpea milk, vegan cheese substitute, vegan ice cream, and mayonnaise.
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Example 1: standard production of aguafaba from 14 pulses by pressure cooking

To establish baseline data for foam capacity and foam stability the inventors conducted extensive

experiments with a wide variety of pulses.

FIG. 1 shows an illustrative process for forming aquafaba in accordance with an embodiment,
which was used for these experiments. Samples of pulse seed (100 g) derived from fourteen species
were weighed and submersed in water (1:2.5; w/v) and held at 4°C for 16 hours. During this time,
the seed swelled and softened as it imbibed water. After this period the seed was placed onto a
screen and any excess water was allowed to drain. Optionally the seed may be washed before
proceeding. The drained seed was then mixed with water (1:1; w/v) in 250 mL sealed glass jars
and cooked for 20 min in a pressure cooker at 70-80 kPa (115-118 °C). After cooking, the jars were
maintained at room temperature for 24h. The liquid resulting from cooking (aquafaba) was
separated from the seed using a stainless-steel mesh kitchen strainer. A representative sample of
aquafaba was taken for analysis of physical and functional properties and other samples of

aquafaba and cooked seeds were freeze dried for further analysis.

It will be appreciated that the process illustrated in FIG. 1 and described above may be automated
by a process control system embodied on a computer system (see FIG. 13 below), such that the
parameters may be controlled within tight tolerances required for maintaining consistent quality.
The parameters include seed weight and moisture, temperature, pressure, time, and water to seed
ratio, aquafaba density, viscosity and total dry materials. The process control system may utilize
various sensors for detecting environmental conditions and collecting readings of various
operating parameters during aquafaba production in accordance with specified operating
parameters. Upon detection of any anomalies, the process control system is adapted to make any
adjustments as may be necessary to bring the operating parameters back within normal ranges as
specified. The process control system may also be adapted to customize the operating parameters
for each specific type of pulse, based on previously determined data and any modifications that

may be required to produce aquafaba having desired specified properties.

While illustrative parameter settings are provided, it will be appreciated that these parameters may

be varied in accordance with different embodiments of the present invention. For example,
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utilizing longer and shorter steeping times and higher and lower steeping temperature to swell the

seed are possible. The cooking additives, time, pressure and temperature can also be varied.

Foam capacity and foam stability as determined by these experiments are presented in FIG. 2A
and FIG. 2B respectively. From the results shown in these charts, it is clear that there are significant
effects of genetic background on the both foam capacity and foam stability. Ideally, an egg white
replacement should achieve both high foam capacity and stability, and, therefore, the pulse
varieties that show the largest foam capacity and foam stability should be favored for selection.
Faba bean, chickpea, navy bean and broad bean all provided both higher than average foam

capacity and foam stability.

Based on these experiments, it is possible to select pulse germplasm and identify other pulses that
produce superior foam when processed as shown and described above with reference to FIG. 1.
Selection of the pulse species to be used in aquafaba production that will achieve the desired

properties can thus be greatly simplified.

Example 2: Production of aguafaba from an identity preserved pulse I (chickpea)

Aquafaba was prepared from five chickpea cultivars by cooking in a pressure vessel as described
in example 1. However, it will be appreciated that the parameters used in this illustrative example
may be varied. For example, utilizing longer and shorter steeping times and higher and lower
steeping temperature to swell the seed are possible. The cooking additives, time, pressure and

temperature can also be varied.

Emulsion capacity and emulsion stability were determined for the samples using standard methods.
The effects of genotype within a species on both of these properties is less pronounced than

between genotypes, as shown in Table 1 below.
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Table 1

ES EC HSW S0 ED  SSA  WSA Carboh. AQ  protein Fibre Fat  Ash  Huw  How
nolisture
A yield - DA 00w 0Ae . Y ST 07 091 0.32"
S D4 - . - - 025" 037 091 -0.58% - DBIS 039"
8 002" 020" o01* - 047 034" 0,39 . .
HEW ogr* . L DA™ D2BY D™ . 081 - .
501 0.15% 030 075" 024"  026% 026 095 - . . .
] . Y . X L % L -
SSA 0.80% 025 0I9Y  D29% OS5I 096" (.55 058
WA L20%  002¢ 004" 090" 080" 045" 0a2¢ -
Carbohydrate 059" 085" . . - g
ALY moisture 2% 022" 004 . .43
Protein - DO 065™ 030" G090
Fibre . QR
Fat - 0.23™
Ash 024" 0,01
M 0.60™

A0, aguataba; ES, emulsion stability; EC, emulsion capacity; HEW, 100 seed welght; ED, eguivalent dimension; 501, seed coat incidence; 554,
specific surface area; WSA, welght of seed coat per surface area; H,, max hydeation capacity; Hu, initial hydration rate.

10

Ideally, an emulsifier should achieve both high emulsion capacity and stability. For example, the
chickpea cultivars CDC Leader and CDC Orion provided aquafaba with both higher than average

emulsion capacity and emulsion stability.

The chart shown in FIG. 3 provide an illustrative example of the effect of the parameters on
aquafaba properties. For example, when changing the blending time from 2, 5, 10 and 15 minutes,
the foam capacity of aquafaba produced from CDC Leader and CDC Orion increased 3.2 and 1.2
times reaching 87 and 93% (respectively) of egg white foaming capacity.

It will be appreciated that it would be possible to screen other chickpea germplasm and identify
other pulses within a genus that produce superior emulsions when processed as described above
with respect to FIG. 1. Judicious selection of chickpea cultivars for use in aquafaba production can
thus produce aquafaba that achieves consistent and strong aquafaba properties such as foam

capacity and foam stability.

10

Date Recgue/Date Received 2020-09-01



10

15

20

25

Example 3: Production of aguafaba from an identity preserved pulse II (Faba bean)

Aquafaba was prepared by cooking in a pressure vessel as described above with reference to FIG.
1. Aquafaba produced from faba bean has similar properties to aquafaba produces from chickpea.
However, it has a stronger beany flavor and was darker in color. As it is generally desirable to
produce a product without the strong flavor and an acceptable color. Where aquafaba produced

from a faba bean has a strong flavor or colour it may not be acceptable for certain applications.

Example 4: Production of aguafaba from an identity preserved pulse 111 (low tannin faba bean)

Tannins in faba bean lead to strong flavours, off colours and decreased protein availability. Genetic
materials for low tannin faba bean are commercially available. Therefore, during experimentation,
the inventors prepared aquafaba from a low tannin cultivar to determine if this cultivar also
produces both an edible co-product and acceptable foam. Aquafaba was prepared from a cultivar

of low tannin faba bean by cooking the beans in a pressure vessel as described in example 1.

Aquafaba from low tannin faba bean has superior color and flavor properties compared to regular
faba bean. Therefore, low tannin faba bean appears to have appropriate levels of polyphenolic

compounds for use in aquafaba production.

Example 5: Production of aquafaba from an identity preserved pulse IV (low vicine faba bean)

Referring to FIG. 4A and FIG. 4B, vicine and covicine are ureide compounds produced by faba
bean that have low toxicity to most people but to people with a deficiency in glucose-6-phosphate
dehydrogenase (a.k.a. Favism) consumption of faba bean products can lead to a life-threatening
acute anemia. Selection of pulses that have depleted levels of ureides for use in aquafaba

production would, therefore, be desirable.

Cultivars of faba bean with greatly reduced vicine and covicine content have been developed.
These cultivars are being commercialized in Canada. Aquafaba was prepared from a cultivar of
low vicine faba bean by cooking in a pressure vessel as described in example 1. A faba bean
cultivar that was depleted in both vicine and covicine was tested to determine its suitability as a

source of AF.

11
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While vicine is concentrated in faba bean protein isolate, aquafaba from low vicine varieties is

almost depleted in vicine, as illustrated in the spectra analysis shown in FIGS. 4A and 4B.

Example 6: Standardization of aguafaba using NMR analysis followed by blending and drying

Now referring to FIGS. SA — 5C, proton resonances from organic compounds in aquafaba were
measured by 'H-NMR with a water suppression pulse sequence. The principle components (PC 1-
8) were measured quantitatively by resonance signals at 0.62-0.9 PPM (PC-1), 1.1-1.15 PPM (PC-
2), 2.38-2.72 PPM (PC-3), 3.08-3.1 PPM (PC-4), 3.37-3.40 PPM (PC-5), 5.25-5.37 PPM (PC-6),
6.6-6.9 PPM (PC-7), and 7.7-7.8 PPM (PC-8). The strong water resonance present in the spectra
was suppressed using Double Pulse Field Gradient Spin Echo (DPFGSE) as provided by Bruker
NMR software (Xwin-NMR; Bruker, Mississauga, ON, Canada). Samples were centrifuged
(Beckman Coulter Canada Inc, Mississauga, ON, Canada) at 10,000 RPM for 10 min, and
supernatant samples were filtered with 0.45 um PTFE filters (Pall Corp, Ann Arbor, MI). Finally,
filtered samples (0.5mL) were added to clean NMR tubes. Deuterium oxide (50 uL, D20, 99.8%)
was mixed with each sample to provide a locking signal, 40 pL of pyrazine (C4H4N2) was added
as an internal standard, and 500 pL of filtered samples were pipetted into each NMR tube. 'H-
NMR with sixteen scans was used to record spectra, and area was determined by comparison with

the internal standard resonance.

Although the "H-NMR spectra shown in FIG. 5A, FIG. 5B and FIG. 5C are complex, a substantial
amount of information is contained in the spectra. For example, PC-1 is a broad peak with two
centers. It is probable that PC-1 is contributed by the resonance of protons in aliphatic groups
present in leucine, isoleucine and valine amino acids in proteins. A sharper resonance in the spectra
like PC-2 arise from the protons of ethanol. The ethanol is likely a product of seed metabolism
during steeping. PC-3 is broad and complex and is likely from resonances of aspartate, methionine,
and glutamine. PC-4 is a singlet and likely arises from choline containing compounds. PC-5 is a
triplet that is likely related to sugars present in the sample. PC-6 is the anomeric proton of sucrose
and similar sugars. PC-7 arises most likely from tyrosine in protein and phenolic compounds.

While PC-8 is a resonance associated with soluble phenolic compounds.

12
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As illustrated above, 'TH-NMR analysis may be used to analyze aquafaba and blend different batch
to achieve a standard concentration of protein. One skilled in the art would know that other
analytical techniques that provide this level of detail regarding composition could also be

employed to standardize the formula of aquafaba.

Example 7: Vegan egg substitute production from pulse whey 2 (Chickpea or faba bean)

Now referring to FIG. 6, shown is another illustrative process for producing aquafaba in

accordance with an embodiment.

In this illustrative example, chickpea (or faba bean) seed was submersed in water (1:2.5; w/v) and
held at 4°C for 12-16 hours. After this period the seed was placed onto a screen and the water was
allowed to drain. Optionally the seed may be rinsed with water before proceeding. The drained
seed was then macerated with 2 volumes of water for 2 min using a blender at the highest setting.
The milk was then separated from the pulp by filtration. The same procedure was repeated once
more by mixing the pulp with water (about 1 volume based on pulp wet volume) and macerating
the pulp again. The twice macerated slurry was filtrated and then decanted. The pulp sediment is
then dried. This material can be used in food formulations as a source of fiber. The first and second
milk were combined and screened in a decanter to separate the starch. The milk was boiled for 5
min and then cooled to 85 °C. Citric acid (about 0.3-0.5% of the milk weight) was added to the
milk while stirring. The temperature of the solution in the container was maintained at 85 °C for
10 min to form the curd. The curd formed (protein rich fraction) was then separated from the whey.
The whey is centrifuged at 3000 g for 20 min and used as a foaming and emulsifying agent

(aquafaba).

Example 8: Vegan egg substitute production from pulse whey I (Chickpea or faba bean)

Chickpea (or faba bean) seed was tempered according to the methods described by Pathirtatne et
al (2015). Pre-determined amount of deionized water was added to approximately 1 kg of whole
chickpea (or faba bean) seed in polyethylene bags to attain the desired final moisture (AACC
(2013) method 26-95.01.

W = [L(MoistureT — MoistureO)]/(100 — MoistureO)

13
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Where,

W = Water weight required (grams)

L = seed weight (grams)

MoistureT = Moisture required at tempering (%)

MoistureO = Moisture content of seeds before tempering (%)
The bags were heat-sealed and then shaken manually for 10 seconds every 10 minutes for total 30
minutes to ensure the distribution of the water. The samples were kept at 4°C for 16 h to achieve

an equilibrium final moisture content of 16%.

Tempered seeds were then infrared heat treated using a laboratory-scale micronizer (Model A
156379-B0, FMC Syntron® Bulk Handling Equipment, Homer City, PA). Tempered chickpea (or
faba bean) seed were heated to a seed surface temperature of 120 to 125 °C. The micronized
samples were thinly spread onto a table, allowing the seed to cool for 30 min at room temperature

prior to milling.

Tempered and infrared heated chickpea (faba bean) seed were ground to pass a 1.7 mm screen
using a roller mill (Apollo Machine Products, Saskatoon, SK). All milled flour samples were
vacuum packaged in polyethylene plastic bags and stored away from direct heat, light, and
moisture. The chickpea (or faba bean) flours were fractionated into water solubles, prime starch,

and tailings starch according to the method of Czuchajowska and Pomeranz (1994).

Flour was blended with 2 volumes of water for 2 min using a blender at the highest setting. The
slurry was then centrifuged at 3000 g for 20 min. The same procedure was repeated once more by
mixing the pulp resulting from centrifugation with water (about 1 volume based on pulp) and
reblend it. The slurry was centrifuged at 3000 g for 20 min. The pulp is dried and could be used in
a food formulation as a source of fiber. The first and second chickpea (or faba bean) milk were
combined and centrifuged at 3000 g for 10 min to separate the starch. The milk was boiled for 5
min and then cooled to 85 °C. Citric acid (about 0.3-0.5% of the milk weight) was added to the
milk while stirring. The temperature of the solution in the container was maintained at 85 °C for
10 min to form the curd. The curd (protein rich fraction) was then separated from the whey. The
whey was centrifuged at 3000 g for 20 min and used as a foaming and emulsifying agent

(aquafaba).
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Example 9: Vegan egg substitute production from pulse whey III (low tannin faba bean)

To reduce the off-flavors of faba bean aquafaba caused by the effect of heat on phenolics, sugars
and amino acids, low tannin faba bean was used to prepare aquafaba as described in example 7.
The whey produced from low tannin faba bean is lighter in color and has less flavor compared to

normal faba bean.

Example 10: Vegan egg substitute production from Pulse whey IV (low vicine faba Contributions):

Pulse whey was prepared from a cultivar of low vicine faba bean by as described in example 7. A
faba bean cultivar that was depleted in both vicine and covicine was tested to determine its

suitability as a source of pulse whey.

While vicine is concentrated in faba bean protein isolate, pulse whey from low vicine varieties is

almost depleted in vicine.

Example 11: Standardization of vegan egg substitute using NMR analysis followed by blending

drying
Same as example 6

Example 12: Fortification of aguafaba from chickpea by foam separation

The foaming materials were separated from the whey by foam fractionating column based on
protein skimmer technic (see FIG. 7 above). The parameters of sparge depth (25 cm), sparge
configuration (pore size = 0.0lmm), gas flow rate (variable for batch processing), gas humidity
(dry), feedstock depth (30 cm), and feedstock flow rate (batch) and foam column height (1 m) were
adjusted to separate the surface-active components from the water. The feedstock was diluted with
best results seen at 1:4 aquafaba to water. The foam is collected and analysed by 'H-NMR and the

fraction enriched by foaming materials is collected and dried.

FIG. 7 shows an illustrative design and construction of a foam separator in accordance with an
embodiment. Selection of parameters for pilot tests: sparge position at bottom of column, feedstock

depth ~30cm, column height ~4 ft., foam collection design.
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Design adjustments: gas flow meter, inline gas filter, gas humidification, feedstock pH, feedstock
pump with flow meter, foam collection rate calculated by mass in collection vessel. Flow rate

parameters used to calculate average surface excess of the surface-active components adsorbed on
the bubbles.

Technique modification: when using batch processing for fractionation, the bottoms were drained,

and compressed air was used to blow the remaining foam out of the column.

Surprising results: foam fractionation did not remove large particulates from the feedstock, where
foam fractionation is often used to remove such contaminants. Some whey (faba bean)
demonstrated a pulsing behavior with a variable rate of foam generation, perhaps due to internal

reflux and saturation of surface-active components.

It will be appreciated that the design of the foam column shown in FIG. 7 may be modified, such
as the sparge design, incorporation of a reflux mechanism, and adjusting the parameters of gas and
feedstock flow rates, feedstock dilution and pH, gas species and humidity, feedstock depth, the

sparge position, column height, foam collector and collapsing methods.

Example 13: Fortification of aquafaba from chickpea or faba bean by foam separation

The parameters of sparge depth (25 cm), sparge configuration (pore size = 0.01mm), gas flow rate
(variable for batch processing), gas humidity (dry), feedstock depth (30 cm), and feedstock flow
rate (batch) and foam column height (1 m) were adjusted to separate the surface-active components

from the water. The feedstock was diluted with best results seen at 1:1 faba bean whey to water.

Example 14: Fortification of vegan egg substitute from faba bean by foam separation

Same as example 12 except that faba bean was substituted for chick pea. Similar results were found

for this material.

Example 15: Chickpea paste application

Chickpea cooked seed produced as described in example 1 is milled to produce a paste which can

be used to make hummus. According to analysis by the Market Research Future Report, by the
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year 2022, the Global Hummus Market is projected to be US$1.1 billion and will grow ata CAGR
of around 9.5% during the forecasted period. Optionally, the paste can be dried and milled into
flour which can be used in many food applications such as animal protein replacement, extruded
products, infant formula, etc. Optionally, the paste produced from cooked seed could be mixed

with sugar and used as pastry filler similarly to red bean paste.

Example 16: Faba bean paste application

Same as example 15 but faba bean was substituted for chickpea. Surprisingly the faba bean baste
had higher protein than the chick pea product.

Example 17: Chickpea starch application

Chickpea starch could be used as a texturing agent in many food applications. Chickpea starch has
very high stability and gelatinisation temperature compared with other starches from cereal or

potato (Hedley, 2017).

Example 18: Faba bean starch application

Same as example 18 but faba bean was substituted for chickpea.

Example 19: Chickpea curd application

Chickpea curd contains > 60% protein and could be used in many food applications as plant-based

cheese or to increase the content of protein.

Example 20: Faba bean curd application

Chickpea curd contains > 80% protein and could be used in many food applications as plant-based

cheese or to increase the content of protein.

Example 21: Chickpea and faba bean pulp application

Chickpea and faba bean pulp is are fractions rich in fiber and containing less than 10% protein.

Such materials could be used to enhance cereal breakfast or be used as an ingredient in meal
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replacements. Optionally, it could be roasted and made in a granola form or dried and milled and
used in many food applications. One skilled in the art would recognize the potential application of

this material in a range of food and health food products.

Example 22: Aquafaba solid stabilization

Aquafaba made as in example 1 is stabilized by lowering water activity (spray drying or thin film
drying), heating (sterilization (for example at 5.5 to 7 PSI and 110-112°C for 1 minutes);
pasteurization (for examples, at 72°C for 15 seconds or 63°C for 30 minutes) or acidification with
a food safe acid (citric acid, lactic acid, sorbic acid, acetic acid, tartaric acid or any acid that one

skilled in the art would recognize as a suitable food safe acidulant).

Example 23. Preparation of Aguafaba Compositions from Commercially Available Brands of

Chickpea.

One of the limitations for use of aquafaba has been inconsistency in product properties. Some of
these issues relate to variability in the starting materials and the impact of different preparation
parameters during cooking. In order to access this variability and to select superior starting

materials a study was undertaken with a wide range of commercially available canned chickpeas.
Materials:

Canned chickpeas were obtained from ten commercial brands available in local grocers
(Saskatoon, SK, Canada). All-purpose flour, sugar, apple vinegar, egg white liquid and fresh eggs
were purchased from local grocers. Chickpeas were canned by the following food companies in

Canada:

AGT Foods and Ingredients Inc. (Regina, SK), Arz Group Inc. (Scarborough, ON), Sobeys Inc.
(Calgary, AB), Grace Foods Canada Inc. (Richmond Hill, ON), Loblaws Inc. (Cambridge, ON),
Primo Foods Inc. (Toronto, ON) and Unico Inc. (Concord, ON).
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Aquafaba preparation

Aquafaba from commercial chickpea cans (kabuli cultivars) was recovered as described by Shim
et al. (2018). The chickpea cans were opened, and seed was separated from the aquafaba using a
stainless-steel mesh kitchen strainer. A representative sample of aquafaba was taken for analysis

of physical and functional properties, and another sample was freeze-dried for chemical analysis.
Foaming capacity and stability

Foaming capacity (FC) and foaming stability (FS) were determined according to Martinez et al.
(2016) and Shim et al. (2018) for either fresh egg white, egg white liquid or aquafaba. Aquafaba
(5§ mL) or egg white (5 mL) were diluted with 10 mL water in 150 mL graduated measuring cup,
and then whipped for 2 min at speed setting 5 using electric hand mixer with turbo.. Foam volumes
of whipped samples were measured at time 0 (VF0) and after 30 min (VF30), and foam capacity
(FC) and foam stability (FS) were calculated following equations (1) and (2), respectively.

%FC=V_F0/V_sample x 100 (1)
%FS=V_F30/V_F0 x 100 (2)
Emulsion Stability

Emulsion stability (ES) for aquafaba was measured according to Martinez et al. Aquafaba (5 mL)
from different chickpea brands was homogenized with 5 mL of canola oil using a Kitchen Aid
Ultra Power Mixer at speed setting 10 speed for 2 min. The emulsion formed was immediately
transferred to a 10-mL graduated cylinder. The volume of the aqueous phase separated from the

emulsion after 30 min was recorded. The emulsion stability was calculated using the eq 3.

%ES= (V. B —V_A)/V B x 100 3)

Where VB is the volume of aquafaba before homogenization (5 mL) and VA is the volume of the

aqueous phase after 30 min.

Foam and emulsion properties
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Foaming and emulsifying properties differed among the commercial brands investigated. The
foaming capacity and stability ranged between 182 to 476% and 74 to 92%, respectively, and the
emulsion stability varied between 60% and 80% (see Table 2 below).

Table 2
Sample Foam capacity %) Fonm stability (%) Eoulsion stabality (%)
A 182,22 = 19,25 772057410 T4 & 400 =
B DHB 49 & 19,250 T 502 44790 400 £ 2007
[« A20.00 & 24.04% 8723 2 2090 6533 4,167
D (wio salf) 355,38 % 11.55° 4,21 £ 1,01 V3336010
E 48000 £ 37.71F B5.16 4 2.7k B2 6.00°
F 3B0.00 2 35,280 BB & 6960 T4 = 4,00
G 200,22 & 16,78 77.65 & 6.76™ BOOD £ 200
H (wio salfy 455,56 & 25 24 86.29 + 3 31 T200 4 2,00
1 386,67 = 17,6404 B3.65 & 1 7yl 66,00 = 2,00%
¥ 47556 = 27 768 81,61 = 1.10¢ 60,00 = 0.00

Mieans with different superseripts along vertieal line are significantly different by Duncan's moultiple range test st pr -« 0,05,

This wide variation in emulsion and foaming properties between different brands of chickpea is
mainly due to differences in chickpea varieties, composition, canning process conditions and

additives (Shim et al., 2018).

Foam stability was greatest when prepared from brands H and C, with minimal separation between

the liquid and foam occurring after 30 min.

The influence of whipping time on foam stability for aquafaba and egg white was determined over
2 h (Fig. 8). Increasing whipping time from 2 to 15 min increases foam stability by 10% after 2 h
of storage at room temperature (Fig. 8-a). Unlike aquafaba, egg white produced an inverse
relationship, where the foam stability after 2 h decreases by 17% as a function of whipping time
(Fig. 8-b). In addition, foam capacity exhibited a similar trend where increasing whipping time
from 2 to 15 min resulted in increased aquafaba foam capacity (19%), while foam capacity
decreased 12% in egg white foams (Fig. 9). However, no significant differences were observed

between aquafaba and egg white foams after whipping for 5 and 10 min.

Aquafaba produces foams with comparable density, foam volume and foaming capacity to fresh

egg white and commercial egg white liquid during whipping (see Table 3 below).
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Table 3

Serpls Lgiad volume Donstly Foam volume  Foaming capacity
- (mL) (g/mL) (mL) (%)
Fresh egg white 33+ 0.0 1.02+001 10267 +252¢  311.11 +7.63c
Wmmm&“&ﬁm white 33+ 0.0 104+002 0267+058a  280.81+ 1.75a0
Aquafaba (brand H) 33+ 0.0 1.01+0.01 9800+200b  296.97 +6.06b

Aquafaba or egg white contains protein of 1.5% and 10.6%, wb respectively. These proteins are
surface-active agents (Mine, 1995; Shim et al., 2018). Whipping protein solutions leads to bubble
formation and protein absorption at the gas—liquid interface and finally formation of protein
encapsulated bubbles. The shearing force of whipping causes protein denaturation and coagulation
at air cell surfaces which increases foam rigidity and stability (Arunepanlop etal., 1996). Typically,
protein foaming capacity increases with time and then after maximum capacity is achieved, it
decreased due to protein network breakdown (Martinez et al., 2016). In contrast to egg white, the
low content of sulphur containing amino acids, cysteine and methionine, in aquafaba protein (Shim

et al., 2018), mitigates the response to overbeating by limiting disulphide bond formation.

Physicochemical properties of aquafaba

Variations were observed in the physicochemical and foaming properties of aquafaba from the ten

commercial sources (see Table 4 below).
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Table 4

Brand Can content Chickpea Seeds/ Juice volume Juice density Juice

code (g) fwt (g) can {mL) (kg/m?) viscosity* (cP)
A 588 392 454 170 1067 8.75+0.27%
B 581 355 404 200 1100 8.34 + 0.17%
C 590 389 289 175 1112 10.50 +0.18°
D 567 428 423 110 1180 26.41 + 1.14=
E 607 364 300 225 1066 6.21 +0.24%
F 602 364 304 220 1048 6.32 +0.10°®
G 598 349 280 220 1103 5.70%0.13°
H 595 488 429 125 1160 114.2 + 4.29¢

! 599 385 323 200 1009 16.12 + 0.64°
J 584 335 244 220 1109 579+0.30°
Mean 591 385 345 186.5 1095.4 20.84

SD 12 44 74,72 41.17 50.83 33.44

v 2 12 21.66 22.07 4.64 160.48

Differences in industrial canning procedures and genetic differences among cultivars used by
manufacturers results in variable aquafaba compositions and foaming and emulsifying properties.
Manufacturers do not specify which chickpea cultivar used in their brand. Additionally, some
commercial brands include additives, such as salt and preservatives which also affect aquafaba

properties.

Example 24 Agquafaba as an egg replacer in cake baking

Sponge Cake

Foam was produced using a Kitchen Aid Ultra Power Mixer by whipping 110 mL of aquafaba
produced from Orion chickpea or egg white (110 mL from 3 eggs) with 1 tsp (3 g) of apple vinegar,
starting on a low speed setting until most of the aquafaba or egg white turned foamy and no liquid
remained (Fig. 10). The speed then was increased to the maximum setting and the mixture was
whipped for 7 min. While mixing at the high-speed setting, 130 g of powdered sugar was added
and the creamy mixture was whipped into a stiff peak for 3 min. In a separate bowl, flour (130 g)

and baking powder (7 g) were blended, and then gently folded into the foam in three aliquots using
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a rubber spatula. Cake batter samples were then poured into baking pans (21 9 12 cm) and baked
in a preheated conventional oven at 180 °C (360 °F) for 30 min. After cooking, pans were removed
from the oven and inverted on a wire rack to cool at room temperature for 30 min prior to texture
and colour analysis (Fig. 11). Cooled cakes were packed in polypropylene bags and frozen for

further analyses.

Cake pH, moisture content and weight loss during baking

Cake crumb pH was determined by mixing (10 g) ground crumb with 90 mL of distilled water and
homogenising for 1 min. Mixtures were held at 4 °C for 1 h to separate solid and liquid phases and
supernatant pH was measured. Cake moisture cake was determined as the difference in weight of
cake samples before and after drying in an air oven at 100 _ 2 °C for 16—18 h according to AACC
method 44-19.01 (AACC, 2000). Baking loss rate (%, wet weight) was determined as the
difference between the weight of the batter before and cake weight after baking and cooling to

room temperature for 30 min.

Prior to baking, batter containing egg white has a glossy and flat surface while the batter prepared
with aquafaba appears granular and irregular (Fig. 12-a). However, after baking, sponge cake made

with aquafaba was comparable to that produced with egg white (Fig. 12-b).

Table 5
Gty Lt

Tuituaie giccilile Egigy il cobig sl ks Eyg it ol Aoty vk
Ty pss 0K T2 4 9.8 MY e Y0

Lty {06l R - G B & W

gl {960 MY & L5V g Al b 4 L
Eolommvesens, Dok Vbt s WA VRIS ke VR 0.9 4 " 020 s DA
Piirsts B 4 WY G2 4 10,12 [REEN L 030 4 Dok

iy oot o) Wit sttt o B A0S b tes-brchpmerrchprt. samopiise S Wi Do,

Texture profile analysis revealed that crumbs of both cakes were similar (Table 5), but there were
significant differences in chewiness (P = 0.03), springiness (P = 0.002) and cohesiveness (P =

0.01). The aquafaba cake crumb was less fluffy and springy than crumb of egg white cake.
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The crusts of both cake samples were different in chewiness (P = 0.023) and cohesiveness (P =
0.004) (Table 4). This may be a result of differences between the foam stability between aquafaba
and that of egg white.

Aquafaba can be used as a replacement for egg in the production of sponge cake. Its foamability

5 was comparable to that of egg white, additionally, the duration of whipping time played an
important role in determining foam stability and foam capacity for both egg white and aquafaba.
Furthermore, replacing egg white by aquafaba did not greatly affect physicochemical parameters

of the sponge cake. The cake made with aquafaba was slightly less moist than cake made with egg
white (21.44% and 22.18%), had less height (4.22 and 4.62 c¢cm), lower volume index (11.13 and

10 12.57 cm) and lower pH (7.43 and 8.35) (Table 6). The aquafaba cake was slightly denser than

egg.
Table 6
Egy white Aogumbiabyn
Progpisrty o wabop P vl
(i W % 0.9 A 0

T R T LR A DB VA8 K0 DUt
Baking woight losw (3%, wiw) W52 & 287 1199 & 322 0.666
Fhbgghot (oam ABZ & 093 422 40 0.4
Wolume indes® i) 1087 4092 11132052 0.005"

byl fiforaran nlicutos o P D08 by tee-bndaponding san.
Tt Dbt o Shis Goskan At T poetee ghus e hobghts oF th ek s
Wb st W i 2.5 woww iy Yowwnen i evon tupnieridy tha Tl powd
ehgyhty whidaip oo Wiy oo,

Example 25 Aguafaba as an egg replacer in meringue

Aquafaba Meringue Recipe

15 Ingredients

- 2 g of aquafaba powder and 45 mL water (or 45 mL aquafaba liquid).

- 30 g of powdered sugar
- 1 g of cream of tartar or vinegar.
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Instructions

Add vanilla and cream of tartar, and aquafaba to water. Using an electric mixer, whisk the mixture
for 15 minutes or until soft peaks form. Whisking constantly, gradually add sugar and whisk until

the mixture is thick and firm.

Drop large spoonfuls (about two tablespoons of mixture) onto 2 baking-paper lined trays and bake

in a 100°C oven for 1%2-1% hours, until firm to touch. Cool meringues in the oven, then serve.

Example 26 Aquafaba as an egg replacer in salad dressing. dip and mayonnaise

Mayonnaise

Ingredients:

- 2 g of aquafaba powder and 45 mL water (or 45 ml aquafaba liquid)

- 1 tablespoon (15 mL) lemon juice (or 3 g of cream of tartar), 1 Tbsp white wine vinegar
- ¥atsp (2.5 g) salt

- 230 ml canola for the powder and 150 mL of canola oil for the liquid.

Instructions:

1- Add all the ingredients except the oil into a bowl.

2- Blend to combine the ingredients using a high-speed blender for 1 min.

3- Slowly pour in the oil with the blender running the whole time until it thickens into a creamy

mayo.

Now referring to FIG. 13 shown is a schematic block diagram of a generic computing device that
may provide a suitable operating environment in one or more embodiments for the present system
and method, including hosting and execution of an artificial neural network in accordance with

various embodiments. A suitably configured computer device, and associated communications
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networks, devices, software and firmware may provide a platform for enabling one or more
embodiments as described above. By way of example, FIG. 13 shows a generic computer device
1400 that may include a central processing unit (“CPU”) 1402 connected to a storage unit 1404
and to a random-access memory 1406. The CPU 1402 may process an operating system 1401,
application program 1403, and data 1423. The operating system 1401, application program 1403,
and data 1423 may be stored in storage unit 1404 and loaded into memory 1406, as may be
required. Computer device 1400 may further include a graphics processing unit (GPU) 1422 which
is operatively connected to CPU 1402 and to memory 1406 to offload intensive image processing
calculations from CPU 1402 and run these calculations in parallel with CPU 1402. An operator
1407 may interact with the computer device 1400 using a video display 1408 connected by a video
interface 1405, and various input/output devices such as a keyboard 1410, pointer 1412, and
storage 1414 connected by an I/O interface 1409. In known manner, the pointer 1412 may be
configured to control movement of a cursor or pointer icon in the video display 1408, and to
operate various graphical user interface (GUI) controls appearing in the video display 1408. The
computer device 1400 may form part of a network via a network interface 1411, allowing the
computer device 1400 to communicate with other suitably configured data processing systems or
circuits. A non-transitory medium 1416 may be used to store executable code embodying one or
more embodiments of the present method on the generic computing device 1400. One or more
sensors 1430 may be connected to the computer device via a sensor interface 1432 to detect various

operating parameters and environmental conditions.

Thus, in an aspect, there is provided processes for total utilization of pulses of the genera Vicia sp.,
Cicer sp., Pisum sp., and Lens sp. by separating emulsifiers and/or foam stabilizers, from starch,
protein and fiber rich fractions. In another aspect we have prepared preferred and consistent
emulsifiers/foam stabilizers from pulses of the genera Vicia sp., Cicer sp., Pisum sp., and Lens sp.
Within the production of these preferred compositions there are provided preferred compositions

of seed paste, or protein, starch, and fiber.

While illustrative embodiments have been described above by way of example, it will be
appreciated that various changes and modifications may be made without departing from the scope

of the invention, which is defined by the following claims.
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CLAIMS
1. A method of producing a standardized aquafaba composition, comprising:

steeping an identity preserved pulse cultivar for a predetermined time at a predetermined

temperature;

wet heat treating the steeped seed for a predetermined time at a predetermined temperature

and pressure; and

separating the liquid (aquafaba) from the seed and concentrated for use as a foaming and

emulsifying agent.

2. A method of producing a standardized aquafaba and whey composition, comprising:

steeping an identity preserved pulse cultivar for a predetermined time at a predetermined

temperature;

blending the steeped identity preserved pulse cultivar with a liquid base to produce a slurry;

centrifuging the slurry to produce a milk and an okara pulp;

boiling the milk and cooling to a predetermined temperature to form a curd and whey; and

separating the whey from the curd for use as a foaming and emulsifying agent.

3. The method of claim 2, further comprising:

producing an aquafaba foam from the identity preserved pulse cultivar whey;

measuring a foam capacity and a foam stability of the aquafaba foam produced from the

identity preserved pulse cultivar whey; and

comparing the measured foam capacity and foam stability of the aquafaba foam to a
reference standard to determine suitability of the identity preserved pulse cultivar for a given

aquafaba use.

31

Date Recgue/Date Received 2020-09-01



10

15

4. The method of claim 3, further comprising determining the germplasm of the identity

preserved pulse cultivar for identifying other pulse cultivars within a genus with similar properties.

5. The method of claim 3, further comprising conducting spectroscopic testing of the identity

preserved pulse cultivar.

6. The method of claim 5, wherein the spectroscopic testing comprises NMR spectra testing

for undesirable compounds.

7. The method of claim 6, wherein the undesirable compounds are vicine and covicine.

8. The method of claim 5, wherein the spectroscopic testing comprises NMR spectral analysis

for determining protein concentrations.

9. The method of claim 8, further comprising utilizing the spectral analysis to blend the whey

of two or more identity preserved pulse cultivars to achieve a standard concentration of protein.

10. A standardized aquafaba and whey composition produced from the method of any one of

claims 1 to 9.
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