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Abstract Aquafaba is the residual water from cooking
chickpea in water. It has a high gelling ability, allowing it
to create stable gels. However, those functional properties
depend on the legume composition, genotype, cooking time,
pressure, and temperature. This study aimed to evaluate the
different processes for obtaining aquafaba and compare
their nutritional composition and technological character-
istics using a systematic review. The authors performed
the systematic review by performing specific search strate-
gies for Scopus, Web of Science, Pubmed, Lilacs, Google
Scholar, and ProQuest. A total of 17 studies were analyzed.
Of them, 17.64% (n=3) used the wastewater from canned
chickpeas, 17.64% (n=3) compared the wastewater of
canned chickpeas and dry grains, and 58.82% (n=10) used
dry chickpeas. Studies used different methods to analyze
the protein content. The most used (n=5) was the Associa-
tion of Official Analytical Chemists (AOAC). The aquafaba
presented carbohydrates at 2.03-2.59 g/100ml; protein at
0.0.8-2.8 g/100ml; and fat at 0.07-0.1 g/100ml. In general,
preparing aquafaba followed: soaking (8—10 h at 4 °C—1
chickpea: 4 water), pressure cooking (30 min—?2 chickpea:
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3 water), and refrigerating (24h/4 °C). In general, the results
showed the following steps to prepare aquafaba: soaking for
8—10 h at 4 °C at the proportion of 1:4 (chickpea:water),
pressure cooking for 30 min in the proportion of 2:3 (chick-
pea: water), and refrigerating 24 h/4 °C. These procedures in
a homemade aquafaba presented the best results, considering
foam development and higher stability. The aquafaba from
canned chickpeas has a higher foam-ability and lower emul-
sion properties than homemade cooking aquafaba.

Keywords Processes for obtaining aquafaba - Chickpea -
Chemical composition - Foam stability - Technological
properties

Introduction

Plant-based food products as substitutes for animal sources
have been considered healthy and eco-friendly in the past
few years. This market growth is mainly from populations
with specific dietary choices, such as vegans and vegetarians
(He et al. 2019). The demand for alternative egg products
has increased, especially for those that do not compromise
the sensory, mainly taste and texture, and technological
properties such as foaming, emulsifying, and heat coagula-
tion that the eggs contribute to the food (Buhl et al. 2019a;
Meurer 2019). Plant-based products replicating eggs’ quali-
ties are becoming increasingly popular among vegetarian
individuals and people allergic to animal food. Among food
allergies, eggs (mainly egg whites) are one of the most com-
mon, particularly among children, with prevalences ranging
from 0.5 to 2% (Caubet and Wang 2011; Mustafa et al. 2018;
Shim et al. 2018). For those reasons, the search for products
using egg substitutes increases without giving up the taste
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and functional properties that eggs bring to food (Buhl et al.
2019a).

Aquafaba, the residual byproduct solution (about 90-95%
water) from canning, boiling seeds, or other pulses in water,
may improve the sensory and technological quality of egg-
free food products due to its emulsion, foamability, stability,
moisture retention, adhesion, gelation, and thickening prop-
erties. The most common one is produced using chickpeas.
Chickpeas are grown mainly in South Asia, accounting for
around three-fourths of the world’s area (planted on a sur-
face of 11 million ha). Its sales in the global market are
projected to increase from US$ 12 million to U$ 21 mil-
lion in 2032, highlighting the importance of aquafaba in the
world (Future Market Insights 2022). However, only recently
was aquafaba understood as an ingredient with technologi-
cal importance, once interpreted as a waste of no industrial
importance whatsoever (Mustafa and Reaney 2020). In this
manner, multiple studies report the use of chickpea aquafaba
as an enhancer or substitute to mostly egg whites, providing
a viable usage and adding monetary value to an ingredient
previously wasted (Mustafa et al. 2018; Anwar et al. 2019;
Buhl et al. 2019a, 2019b; Raikos et al. 2020; Nguyen et al.
2021). The properties of chickpea aquafaba are mainly due
to its proteins, carbohydrates (starch, oligosaccharide, cel-
lulose, hemicellulose, lignin), polysaccharide-protein com-
plexes, saponins, and phenolic compounds (Alsalman et al.
2020a, 2020b; Alsalman and Ramaswamy 2021a; He et al.
2021).

Aquafaba’s use in food products depends on its consist-
ency, composition, and quality, and its production standardi-
zation is a difficult task necessary to ensure the products’
quality. Several parameters to assure its composition and
functionality should be considered in aquafaba production,
such as the type of pulse, water/pulse ratio, temperature,
cooking pressure, and cooking time. Some studies evaluated
aquafaba production or composition (Shim et al. 2018; Buhl
et al. 2019a; He 2019; He et al. 2019; Lafarga et al. 2019a;
Meurer 2019; Nguyét 2019; Alsalman 2020; Alsalman et al.
2020b; Alsalman and Ramaswamy 2021a, 2021b; Aslan and
Ertag 2021; Editors et al. 2021; Landert et al. 2021; Nguyen
et al. 2021). However, to our knowledge, there is no produc-
tion standardization, and the nutritional and technological
properties of aquafaba have not yet been well explored. The
hypothesis is that there is the best way to produce chickpea
aquafaba, considering nutritional and technological charac-
teristics. Therefore, this study aimed to evaluate the different
processes for obtaining chickpea aquafaba and compare their
nutritional quality and technological characteristics through
a systematic review.
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Methods

This systematic review was performed following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and its Checklist (Moher et al. 2009;
Page et al. 2021). Also, registers of the ongoing systematic
reviews were searched via PROSPERO (Centre for Reviews
and Dissemination). The protocol was executed according
to the following steps:

Inclusion and exclusion criteria

The inclusion criteria were studies evaluating the proper-
ties of chickpea aquafaba (technological and nutritional)
with no limitations in terms of language or time. The exclu-
sion criteria applied were: (1) reviews, letters, conference
abstracts, case reports, books, clinical studies, and review
studies; (2) studies that did not evaluate the properties of
aquafaba but tried to include it in the formulation of a food
product; (3) studies that focused on the improvements of
aquafaba through treatments; (4) studies evaluating aquafaba
made from other pulses that not chickpeas (e.g., peas, pigeon
beans); The excluded studies, and their reasons were inserted
as a supplementary file (Table S1).

Information source

Five electronic databases were searched in February 2022:
Medline, Embase, Lilacs, PubMed, and Web of Science,
complemented by gray literature research in Google Scholar
and ProQuest. The reference lists of the selected papers were
checked, as relevant studies may have been missed during
the data search.

Search strategy

The appropriate combinations of truncation and keywords
were selected and adapted for searching each database.
The software Rayyan® (Qatar Computing Research Insti-
tute-QCRI) was used to aid in the selection and deletion of
duplicate articles. The Mendeley desktop software was used
to manage all the references (Table S2—Indexers used to
select publications that jointly or separately address words
related to aquafaba and its properties).

Studies selection and data collection

There were two phases to the study selection process. In
phase one, all identified references in the databases had their
titles and abstracts reviewed separately by two reviewers
(B.B.M, G.S.H). The items that did not match the eligibil-
ity criteria were discarded. In phase two, the entire texts of
the selected articles were subjected to the eligibility criteria
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by the same reviewers (B.B.M, G.S.H). In cases of con-
flict, regardless of the phase, the topic was debated until the
two reviewers agreed. In circumstances where there was no
agreement, the final judgment was made by a third reviewer
(D.C.M). The final decision was always performed after
reading the full papers.

The following items were collected in the data collection
process: authors and year of publication, research country,
the study’s objective, the proportion of water and chick-
peas, methods, and main results. The report was based on
the PRISMA flowchart (Fig. 1).

Risk of bias (RB)

A particular instrument was constructed for this study to
evaluate the Risk of Bias using well-established classical
and literature criteria and expert guidance, based on instruc-
tions provided by the Joanna Briggs Institute (Aromataris

and Munn 2021). Six questions were included in the assess-
ment instrument for the bias risk of the chosen 17 studies:
(1) Was the Study design appropriate?; (2) Was the statisti-
cal analysis adequate to the objective of the study?; (3) Were
objective, standard criteria used for measuring the condi-
tion?; (4) Did the results answer the main question?; (5)
Were strategies to deal with confounding factors stated?; (6)
Were the outcomes measured in a valid and reliable way?.
When the study received a score of up to 49% “yes,” the risk
of bias was classified as High, and when the study received
a score of 50-69% “yes,” the risk of bias was classified as
Moderate and Low when the study reached more than 70%
yes (Table S3).

Identification of studies via databases and registers ]

Records removed before

Fig. 1 Systematic review flow-
chart adapted from PRISMA. [
Exclusion criteria: REASON —
1—comments, letters, confer-
ence, review, abstracts, papers, = Records identified from:
and books (n=8); REASON ) Databases (LILACS = 8;
2—studies that do not evaluate § Pubmed = 17; SCOPUS =
the properties of aquafaba, but & 44; Embase = 1; Web of
try to include it in the formu- ‘g Science = 138; Gray
lation of a product (n=9); ° literature = 1035)
REASON 3—it does not evalu- Registers (n = 1243)
ate the properties, but improves __J
aquafaba through treatments
(n=4); REASON 4—studies v
evaluating aquafaba from differ- ()
ent pulses (n=5); Records screened
(n=46)
\4
- ReE)orts sought for retrieval
2 | (=0 -
S
P v
Reports assessed for eligibility
(n=20)
—
\4
2
= Studies included in review
Té (n=17)

screening:
Duplicate records removed
(n =250)
Records ineligible (n = 947)

Records excluded

(n=26)
Reason 1 (n = 8)
Reason 2 (n =9)
Reason 3 (n = 4)
Reason 4 (n = 5).

Reports not retrieved
(n=0)

Reports excluded in qualitative
synthesis
(n=3)
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Results

A total of 1243 articles were initially found in the electronic
databases. After removing duplicates, 250 articles titles and
abstracts were selected and read. After reading the abstracts,
46 studies were selected for full-text reading. No study
records were chosen from the references list of full-text arti-
cles. After reviewing the papers, 26 articles were excluded:
comments, letters, conference, review, abstracts, papers, and
books (n=38); studies that do not evaluate the properties of
aquafaba, but try to include it in the formulation of a prod-
uct (n=9); it does not evaluate the properties, but improves
aquafaba through treatments (n=4); studies evaluating aqua-
faba from different pulses (n=5) (Table S1—Supplementary
material). By the end of the process, 17 studies met inclusion
criteria and were considered for this systematic review. The
flowchart of the study identification, screening, and inclu-
sion process is in Fig. 1.

Studies characteristics

The studies were carried out in the following countries:
Canada (n=7; 41.17%) (Mustafa et al. 2018; Shim et al.
2018; He 2019; He et al. 2019; Alsalman 2020; Alsalman
et al. 2020a; Alsalman and Ramaswamy 2021a), Vietnam
(n=3; 17.64%) (Nguyét 2019; Editors et al. 2021; Nguyen
et al. 2021), Brazil (n=3; 17.64%) (Meurer 2019; Landert
et al. 2021), China (n=2; 11.76%) (Mustafa et al. 2018; He
et al. 2019), USA (n=1; 5.88%) (Nguyen et al. 2021), Spain
(n=1; 5.88%) (Lafarga et al. 2019a), France (n=1; 5.88%)
(Escadellas et al. 2022), Lebanon (n=1; 5.88%) (Shim
et al. 2018), Turkey (n=1; 5.88%) (Aslan and Ertas 2021),
Denmark (n=1; 5.88%) (Buhl et al. 2019a), Korea (n=1;
5.88%) (He et al. 2019). The date range for the included
studies was between 2009 and 2018 (Table 1).

The evaluation of the nutritional composition of the aqua-
faba was performed in 58.8% (n=10) of the included studies
(Shim et al. 2018; Buhl et al. 2019a; Lafarga et al. 2019a;
Meurer 2019; Nguyét 2019; Alsalman et al. 2020a; Alsal-
man and Ramaswamy 2021a; Nguyen et al. 2021; Escadellas
et al. 2022). Of them, tree (Escadellas et al. 2022) analyzed
(Mustafa et al. 2018; Ricci 2018) (17.64%) composition on
dry basis, and seven (41.17%) (Shim et al. 2018; Buhl et al.
2019a; Lafarga et al. 2019a; Meurer 2019; Nguyét 2019;
Alsalman et al. 2020a; Alsalman and Ramaswamy 2021a;
Nguyen et al. 2021) on wet basis. Only 3 (17.64%) studies
(Buhl et al. 2019a; Meurer 2019; Escadellas et al. 2022)
assessed the proximate composition of the aquafaba. For
comparison purposes, we converted the results from dry to
wet bases. In general, carbohydrates ranged from 2.03 to
2.59%, and fat from 0.07 to 0.1. Considering protein, 47.05%
of the studies performed the analysis, the minimum amount
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was 0.08%, and the maximum amount was 2.8% on a wet
basis (Shim et al. 2018; Buhl et al. 2019a; Lafarga et al.
2019a; Meurer 2019; Nguyét 2019; Alsalman et al. 2020a;
Alsalman and Ramaswamy 2021a; Nguyen et al. 2021).
Table 1 also presents the methods used to analyze the protein
content in aquafaba, since it is the main nutrient involved in
foam production.

About 53% of the studies informed the method used to
analyze the protein content analysis. The most frequently
(n=35;29.38%) used method was the Association of Official
Analytical Chemists (AOAC 981.10), which is based on the
Kjeldahl Method (Shim et al. 2018; He 2019; He et al. 2019;
Landert et al. 2021). The second most used method was the
Brad Ford technique (n=2; 11.76%) (Alsalman 2020; Alsal-
man et al. 2020a). One study used the Kjeldahl Method with-
out mentioning the correspondent AOAC method (Meurer
2019). Another study used the BCA method (Thermo Sci-
entific™, USA) (Buhl et al. 2019a).

The studies had different ways of obtaining the aquafaba;
17.64% (Mustafa et al. 2018; Shim et al. 2018; Buhl et al.
2019a) used the wastewater from canned chickpeas, 17.64%
(Alsalman 2020; Alsalman et al. 2020a; Landert et al. 2021)
compared the wastewater of canned chickpeas, and home
cooking of dry grains of chickpea and 58.82% (He 2019;
He et al. 2019; Lafarga et al. 2019a; Meurer 2019; Nguyét
2019; Aslan and Ertag 2021; Editors et al. 2021; Nguyen
et al. 2021; Escadellas et al. 2022) used home cooking of
dry chickpea grains. Furthermore, the most used aquafaba
formulation was with the grain previously hydrated with
a proportion of 1:4 (dry chickpea/water) that was used in
four studies (He et al. 2019; Lafarga et al. 2019a; Aslan
and Ertag 2021; Editors et al. 2021) as well as the wastewa-
ter from chickpea canning (Mustafa et al. 2018; Shim et al.
2018; Buhl et al. 2019a; Alsalman 2020; Alsalman et al.
2020a). Most studies did not mention whether water was dis-
carded or not (Nguyét 2019; Alsalman 2020; Alsalman et al.
2020a; Alsalman and Ramaswamy 2021a; Nguyen et al.
2021; Escadellas et al. 2022) and the majority used pres-
sure-cooking for 30 min (He 2019; He et al. 2019; Meurer
2019; Alsalman 2020; Alsalman et al. 2020a; Alsalman and
Ramaswamy 2021a; Landert et al. 2021).

Most studies (n=12; 70.58%) used soaking in aquafaba
production (He 2019; He et al. 2019; Lafarga et al. 2019a;
Meurer 2019; Nguyét 2019; Alsalman 2020; Alsalman et al.
2020a; Alsalman and Ramaswamy 2021a; Editors et al.
2021; Landert et al. 2021; Nguyen et al. 2021). However,
only five (He 2019; He et al. 2019; Lafarga et al. 2019a;
Editors et al. 2021) reported the proportion. Three of these
used a proportion of 1:4 (chickpea:water), one study used
a proportion of 1:3, and another used a proportion of 2:3.
Only one study did not use the soaking technique (Aslan and
Ertas 2021) and the others used wastewater from chickpea
canning.



J Food Sci Technol

so[onaed uesuwr oy
Jo 1992weIp ay) paroayye Hd ur agueyd oy
IoAMOH 'TDEN UI saSueyd £q pajoajje
jou 219m Xopur AJI[Iqe)s pue A1anoe 3ur
-KyIsnwe Ay, "ym 339 Aq paredard
SUOIS[NWIS UBY) Xpul AJI[Iqe)S pue Xapur
Kyanoe Juikjisnwe 1oy3ry Appueoyrugis
B POMOYS SUOIS[NW PIseq-eqejenbe
paresnyInuad oy :seniedoxd uorsinuyg
KyIqess wreoj syoapye oSIeyo ooejIns
urajoxd o) ‘uonippe uf ‘prnbij jo uon
-1odoid 1oy31y ® pey 11 se ‘9ym 339 oy
£q paonpoid wreoy oy uey) 9INISIOW IOW

sem
eqeyenbe pagnjinuod oy Aq paonpoxd
wreoj 9y [, “oSuel paIpms oY) UM [DJEN
ay) 10
[oA9] Hd o ur saSueyo £q pajooge jou
SeM 1 “TOAIMOH “ym 339 03 paredwod
uaym Ajroeded weoy romof Appueoyrugs e
pey eqeyenbe pagnjinua)) :Ayoedes weog

sonradord uors[nuwe oy IMoj Y} Juo)
-u09 91eIpAyoqIed  seadyoryo ay) Jomo|
ay, “Lyqiqess pue Kyoeded vorsinws pue
(urjo1d “‘9eIpAyoqres) eadyoryo jo uon
-1sodwod jewrxoid ay) usam)aq uone|
-01109 JuedYIUSIS "A[oAnoadsar ‘911 / 03
6'TL pue S/,ur 0g'1 01 0] [ woly paduer
Ayqiqess pue Lroedes uorsinwe eqejenby

eqejenbe jo pinbiy [eqIoy
Y3 JO A/M %60°0F 68°L
:(uroyo1d pue ‘roqy
q[qnjosur pue a[qn[os
-I91em ‘sIe3ns Jo wioj
Q) UT S9JeIPAY0qIEd)
eqejenbe pa3njLnuad jo
JUAUOD JaNewW AIp Y],

UOTJEULIOJUT ON

VSN ‘widynudiog
owIdy ], ‘vD{ :3uuod urjoxd
QUIWLISIOP 0) PIsn POYISIA

A[Iqess pue ‘Kyianoe
%¢’1 :urjold  Surkpsinuw ‘soniodoid Surweoq

spoyruw (QVOV)

SISTWaYD) [eoNA[euy [BJO

JO UONBIO0SSY :JUdju0d urajord
QUIULIA)AP 0} Pasn POYIRIA

Anpiqess Sukyisinuy

sontodoid asay)

PAUOHULWI JOU SEM IBM 11 [yeN pue Hd JO 1000
sureis jo uontodoid oy, o Y} SE [[OM SB ‘SUOTS[NUID
pue sweoj ur santadoid

[euonouny Io0§ 1s9) pue

seadyor1yo pauued Woiy

Suruueo ead opew eqejenbe jo judy

SJOIYO WOIJ IOJEMAISEA\ @  -U0D urdj01d 9y QUIULIR

I:1 :(3rem:ureId
pareIpAy) uontodoid o
ur g
J10J J9Y000 INSsld o
:Sunjoo)) e

SOX
PAPILISIP I9JEM ) SBA o

SUOIS[NWS 3S0Y) JO

sontedoid ay) aredwod

¥i1 ((10remuresd UQY} ‘SUOIS[NW [I0 POOJ
£1p) uoniodoid o gypur 03 31 95N pue sIEAT
-[no eadyo1yo Jo Ajorrea

SO :ureI3 pajeIpAH e & woJj eqeyenbe oredaig

Jrewrua(J

(86100) T8 12 [Ung

BAIOY pue ‘euryd)

‘epeue) (6102) T 19 9H

sanadoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

101eM

/eadsporyd jo uonaodoig REINRE] )

Anuno)

pue ‘1e9x ‘Q0UdIJOY

SOIPN}S PAPN[OUT Y} WOIJ SINSAI PUB SONSLINOLIEYD dANALIOSIp UTR] | [qBL

pringer

a's



J Food Sci Technol

%08 01 09 WoIj FurAIeA

A)Iqe)s uorsinud PIm ‘Aeanoadsar

‘%T6 0V LL PUB %9/t 01 7] WOIf paSuel

Anpiqess pue Aroeded Surweo, saniyiq

-eded Surjsnwe pue Surweoj Juo
-IQJIP 9ABY SPUEBIQ [BIOIOWIWIOD P)sa) [,

sanrodoid Surureoy 10§ 9sonxap

-K10d %611°0 pue “aeuIS[e-eN %910

“9SO[N[[AIAYIOWAX0GIED %9 /") SB
pauruIoep sem uone[nuioy wnwndo ayJ,

Do 0L sem pmbiy eqeyenbe jo Surkip yew
-weoy 9y} Joj arnjerodwa) wnwndo oy,

UONBWLIOJUI ON

UONBWLIOJUI ON

ed ur AIYM
339 pue eqejenbe jo son

POUOTIUSU JOU SeM JJem -1odoxd TeIn)xa) pue [eo
jureid jo uontodoid ayy - -rweydorsAyd aredwo)) (¢)
adioax

9yeo a3uods e ur aym
330 ooerder 0y senredoxd
[euonOUNY 1S9q Y} YPIM
eqeyenbe asooy)) (7)
‘seadyor1yd o[qe[TEAR
A[TeIoIoWWwOod Woij apewt

Ayiqess eqejenbe 10y soniiqedes
pue Kyoedes Jurkjisynure ‘A Suruued vad SurkjIsinuwo pue Jur
-11qels pue Kjoeded Jurweo,]  -OIYO WOIJ JOJBMIISEAN @ -wreoy 91e3nsaAuy (1)

G:1 :(3orem:ureId
K1p) uontodoid o

urw ()¢ 10j Iojem Jurfiog o

BUIYD) PUE EpeUR)
(8107) T8 10 ByeIsnIA

Aoyang,
(12707) $e1g pue ue[sy

sanradoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

‘Burjoo) e $s0001d Surkip
oy} ur weoj eqejenbe oy
sonodoid urweo ON :urei3 pojeIpAH e Jo s9[qeLIea ) ozrundo
Io1em
SPOYISIA /eadsporyd jo uonaodoig S9AT303[q0

Anuno)
pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

Qs



J Food Sci Technol

U ()9 I0J paY0O0d ONeI J9JeMm 0}
eadyo1Yd ¢:7 210m suonipuod fewndo oy,

(1918M19)5BM)
%1—G"0 JUSIU0D uoId

g-gpue

DT 7T (IeremiuteIs
pareIpAy) uontodoid o
IOY00D INSSAI{ o
:Sunjoo)) e

uon
-BULIOJUT OU (,POPIBISIP
Ioyem UOTRIPAY 9} SEM o
uon
-ewtojur ou :uonJodoid o
SO :urei3 pajeIpAH e

POUOTIUSW JOU Sem JoJem
sureis jo uontodoid oy, o

(9L61) plojpelq :Judjuod ura}
-01d suruIo)ep 031 pasn POyl

Suruues ead
-JOIYD WOIJ IJRMI)SEA @

ureid parip pue sead

Kyroedes Surweo SOIYO WOITJ I9JBMIISBAN

ouwn 3ur
=[002 ) pue ‘(YMIdD)
197eMm Jo uontodoid ayy
‘seadyoryo o) Jurkrea
£q eqeyenbe urejqo 0)
seadyoryo Suryooo jo
SAem JURIQYIP dJeN[eAd
0} ugIsop [eyuowLIadxd
punos [esnsne)s e as()

epeue)
(e0707) "Te 10 uewes[y

sanadoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

01eM

SPOYISIA /eadsporyd jo uonaodoig

Anuno)

REINGRE] e g) pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

a's



J Food Sci Technol

soneA YD pue yd 1omor yiim
1oy31y are Apiqess pue Aroedes uorsinuyg

Kyoedeo wreoy ur
9580109 B asned [[im Hd pue (oner 1oyem
Surioq :eadyo1yo) YM D Ul asearour

uy :Apqess pue Lyroedes Sutueoq UOTJRWLIOJUT ON

€17 JO onel B yim
PAARIYOR Sem I[NSAI I5aq 2y} ‘eqejenbe
9pEWOWOY 10J S "SWN[OA WeoJ IoySTy
e sey seadyo1yd pauued woij eqejenby

(opewowioy) %¢ pue (193
-emalsem) W O001/3 L1
JUIIUOD UI)0IJ

Ayriqusa3p yoress
pue ‘Kyrur[eisA1o ‘y3uans o3
‘fiqess ‘Kroeded vorsynurd

‘Kqess pue Ayroedes Sutweoq

Qvovy)

SISTUIAY) [dNARUY [RIOYF0

JO UOTIRIO0SSY :Juu0d urajord
QUIULID)OP 0O) PAsn POYIN

Ayqiqes pue Ayroedes Surweoq

G'€:G T ((Ioyem:ureId
pajelpAy) uontodoid »
umr o9
JI0J 19002 2INSSAId o
:3unjoo)) e
{POPIEOSIP J9JeM Q) SEM o
uon
-ewroyur ou :uoniodoid o

S9A :uTeI3 pPIjeIpAY e

$:7 pue
€:7 ‘iz ((1orem:ureId
pajeIpAy) uontodoid o

ut 0
J10J JOY002 AINSsAJ o

:Sunjoo)) e

SOX (PopIessip
Iojem UOTRIPAY oY) SBM o

uon
-euwIojur ou :uontodoid o

SO :ureI3 pajeIpAH e

PAUONUAW JOU SeM )M
Jureid jo uontodoid oy, -

Suruueod ead
OO WOIJ ISIBMIISEA @

ure13 paup pue sead
OIYo WOIJ JABM)ISLA

sordures pajeanun

woij 9soy} 03 wayy ared
-woo pue A1n[s eqejenbe
snoanbe jo LIqnsasp
[oIe)s pue ‘AJuI[[eIskId
‘puans [23 Jo juowr

epeue) (21207)

-Q0UBYUD Ay} AJe3NSIAU] AWEMSBWEY PUB UBW[ES[Y

3urjo0o ue3oA ur
uoneordde 10 eqejenbe
gpewewoy Surure)qo Jo

sseooid oy aziprepuels [izexg (1Z07) ‘T 10 JIepue

uontsodwoo [euon

sanadoid [eor3ojouyoe) Jo S)NSYY  -Imnu eqejenbe Jo symsoy

SPOYIRIN

Io1em
/eadsporyd jo uonaodoig

S9AT303[q0

Anuno)
pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

Qs



J Food Sci Technol

Anpiqess pue Aroedes Surwreoy Jo sonfea
3seyS1y oy} urelqo o3 onel A[qeIIns JSou
9y} 9q 0} PAIAPISUOD SI §: JO ONeI Y],

seadyoryo pue 1ojem Uey) 19710
POpN[OUT 9I0M SIAT)IPPE OU PUE ‘05eI0)s
e 4 ] 10)Je AI[Iqe)s Weoy 19)eaid
pamoys H pue (J spuerq ‘KIIqeis pue
QUIN[OA WeROJ Ul APYUBOYIUTIS PILIBA S)ON
-poid [ero1owwos ()] wolj eqejenbe oy,

SUOIS[NWQ PUE SWEOJ PaYeIauas oy} Jo
Apiqess 2y pue eqejenbe eadyoryo oy
Jo seniIqe SurkjIsnwo pue JUTWEO] oY)
Jzrwirxew o) dwoy je eqejenbe eadyoryo
Surredaid uoym [eonIId 919M JUSUMISNIpE
Hd oy pue suonipuod Furfroq 9y} ylog

UONBWLIOJUI ON

(%95°1
—9T'T) sIseq Jom Sur
-I9PISUOJ JUNUOI UIN0Id

A[oAny

-02dsa1°9%,00'0F 800

PUB ‘b0'0F €T°0

‘10°0 F 8470 Se painseawr

SeM G'[:] PUB ‘GT'¢:]

‘G:T JO YMD e paurelqo

eqejenbe ot jo uon
-enuoouod urejoxd ayJ,

Aqiqess pue Ayroedes Surweoq

G:] pue

DT ‘g (IeyemiuTeIs
pareIpAy) uontodoid o
uru G Joj Iorem 3urioq o
:3unjoo)) e

UoneUWLIOJUI OU
{POpIBOSIP JaJBM A} SBA o

11 :(101em:uresd
K1p) uontodoid o

sonradoid [euonouny
pue sanienb  eqejenbe,,
jonpoidAq I1ay) pue
seadyoryo oroxdwir o3 Fur

SO :ureid pajeIpAH e -ssaooid ainssard-y3iy osn)

[zl (Ovov)

SISTWAY) [eonA[euy (R0
JO UOTIBIOOSS Y :JUa)uod urejoid

QUIULIAIAP 0} pasn POYRIA

s1o)owrered 1002 pads Badyoryo
‘fyroedes Surwreoy ‘eqeyenbe

sonredoxd Surureoy 0) ayn
Suruueoead  -qunuood jey) eqejenbe jo
-JOIYD WOIJ I2JeMI)Sep @  Sjuauodwod A} UIULINRJ
S'I-1 pue
61 S6T'€:T i(1orem:iurers
pajeIpAy) uontodoid o

Jjo sentadoid [euonouny
UIUOD UOQIed PUB UI)0IJ

ur 061
J10J 19)em Suriod o
:Sunjoo)) e 3010
-poyyew doeyms asuodsar
SOA (POpIESSIp Sursn (INSY) MDD Jo

Torem uoneIpAy o) SeA\ o sonipiqedes Surkpisinws
pue Surueoy oy} 9SLAIOUT
0) pasinbar (onyer Joyem
readyd1y0) suonIpuod

3uifroq onsawop

€1 :(1orem:urerd
K doid -
fmquss 1p) uonyodoig

pue ‘Kyroeded uorsynuo ‘A1

weuIA (120 ‘T8 12 s10)
-1pg) (1207) T8 19 19An3N

oueqI] pue
epeue) (8107) T8 19 WIS

uredg
(B6107) ‘e 10 eSIeje]

sanradoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

-11qels pue Kjroededs Surweo SO :urei3 pajeIpAH e pue Hd oy ozrundo
Io1em
SPOYISIA /eadsporyd jo uonaodoig S9AT303[q0

Anuno)
pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

a's



J Food Sci Technol

(B1°LL)

Anqiqess pue ([ _8 ;w o¢'T) Aroeded uors

-[nw? Jsoy31y a3 pake[dsip urw (¢ 10§

Sunyooo pue y 9T I0f IJem D), 4 UI Pads
eadyoryo Suryeos Aq paredaid eqejenby

UONBWLIOJUI ON

spoyuw (QVQV) SISty [ed
-nAeuy [eIOYJQ JO UOTIRIOO0SSY

:JUUOD UI)
-01d QUTWIIOIOP 0) Pasn POYISIN

Kyoedeo pue K)prging uorsnwg

sanxadoxd uorsinurd

eqejenbe uo spoyjow

SuIAIp [RIOIOWIWIOD JUD

-IQIp JO SQOUSNYUI A

aredwoo pue uoneredard

eqejenbe 10} suONIPUOd
oy aziprepuels ()

I:1 :(3rem:urerd
pareIpAy) uontodoid o

ur Og
10§ 19000 AINSSAI{ o

pue ‘sonrodoid
[eorwayo021sAyd ead
-yoryo pue ‘uonisodwod
radyporyo ‘senredoxd
uoIs[nwd Oy Suowe
:3uR{00) o SUOIB[ALIOD AUTILIANR(T (£)

SOA (PIpIESSIp
19JeM UOTIRIPAY 9y} SBAN o
‘Apmys
SIY) UI pasn SIBATI[NO
eado1yo JUSISYIP 9y} JO
sontodord [eoruayooor
1 -sAyd pue uonisodwoo
:(ure13 Aip) uonzodoid o urei3d auruiae( (7)

¢sonaadoxd uorsynuwa 3s9q
a3 yim eqeyenbe soonp
-o1d reAn)no eadyoryd

SO :ureid pajeIpAH o yorym auruId( (1)

epeue)

(6107) °"H

sanradoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

SPOYIRIN

01eM

/eadsporyd jo uonaodoig S9AT303[q0

Anuno)
pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

Qs



J Food Sci Technol

Sun[00o U Gy

)M 7] Je Sem WeoJ 9[qe)s JSOuW Y],
uru ()¢ J0J payooo ¢:z e

(9%021) 159y31y oy sem Ayroeded Sutueoq

uru ()9 Jo awrn Sunjood pue ¢:g
Je winwirxew ay) a1om sontodoid uorsnuyg

%1—G"( “IUAUOD UIN0IJ

(9L61

piojpe1q) anbruyoe) piojperg
:JUSIUOD UL}

-01d auIuIIg)AP 0} pasn POYIRIA

az1s oponaed

uors[nwd ‘AyrorqoydorpAy

‘proe onkyd ‘uruuey ‘sontodoid

Teuonjouny ‘A)Iprqin} I0[0d ‘Jud}
-u0d urajoid pue praik eqejenby

ggpue

i1 471 (Jorem:uresd
pajeIpAy) uontodoid o

(urwr o9 pue

‘b ‘0€ “S1) sawn 11y
-JIp J10J J9)009 2INssald o
:3unjoo)) e

UOIRULIOUT OU
POPIBOSIP JOJBM ) SEA o

uon
-ewIojur ou :uonodoid o

SO :urei3 pajeIpAH e

PIUONUAUW JOU SBM IJeM
Jureid jo uontodoid Yy, -
Suruued vad
SOIYD WOIJ JOJRMI)SEA @

ureid pati(q pue sead
-OIYO WOIJ JOJBMOISeA|

sajeIpAyoqred
pue surojoid pojeroosse
9 jo seniedoid [euon
-ouny Suraoxdwr pue
‘owT) uoneIpAy/3uryeos
‘sIojoej feuoninnuue
Suronpai 10y A[reroadsa
‘3urssaooid amssard
-y31y Aq senrodoid
[euonouny pue sanienb
.eqejenbe,, 1onpoxd4Aq
)1 pue eadyoIyd ooueyuy  epeue) (0Z07) UBWIES[Y

sanadoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

SPOYIRIN

Io1em
/eadsporyd jo uonaodoig

Anuno)
REINGRE] e g) pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

a's



J Food Sci Technol

s9ssaooi1d Suryeq

P11 :(3oyem:urers $s91889 10J uoneordde
pareIpAy) uoniodoid o ue se 19jem Sunjood
UIW ()f J0J 9A0)S OLIOJ[H o eadyo1yd JO sjuduear)
JURIOYIP Y] YIM SO
Jo sentadoid (7) pue
eqejenbe 3urweoy jo
9ZIS 9[qQqNnq pue ‘ssau

:3unjoo)) e

SOX :PapIedsIp
Iojem UONRIPAY Y} SBA o

(;-Tw 311 000€) Ies S1qe uon - —prey “Kiiqers Surureoy
‘(4 Jo Hd) proe o1IId YIIM ‘J[es J[qe) pue -euwioju ou :uoniodoid o “Kyroedes Surweoy uo
juounsnipe Hd yirm uonnjos eqejenbe SJUAUI)BAT) JUIJIP A} VSN pue weu
9y Jo sem Ajqiqe Surwreoy 31soy3Iy Y], %87 uold  Anpqess pue Ayroededs Suteoq SO :ure1d pajeIpAH e JO S100pH (1) :ouruIdleq  -191A (1207) T8 10 ueAn3N

€1 :(39rem:uresd
pajeIpAy) uontodoid o

ur 0z
10J 19002 2Inssald o
:3unjoo)) e
(8002
‘Z)0] OJ[OPY OIMNSUL) AT/9E0
‘Teyprafs] POYISA :JUSIUOD UIS) SOX (POPILOSIP
%760 uIold  -0id QUTWIIOOP 0) PASN POYIS]A  JOJeM UONRIPAY AU SEA\
uon
%L0°0 :18d -ewiojur ou :uonJodoid o
pooj
e ur 339 jo Suroerdar ur
JUSIOYJO QI0U 1 OYEW 0)
‘(eqeyenbe) seadyoryo jo
Sunyo0o I97eM JO SONID
Kyoedeo -doad [euonouny Surkys
Surureoy syt SI0AeJ ‘SaNISUIUI puE SAWN -[nwo pue Surweoy oy} ut
JUQIOJIP Je ‘eqejenbe ur soAem OrUOSEI)N punosenyn Jo asn Y3 £q
Jo uoneoridde oy ey oaoxd synsar Ay, %60°C :sareIpAyoqIe) Ayqiqeys pue Kyoedes weo SO :ureI3 pojeIpAH e PaOsNed $109Y9 AY) Ajen[eAq nzeiq (6107) JoINdN
uonisodwos [euon Io1em Anuno)
sonzodoid eorSojouyod) Jo synsay  -Linu eqeenbe jo s)nsoy SPOYIOIN Jeadyporyd Jo uoniodoig saAnoa[qQ PUE “TE9X ‘00UQIoJYy

(ponunuod) [ Aqel,

pringer

Qs



J Food Sci Technol

pIoe JIUIuoyOuIdIq YO g ‘onel ojem Jurproq:eadyoryo yy,) ‘ASojopoylaw aoejins asuodsal pySy ‘Iorem Surjood eadyomo MO0

UONBAIISqO JO ] G JAJJe 9[qeIS pourewal
uoneredas oy} ‘10a0moy <uoneredas
aseyd pamoys urwnge pue eqejenbe

wolj (Sweoj pue suorsinwa) sopdures [y

S91qqnq 9[qeIs ‘[[eWS Sey Weoj
)1 se santodoid Surweoy sey eqejenby

(%)

Kyoededs pue (94) AI[IqeIs Weoy Jo sanfea

USTY porensuowap 4:] =Iojem surers
KIp JO onel 9y} Jey) SMOYS J[NSAI Y],

%1°0 -1ed

%¢€0°T :soreIpAy0qIe)
%LS'T :utg01d

1SISEQ Jom
Surropisuod uonisodwo))
%S0°0> -mjng
%8T'0 :ueSonIN
%y 0 :uadoIpAH

%65 :sreIpAyoqIe)
%610 ‘ur0ld

:SISEQ Jom
Surrapisuod uonisodwo)

UONBWLIOJUI ON

uon
spoyIeW (HYOV) SISIWAYD) [89 -eurIojur ou :uontodoid o
-nAeuy [eIOYJQ JO UOTIRIO0SSY :Suryoo) e

:JUSIUOJ UId) SOR
-01d ouUIULINIAP O} pasn POYIIA  ( POPILOSIP Iajem ) SBA\ o
¢:¢ uoniodoid o

K3oroayx
pue ‘AI[Iqe)s ‘sweoy ‘suorsynug :ure13 pojeIpAH e
uon
-ewrIojur ou :uontodoid o
:3unjoo)) e

UoeULIOJUT OU

{POPIEOSIP 19JEM Q) SEA o
uon

-euwIojur ou :uontodoid o

- :urei3 pajeIpAY e

G:] pue $: ‘¢:] :(ureid
payeIpAy) uontodoid o

sontodoid urweo

uru Gt 10J Iajem 3urfioq o
:3unjoo)) e

uon
-BULIOJUT OU (,POPIBISIP
Ioyem UOTRIPAY 9} SEM o

uon
-ewrIojur ou :uontodoid o

Anigess pue Aoeded Sunweoq SO :urei3 pajeIpAH e

PowLIO} SWo)
-sKs oy} Jo Aiqess ayy
SurzAeue eqejenbe jo
UOINBZ1Id)ORIBYD [BI130]
-09UI pPUB [BITWAYI0IISAYJ

sassa001d uonewLIOjSURT)

Jo uonejuowoduwr ay) 0)

MIIA B [iim (KIIqeweoy

‘K3o10ay1) senredord

SII 9ZLIQJORIRYD pue

XLIjeW pooj Surweoy

e se eqejenbe Jo sonst
-I9)orIeyd 9yl WSIIYSIH

syonpoxd

119SS9P P[0 221)-Je) /NI

/339 jo Surssaooxd ot

ur uonjesrdde 10§ 191eM

uryooo eadyoryo jo

QIMIONIS WLOJ Y} J0oJJe
Jey) s10)9eJ oY) 9)eSnsoau]

[1ze1d (8107) 1091y

ERlIAR
(2202) “Te 30 se[Iopedsy

wewoIA (6107) 943N

sanradoid [eor3oouyo9) Jo s)NsoY

uonisodwos [euon
-1nu eqeyenbe jo s)nsoy

01eM

SPOYISIA /eadsporyd jo uonaodoig

S9AT303[q0

Anuno)
pue ‘1e9x ‘Q0UAIJOY

(ponunuod) [ Aqel,

pringer

a's



J Food Sci Technol

As for the methods used for cooking, 32.29% of the stud-
ies (n=6) (He 2019; He et al. 2019; Meurer 2019; Alsalman
2020; Alsalman et al. 2020a; Alsalman and Ramaswamy
2021a) used the pressure cooker. Nearly 20% of the stud-
ies (n=3) used boiling water (Lafarga et al. 2019a; Nguy¢t
2019; Editors et al. 2021). The cooking method employed in
the other eight studies (47.05%) (Mustafa et al. 2018; Shim
et al. 2018; Buhl et al. 2019a; Aslan and Ertag 2021; Landert
etal. 2021; Nguyen et al. 2021; Escadellas et al. 2022) was
not mentioned.

Risk of bias (RB)

The studies are heterogeneous, but the majority, 88.23%, had
a low risk of bias, 5.88% had a moderate risk of bias, and
5.88% presented a high risk of bias (Table 2). All studies
answered the main question.

Discussion
Studies characteristics

The number of vegetarianism and veganism followers has
grown and, consequently, the search for products that can
replace food and ingredients of animal origin (Révillion
et al. 2020). This growth tendency is mainly found in high-
income countries (Leitzmann 2014; Ginsberg 2018). About
10% of the total population declares themselves vegetar-
ians in countries like Australia, New Zealand, Israel, and
Sweden. In India, given the prominent religion, one-third of

Table 2 Summarized risk of bias assessment

Author (year) Risk of bias  Risk (%)
He et al. (2019) Low 100
Buhl et al. (2019a) Low 100
Aslan and Ertag (2021) Low 100
Mustafa et al. (2018) Low 100
Alsalman et al. (2020a) Low 100
Landert et al. (2021) Low 100
Alsalman and Ramaswamy (2021a) Low 100
Lafarga et al. (2019a) Low 100
Shim et al. (2018) Moderate 50
Nguyet & Quoc & Buu (Editors et al. 2021) Low 100
He (2019) Low 100
Alsalman (2020) Low 100
Meurer (2019) Low 100
Nguyen et al. (2021) Low 100
Nguyét (Nguyét 2019) Low 100
Escadellas et al. (2022) High 16.6
Ricci (2018) Low 100

@ Springer

the population is vegetarian (Iguacel et al. 2021). Therefore,
following the trend of the recent growth of the vegetarian
movement, the studies included in this systematic review
topic were conducted recently.

In general, most of the studies were performed in Canada
(n=7;41.17%), followed by Vietnam (n=3; 17.64%), Bra-
zil (n=3; 17.64%) and China (n=2; 11.76%). Among the
countries included in the studies evaluated in this review,
data suggest that vegetarianism is most prevalent in Brazil
(14% of the population) (Sociedade Brasileira Vegetariana—
SBV 2018), followed by Canada (12.2%) (Cudmore 2021),
Vietnam and Denmark (10%) (An Chay—XU HUONG MOI
CUA LOI SONG HIEN PAI (PHAN 1)—Nhip Ciu Thé
Gidi Online 2011, Motrgen 2019), France (5.2%) (Avelin
2019), China and USA (5%) (Chinese vegetarian: China’s
vegetarian population touches 50 million: Report—Times
of India 2014, Tapper 2021) and Spain (1.4%) (EFEAGRO
2021). Therefore, among the countries included in this
review, the countries that have most of the studies on this
topic were the ones with the highest prevalence of vegetari-
anism, except for Denmark.

Aquafaba production

Aquafaba can be obtained using two primary sources: home-
made cooking of chickpeas wastewater or separating the vis-
cous liquid from canned chickpeas. These different primary
sources interfere with the foam capacity and stability prop-
erties because of the individual characteristics of the grain,
the type of implemented storage (if refrigerated or not) and
time of storage, cooking time and temperature, and the use
of pressure (Mustafa et al. 2018; He et al. 2019). The home-
made process of aquafaba production (Fig. 2) in most of the
studies was: the dried chickpeas were soaked for 810 h at
4 °C on a proportion of 1:4 (chickpea:water) (He 2019; He
et al. 2019; Editors et al. 2021). After that, the water was dis-
carded, and the hydrated grains went into pressure cooking
for 30 min on a proportion of 2:3 (hydrated chickpea:water)
(Alsalman 2020; Alsalman et al. 2020a; Landert et al. 2021).
Subsequently, the cooked chickpeas with the cooking water
were refrigerated for 24 h at 4 °C. By the end, the wastewa-
ter (aquafaba) was separated from the grains. None of the
studies described exactly the protocol displayed in Fig. 2;
however, this protocol was constructed based on the most
frequent processes in the evaluated studies.

Soaking and cooking processes

Regarding the soaking step, 94.11% of the studies (Mustafa
et al. 2018; Shim et al. 2018; Buhl et al. 2019a; He 2019;
He et al. 2019; Lafarga et al. 2019a; Meurer 2019; Nguyét
2019; Alsalman 2020; Alsalman et al. 2020a; Alsalman
and Ramaswamy 2021a; Editors et al. 2021; Landert et al.
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Pressure
cooking for 30
minutes

Soaking
8-10h/4°C

1:4 (CW)

Dried
chickpea

Hydrated
chickpea

Fig. 2 Homemade chickpea aquafaba production flowchart

2021; Nguyen et al. 2021; Escadellas et al. 2022) previously
hydrated the chickpea grains, but only 29,41% of them (He
2019; He et al. 2019; Lafarga et al. 2019a; Editors et al.
2021) mentioned the proportion of water and chickpeas. The
hydration capacity of the grain during soaking is generally
related to the physical properties of the grain. Thus, differ-
ent effects on aquafaba may be noted. A study showed that
it was impossible to obtain foam when chickpeas were not
soaked (Landert et al. 2021). Soaking is a common process
among pulses since the mechanical process of adding water
before the cooking process and letting the grains rest under-
water for a minimum of eight hours might improve diges-
tion by reducing antinutritional phytates and oxalates while
also softening the soaked grain (Fernandes et al. 2010). The
hydration promoted by soaking results in the swelling of the
seed’s cotyledons, making the seed coat crack more perme-
able (Fernandes et al. 2010; Shafaei et al. 2016). At the same
time, the introduced water partially hydrates starch mole-
cules inside the matrix in a rheological phenomenon called
gelation (Morris 1990). Combining these processes reduces
the cooking time and regulates the chemical diffusion into
the cooking water (aquafaba). Some studies mentioned that
after soaking and cooking, the total amounts of sugar, oligo-
saccharides (raffinose, stachyose, verbascose), and protein in
chickpeas decreased, given that a part of these compounds
was diffused into the cooking water (He et al. 2019, 2021;
Alsalman 2020; Alsalman et al. 2020a). Among the com-
pounds diffused into the cooking water, proteins related to
aquafaba formation might be more prominent than seeds that
skipped the soaking process. Also, it is important to note
that most studies discarded the water residual from soaking
because of antinutritional compounds (He et al. 2019, 2021;
Alsalman 2020; Alsalman et al. 2020a).

The ratio 1:4 (hydrated grains:water) was the most used
proportion (n=5; 29.41%) in the cooking step (Nguyét 2019;
Alsalman 2020; Alsalman et al. 2020a; Editors et al. 2021;
Nguyen et al. 2021). However, regarding the technological

Cooked
chickpea

Separate
water from
grains

Refrigeration
24h - 4°C

Cooked
chickpea and
water

Aquafaba

characteristics of aquafaba, it was not the one with the best
results. Therefore, we used the proportion with the best
results mentioned in the studies to construct the flowchart
(Fig. 2). Although the 2:3 ratio was only tested in three stud-
ies, this ratio showed better characteristics, emulsion proper-
ties, and foaming capacity in studies that compared it with
the 1:4 proportion (Alsalman 2020; Alsalman et al. 2020a).
Only one study showed that on the proportion of 1:4 with the
pH adjustment with the addition of table salt and citric acid
(pH of 4), table salt (3.000 pg mL~") performed the highest
foaming ability during the whipping (Nguyen et al. 2021);
however, this study did not compare with the aquafaba using
the proportion of 2:3 on cooking.

According to a study (Vidal-Valverde et al. 1993), the
total sugar content of chickpeas was significantly reduced
after boiling in water (32% of reduction). Non-galactoside
sugars (fructose and sucrose) decreased slightly more than
galactoside sugars (38 and 50% decrease, respectively)
(Frias et al. 2000). The solubilization of carbohydrates in
water can partly explain these carbohydrate losses during
the soaking and cooking process. However, because other
water-soluble nutrients were also eliminated, the soluble
sugar losses are significantly higher than the percentages
shown (Vidal-Valverde et al. 1993). In that case, the aqua-
faba produced through boiling water could have good foam-
ing stability, given that the solubilization of carbohydrates
in the cooking water positively influences aquafaba’s foam
stability (Vidal-Valverde et al. 1993).

Protein denaturation causes structural changes, which
cause protein modifications. These modifications either
increase molecule size through aggregation (lower solubil-
ity) or decrease it through breakdown into smaller com-
pounds (increased solubility) (Alsalman and Ramaswamy
2021a). As for high-pressure cooking, rupturing non-cova-
lent connections between protein molecules or forming new
intermolecular links (such as hydrogen bonds and hydro-
phobic interactions) promotes protein aggregation]. Due to

@ Springer
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changes in solvation volume, where non-covalent bonds are
ruptured and reorganized with solvent molecules, pressure
cooking can also increase protein volume (Alsalman and
Ramaswamy 2021a).

The different proportions of water seem to affect the tech-
nological properties of the aquafaba. Lower quantities of water
make the chickpeas soft and crumbly, allowing the starch
granules to easily disperse in the cooking water and break the
foam membranes, thus lowering the foaming capacity and
stability (Editors et al. 2021). Excess water also impairs foam
formation by excessive solubilization of starch and protein,
thus reducing this compound’s concentration (Landert et al.
2021). Regarding refrigeration, according to Landert et al.
(2021), this practice, if carried out for 24 h after cooking the
beans, significantly improves foam formation and stability.
Probably, the cooling time favored chemical reactions such
as the starch gelation and extravasation of proteins from the
cooked grain to the wastewater. Thus, it results in a greater
amount of gelated starch and solubilized proteins, favoring a
more technologically stable aquafaba (Landert et al. 2021).

Canned chickpea

The studies that investigated aquafaba from the wastewater
of canned chickpeas (Mustafa et al. 2018; Shim et al. 2018;
Buhl et al. 2019a) showed that the manufacturers that pro-
duced the commercial brands have different genetic chickpea
cultivars causing changes in the nutrition composition of
the aquafaba, as well as foaming and emulsifying properties
(Mustafa et al. 2018; He et al. 2019). In general, the proxi-
mate composition of the utilized chickpeas did not influence
the stability of aquafaba; nevertheless, it seems that grains
with higher amounts of dry matter displayed better emulsion
proprieties, resulting in better results for aquafaba (Mustafa
et al. 2018; He et al. 2019). Nevertheless, the dry matter
content relies mainly on the chickpeas’ genotype, given that
the aquafaba produced by the “CDC Leader” genotype pre-
sented the highest amount of dry matter and, subsequently,
the most adequate aquafaba (He et al. 2019).

In addition, some commercial brands include food addi-
tives, such as salt, and preservatives like disodium ethylene
diamine tetra acetic acid (EDTA), which might suppress vis-
cosity and foam stability by increasing the molecular weight
of the formulation (Mustafa et al. 2018; Shim et al. 2018). In
this manner, the aquafaba from brands that had no addition
of salt or additives produced more dense foam with greater
capacity and stability (Mustafa et al. 2018; Shim et al. 2018;
Eren et al. 2021). Some food additives, such as citric acid
(provided by lime and lemon juices) can be implemented
to enhance the stability of aquafaba. A study showed that
lowering the pH and decreasing the chickpea:water ratio of
manufactured aquafaba improved both foaming and emul-
sifying capacity of aquafaba (Lafarga et al. 2019b). Other
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pH-lowering strategies are also successfully improving aqua-
faba’s technological capacities, adding cream of tartar, another
acidic ingredient, increased foam and stability (Wong 2020).

Some other studies compared the aquafaba with dried
beans (homemade) and canned chickpeas. They concluded
that the proportion of 2:3 of homemade aquafaba had the
best results, forming foam more quickly and with high sta-
bility. The aquafaba from canned chickpeas has a higher
foam volume and lower emulsion properties than the home-
made cooking conditions, possibly because of the utilized
chickpea cultivars; however, these studies did not describe
the used chickpea cultivar (Alsalman 2020; Alsalman et al.
2020a; Landert et al. 2021).

Chemical composition

Aquafaba is mainly composed of carbohydrates and protein,
but protein is the most evaluated compound in the studies
due to its foaming properties (Shim et al. 2018; Buhl et al.
2019a; Alsalman et al. 2020a; Landert et al. 2021; Escadel-
las et al. 2022). Proteins may present hydrophilic amino
acids interacting with water, whereas the hydrophobic amino
acids stabilize interactions with the gaseous phase. In this
sense, aquafaba foaming capacity strongly correlates with
protein content (He 2019). A lack of a standard for protein
measurements was observed among studies. Also, some
studies showed the content on a dry basis and others on a wet
basis. Studies (Shim et al. 2018; Landert et al. 2021) used
the same technique for analyzing proteins (AOAC). The only
difference in the method is that one of the articles multiplied
the nitrogen content by 6.25 and the other by 5.75, probably
because the majority of the studies used the general 6.25 fac-
tor, and the study that used 5.75 was specific for chickpeas.
Despite this, the studies showed different results regarding
protein, 1.7% protein for canned chickpeas and 3% protein
for homemade chickpeas. The differences in protein content
also occur because of the different cooking methods. Boiling
can change nutrients’ concentrations. There may be solubi-
lization of proteins or even a higher concentration (Lafarga
et al. 2019a; Landert et al. 2021).

Only two studies evaluated fat content in chickpea aqua-
faba, 0.07% (Meurer 2019) and 0.1% on a wet basis [42].
This data is important, since fat can influence the foaming
capacity of aquafaba. The presence of unsaturated fatty acids
reduces the volume and stability of the foam, and chickpea
cultivars may contain 2.70-6.50% of fat. It is an important
source of unsaturated fatty acids (Behera et al. 2014; Kaur
and Prasad 2021). And these two that evaluated fat had lower
or higher foaming capacity.

In which regards aquafaba use as a functional ingredi-
ent, this plant-based foam was already implemented as a
substitute for egg whites in vegan mayonnaises, and in egg-
less sponge cakes, providing satisfactory results regarding
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nutritional value, technological and sensory aspects (Mustafa
et al. 2018b, Buhl et al. 2019a). Another study analyzed
physicochemical and microbiological indicators of aquafaba,
and proved that under refrigeration or in the form of dehy-
drated powder, aquafaba could be used as a viable product,
reinforcing its economic value (Ahmed et al. 2021).

Conclusion

This study aimed to evaluate different methods for obtaining
aquafaba (soaking type, time, proportion of water or using
canned chickpea; use of soaking water; cooking type, time,
proportion of water; storage temperature and time; beating
time) and compare their nutritional and technological char-
acteristics. The results showed the following steps to prepare
aquafaba: soaking for 8—10 h at 4 °C at the proportion of 1:4
(chickpea:water), pressure cooking for 30 min in the propor-
tion of 2:3 (chickpea:water), and refrigerating 24 h/4 °C. Most
of the studies used soaking in water as a strategy to home-
cook chickpeas, improving the diffusion of compounds to the
water in the cooking process. The composition of chickpeas
did not alter the quality of the aquafaba produced; however,
species with higher concentrations of dry matter produced bet-
ter foam. According to the studies, there was also an indication
that aquafaba from wastewater canned chickpeas produced by
the CDC Leader chickpeas genotype presented better results
regarding foam formation, emulsion capacity, and stability
compared to homemade aquafaba. Also, canned chickpeas
without added salt or EDTA produced aquafaba with better
technological characteristics.
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