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ABSTRACT

In the new century, the most fundamental problem on a global scale is hunger and poverty
reduction is one of the primary goals set by the United Nations. Currently, it is necessary to
increase agricultural activities and to evaluate all agricultural products rich in nutrients without
loss in order to feed the hungry population in the world. Considering that one of the most
important causes of hunger in the world is inadequate access to protein content, legumes are
one of the most valuable nutritional resources. In order to ensure the sustainability of legumes,
alternative new ways of recycling their wastes are sought based on these multiple functions. For
this purpose, recycling legume cooking waters to be used as food raw materials in various processes
means reducing food waste. Recovery of nutritional components in legumes is also beneficial in
vegan and vegetarian diets. In this review study, the importance of legumes in terms of global
needs, their importance in terms of nutrition, the methods of obtaining the protein content of
legumes, the functional properties of these proteins in the field of food processing, the gains of
the evaluation and recovery of legume cooking water (Aquafaba), especially waste, were discussed.
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Introduction

The most important issues of our age are cold wars and
economic crises that cause poverty and hunger. The lifestyles
of societies have been under the influence of economic
powers since ancient times. Poverty reduction is at the top
of the main mandatory goals of the new century. The
Sustainable Development Goals (SDG) set by the United
Nations Development Agency (UNDP), in other words the
Global Goals, is a universal call to action to end poverty,
protect our planet, and ensure that all people live in peace
and prosperity. Within this call, 17 main goals were deter-
mined, and the first goal is an end to poverty and the
second goal is an end to hunger. In this way, the path to
the 3rd goal is opened and the way to the goal of healthy
and quality life is opened. These basic goals have actually
been proven over and over again with every scientific data.
For example, the hunger class population is equal to the
total population of The United States of America, Canada
and the European Union (Ozcicek Dolekoglu 2017). It is
predicted that is the main reason for settled life, as a way
of getting rid of these effects. Food is produced to feed the
hungry population in the world. However, not using
resources properly and wasting food are the most important
factors that disrupt this balance. It is very important for
sustainable production to use all foods, that is, not to create
waste products. Increasing agricultural activities and evalu-
ating all agricultural products (e.g. pulses, vegetables and

fruits) and taking part in production have the potential to
be a way of sustainability. The use of legumes with high
protein content, which is one of the reasons for animal food
production, is increasingly becoming more prominent
(McDermott and Wyatt 2017). The diversity of amino acids
found in legumes gives proteins different technological prop-
erties. This study aims to emphasize the importance of
maximum use of legumes, which have the potential to be
used in food processing technology, taking into account the
global needs. In addition, it is aimed to emphasize the
importance of legumes in terms of rich protein content,
their use in food processing, the potential of the demand
for legumes to increase agricultural employment, the poten-
tial to reduce the demand for animal production due to
protein needs, and to examine the gains in waste management.

Global climate changes, increasing population,
waste management and pulses

With the increasing world population in the future, it is
discussed in world affairs that it will not be easy to access
many more useful foods such as pulses. Because, according
to the population estimates of the United Nations, the world
population is estimated to reach 10 billion by 2050.
Furthermore, according to the Food Security and Nutrition
report, global hunger has increased in 2019 and is now
affecting 820 million people. The fact that this value will
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be much higher in 2050 reveals the seriousness of the sit-
uation (FAOSTAT (Food and Agriculture Organization of
the United Nations Statistics)) 2019). In addition to malnu-
trition problems caused by global warming and climate
changes, serious environmental problems such as water and
soil pollution have caused attention to waste management
in the food sector. Applications such as recycling waste
products as by-products through recycling methods or iso-
lation of components with some nutritional or technological
features from waste have become important in the food
industry. With recycling from wastes, less waste will be
produced, less energy will be needed compared to recycling
processes, and thus, the sustainability of food will be con-
tributed (Bigdeloo et al. 2021). Apart from the reduction
methods in the food industries, the reduction of household
food waste is also effective within the scope of sustainability.
Attention to household waste management, even on an indi-
vidual basis, is an important potential to initiate beneficial
changes at global levels (Bigdeloo et al. 2021). As in the
food industry, pulses, which are among the products that
are considered in domestic waste management, play an
important role by providing various services in line with
the principles of sustainability with their re- cycling. As a
source of quality food and feed, legumes also contribute to
the reduction of greenhouse gas emissions as they emit 5-7
times less greenhouse gas per unit area compared to other
food products. Thanks to nitrogen fertilizer reduction, they
allow carbon retention in the soil and save on fossil energy
inputs in the system. Legumes fix atmospheric nitro- gen;
releases high quality organic matter into the soil and facil-
itates the circulation of soil nutrients and water retention
(Stagnari et al. 2017). In addition, it has positive effects on
soil-related processes such as the chemical and physical
properties of the soil, agricultural productivity, soil protec-
tion, and reducing the need for chemical fertilizers (Meena
and Lal 2018).

In general, the sustainability benefits of legumes can be
summarized under the following headings: product diversity
with legumes, improving soil health, ensuring economical
use of water, high productivity and sustainability. Based on
these multiple functions, alternative new ways are sought
for the recovery of their waste to ensure the sustainability
of legumes (Kumar et al. 2018).

The importance of legumes in terms of production
rates and nutrition

Legumes, which are called Fabaceae, are members of the
Leguminosae family. They are grown mostly for their edible
seeds. Legumes are essential for human nutrition all over
the world with their significant amount of carbohydrate,
proteins, and minerals. Therefore, legumes are produced
with significant amount in the world (Table 1). Considering
that one of the most important problems in today’s world
where malnutrition is common in various parts of the world
is protein-calorie malnutrition, legumes are good sources in
this regard (Igbal et al. 2006). Therefore, legumes are a
critical food especially in developing countries such as

Africa, Latin America and Asia. While legumes are com-
monly referred to as "poor man’s meat," the label has
recently changed to "health foods" that even wealthy people
will want to include in their diets (Meena and Lal 2018).

Taking into account the increasing population, global
warming and climate changes, it is very important to take
measures against the food shortage that awaits us in the
future by evaluating food losses and waste, and the correct
use of food resources. For this purpose, the recovery of
pulse cooking waters, to be used as food raw material in
various processes, means reducing a significant amount of
food waste, because pulse cooking water is rich in various
carbohydrates, proteins, phytochemicals, vitamins, and min-
erals that pass from pulses to water.

In addition to the importance of the recovery of pulses
in waste management, it is also beneficial for vegan and
vegetarian nutrition. Today, the increase in vegetarian and
vegan consumption preferences has increased the production
rates of products for people with this diet. The exponential
growth of this market is associated with the consumer’s
preference for healthy and environmentally friendly food.
To this end, plant-based food ingredients and products are
increasingly being developed to mimic and replace animal
sources such as meat, milk and eggs. In addition, this need
is not only due to the difficulties of vegans in finding
resources to consume protein. Rather than vegan nutrition
and market diversity, it is important to evaluate and sustain
alternative new plant resources to meet the protein con-
sumption of carnivores with the increasing population.
Consumers are willing to change their orientation, which
reduces their carbon footprint, taking into account the fac-
tors that cause climate change. This indicates the tendency
to consume plant-based foods as an alternative to foods of
animal origin (He et al. 2021). In addition, people who are
worried about the negative effects of meat and want to
access safe food have increased worldwide and started to
prefer a vegetarian diet (Alsalman and Ramaswamy 2021).
Another reason for the increase of veganism is egg food
allergy, which especially affects children (Meurer, de Souza,
and Ferreira Marczak 2020). In short, more and more con-
sumers are choosing plant protein sources, allergen-reduced
diets, and food products with a reduced carbon footprint.

The demand for legumes, especially lentils and chickpeas,
is increasing day by day due to their high protein, dietary
fiber and low saturated fat content. Legumes have an
important place in vegan diets, especially because they con-
tain phytochemicals. Intense work is being done to develop
more plant-based vegetarian products that mimic meat, dairy
and egg properties (Shim et al. 2018).

Table 1. Production size of common legumes in the world (FAOSTAT (Food
and Agriculture Organization of the United Nations Statistics)), 2019).

Crops Area harvested (ha) Production (tonnes)
Beans, dry 33.066.183 28.902.672
Chickpeas 13.718.980 14.246.295
Cow peas, dry 14.447.336 8.903.329
Lentils 4.800.017 5.734.201
Peas, dry 7.166.876 14.184.249
Pigeon peas 5.616.153 4.425.969
Soybeans 120.501.628 333.671.692




The most important plant-based food ingredient
in light of global expectations: Proteins

Although legumes have a rich nutritional content, they stand
out especially in terms of protein content. Among the most
common legumes, chickpeas contain 22 grams and lentils
28 grams (g/100g) of protein (Du et al. 2014). Legumes
including dry beans, chickpeas, broad beans, lentils, and
dry peas contain lysine-rich protein (20-30%). Protein con-
tent and digestibility of legumes may differ depending on
the agricultural practices such as seed characteristics, grow-
ing conditions, climate characteristics, soil characteristics,
as well as processing methods. The reason for the low
digestibility of protein in fermented legumes is the hydrolysis
of proteins by the effect of protease enzymes secreted by
molds during the fermentation process. Hydrolysis of pro-
teins causes the release of amino acids in different pH envi-
ronments (Han and Baik 2006). Legumes can be consumed
after being cooked (Baojun and Chang 2009). Some pre-
cooking processes are effective food processing methods to
prevent the deterioration of nutritional components and
increase the bioavailability of minerals and proteins (El-Hady
and Habiba 2003). The most common industrial processes
for legumes that result in loss of most nutritional compo-
nents are soaking, boiling, steaming and canning (Baojun
and Chang 2009). Loss of nutritional components refers to
the transport of water-soluble nutrients to the processing
water, including water-soluble protein (Seena and Sridhar
2005), vitamins, starch (Rehman and Shah 2005) and others.
For this reason, nutritional components such as proteins,
carbohydrates and minerals can be found in the soaking
and boiling water of legumes.

In terms of food processing technology, isolates and con-
centrates of pulse proteins offer a range of functionalities
such as water binding ability. Pulse proteins can also provide
thickening and freeze-thaw stability (crystallization control).
However, gums and starches are more typically used for
these functions. Pulse proteins can also contribute to brown-
ing in the Maillard reaction and can be used for protein
supplementation. Protein isolates and concentrates from
legumes such as soy, peas, and peanuts contribute to binding
and thickening, partly due to their starch and fiber content.
Vegetable proteins derived from legumes and their produc-
tion methods are shown in Table 2.

The most common processes for preparing pulses for
consumption are soaking, boiling, steaming and canning
(Serventi 2020). Among these processes, soaking is usually
applied before the main processing to shorten the cooking
time. There may be differences in soaking time, boiling
time, steaming time depending on the type of legumes,
growing conditions, storage conditions. Generally, legumes
are soaked in a 1:4 weight ratio (pulse:water) for 16 to
24hours (Han and Baik 2006; Subuola, Widodo, and Kehinde
2011). Many applications and factors are active here. E.g;
The hot dipping method, which reduces gas-producing com-
pounds and cooking time, is a short-term process in which
80% of the complex bean sugars can pass into the cooking
water. Similarly, presoaking can reduce the nutritional qual-
ity of legumes products and affect protein digestibility by
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transporting nutritional components to the soaking water
(Khattab and Arntfield 2009; Subuola, Widodo, and Kehinde
2011). It has been reported that this may be related to the
decrease in the effectiveness of factors affecting nutritional
components such as polyphenols, protease (trypsin, chymo-
trypsin) and a-amylase inhibitors (El-Hady and Habiba
2003). Boiling can improve the physical properties of
legumes by reducing the effectiveness of inhibitors that
adversely affect nutritional components (Subuola, Widodo,
and Kehinde 2011). In addition to all these processes, the
application of boiling process on legumes may have negative
effects on nutritional components. One of the alternative
methods used for cooking legumes and preserving nutri-
tional components is steam cooking (Baojun and Chang
2009). In a study investigating the effect of steaming treat-
ment on macronutrients, it was reported that the protein
content and protein digestibility significantly affected the
heat treatment and application time. Although the decrease
in protein content is directly proportional to the autoclaving
temperature and time, it has been reported that the protein
content of these legumes decreased by 1.3-4.6% after cook-
ing in an autoclave at 121°C for 10-90 minutes and at
128°C for 20 minutes (Rehman and Shah 2005). Steaming
method creates changes in starch hydrolysis similar to the
change in protein content. This effect can be attributed to
the fact that the steaming process increases the rate of
starch hydrolysis and reduces the content of anti-nutritional
tactors. The canning procedure includes soaking (25°C
12hours), bleaching (85°C 30 minutes), canned in salt water
(1.3% salt and 1.6% sugar) and final heating (121°C 14 min-
utes). Of course, small numerical differences in these pro-
cesses vary according to the type of pulses (Parmar et al.
2016). According to the studies, it has been observed that
the protein content increases after the canning process.
Likewise, they reported that in some legumes where dietary
fiber increase was observed, this was due to the formation
of protein-fiber complexes (De Almeida Costa et al. 2006)
(Table 3).

Although the purpose of soaking is mainly to speed up
the cooking process, there are some methodological differ-
ences among researchers: Ghadge, Shewalkar, and Wankhede
(2008) soaked whole pigeon peas at an ambient temperature
for 10hours before cooked in pressure cooker for 20 minutes.
Stantiall et al. (2018) soaked yellow soybeans in a 1:3.3
weight ratio (pulse: water) for 16 hours at room temperature
before boiling. Alsalman and Ramaswamy (2021) soaked
dried chickpeas at 40°C for 2hours before placed them in
a classic pressure cooker to enhance carbohydrate function-
ality and digestibility by high pressure treatment. Stantiall
et al. (2018), applied soaking treatment for 16hours in a
1:3.3 weight ratio (dry pulse: water) was performed before
cooking them in boiling water for haricot beans, garbanzo
chickpeas, whole green lentils and split yellow peas. Buhl,
Christensen, and Hammershgj (2019) soaked the chickpeas
with ultrapure water at a 1:5 ratio (w/v) for 12 hours before
the chickpeas were boiled. Han and Baik (2006) soaked
legumes (lentils chickpeas, yellow peas, green peas, soybeans)
for 3 or 12hours in distilled water or soaked with ultra-
sound (47 kilohertz (kHz)) for 1.5 or 3hours and with high
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Table 2. Vegetable proteins derived from legumes and their production methods.

Protein

Legumes type

Methods

Method description

Sources

Broad bean and pea
protein

Broad bean and pea
protein isolates

Broad bean and lentil
proteins

Chickpea protein

isolates

Chickpea protein isolate

Lima bean protein

Legume proteins

Bean protein

Broad bean and
pea seeds

Broad bean and
pea

Broad bean and
lentil legumes

Chickpea flour

Chickpea

Lima beans

Five ripe beans
variety seeds

Beans

Acid extraction

Ultrafiltration

Air classification

Isoelectric
precipitation,
Micellar
precipitation

Salt extraction /
Micellar
precipitation

Acid extraction,
Suspension,
Extraction

Extraction with
water

Salt extraction /
Micellar
precipitation

Protein contents were obtained by direct acidification of

the supernatant from the starch extraction (pH
4.4-4.6) obtained from ground broad beans and pea
seeds.

Working parameters:

Total ultrafilter area 1.39 m2,

The process was carried out in a closed loop at
32L/min liquid extract process feed rate, 25 psig
inlet pressure and 15 psig outlet pressure.

The first flow through the membrane is 22.9L per
square meter per hour.

The process took 6-7 hours at 40-45°C.

Feed stream did not need pre-filtering.

As a result of the protein purification process
performed as an alternative by using ultrafiltration
technologies, seed N (in the form of isolate) was
recovered at the rate of approximately 82%.

Protein isolates prepared by isoelectric precipitation
or ultrafiltration were obtained by spray drying.
Food products were brought to 8% moisture
content before processing.

The products were dehulled and then air aspirated.
Each dehulled product is ground in a pin mill
pattern.

Flours transformed into starch and proteins are
re-ground and their proteins are separated by air
classification.

For the micelization procedure, sodium chloride (pH
7.0) was used to extract the proteins from the
defatted flour.

The extract obtained was concentrated to half
volume by ultrafiltration in a Pellicon device.
Proteins were flocculated by adding water (1: 4 v/v,
protein extract: water) at 4°C, pH 7.0 for
micelization.

For isoelectric precipitation, proteins were extracted
from degreased flour at pH 8.5 with alkali (0.1 N
NaOH) and precipitated by adding acid (0.1 N HCI)
to pH 4.5.

Isolates were recovered by centrifugation at 10000xg
for 10 minutes and freeze dried.

Protein was extracted from a 10% (w / v) solution
of chickpeas degreased with sodium chloride (0.5 M,
pH 7.0) (a chickpea protein isolate containing 87.8%
protein was obtained).

After concentrating the extract by ultrafiltration, the
protein was flocculated / collected by the addition
of water (4 C, pH 7, 1: 4 v/v protein extract: water
ratio).

The flour of ground bean seed was directly
suspended in water (flour / water ratio 1:10) at pH
4.5 (8 hours, room temperature).

It was then centrifuged.

A product with 50% protein content was obtained
by re-extracting and cleaning processes.

Seeds were mixed with water at 1-4 C using a 1:10
seed: water ratio.

16 hours of rest has been carried out.

After this time, the protein concentration in the
supernatants ranged from 5.5 to 10g N / kg seed
meal.

Bean protein was extracted from meal at a ratio of
1:10 (w/v), meal: buffer (0.1 M phosphate and 0.5 M
NaCl) at pH 7.6.

After centrifugation, the extract is drained, separated
with distilled water.

Freeze-dried to obtain the protein fraction.

Albumin was similarly extracted in distilled water at
4°C for 1hour (an enriched fraction with 53-75.7%
protein content is provided).

(Vose 1980)

(Vose 1980)

(Tyler, Youngs, and
Sosulski 1981)

(Paredes-Lopez,
Ordorica-Falomir,
and Cbrabes-Trejo
1988; Paredes-Lopez
and
Ordorica-Falomir
1986)

(Paredes-Lopez,
Ordorica-Falomir,
and
Olivares-Vazquez
1991)

(Ologhobo et al. 1993)

(Martin-Cabrejas et al.
1995)

(Marquez, Barros, and
Lajolo 1996)

(Continued)
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Protein

Legumes type

Methods

Method description

Sources

Protein extracts of
various legumes
(chickpeas, broad
beans, lentils, mung
beans, soft peas,
peas and winged
beans)

Specified product
proteins

Legume seed protein
isolates

Lentil protein isolate

Legume protein isolates

Soy proteins

Tofu

Chickpeas, beans,
broad beans,
lentils, mung
beans and soft
peas

Lupine, peas and
pods

Lentil

Legumes seeds

Tofu

Heat treatment

Extraction with
water

Isoelectric
precipitation,
Ultrafiltration

Combined methods

Alkali extraction

Extraction, Heat
treatment

CaSO04 has been used to create protein extracts of
legumes referred to as coagulant with or without
heat denaturation.

For all legume fractions, a protein concentration of
2.3-3% and the use of 1.5% CaSO4 as coagulant
gave the best results for the curd formulation. In
addition, the study on the formation of bean curd
using protein extracts was studied.

Chickpeas and broad beans have similar textural
properties in second place after soybean; For lentil,
mung bean and soft pea flour, results were
obtained that the moisture content of the curd was
significantly higher than for the soy curd.

200g of each seed was mixed with 500 mL of water.
Supernatants are extracted using centrifugation.
The extraction was repeated a second time to
increase recovery. (The protein contents of the initial
extracts ranged from 54% for chickpeas to 67% for
soft peas).

After the second extraction, the highest protein
content was obtained from broad beans with 65.6%,
while the lowest protein content was obtained from
chickpea flour with 50.5% protein.

The legume seeds were ground in a kitchen mill
and the resulting flour was processed with
petroleum ether (1/3) to extract oil.

The degreased flour is then dispersed in distilled
water (1/10); The pH was raised to 9.5 with the aid
of 1 N NaOH and stirred at room temperature for
40 minutes using a mechanical stirrer.

Supernatant was collected after centrifugation at
4000 rpm for 20 minutes. It was combined with the
supernatant collected from the first centrifuge and
the pH was adjusted to 4.5. Precipitated protein was
recovered by centrifugation at 4000rpm for
20minutes. The pH value was adjusted to 7.0 and
was freeze-dried.

Supernatant was concentrated through ultrafiltration
membranes followed by freeze drying to have both
fractions (globulin and albumin). Protein contents of
dried lupine seed protein isolate, pea seed protein
isolate, pod protein isolate obtained by isoelectric
precipitation and ulfiltration were also indicated in
the study.

Degreased flour (100g) was mixed with water (1:10)
(w / v), adjusted to pH 9.5.

1.0 M NaOH and stirred at 500 rpm for 1hour at
room temperature. The mixture was kept at 4 ° C
overnight to allow protein-free precipitation.
Supernatant was collected after centrifugation at
1600g for 30 minutes at 4 ° C and the pH was
adjusted to 4.5 with 0.1 M HCI.

Precipitated protein was collected by centrifugation
(16009, 30 minutes, 4 ° C) and stored at 30°C until
freeze-dried (81.9% protein content was obtained as
a result of the processes).

Grinding process has been applied to the products.
Extraction conditions:

pH 8-11, 30-180 min, 25-65°C

Centrifugation: 4-25°C

Alkaline extract production

Isoelectric precipitation (pH 4.5)

Centrifugation (4-25°C)

Finally, protein isolates were obtained by spray drying.
Soy milk was extracted from soybeans.

Heating is used to denature soy proteins and
inactivate trypsin inhibitors.

A coagulant (e.g. magnesium chloride, calcium
sulfate, gluco-delta-lactone) is then added to induce
clot formation.

The coagulated soy milk is then split into whey
(non-coagulated soy milk) and curdled milk
(coagulated soy milk) and the curd is pressed to
form tofu.

(Cai, Klamczynska, and
Baik 2001)

(Cai, Klamczynska, and
Baik 2001)

(Makri, Papalamprou,
and Doxastakis
2005)

(Bamdad, Goli, and
Kadivar 2006; Lee,
Htoon, and Paterson
2007)

(Boye, Zare, and Pletch
2010)

(Boye, Zare, and Pletch
2010)

(Continued)
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Table 2. (Continued)

Protein Legumes type Methods

Method description Sources

Isoelectronic
precipitation

Chickpea protein isolate  Chickpea flour

Soy proteins Soybean Bis (2-ethylhexyl)
sodium
sulfosuccinate

(AOT) reverse

micelles
Chickpea and kidney Chickpeas and High power
bean protein kidney beans sonication-based
extraction

Degreased chickpea flour (100g) (1:10) was mixed with
water (w/v), adjusted to pH 9.0 using 1.0 M NaOH.

It was mixed for 45 minutes at 500rpm at room
temperature (20-22°C). The suspension was then
centrifuged at 45009 for 20 minutes at 4°C using a
Sorvall RC-6 Plus centrifuge to collect the
supernatant.

The resulting pellet was resuspended in water at a
ratio of 1:5 (w/v), adjusted to pH 9.0, mixed for an
additional 45minutes and then centrifuged (4500g,
20 minutes, 4°C).

Supernatants were pooled and adjusted to pH 4.6
using 0.1 M HCI to precipitate protein.

After processing, the protein was recovered by
centrifugation, collected and stored at 30 ° C until
freeze dried to allow free flow. As a result of all the
processes, the protein content of the isolate was
determined as 925.2g kg-1 by the Kjeldahl method.
Degreased soybean meal is dispersed in 50 mM
phosphate buffer solution (1:15, w/v). The mixture
was adjusted to pH 8.5 with 2 M NaOH and the
dispersion was stirred at room temperature for
2hours.

The pH of the supernatant was adjusted to 4.5 to
remove insoluble material in high speed
centrifugation and the precipitate was collected by
centrifugation (10,0009, 10 minutes at 4°C).

The precipitate was washed with distilled water and
dialyzed three times at 4°C to remove excess
reagents.

Soy protein product, produced by freeze drying.
Chickpeas and kidney beans were soaked in water
for 12hours and the skins were removed by hand. It
was then oven dried at 50°C for 24 hours. It was
milled using a 0.02-inch cavity and 1/16inch groove
mill.

1g: 10mL sample / water ratio, centrifuge tubes
were placed in a temperature controlled ice bath
and treated at 2.5 W/cm? and 4.5 W/cm? for
5minutes. These sonicated samples were then used
for extraction of proteins at pH 8.5, 60°C and
stirring for 30 minutes using a magnetic rod on the
stir plate.

Samples were centrifuged at 14,000xg for

10 minutes at 15°C.

Supernatants are collected with a graduated cylinder
to measure total volume and protein content
measured for extraction yield.

(Papalamprou,
Doxastakis, and
Kiosseoglou 2010)

(Zhao et al. 2018)

(Byanju et al. 2020)

hydrostatic pressure for 0.5 or 1hours. They conclude that
compared with soaking for 3hours, soaking pulses with
ultrasound for 3hours in all tested pulses or soaking pulses
with high hydrostatic pressure for 1hours, with exception
of soybeans, appeared to be more effective for the reduction
of oligosaccharides. Bird et al. (2017) in his studies; chickpea
seeds were boiled in water with 1: 1.75 seed to water ratio
(CWR) for 90 minutes. Damian, Huo, and Serventi (2018);
126 stated that they obtained approximately 0.6 g of cooking
water per gram of dry pulsation as a result of their study
to extract cooking water from chickpeas and other pulses.

Lafarga et al. (2019) boiled chickpeas for 190 minutes
with three different CWRs (1: 1.5, 1: 3.25, 1:50) in a
stainless-steel pot and carried out their experiments by
adjusting the aquafaba pH to different values (3.5, 5.0, 6.5).
CWR and pH conditions of optimum aquafaba properties
providing the highest functionalities and stability were
shared with the results of 1: 1.5 and 3.5, respectively. In

addition, He et al. (2019), using less water (1: 1 CWR) and
a shorter cooking time (30 minutes) of less than 70-80
kilopascal (kPa) at 115-118°C to cook seeds 0.7-1.1. liter
(It) has been shared that it provides superior functionality
by obtaining g of cooking water/chickpea g (dwt).

A new trend among plant-based food ingredients:
Aquafaba

In recent years, a food product called "Aquafaba’, which
has a nutritious content and suitable for a vegan diet, has
become popular due to the changing consumption habits.
Aquafaba is a combination of two Latin words, aqua for
water and faba for the family Fabaceae. Appearing as a
plant-based emulsifier instead of the egg white traditionally
used in bakery products, "Aquafaba” has become very pop-
ular. Research and experience show that aquafaba is a



Table 3. Decreasing in nutrients of legumes by some pre-cooking processes.
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Soaking

(¢
(LR

Boiling Steaming Canning
Nutrients of Legumes Sources
Protein 0.7% 1-5% (El-Hady and Habiba
2003; Ahmed et al.
2012)
Oligosaccharides 50-75% 60-85% 16% (Han and Baik 2006;
Pedrosa et al. 2015)
Vitamins 10-60% 24-70% 46-65% (Prodanov, Sierra, and
Vidal-Valverde 2004;
Stupski 2011)
Phenolics 10-40% 30-50% 25% (Baojun and Chang
2009; Xu and
Chang 2008)
Dietary fiber 5% 30% 16% (Pedrosa et al. 2015;
Rehinan, Rashid,
and Shah 2004)
Saponins 8-35% 40% 23% (Baojun and Chang

2009; Barakat, Reim,
and Rohn 2015)

valuable ingredient with functional properties such as foam-
ing, emulsifying and gelling, which can be used in various
formulations as an egg and milk alternative in vegan prod-
ucts (Raikos, Hayes, and Ni 2020). This situation encouraged
scientists working in the field of food processing to do
research on a new plant-based rheological food additive.
The main cooking method of pulses is boiling them that
are soaked before, and whose volume increases and swells
by taking water (Figure 1). Pulses can be cooked in water
and consumed directly or packaged and sold. The water left
over during cooking is called aquafaba. Commercially pro-
duced aquafaba is obtained by drying this water under suit-
able processing conditions and delivered to suppliers. In the
process of cooking pulses and preparing them for consump-
tion, the addition of mineral salts to the soaking and / or
cooking environment can be applied to shorten the cooking
time. When the nutritional values of raw and cooked pulses
were compared, there was a decrease in the amount of
valuable nutritional compounds in cooked pulses (Baojun
and Chang 2009). This is because legumes contain many
water-soluble components such as protein (albumins, etc.),
carbohydrates (sugar, fiber), phenolics, and saponins
(Klups$aité and Juodeikiené 2015). These components that
pass into water make pulses cooking water valuable.
According to the literature results in given Table 4, the
least dry matter content of pulse cooking water is in haricot
bean cooking water as 3.28g/100g (Stantiall et al. 2018),
while the most content is in chickpea cooking water (aqua-
faba) as 7.89g/100g (Buhl, Christensen, and Hammershej
2019). The results show the superiority of aquafaba depend-
ing on different processing conditions. This difference may
be due to the different processes applied during soaking
and cooking as well as the legume variety because while
chickpeas were boiled with ultrapure water at a 1:5 ratio

(w/v) for 60 minutes, haricot beans were boiled with water
(weight ratio 1:1.75dry pulse: water) for 90 minutes. Hence,
it can be said that the water features and processing time
can also change the amount of transition.

On the other hand, the most protein content of pulse
cooking water is completely green lentils as 1.51g/100g,
while the least content is in haricot beans as 0.7g/100g
(Stantiall et al. 2018). This situation can be explained not
only the different protein amounts contained in pulses but
also with the boiling process parameters. In general, the
protein contents of pulses are 18.56% in chickpea, 23% in
green lentils, 19.82% in pea and 21.75% in beans (Sarioglu
and Velioglu 2018). In another study, the protein contents
of pulses are 28.62% in soybeans, 17.86% in lentils, 16.35%
in split peas, 15.24 % in black beans, and 14.53% in chick-
pea, (Rebello, Greenway, and Finley 2014). According to
another study, the compositions of protein are 26.1% in
lentil, 2.9% in green pea, %24.7 in cowpea and 24% in
chickpea (Igbal et al. 2006). As can be seen, protein contents
differences are observed even between the same types.

Therefore, it can be said that among the reasons affecting
the difference for protein in the cooking water in pulses,
there are also climatic, and harvest-related reasons that affect
the protein amount of legume seeds. Therefore, the effects
of different processing conditions on how much of the pro-
tein present in legumes can pass into the cooking water
should be evaluated.

Saponins in pulses cooking water, has important techno-
logical property due to its foaming ability as well as its
functional property like carcinogenetic as a natural phyto-
chemical (Serventi 2020). The highest level of saponin in
cooking water of green lentils as 12% and 4.5% in garbanzo
chickpeas in Table 2. On the other hand, the highest per-
centage saponin content among pulses are soya samples as
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Figure 1. The schematization of aquafaba production.
Table 4. Compositions of legumes cooking water.
Dry matter Insoluble Water-soluble CHO Protein Saponins
Composition (g/100g) (%) CHO (%) LMW (%) HMW (%) (%) Fat (%) Ash (%) (mg/qg) Reference
Haricot beans 3.28 0.93 0.73 0.16 0.70 <dl 0.75 5.9 (Stantiall et al.
Garbanzo chickpeas 5.13 2.37 1.20 0.04 0.95 <dl 0.57 4.5 2018)
Whole green lentils 4.69 2.09 0.54 0.07 1.51 <dl 0.48 12
Split yellow peas 441 1.63 1.02 0.09 1.27 <dl 0.40 47
Yellow soybean 5.59 2.46 1.66 0.68 <ql 0.78 6.4 (Serventi et al.
2018)
Aquafaba (chickpea) 7.89 - - 13 - - - (Buhl, Christensen,
and
Hammershgj
2019)
Aquafaba (chickpea) 5-8 24 1.2 0.95-1.5 <dl 0.6 4.5-30 (Mustafa and

Reaney 2020)

Abbreviations: CHO, carbohydrates; ql, below quantification limit (0.5% of the dry matter analyzed); LMW and HMW, refer to water-soluble carbohydrates and

stand for low molecular weight and high molecular weight, respectively; < dI,

6.5g.kg-1 and haricot bean as 4.1gkg-1 (Price, Curl, and
Fenwick 1986). Saponins are vulnerable against the heat
treatment. For this reason, the rate of cooking water could
be less than the rate present in pulses (Mustafa and Reaney

below detection limit; -, not mentioned.

2020). The protease inhibitor interferes with the function
of protein-breaking enzymes so protein digestion cannot be
completed. Chickpeas are preferred among pulses because
they have fewer problems with protease inhibitors. It has



been determined that trypsin inhibitory activity follows a
decreasing order in the form of soy, beans, broad beans,
peas, lentils, and chickpeas (Peksen and Artik 2005).
Microwave cooking and pressure methods can be used to
destroy trypsin inhibitors in legumes (Alajaji and El-Adawy
2006). Phytic acid, which is known as myo-inositol hexakis-
posphateorinositolhexaphosphate (IP6), is caused by the
formation of complex compounds with two or three precious
metal ions such as iron, copper, calcium, and zinc, which
are difficult to dissolve in water, making their absorption
difficult by the body and thus leading to the insufficiency
of these elements. It is also known included in pulses and
they pass into pulse soaking and cooking water by leaching
process. When the cooking process was applied for 45 min-
utes at 15°C, it resulted in small losses in the total P and
phytate contents in the cooking water, which may be due
to the legume seeds reabsorbing the phytate in the cooking
water (Urbano et al. 2000).

Functional properties of Aquafaba’s protein
contents

The methods used during protein separation and purification,
extraction of raw materials, isolation of proteins and removal
of unwanted contaminants determine the technological prop-
erties of aquafaba. In addition to attracting the attention of
people with vegan and vegetarian diets with its herbal ingre-
dients, it is preferred because of its foaming, gelling, thickening
and emulsifying properties in terms of food technology. Being
resistant to food processing applications, having a wide pH
and temperature tolerance range increases its functionality
(Mustafa and Reaney 2020).

Aquafaba has technological features such as water and
oil holding capacity, emulsion stabilizer, foaming, gelling
and thickening (Mustafa and Reaney 2020). The technolog-
ical features of Aquafaba in food processing are related to
its oil and water holding capacity. It has been determined
that the oil holding capacity of aquafaba prepared from
legumes is higher than the water holding capacity. In the
same study, it was shared that aquafaba obtained from gar-
banzo chickpeas has a significantly higher oil holding capac-
ity (3.22g/g) compared to other beans (Damian, Huo, and
Serventi 2018).

The emulsion properties of the proteins and carbohy-
drates contained in Aquafaba depend on the molecular
structure and the ratio of hydrophobic groups to hydrophilic
groups (De Kanterewicz et al. 1987). Dranca and Oroian
(2018) reported that heating chickpea seeds in water causes
many compounds to be transported to the cooking water
(aquafaba), and reactions that cause structural changes such
as Maillard reactions of proteins and carbohydrates coming
into the cooking water occur. Luo et al. (2011) reported
that the solubility and emulsification properties of aquafaba
are directly related to the content of phenolic compounds,
and the saponin content is also effective in stabilization.
Another factor contributing to the emulsification properties
of Aquafaba is that it contributes to the formation of more
stable protein-oil-water emulsions with its low protein and
dry matter content (Zayas 1997). In the study conducted
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by Mustafa et al. (2018), emulsion stability varied between
60% and 80% (Shim et al. 2018). The reason for these and
similar variations was attributed to differences in legume
brands, legume varieties, aquafaba composition and canning
conditions (Sanchez-Vioque et al. 1999). The emulsification
properties of Aquafaba are affected by the applied food
processing methods. It has been shared that soaking, cooking
and dehydration processes reduce the emulsifying capacity
of chickpea flour (Aguilera et al. 2009a, Ma et al. 2011).
Therefore, studies should be conducted considering many
processing parameters in order to improve the emulsifying
properties of aquafaba.

There are factors such as surface tension, surface elas-
ticity, surface viscosity and separation pressure that deter-
mine the stabilization of foaming feature, which is another
technological feature of Aquafaba (Mustafa and Reaney2020).
The foaming properties of Aquafaba in food processing are
directly related to its low molecular weight proteins, poly-
saccharides and saponin content (Mustafa et al. 2018; Singh
et al. 2008). It has been understood that aquafaba may partly
explain the differences in foaming capacity due to changes
for albumin, a low molecular weight protein. In addition,
crosslinking between polysaccharides and proteins can also
make a significant contribution to aquafaba foam stability.
Saponins, which contribute to the emulsifying feature,
increase the foaming capacity of aquafaba by also affecting
this feature (Giigli-Ustiindag and Mazza 2007). Similarly,
Mustafa et al. (2018) reported that the difference in foaming
capacity and stability of chickpea aquafaba obtained from
different sources may be due to the composition of aquafaba.
While the moisture content and viscosity of aquafaba were
positively correlated in the study; these factors were not
associated with the foam volume increase. The information
that aquafaba obtained from canned commercial chickpeas
without salt and disodium ethylene diamine tetra acetic acid
(EDTA) produces foams that are more viscous and more
stable than canned chickpeas containing these additives. In
addition to the findings obtained, it was revealed that aqua-
faba proteins are largely thermosoluble hydrophilic species
and by nuclear magnetic resonance (NMR) analysis the foam
mainly polysaccharides, sucrose and protein content. As a
general result of the study; It has been stated that the quality
of aquafaba is affected by the processes used in canned food
production (Mustafa et al. 2018). Other important factors
contributing to Aquafaba’s foaming ability are its starch and
oil content. The presence of unsaturated fatty acids reduces
foam volume and stability (Behera et al. 2014). In general,
it is thought that chickpea variety, growing conditions, type
and amount of protein content, processing conditions and
added additives cause changes in the functional properties
of aquafaba in terms of food processing technology
(Fernandez-Quintela et al. 1997). Its negative effect on the
foaming capacity by causing low foaming may be due to
the long cooking time of aquafaba. In the study where this
information was shared, aquafaba was used to cook up to
90 minutes (Mustafa et al. 2018). It has been reported that
aquafaba produced from salted and unsalted chickpeas has
similar foaming capacity and foaming stability (Mustafa
et al. 2018; Shim et al. 2018). In another study; considering
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that the foam obtained from egg white increases with the
addition of temperature and salt, it can be predicted that
the foam stability will be increased with the pretreatments
to be applied to chickpea (Behera et al. 2014; Raikos,
Campbell, and Euston 2007).

Thickeners and gelling additives play an important role
in the development of foam formation and emulsion prop-
erties. While protein isolates that fulfill these functions in
legumes vary between 6-18% at a minimum level; 0.6% for
gelatin and 3% for egg albumin (Mazumdar, Durgalla, and
Gaur 2016). When heat treatments such as dry and wet
heating, boiling and autoclaving were applied to legumes
such as soy, peanut, cowpea and chickpea, the obtained
flour reduced its gelling ability. However, when processes
such as roasting and boiling are applied directly to different
types of legume flour, it has been observed that the gelling
properties are improved (Bencini 1986; Ma et al. 2011). It
was concluded that the application of heat in complex struc-
tures under specified conditions promotes the Maillard reac-
tion (Aguilera et al. 2009b; Handa and Kuroda 1999).
Aquafaba’s gelling hydrogels; Proteins are formed because
of polysaccharide and protein-polysaccharide interactions.
Water-soluble polysaccharides in Aquafaba’s structure con-
tribute to its gelling properties. Compared to other legumes,
chickpea has higher gelling properties than other legumes.
There are still not enough studies on the gelling properties
of Aquafaba (Mustafa and Reaney 2020; Serventi et al. 2018).

There are many factors that affect the technological features
of the aquafaba mentioned above. Some of the factors affecting
the technological properties of Aquafaba are the legume variety
and production conditions, soaking, processing techniques,
auxiliary substances such as enzymes, acids, bases and salts,
protein content and carbohydrate content (Mustafa and Reaney
2020). The different genotypes of chickpea varieties have
revealed important differences in their physicochemical and
functional characteristics. It is understood that chickpea com-
position and seed behaviors are affected during storage and
industrial processing, that is, environmental conditions also
affect quality and performance characteristics. Likewise, signif-
icant differences were found in the chemical composition of
different chickpea types. It has been found that the transition
rate of molecules from seed to cooking water or aquafaba can
be influenced by differences in genotype and environment. In
addition, it was concluded that aquafaba composition may
affect physiochemical and functional properties, and based on
this result, it is stated that desired aquafaba functionality prop-
erties will enable the determination of new chickpea genotypes.

Application areas of Aquafaba in food technology

Bird et al. (2017) used chickpea ingredients (flour, paste,
soaking water and cooking water) to improve structure of
gluten-free bread. Replacing some of the tap water used in
the formulation with chickpea cooking water created a softer
texture. Large holes were observed in the control sample
structure observed with scanning electron microscopy. It
may have caused the gases produced by fermentation to
escape without being kept in the structure, causing it to
have a harder structure. On the other hand, using chickpea

cooking water gave a more homogeneous and smooth struc-
ture with a small hole. Significant amounts of insoluble fiber
and protein found in chickpea cooking water were associated
with this condition.

Textural changes have been reported with the incorpo-
ration of cooking water from soybean processing into
gluten-free crackers (Serventi et al. 2018). They found some
significant textural changes. The control sample hardened
twice on the second day of storage compared to day O,
while the sample using soybean cooking water was not
hardened on the second day of storage, but rather softened.
This was due to the high rate of moisture absorption. Yellow
soybean cooking water has 1.54g/g water absorption and
2.68g/g oil absorption capacity due to presence of soluble
and insoluble carbohydrates. Researchers recommended
freeze-dried soybean cooking water could be added also to
the bakery products such as cakes and soft cookies with
controlling consistent time and temperature of operation.

Mustafa et al. (2018) prepared sponge cake with using
either egg white or aquafaba which was derived from canned
chickpea. Hardness, chewiness, springiness, cohesiveness,
and resilience values of aquafaba cake crumb were found
lower than egg white cake. Chewiness, springiness, and
cohesiveness values were significantly different. It was indi-
cated that with adding xanthan gum could improve those
properties. Due to the simple carbohydrates and monomers
amounts were higher in aquafaba compared to egg whites,
the crust color of the cake made with aquafaba was found
to be significantly darker result of caramelization and mail-
lard reactions. Researchers were concluded that aquafaba
had a possible to replace to replace egg white in vegan or
egg-free cake formulations.

Developed vegan mayonnaise with using legume cooking
water and investigated some quality parameters. Canning
water of aquafaba was used instead of egg white thanks to
emulsifying capacity. The most important factors of obtain-
ing good quality and stability foam and emulsion were pH
and boiling conditions. If they optimize, it is easy to develop
nearly equal sensorial and textural same products which
made of animal base proteins. After investigation of water-oil
holding, emulsion and foam capacity of proteins extracted
from different legumes such as cowpeas, chickpeas, soybeans,
runner beans, peas lentils and beans in another study, it
was concluded that plant derived proteins can be strong
alternative of animal derived proteins for using a thickening
agent in liquids (Lafarga et al. 2020).

Aslan and Ertas (2020) used chickpea aquafaba at different
levels in cake formulation due to its foaming capacity like
egg. For this reason, different proportions of aquafaba
(0-25-50-75-100%) were used with eggs and added to cake
formulations. According to their results of the foaming capac-
ity measured before cake making, the foaming stability of the
concentration prepared with 25% aquafaba and 75% egg was
found to be 253.33%, the highest value compared to the oth-
ers. At the concentration containing 100% aquafaba with the
lowest foam capacity (126.67%), the foam stability was found
to be 94.74% with the highest value. While the density, pH,
ash, and protein content (%) of the cake dough decreased as
the aquafaba concentration increased, the maximum dry



matter content was found in the sample containing 75% aqua-
faba and the least dry matter content was found in the cake
dough containing only eggs. Baking loss and firmness of cake
samples values differences found insignificant. The researchers
stated that aquafaba would be a good alternative for vegan
users in terms of both cost and nutrition.

Aquafaba is also used as a supplement to bakery products
due to its resistant starch content, instead of egg whites in
various recipes (Sajilata, Singhal, and Kulkarni 2006, He et al.
2021). Other applications are; It is the use of meringue
(Stantiall et al. 2018), sponge cake (Mustafa et al. 2018) and
vegan mayonnaise (Raikos, Hayes, and Ni 2020) as an emul-
sifier that takes the role of egg white in the development of
products. Since soy milk contains approximately 26% protein
on a dry basis, legume-based cheese can also be used as a
legume-based milk substitute similar to the production of
sauce and the taste of the developed product is not affected
(Buhl, Christensen, and Hammershgj 2019; Gugger, Galuska,
and Tremaine 2016). Aquafaba, which has various usage
forms, affects the cake product quality by using vegetable
proteins as egg substitutes (Meurer, de Souza, and Ferreira
Marczak 2020). In addition to affecting the cake product
quality, it is used as a good egg substitute for some products
such as vegan mayonnaise, butter, chocolate. In addition,
many chefs include aquafaba in their whipped cream, ice
cream and many dessert recipes. One of the scientifically
conducted studies has attracted attention by vegan people. In
this study, it was reported that aquafaba is included in may-
onnaise, cheese and cake recipes thanks to its foaming and
emulsification properties (Meurer, de Souza, and Ferreira
Marczak 2020). Aquafaba can be used as a rheological addi-
tive for those who prefer a vegan diet. In addition, because
legumes are rich in lysine protein, they can play an alternative
role to animal proteins (He et al. 2021).

Commercial products made from Aquafaba

In addition to scientific research, different commercial prod-
ucts containing aquafaba have also been produced by various
companies. The target audience of these products, which
were produced for use in products containing eggs or milk,
was mostly vegan customer segment. Aquafaba was offered
for sale in the form of liquid in a milk carton to use directly
(Egg Alternative Aquafaba - Love OGGS® no date (Egg
Alternative Aquafaba - Love OGGS n.d.)) as well as in the
powder form which could be mixed with water to use for
different recipes such as cake, ice-cream, cookies, brownies,
muffins and dressing (Vor Aquafaba Powder 7ounce (o0z)
— Vorn.d.). Aquafaba was used as the main ingredient in
the powder mixture produced for meringue, the main com-
ponent of which is egg in fact, in order to gain foam pro-
duction. It has been produced with target of vegan customers
to take the form easily as a result of mixing with water for
the production of meringues (Vor Vegan Meringue Powder
60z — Vorn.d.). On the other hand aquafaba was used in
the mayonnaise which is an emulsion of oil in water (Naked
Byron Foods Vegan Mayonnaise 435g (Cold) - Vegan
Grocery Storen.d.; Veggie-Naise, Vegan Béarnaise Sauce |
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Needl n.d.). While egg yolk is generally used as an emul-
sifier (Cornelia, Siratantri, and Prawita 2015), the proteins
in aquafaba had taken that role in these vegan mayonnaises.
Hence, aquafaba had excellent commercial product potential
for vegan customers. Those commercial products of aquafaba
were summarized in Table 5.

Developing the functional properties of Aquafaba
with innovative technologies

Ultrasound treatment

Ultrasound is a series of high-frequency sound waves that
start at 16kHz. Meurer, de Souza, and Ferreira Marczak
(2020) used ultrasound pretreatment in their study about
chickpea cooking water. After their investigation found that
treatment have positive effect on foaming expansion because
the expansion increased from 259% to 548%. This could be
attributed to the protein solubility increasing from 863 (ug/
mL) in the untreated sample to 980 ug/mL in the treated by
ultrasound at 50% power for 30 minutes sample. The appli-
cation of ultrasound has also improved many other features.
Between the sample of foams that was not treated with ultra-
sound and the sample treated by ultrasound at 100% power
for 10 minutes, the L value increased by about 7 values and
reached a value very close to egg white. The hardness, con-
sistency and adhesiveness values of foams improved after the
ultrasound applications. In general, it has been stated that
the use of ultrasound improves the foaming and emulsifying
properties of aquafaba to the extent that it can be used as
an egg substitute.

High pressure treatment

Alsalman and Ramaswamy (2021) investigated carbohydrate
functionality and digestibility of aqueous aquafaba (chickpea)
by high-pressure treatment. It was indicated that high pres-
sure treatment and concentration of aquafaba increased
consistency coefficient as well as strengthened gel structure
by increasing complex modules. They found that digestibility
of starch and crystallinity was increased with applying treat-
ment. Applying pressure during 50 minutes of cooking in
chickpeas reduces the protein solubility, while cooking with
pressure shortens the boiling time. Autoclaving is used as
a more effective method with higher pressure and water
vapor temperature above 120°C.

In this context, it is understood that it is very important
to use less water and energy to produce larger scale aquafaba
in environmentally friendly processes. In accordance with
this purpose; It has been suggested that more use of other
methods such as hydrolytic enzymes, ultrasound or micro-
wave assisted extraction will increase the yield of aquafaba
and further strengthen its functional properties.

Possible modification methods

Pulse cooking water (aquafaba) contain a remarkable amount
of protein and its amount stated in different studies as 1.3-1.5
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Table 5. Commercial products making from Aquafaba.
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Store, n.d.).

Aquafaba Powder by Vor Foods was stated that 198 g of powder was equivalent to 74 eggs so it can be used with adding
water to make different receppies. (Vor Aquafaba Powder 70z — Vor, n.d.)

Vegan Cocktail Foamer, contained aquafaba, by Vor Foods could be used to creates egg free foam to beverages (Vor Faba
Foamer | Vegan Cocktail Foamer — Vor, n.d.).

Vegan Meringue Powder by Vor Foods was contained aquafaba powder, sugar, corn starch and cream of tartar. It was useful
for meringue and butter cream recipes with mixed in water (Vor Vegan Meringue Powder 60z — Vor, n.d.).

Egg Alternative Aquafaba by Oggs was contained 18kcal energy from %100 aquafaba (water and chickpea extract) per 100 ml.
It was useful to make different recipes (ice-cream, cake, cookie, donuts, brownies, muffins, ext.) (Egg Alternative Aquafaba
- Love OGGS®, Egg Alternative Aquafaba - Love OGGS® n.d.).

Vegan Mayonnaise by Naked Byron Foods was contained sunflower oil, pure olive oil, lemon juice, apple cider vinegar,
coconut sugar, sea salt, mustard, mustard powder (Naked Byron Foods Vegan Mayonnaise 435g (Cold) — Vegan Grocery

Vegan Béarnaise Sauce made with aquafaba was riched omega 3 was stated as vegan, gluten-free and delicious
(Veggie-Naise, Vegan Béarnaise Sauce | Need! n.d.)

% (Serventi 2020), 0.95% (Stantiall et al. 2018), 1% (Bird et al.
2017) and 1.3% (Buhl, Christensen, and Hammershgj 2019)
for chickpea; 0.68% for yellow-soybean; 1.27% for yellow peas;
1.51% for green lentils (Serventi et al. 2018). Lots of different
functional properties could attribute to these protein content
of aquafabas: high emulsifying activity and stability with protein
and fiber (Damian, Huo, and Serventi 2018), developing of
stable foam with combination of protein and saponins (Serventi
et al. 2018), provide thickening properties (Serventi et al. 2018).
To develop these important functional properties or create new
properties, different modification process could be applied. The
modification techniques applied to different vegetable proteins

were given at Table 6. The main purpose of modification of
plant proteins is applying of different processing stresses which
include temperature, pressure, freezing, pH, electric field, sol-
vent force. Important functional effects can be achieved by
applying chemical, physical, and biological modifications to
aquafabas.

Home use possibilities of Aquafaba’s

Around the world, almost 1.3 billion tons of food is wasted
in the food production chain every year from farm to fork.
It is known that around 33% of these wastes are generated
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Figure 2. Display of chickpea cooking water foaming capacity when mixed with sugar at a ratio of 1:1.

as a result of household consumption. For this reason, the
use of legume cooking water, which are food waste, in the
industry, as well as the use of them at home with preparing
different foods gain importance in terms of food waste
management and ecological balance too.

Pulses are foods that are widely consumed around the
world. They are important to consume as affordable meat
alternative for their high nutritional value. They consumed
by the whole world population because they are a good
source of plant protein and other nutrients, such as vitamins
B, calcium, potassium, zinc, and antioxidants. Hence, people
from all around the world cook pulses in their meals. The
best cooking method of pulses is boiling in water to make
different recipes. Pulses’ remaining water after cooking can
have different uses even in domestic consumption. It can
be used in recipes like bread, mayonnaise, cake, ice cream,
meringue, macaroon, or cookie rather than pouring into
sinks. Classic kitchen tools can be transformed into import-
ant products that can benefit from the valuable properties
of pulses’ cooking water. Furthermore, pulse-cooking waters
such as chickpeas generally do not have a predominant taste
and smell. For this reason, it can be an organoleptic ally
powerful option apart from technologically option for egg
in various recipes for individuals who do not like the taste
of eggs and are uncomfortable with their odor.

Pulse boiling waters with its foaming ability provide
different possibilities to home-produced pulse cooking
waters. Pulses consumers can easily foam the remaining
water at home after cooking. By whisking it with sugar,
a stable cream can be obtained with a volume. Figure 2
shows the foam structure with a volume of 150 ml formed
by whisking 10 ml of chickpea cooking water for 6 min-
utes. Thanks to this foaming ability, pulse-cooking water
can gain a structure like cake cream when mixed with
sugar. This cream is economical as it can be prepared
with only 2 ingredients; it is low calorie and vegan since
it does not contain animal food. It can be used in cup-
cakes decorations or baked and consumed as meringues
or macaroons. A hand mixer is sufficient for its prepa-
ration. Hence, it can be easily preferred in home produc-
tion and consuming pulses cooking water can reduce
household food waste.

In recipes where eggs are included, to produce products
such as cakes and soft cookies pulse-cooking waters can be
whipped to obtain the volume to the structure without egg
added. An evaluation area can be created for pulse cooking
water for the production of many gluten-free products and
vegan food in home kitchens. Hence, the amount of house-
hold food waste is reduced, it contributes to the home econ-
omy and healthy new tastes can be created for both children
and adults.

On the other hand, pulses cooking waters such as chickpea
cooking water can form high emulsions thanks to the protein
it contains. Thus, it can easily form emulsions. With this
feature, it can be used in homes as vegan mayonnaise with
a successful consistency by homogenizing it with the help of
a household mixer with using liquid oil and aquafaba. It has
attracted attention as it can be used at home in different
recipes. One of the studies carried out in this context, Mustafa
et al. (2018) examined the factors affecting the functional
properties of aquafaba recovered from commercially canned
chickpeas. As a result of the study, it was suggested to home
users to choose a store-bought canned chickpea product with-
out salt or EDTA, which gives the most concentrated results
(Mustafa et al. 2018). For the use of aquafaba as an egg
substitute, Grizio and Specht (2018) stated the use of 1 table-
spoon of aquafaba per egg yolk, 2 tablespoons per egg white
and 3 tablespoons of aquafaba per whole egg.

Conclusion

Correct use of resources is one of the most fundamental
solutions in the fight against hunger. Current developments
such as global climate change, increasing population, food
shortage, and food waste require the ideal management of
waste obtained from food. Improving the agricultural pro-
duction of legumes rich in nutrients in the fight against
hunger offers a great potential solution to food shortages.
Pulses are among the most important nutritional sources
that benefit the industry and sustainable production and
consumption due to their nutritional richness, the creation
of multiple by-products in the process stages, their func-
tional and technological features, and the diversity of use



in foods. Pulses are among the most popular food products
due to their high protein content, low cost, general accept-
ability and functional properties that can be used in food
processing. For this purpose, recycling of pulse cooking
water (aquafaba) in food processing means significantly
reducing food waste. The fact that aquafaba is rich in car-
bohydrates, proteins, phytochemicals, vitamins and minerals
further reinforces its future importance. Aquafaba’s achieve-
ments in food processing also mean it will be a powerful
alternative to substitutes of animal origin.

Acronyms and Abbreviations

C: Celsius

CWR:  seed to water ratio

dwt: deadweight tonnage

EDTA: ethylenediaminetetraacetic acid

ext.: extract

ha: area harvested

1P6: inositol hexaphosphate

kDa: kilodalton

kHz: kilohertz

kPa: kilopascal

It: liter

pug/mL:  microgramme by milliliter

n.d: no date

NMR:  nuclear magnetic resonance

oz: ounce

ql: below quantification limit (0.5% of the dry matter analyzed)
SDG: the sustainable development goals
UNDP: the united nations development agency
w/v: weight by volume

< dl below detection limit; -, not mentioned
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