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Abstract: The objective of this study was to evaluate the chemical composition of two chickpea vari-
eties, ‘Costa 2004” and “El Patrén’, and to characterize their proteins to determine their technological
potential for the food industry. For this purpose, chickpea samples of both varieties from the 2019
harvest region of Guanajuato, Mexico, were obtained and chemically characterized to determine the
protein fractions using electrophoretic and amino acid profiling. The chickpea variety ‘Costa 2004’
contained 3% less protein and 7% less dietary fiber content than the variety ‘El Patrén’; whereas, the
carbohydrate content of ‘Costa 2004” was 4% greater. Additionally, the chickpeas demonstrated an
antioxidant capacity ranging from 319 to 387 uMET /g and total phenol levels exceeding 500 mg/g.
Among the protein fractions, globulins represented the highest proportion in both varieties of chick-
pea, at approximately 8.73 g/100 g (‘Costa 2004") and 10.42 g /100 g (‘El Patrén’), followed by albumin,
at approximately 1.24 g/100 g and 1.47 g/100 g, respectively. The chickpea proteins ranged in molec-
ular weight between 100 and 25 kDa, with particularly strong signals in the albumin and globulin
bands. Regarding the amino acid profile, histidine was predominant in both varieties. In conclusion,
both varieties of chickpea have high nutritional value and broad potential for technological use in the
food industry.
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1. Introduction

Chickpea (Cicer arietinum) belongs to the Leguminosae family. It is an annual plant
characterized by deep roots and hairy branched stems. Chickpea can be classified into
two types based on its geographical distribution, Desi (originating in India) and Kabuli
(originating in the Mediterranean) [1]. Some legumes, including chickpea (Cicer arietinum),
have been studied only in the context of their traditional use as an animal feed; however,
interest in their high protein content has increased, especially due to the shortage of protein
for human consumption [2]. In addition to being a good source of protein, some varieties,
such as Kabuli, contain low concentrations of antinutritional compounds like saponins,
tannins, phytic acid, and trypsin inhibitors.

The main types of chickpeas grown in Mexico are those originating in the Mediter-
ranean (France, Spain, and Italy) and Asian regions (India and Afghanistan). Chickpeas
from the Mediterranean, known as Kabuli, are used for human consumption; they are
characterized by their light color and large size. On the other hand, chickpeas from the
Asian region are considered forage chickpea (Desi) and used mainly for animal feed; these
chickpeas are smaller, wrinkled, and brown in color [1]. Although there are several studies
on the use of legumes, little research is available on the use of chickpea. Chickpea and its
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flour are consumed largely in Asia as cooked chickpea, with curries, pasta, evening snacks,
and energy supplements being examples. However, despite the high protein content, nutri-
tional values, and health benefits, the value of protein in chickpea is rarely examined [3,4].
This legume has commercial relevance and has been consumed for its nutritional properties,
especially its high protein content, representing a valuable food option [1].

The chemical composition of chickpea is characterized by a high content of fat and fiber
and approximately 22% protein [5]. The protein content differs significantly depending
on whether it is calculated with respect to the total mass of the dry chickpeas (17-22%) or
with respect to the mass with the husk removed, in which case the protein content is higher
(25.3-28.9%) [6]. Chickpea has good protein quality, meeting the requirements of essential
amino acids for children from 2 to 5 years old, according to the OMS [7]. On the other hand,
the digestibility of the protein contained in chickpeas can be from 76 to 78% [8].

Most of the proteins present in chickpea are storage proteins and are classified ac-
cording to their solubility properties as albumins, globulins, and glutelins. Globulins
represent approximately 70% of the total proteins in legumes (chickpeas, peas, and lentils).
Albumins constitute between 10 and 20% of the total protein. Finally, glutelins range
from 10 to 20% [9]. Since these proteins are mainly reserves, they have a low amount of
sulfur-containing amino acids, such as methionine and cysteine. However, compared with
those in cereals, the contents of lysine and arginine in chickpeas are high [10].

Chickpeas can be considered a functional food due to their high protein content and es-
sential amino acid content. For instance, it has been shown that the consumption of proteins
of plant origin can reduce mortality from cardiovascular diseases [11]. If the consumption
of proteins of animal origin is reduced by 3%, mortality from conditions such as cancer or
cardiovascular diseases would be reduced by up to 34%. This demonstrates the potential
of the development of products using proteins of plant origin, such as chickpeas [12].

Chickpea proteins have higher bioavailability than those found in other legumes,
positioning chickpeas as a promising substitute for the development of plant-based prod-
ucts. Therefore, it is crucial to carry out studies on different varieties of chickpea to obtain
information on protein profile that will allow taking advantage of the nutritional properties
of this legume and its potential applications in various technological options.

2. Results and Discussion

The chemical composition of the chickpeas studied is important information since the
chemical properties of the chickpeas can potentially inform their technological potential for
the development of new products.

The results from this study showed that chickpeas of the variety ‘El Patrén” had
approximately 3% higher protein content than the ‘Costa 2004” variety (Table 1).

Table 1. Chemical compositions of the chickpea varieties ‘El Patron” and ‘Costa 2004’, g per 100 g

of product.

Component “El Patron’ ‘Costa 2004’
Carbohydrates (g) 5242 +171a 59.64 £ 094D
Protein (g) 14.08 £ 0.85b 11.45 + 0.56 a

Moisture (g) 10.11 +0.30b 841+ 0.14a

Fat (g) 284 +£0.18a 599 £0.04b
Dietary Fiber (g) 1721+ 0.99b 1095+ 0.57 a

Ash (g) 3.33+0.03a 3.54+0.01b

Different letters (a, b) in each column indicate a significant difference (p < 0.05) between grain varieties.

The protein content in Desi-type chickpeas tends to be greater than that in Kabuli-type
beans [13]. This is related to the soil conditions and the type of cultivation, as well as the
genetic and phenotypic characteristics of this variety. For this reason, the Desi variety is
used as animal feed since a higher protein content is required for the growth of livestock.
The chickpea ‘Costa 2004” has approximately 5% greater carbohydrate content than the
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variety “El Patrén’, with a significant difference (p < 0.05). Therefore, ‘Costa 2004’ is a good
source of starch, which is the main carbohydrate present in legumes.

Chickpea is distinguished by its low glycemic index, which is attributable to its low
content of amylose, a typical characteristic of legumes [13]. Another component of great
interest is fiber, which is related to the development of functional foods. Therefore, the
presence of fiber in a product increases its market value, and the chickpea variety ‘El Patrén’
possessed 5% more fiber than the variety ‘Costa 2004, resulting in a statistically significant
difference (p < 0.05). According to the literature, dietary fiber content can reach up to 24.4%,
primarily composed of non-cellulosic polysaccharides [14]. The high lipid content of both
varieties, which exceeds the amount of lipids found in some other non-oleaginous legumes,
is also important. The lipid content in chickpea can vary from 3.10 to 5.67% depending on
the variety and growing conditions. The most prominent fatty acids in chickpea are linoleic
and oleic acids [13].

In general, several factors influence the nutritional profiles of chickpea varieties, such
as the chickpea variety, the environment, the nutritional status, and the agronomic practices
and stress factors to which the plant is subjected [15].

Other nutrients associated with the chemical composition of chickpeas include miner-
als. Table 2 presents the results obtained from the characterization of these compounds.

Table 2. Evaluation of minerals in the two chickpea varieties.

Mineral “El Patron’ ‘Costa 2004’
Cat 0.201 £0.00 a 0.162 +0.00b
Mg+ 0.052 = 0.00b 0.031 £ 0.00 a

Pt 1.137 £ 0.00 a 1.263 £ 0.00 b
Na*t 0.013 £ 0.00 a 0.014 £ 0.00b

Different letters (a, b) in each column indicate a significant difference (p < 0.05) between grain varieties.

In terms of mineral composition, chickpeas are recognized for being a significant
source of phosphorus, followed closely by calcium. It is important to emphasize the low
sodium content in chickpeas, establishing them as a viable dietary choice for individu-
als with hypertension. The importance of minerals in the immune system lies in their
contribution to defense mechanisms, as they are essential components within cells and
enzymes. Additionally, they function as inhibitors, activators, and regulators in human
metabolism [16].

Other relevant compounds in chickpeas include those classified as non-nutritional;
however, they may provide certain functional properties or health benefits. Table 3 presents
the results obtained for these compounds.

Table 3. Evaluation of bioactive and non-nutritional compounds in chickpea beans.

Component “El Patrén’ “Costa 2004’
Total phenols (mg/g) 591.82 £18.52b 494.53 £ 23.74 a
Antioxidant capacity (WmET/g) 387.54 £+ 26.68 b 319.91 £8.90a
Saponins (mg/g) 134.98 =491 a 307.06 £4.42b
Trypsin inhibitor (U/mg) 21.76 £ 047 b 1841+ 142a

Different letters (a, b) in each column indicate a significant difference (p < 0.05) between grain varieties.

The variety ‘El Patron’ has a higher total phenolic content, approximately 100 mg/g
more than compared to the chickpea ‘Costa 2004’. Some authors report levels reaching
470 mg/g, which includes both soluble phenols and those bound to other molecules. An
important consideration from these authors is that heat treatments like cooking and roasting
might reduce the overall phenolic compounds [17]. Among the phenols found in chickpeas,
condensed tannins are notable, primarily located in the grain husk [14].
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Phenolic compounds have diverse structural characteristics that confer free radical
scavenging properties, which are closely related to antioxidant capacity [5]. There is a
significant difference (p < 0.05) in antioxidant capacity found between the two varieties.
The variety ‘El Patron” has approximately 60 umET /g greater antioxidant capacity content
than the variety ‘Costa 2004" . This finding corroborates previous research indicating
that Desi-type chickpea varieties possess a greater capacity for scavenging free radicals
compared to Kabuli types [16].

Chickpeas also contain saponins; notably the variety ‘Costa 2004” had approximately
twice the saponin content compared to the variety ‘El Patrén’. Saponins are considered
non-nutritional compounds due to their ability to interfere with the absorption of nutrients
such as minerals and fat-soluble vitamins [18]. However, it has been found that saponins
can possess significant biological activity and potential utility in food development [19].

Similarly, trypsin inhibitors, which are compounds found in legumes, have long
been considered non-nutritional because they reduce protein digestibility and absorption.
However, recent studies suggest that they may have beneficial properties for humans and
functional properties in food processing [20]. Analysis revealed that the variety ‘El Patrén’
demonstrated higher levels of trypsin inhibitors, and similar tendencies have been reported
by other authors [16], who found greater trypsin inhibitor activity in Desi-type chickpea
varieties (average 80.08 U/mg) compared to Kabuli types (average 43.83 U/mg).

The presence of aflatoxins in the chickpeas was also determined to establish whether
they satisfied the safety requirements for use in the development of food products. No
aflatoxins were detected in either chickpea variety; however, the chickpeas must be kept in
appropriate storage conditions to prevent possible contamination.

2.1. Characterization of the Protein Fractions of Chickpeas

Most of the proteins present in chickpea are storage proteins, and they can be classified
according to their constituent fractions. Globulins were the fraction that represented the
highest percentage within both varieties of chickpea, 8.73 g/100 g in ‘Costa 2004” and
10.42 g/100 g in ‘El Patrén’. Globulins are important storage proteins, and legumin
is the predominant hexameric protein among them, containing amino acids such as
methionine and cysteine [13]. The second largest fraction are the albumins, which represent
approximately 1.24 and 1.47 g/100 g of the protein in ‘Costa 2004" and in “El Patron’,
respectively. The albumins consist mainly of metabolic proteins, as well as enzymatic and
non-enzymatic proteins [15]. Chickpea has 70% of trypsin inhibitors within albumins [21].
This distribution is due to the nature of the chickpea: the main proteins present in the
chickpea are storage proteins, as reported by Roy et al. (2010), who also found them to
consist mainly of globulins (70%) followed by albumin (10 to 20%). The prolamins content
in the chickpea variety ‘El Patrén” was 0.80 g/100 g, while in the variety ‘Costa 2004 it
was 0.84 g/100 g. There was no significant difference (p < 0.05). The glutelins content
in the chickpea variety ‘El Patron’ was 1.13 g/100 g, whereas in the variety ‘Costa 2004’
the concentration of protein in the glutelin fractions was 0.66 g/100 g. Prolamines and
glutelins make up less than 5% of the protein in legumes, which coincides with the findings
in this work [15]. Notably, prolamines and glutelins are the least characterized protein
fractions in chickpeas.

2.2. Electrophoretic Profiles of the Two Chickpea Varieties and Their Protein Fractions

Once the protein fractions of the two varieties were obtained, their electrophoretic
profiles were evaluated, both for the total proteins contained in the chickpeas and for each
protein fraction. The electrophoretic profiles of the two varieties of chickpeas ‘Costa 2004’
and “El Patron” were evaluated for each protein fraction (Figure 1).
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Figure 1. Polyacrylamide gel electrophoretic profile of the variety ‘Costa 2004” and ‘El Patrén’.
Chickpea protein; (A) Marker, (B) ‘El Patrén’ and (C) ‘Costa 2004’

In the electrophoretic profile of the “El Patron’ chickpea proteins (Figure 1B), two main
bands were observed at 100 and 75 kDa. In the albumin fraction, the distribution of
proteins ranged from 100 to 15 kDa, indicating the presence of legumin and vicilin [22].
Proteins with weights less than 25 kDa are considered to be low-molecular-weight proteins
especially albumin (2S) [6]. In the globulin fraction, bands were observed at 75, 50, 37 25,
and 20 kDa. On the other hand, no bands were observed in the prolamine fraction. In the
glutelin fraction, bands were visible at 75, 50, and 15 kDa but were not sharp. In beans
(Phaseolus vulgaris) from Mexico varieties (Bayo Berrendo, and Patzcuarefio), it has been
reported that the bands observed for the albumin and globulin fractions are similar, which
is consistent with the results obtained in this work [23].

The fraction of albumin contained in the protein in the variety ‘Costa 2004 had weights
between 75 and 25 kDa (Figure 1C). A previous study detected chickpea protein extract
bands ranging from 92 to 12 kDa, characteristic of legumes [6], indicating the presence of
legumin (11S), vicilin, and albumin (2S) in the albumin fraction [6]. In the globulin fraction,
bands were observed at 75, 50, and 37 kDa and corresponded to vicilin (7S) and legumin
(11S), respectively. No bands were observed in the prolamine or glutelin fractions, and
it was reported low intensity in the prolamine and glutelin bands as well [6]. In parota
seed protein (Enterolobium cyclocarpum), it is has been reported a wide distribution in the
albumin protein fraction between 180 and 10 kDa. In this study, the largest number of
bands appeared in the albumin fraction, with a wide distribution of molecular weights [24].

2.3. Amino Acid Profiles of the Proteins in the Two Chickpea Varieties

Chickpeas are a rich source of protein, presenting an advantage due to the richness of
highly digestible amino acids, which can represent 36% of their composition [25].

Each amino acid signal in the chromatogram of the variety ‘Costa 2004” (Figure 2)
was identified using two methods: (1) comparing the retention times to those in the
chromatogram of the mixture of amino acid standards and (2) adding selected standards to
the test samples and observing the increase in peak height.

The results showed that chickpeas contain various essential amino acids, including
arginine (Arg), phenylalanine (Phe), leucine (Leu), isoleucine (Ile), lysine (Lys), methionine
(Met), threonine (Thr), and valine (Val), but not tryptophan, which was degraded during
the hydrolysis of the sample, or cysteine signal, which was expected since various authors
have reported that chickpea is low in this amino acid. Previous work has reported that
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methionine was present at low concentrations (0.8%) in the chickpea protein fraction, which
is consistent with the results of this work [6]. Notably, the signals corresponding to aspartic
acid, histidine, and arginine are more intense than those corresponding to the other amino
acids present.
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Figure 2. Identification of amino acids present in the chickpea variety ‘Costa 2004’. The amino acids
identified are alanine (Ala), arginine (Arg), aspartic acid (Asp), cysteine, glutamic acid (Glu), glycine
(Gly), histidine (His), isoleucine (Ile), leucine (Leu), lysine (Lys), methionine (Met), phenylalanine
(Phe), proline (Pro), serine (Ser), threonine (Thr), tyrosine (Tyr), and valine (Val).

These data support the previous reports that aspartic acid constituted up to 10% of the
total protein in chickpea, while arginine constituted approximately 7% [16].

In the chickpea variety "El Patron” (Figure 3), notably, histidine produced a more
intense signal than the other amino acids in chickpeas. On the other hand, it has been
reported that the combined content of aspartic acid, glutamic acid, and arginine can reach
42.16 g/100 g of protein in chickpeas [6,26].
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Figure 3. Identification of amino acids present in the chickpea variety ‘El Patron’. The amino acids
identified are alanine (Ala), arginine (Arg), aspartic acid (Asp), cysteine, glutamic acid (Glu), glycine
(Gly), histidine (His), isoleucine (Ile), leucine (Leu), lysine (Lys), methionine (Met), phenylalanine
(Phe), proline (Pro), serine (Ser), threonine (Thr), tyrosine (Tyr), and valine (Val).
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In the previously studied amino acid profile of chickpea, it was found that at least
30% of the protein in chickpea consists of essential amino acids [6]. This finding is highly
relevant: although the amino acid content of chickpeas was not quantified in this study,
the protein profile of chickpeas is known to include essential amino acids, which indi-
cates substantial nutritional value. Notably, although some of the amino acids present in
chickpea are not essential, they are linked to the functional properties of proteins due to
the hydrophilic and hydrophobic groups present in their structure. These components
can influence the surface hydrophobicity, electrostatic interactions, and stability of the
proteins [6]. Both varieties presented greater intensity in the histidine signal. Recent studies
have shown that histidine is a nutritional requirement for adults, requiring a consumption
of 0.7 g/day in the diet [27].

In this experiment, tryptophan was not detected since it is a sulfur-containing amino
acid, which is found in limited quantities in chickpeas, primarily because it is present in the
polyamine fraction [28]. As observed, chickpeas show low levels of this protein fraction,
with concentrations measuring less than 1 g/100 g of protein in both varieties.

Chickpeas are abundant in albumins and globulins, which are rich in essential amino
acids such as lysine and threonine [29]. These protein fractions are crucial for creating
foams and emulsions, contributing to the significant technological potential of chickpeas for
protein utilization. This research demonstrates that chickpeas primarily contain aromatic
amino acids, including lysine, leucine, and isoleucine, meeting the OMS prescribed amino
acid requirements for preschool children [29].

2.4. Characterization of Techno-Functional Properties of Chickpea Flour

Chickpeas contain a variety of compounds in their composition that contribute to their
diverse technological properties, making them valuable for developing new products. The
results from the analyses of chickpea flours are summarized in Table 4.

Table 4. Techno-functional properties of chickpea beans.

Property “El Patron’ ‘Costa 2004’
Water absorption capacity
144 £0.01b 1.28 £0.04
(g of 10/g) !
Oil absorption capacity 077 + 0.03 a 104 +0.02b
(g of oil/g) ' ' ' ’
Foaming capacity (%) 6453 =126 a 63.96 = 1.34a
Emulsifier capacity (%) 46.20 £ 0.44 4745+084 a

Different letters (a, b) in each column indicate a significant difference (p < 0.05) between grain varieties.

The water absorption capacity is a techno-functional property directly related to
protein content and protein-water interaction [30]. The chickpeas of both varieties showed
over 1 g of water absorbed per gram of flour with a significant difference (p < 0.05).
Water absorption values in chickpea flour have been reported at 1.83 g H,O/g, indicating
that this property increases during soaking or cooking due to protein denaturation and
starch gelatinization.

Oil absorption capacity was shown to be high in ‘Costa 2004” chickpeas, although
it was lower than the reported literature value of 1.16 g of oil/g [5]. This property is
associated with fiber content and hydrophobic interactions of proteins [31].

The chickpea flours exhibit a foaming capacity of over 60% due to two primary factors.
The high albumin content and the presence of saponins contribute to form stable foams.
However, exposing chickpeas to certain processes such as soaking or cooking reduces
foaming capacity, mainly due to protein denaturation [31].

Emulsifier capacity did not exceed 50%. This property is associated with the interaction
between proteins and starch, resulting in an enlargement of particle sizes due to the size of
starch granules. The chickpea has a better emulsifier capacity compared to those of soy and
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pea concentrates. This could be attributed to the specific protein types and their respective
flexibility [26,29].

The gelation capacity was also tested by diluting flours in water. The results indicated
that gel formation commenced with a 12% flour dilution in both chickpea varieties. This
property is associated with the plasticity, viscosity, and elasticity in foods, and previous
studies have demonstrated the formation of firm gels from solutions ranging between 13
and 20% [5].

3. Materials and Methods
3.1. Biological Materials

For the development of the project, two types of chickpeas were used: the Kabuli type
‘Costa 2004’ variety and the Desi variety ‘El Patron’ both from the 2019 harvest in Celaya,
Guanajuato, Mexico. During the experiments, the chickpeas were kept in hermetically
sealed flasks at room temperature.

3.2. Chemical Characterization of Chickpea

The chickpea variety ‘Costa 2004 was chemically characterized to evaluate parameters
such as moisture content, lipid content, ash content, fiber content, and protein content [32]
and carbohydrates were calculated by the difference with the other components. Within
the chemical composition, the presence of minerals such as Na*, Ca*, Mg*, and K* was
evaluated [32]. Other parameters to evaluate included total phenolic content [33], antiox-
idant capacity [34], the presence of saponins [35], and trypsin inhibator levels [20]. The
presence of aflatoxins was evaluated using monoclonal antibody columns and fluorometric
detection (Vicam) [36] to determine the safety of the chickpeas.

3.3. Protein Profile by Solubility

Protein fractionation was performed by the Osborne method [37], which consists of
separating the proteins based on their solubility in the following solvents: purified water
(albumins), 0.5 M NaCl (globulins), 70% ethanol (prolamines), and 0.1 N NaOH (glutelins).
Each fraction was quantified using the Bradford method [38]. The results are expressed as
a g/100 g of the protein contained in the chickpeas.

3.4. Electrophoretic Profile

Proteins were separated on a 10% polyacrylamide gel with a tricine buffer solution.
A vertical electrophoresis chamber was used. The gels were stained with Coomassie blue
and fixed with a methanol-acetic acid mixture for 12 h [39].

3.5. Identification of Amino Acids in Chickpeas

Hydrolysis. For the identification of amino acids, the proteins present in the chickpeas
were hydrolyzed. The sample was treated with 6 N HCl at 120 °C for 24 h. Subsequently,
the pH was adjusted to 2.2 by the addition of 8 N NaOH. The samples were stored in amber
flasks for later use [32].

Derivatization. For derivatization, 5 pL samples of the hydrolyzed proteins were
placed in vials, followed by the addition of 30 uL of distilled water and 25 puL of OPA/2ME
(125 mg of orthophthaldehyde, 2 mercaptanol, and tetrahydrofuran diluted in 1 mL of
methanol with 50 pL of mercaptanol). The mixture was brought up to a volume of 5 mL
with a saturated solution of sodium borate (pH 10). After shaking for 1 min, the samples
were injected into the equipment within the next 2 min.

Separation. Separation was performed with high-performance liquid chromatography
(HPLC) equipment (Brand: Shimadzu/Japan, Model: CTO-10A). The derivatized sam-
ples were injected (5 pL) into an AccQ-Tag amino acid Cig column (Waters, 60 A, 4 pm,
3.9 mm X 150 mm) at a flow rate of 1 mL/min using an eluent gradient. Eluent A consisted
of 0.08 M phosphate buffer (pH 7.2), while eluent B was a 55:45 methanol-phosphate buffer
(0.08 M, pH 7.2).
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Identification. A mixture of standards composed of alanine (Ala), arginine (Arg),
aspartic acid (Asp), cysteine, glutamic acid (Glu), glycine (Gly), histidine (His), isoleucine
(Ile), leucine (Leu), lysine (Lys), methionine (Met), phenylalanine (Phe), proline (Pro), serine
(Ser), threonine (Thr), tyrosine (Tyr), and valine (Val) from Fluka (09418) were used at a
concentration of 0.01 M in 0.1 M hydrochloric acid solution. A fluorescence detector (Brand:
Shimadzu, Model: RF-10Ax) was used for identification.

3.6. Characterization of Techno-Functional Properties of Chickpea Flour

Chickpea beans were ground to obtain two flours with particle sizes of 0.841 mm and
0.420 mm in both varieties. Each flour was evaluated for its techno-functional properties.

Water absorption capacity: In 2.5 g of chickpea flour, 5 mL of distilled water was added
and mixed for 1 min. The sample was then incubated at room temperature for 30 min and
subsequently centrifuged at 1000 rpm for 30 min. The supernatant was decanted, and the
mass of the wet pellet was measured to determine the water per mass of the dry pellet [40].

Oil absorption capacity: The 0.5 g sample was mixed with 5 mL of oil. It was rested for
30 min at room temperature and subsequently centrifuged at 3000 rpm for 30 min. Finally,
the supernatant was discarded. The results were reported in g o0il/g of sample [31].

Foaming capacity: The 2 g sample was mixed in 100 mL of distilled water and then
homogenized for 2 min. The foam capacity was calculated as a percentage [31].

Gelation capacity: The gelation was measured in triplicate in suspensions of the
sample at concentrations of 4, 8, 12, 16, and 20% in distilled water. Subsequently, the
samples were incubated in a water bath at 100 °C for 1 h, followed by immersion in an ice
bath for 1 h [5].

Emulsifier capacity: In the conducted procedure, 0.5 g of the sample was combined
with 2.5 mL of distilled water and 2.5 mL of oil. Subsequently, the emulsion was centrifuged
at 3000 rpm for 1 h, after which the emulsified layer was gauged in relation to the total
volume [31].

These evaluations aimed to assess the technological potential for utilizing the two dis-
tinct chickpea varieties.

3.7. Statistical Analysis

The statistical analysis of the chemical composition involved a comparison of means
with a confidence interval of 95%. For protein fractionation, multifactorial analysis was
performed with Tukey’s multiple range test, and the significance level for both analyses
was 0.05. Analyses were performed using SPSS version 20.

4. Conclusions

The chickpeas studied represent an important source of protein, especially the variety
‘El Patrén’, which had a protein content approximately 3% higher than that of the variety
‘Costa 2004’. In terms of protein composition, the globulin fraction was the most abundant
in both chickpea varieties, followed by the albumin fraction. The molecular weights of
the proteins indicate the presence of vicilin and legumin, with weights ranging from 75
to 25 kDa. The chickpea varieties studied both contained all essential amino acids except
tryptophan in their profiles. Histidine was especially abundant in both varieties. In the
variety ‘Costa 2004’, aspartic acid and arginine were particularly prominent, while in the
variety ‘El Patréon’, threonine was the second most abundant after histidine. Chickpea has
functional properties applicable to the development of functional foods, such as plant-based
beverages, egg substitutes, or analogues of dairy products. In conclusion, both chickpea
varieties are economical resources with potential for the technological development of prod-
ucts rich in proteins of plant origin, which can replace those of animal origin, generating
an alternative for consumption. In addition, this crop is a viable option for areas with dry
weather as chickpeas are low-water-consuming and drought resistant.
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