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consumption. The treatment of this disease consists
of adopting a gluten-free diet, which is mainly
present in wheat, barley and rye. However,
replacing wheat flour in the preparation of bakery
products remains a challenge for the food industry
and research related to the development of new
gluten-free products is still necessary. In this
context, chickpea flour has highlighted as a
potential ingredient in the formulation of gluten-
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concentration of proteins, dietary fiber and
micronutrients. This chapter aimed to carry out a
literature review on the production and application
of chickpea flour in bakery products such as bread,
biscuits and cakes. The composition of chickpea,
production of chickpea flour and examples of
research that applied chickpea flour in bakery
products were described.
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ABSTRACT

The market for gluten-free products has been
growing and its main objective is to attend people
with celiac disease or allergies related to gluten
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1 INTRODUCTION

According to the Brazilian Association of Industries of Biscuits, Pasta, Breads and
Industrialized Cakes (ABIMAPI), in 2020, Brazil sold about 1.475 billion tons of cookies and 0.580
billion tons of industrialized breads and cakes. The national per capita consumption of breads, pasta
and industrialized cakes in the same year was 16,764 kg/inhabitant, representing an increase of
approximately 4.55% over the previous year. Of this total, there was an increase of about 1.42% in the
consumption of cookies in relation to the same period, representing 7,211 kg/inhabitant, making this
segment the most commercialized and consumed. This is probably due to large varieties of products
in this line, with different presentations, formats, quantities, flavors and prices.

The fundamental ingredient for the production of baked goods is wheat flour, due to the
presence of gluten, which is one of the responsible for providing the required functional and
technological properties. Gluten is a storage protein formed from the prolamins, glutenin and gliadin,
present especially in wheat, being one of the most complex protein networks and has an essential
function in determining the rheological behavior of baked goods. However, gluten has been identified
as the component capable of triggering immune-mediated disorders, such as celiac disease
(BIESIEKIERSKI, 2017), which can occur in both children and adults, resulting in atrophy of the
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mucosa of the small intestine, impairing intestinal absorption. Symptoms of individuals with celiac
disease include malnutrition, diarrhea, growth retardation, anemia, and fatigue (GREEN & JABRI,
2003).

The prevalence of celiac disease is estimated to be approximately 1% worldwide and is still
increasing over time, partially attributed to more clinical trials and improved diagnostic capability,
primarily in Australia, Europe, and North America (LEBWOHL, LUDVIGSSON, & GREEN, 2015;
MAHADOV & GREEN, 2011; RUBIO-TAPIA et al., 2009). To date, the treatment for celiac disease
and gluten-related disorders is the adoption of a gluten-free diet of this compound, which consists of
the consumption of naturally occurring gluten-free foods (gluten-free cereals, pseudocereals, fruits,
vegetables, legumes, meats and milks) and gluten-free processed foods in which wheat flour is replaced
by others free of gluten (CAIRANO et al., 2018).

Faced with this problem, a great demand for new research of bakery products with gluten-free
alternative flours, with functionality and efficiency similar to wheat flour, emerges. However, the
replacement of wheat flour is a major technological challenge due to its rheological properties, as
gluten has a specific role in defining the quality and processing of the final product (WESLEY;
ANDREW,; CLERICI, 2021). Among the ingredients are legume flours or pulses that enable the
enrichment of baked goods with proteins, without significantly altering the technological (structure
formation, elasticity and cohesiveness) and sensory (BESSADA; BARRIER; OLIVEIRA, 2019).

In this sense, chickpeas (Cicer arietinum L.) stand out as a source of protein (20 to 22 %) and
as an ingredient for the production of flour for baked goods. The protein fraction of chickpeas consists
mainly of globulin (53-60%), glutelin (19-25%), albumin (8-12%), and prolamine (3—7%). Relatively
high levels of free amino acids, particularly glutamate and arginine aspartate, are also reported. The
presence of arginine can be considered of special interest, because this amino acid participates in the
synthesis of adenosine triphosphate (ATP), calcium release, vasodilation, neurotransmission
processes, cell proliferation and immunity, besides being an intermediate in the urea cycle, where it is
involved in the synthesis of nitric oxide, ornithine and polyamines (BOYE et al., 2010; CORTES-
GIRALDO et al., 2016; Day, 2013).

The culture of chickpeas is not very widespread in Brazil and to reverse this situation, the
development of new products to boost consumption is necessary. The Brazilian climate is favorable
for the cultivation of chickpeas, and regions with dry periods, medium altitudes, favor its adaptation
and extensive crops are distributed in the states of Goias, Mato Grosso, Minas Gerais and Bahia
(RODRIGUES, 2017).
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This work aims to perform a bibliographic review on the use of chickpea flour in the
formulation of baked goods, highlighting the main products developed, their technological, nutritional

and sensory properties, aiming to expand its use in the formulation of different gluten-free foods.

2 THE CHICKPEAS

The chickpea (Cicer arietinum L.) belongs to the family Fabaceae and subfamily Faboidae and
had its origin in the region of Turkey, more precisely in the southeast region and then was taken to
India and Europe. In Brazil, the introduction of this food was through Spanish and Middle Eastern
immigrants (NASCIMENTO et al., 1998). It is an herbaceous, cold-season, drought-resistant plant,
and annual plant that appears as a small shrub with branches spreading from its base.

The seed of the chickpea is composed of an integument, an embryo and two cotyledons. The
integument is divided into two layers, the outer forehead and the inner tegmen, and a hilum, acting as
the attachment point of the seed to the pod. Below the hilum, there is an opening, known as a micropyle,
and above it is a ridge, called a raphe. The embryo, in turn, is composed of two cotyledons and an axis,
the pointed end of the axis, called the radicle, and the other end, plumule (SINGH; DIWACAR, 1995).

Chickpea cultivars vary in size, color and shape of seeds and can be classified into two types,
being macrosperm and microsperm. In the macrosperm the seeds are rounded with beige coloration,
plants with medium size, white flowers, large leaflets ranging from 10 to 20 mm, and pods with one
or two seeds, being commonly known as Kabuli. The microsperm, better known as Desi, has small
seeds, irregular angular shape, integument of varied and dark colors, small plants, small leaflets
ranging from 6 to 9 mm, pods with two or three seeds (NASCIMENTO et al., 1998; KAUR; PRASAD,
2021).

Chickpeas are the second most consumed legume in the world, second only to soybeans, and
the estimate is about 20 million tons per year (NASCIMENTO, 2016). Although this legume has
limited consumption in Brazil in relation to the others, it has the potential to minimize protein
deficiencies of tryptophan, threonine and essential amino acids in addition to minerals, as it is rich in
phosphorus, magnesium, iron, potassium, cobalt and manganese (FERREIRA; BRAZACA,
ARTHUR, 2006).

In general, chickpeas are consumed cooked, mixed with other foods such as meats, vegetables,
sauces and condiments. They can also be consumed peeled and crushed by applying it to soups, pastes
or desserts. Its flour can be used in the preparation of breads, cakes, and especially in formulations of
children’'s foods to meet the nutritional needs of malnourished children and affected by chronic diarrhea
(NASCIMENTO, 2016).
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3 COMPOSITION OF CHICKPEAS

Chickpeas are a protein-rich legume of high nutritional value and high digestibility when
compared to other legumes. When comparing the values of lysine present in chickpeas, they are higher
than those detected in cereals, being 428 mg in a portion of 100 g, in addition, they are rich in amino
acids that contain sulfur, so the combination of the consumption of chickpeas and cereals provides
balanced amino acids in the diet (QUEIROGA et al., 2019). Chickpeas are still a source of
carbohydrates, dietary fiber, minerals, vitamins, and bioactive compounds such as phenolic acids,
carotenoids, isoflavones, oligosaccharides, and bioactive peptides (KAUR; PRASAD, 2021).

Chickpea seeds consist of 60 - 65% carbohydrates, with starch being the main polysaccharide
present (from 30.8 to 37.9% of the dry matter) (MUDRY]J et.al., 2014). The starch granules of
chickpeas are smooth and oval and have a high content of amylose, which is responsible for its higher
rate of retrogradation, consequently, increases the glycemic index, since the starch becomes resistant
to enzymatic action. In addition, the low glycemic index of chickpeas is associated with the presence
of resistant starch (FREDRIKSSON et al., 2000). Resistant starch has a physiological function similar
to that of dietary fiber when it reaches the large intestine, without being hydrolyzed or digested.

The soluble and insoluble dietary fiber content in chickpeas is 1.42 and 27.84%, respectively
(KHATOON; PRAKASH, 2004). Oligosaccharides, such as raffinose, verbascose, cicerytol and
stachyose, are also among the carbohydrates that make up chickpeas and have prebiotic potential,
acting in the modulation of the intestinal microbiota and stimulating the growth of bifidobacteria in
the colon. The amount of dietary fiber in the Desi type is higher than in Kabuli because of the thickness
of the integument and shell (RINCON, MARTINEZ, & IBANEZ, 1998).

Regarding the lipid content, chickpeas contain on average 6.04% (BHATIA et al., 2001). The
fatty acid composition is 66 % polyunsaturated fatty acids, 19 % monounsaturated fatty acids and 15
% saturated fatty acids. Linoleic acid (omega 6) and oleic acid (omega 9) are the main fatty acids found
in chickpeas (DADON; ABBO; REIFEN, 2017; WANG; DAUN, 2004).

Chickpeas are also a source of vitamins (C, E and B complex) and minerals, such as sodium,
potassium, calcium, magnesium and phosphorus, with potassium identified in greater amounts. El-
Adawy (2002) found 870 mg of potassium in 100 grams of chickpeas. It also has a significant content
of iron and zinc, being 4.9 - 5.0 mg/100 g and 2.0 - 2.7mg/100 g, respectively (JUKANTI et al., 2012;
HEMALATHA, PLATEL, SRINIVASAN & 2007). Selenium concentration of 15.3 to 56.3 ng/100 g
was found in chickpeas grown in North America (THAVARAJAH, 2012).

Although chickpeas present important nutrients for a balanced diet, as in several foods of plant
origin, this has antinutritional factors that promote poor digestibility and absorption of nutrients,
harming the health of the individual (BENEVIDES et al, 2011). Among the antinutritional compounds
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stand out phytates, nitrates, oxalates and tannins, of which some can hinder the absorption of minerals
and certain amino acids by inhibiting proteolytic enzymes (trypsins). When consumed in excess can
cause damage to health, irritations and lesions in the intestinal mucosa (LOPES et al., 2009).

Phytates are derived from phytic acid or myoinositol hexaphosphoric acid, with the ability to
form chelators with divalent ions, such as calcium and magnesium, forming soluble complexes
resistant to absorption in the intestinal tract, as well as interacting with basic protein residues and
participating in the inhibition of digestive enzymes such as pepsin, pancreatin and a-amylase. Oxalate,
often found in vegetables, cannot be metabolized by humans and is excreted in the urine. The high
amount of oxalate in the urine increases the risk of the formation of calcium oxalate stones in the
kidneys, in which about 75% of all kidney stones are due to the high concentration of this compound

and can cause irritations in the intestinal mucosa (BENEVIDES et al., 2011).

4 CHICKPEA FLOUR

To make chickpeas palatable, it is subjected to physical (grinding and immersion), biochemical
(germination and fermentation) and thermal (roasting and extrusion) treatments to increase the
nutritional value, improve digestibility and assist in the reduction of antinutritional factors
(KHATTAK, ZEB; BIBI, 2008). India stands out as the largest consumer of chickpeas and about 80%
of legumes in this country are consumed in the form of flour (MANGARAJ et.al., 2005). Chickpea
flour is used in the preparation of various traditional Indian foods such as boondi, dhokla, pakora,
bhujia, sweets, in the form of dough or paste, showing itself as a potential ingredient in the elaboration
of gluten-free baked goods.

In Brazil, Collegiate Board Resolution (RDC) No. 262, of September 22, 2005, defines that
flours are products obtained from edible parts of one or more species of cereals, legumes, fruits, seeds,
tubers and rhizomes, through the milling process and, or other technological processes considered safe
for food production. Its designation shall be followed by the common name(s) of the plant species(es)
used.

To obtain chickpea flour, the grain first goes through a peeling step in order to increase protein
digestibility, palatability, nutritional quality and reduction of insoluble fiber and antinutritional factors
(WOOD; Malcolmson, 2011). Then the grain is fragmented into impact mills or pin mills. Impact
fragmentation has the advantage of breaking through cell walls and producing flours with particles
small enough in size that starch granules and highly interlaced protein matrix are properly exposed for
separation, without the starch granule being severely damaged to the point of interfering with the
posterior classification (WU; NICHOLS, 2005; DIJKINK et al., 2007; REMPEL; GENG; ZHANG,
2019).

A look at development
Chickpea flour in gluten-free baked products



After grinding it is possible to perform the fractionation of chickpea flour by the
aeroclassification technique, obtaining flours with two different sizes and densities, called light
fraction (protein) with fine particles and heavy (starchy) with coarse particles (BOYE; ZARE; Pletch,
2010; KANALI, 2021). The aeroclassification begins with the dispersion of the fine flour in a large flow
of air; then, the flow enters a conical chamber where it meets a classifier disc with blades that creates
a centrifugal counterflow that separates the large particles from the small ones, and the density also
influences the separation (SCHUTYSER et al., 2015). If the protein is still adhered to the surface of
the starch granules, after classification, the process can be repeated until it reaches the desired efficacy
of separation (GUEGUEN et al., 1984).

In the literature it was reported that the fractionation of chickpea flour in an aeroclassifier was
successfully performed, obtaining flours with different granulometries, color, composition
(carbohydrates and protein) and technological properties (KANAI, 2021; XING et al., 2020), being

possible its application in the formulation of different foods.

5 CHICKPEA FLOUR IN BAKED GOODS

Among the main bakery products most consumed are cakes, breads and cookies that, in general,
use wheat flour in their formulation, because it has better technological and sensory characteristics
(ZANATA, 2010). However, due to the scarcity of wheat in some regions and allergies associated with
gluten consumption, wheat flour has been replaced by other vegetable flours as an ingredient (SIBIAN;
RIAR, 2020; SILVEIRA et al., 2016). In this context, because it is an important legume cultivated
around the world, chickpeas have not only gained an important role in food, but also in the production
of flour for different purposes (SINGH et al., 2016).

Chickpeas are a potential functional food due to their high content of protein, dietary fiber, and
several beneficial physiological health effects that reduce the chances of chronic diseases. With an
increase in global food security issues and the requirement for a sustainable protein source, chickpeas
can be a source with excellent nutritional value of vegetable protein produced at low cost. Several
studies are being conducted to incorporate chickpea flour into gluten-free baked goods. Chart 1 lists
the studies that used chickpea flour in the development of gluten-free baked goods.
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Table 1 — Research related to the use of chickpea flour in baked goods

Product

Goal

Reference

Bread

To compare the effect of different lequme flours
(chickpeas, peas, soybeans and carob) on
physicochemical and sensory properties

Mifiarro et al. (2012)

To evaluate different concentrations of corn flour,
chickpea flour and hydroxypropylmethylcellulose
in the properties of breads.

Rostamian, Milani, Maleki
(2014)

To investigate the potential of chickpea flour,
psyllium and their combination in the sensory
properties of bread prepared with rice flour and
cassava starch.

Santos et al. (2021)

To evaluate the effect of pre-treatment of cassava
starch and wheat flour in microwave on the
properties of the dough.

Garske et al. (2022)

Develop breads with raw, toasted or peeled
chickpea flour.

Kahraman et al. (2022)

Enrich breads based on rice flour and cornstarch
with a mixture of acorn flour and chickpea flour.

Gkountenoudi-Eskitzi et al.
(2023)

Cookies

Develop cake with flour composed of rice-
chickpeas and addition of exudate of acacia, apricot
or karaya gums.

Hamdani et al. (2020)

Incorporate xanthan gum and carob gum into
children's biscuits based on rice flour and chickpea
flour.

Benkadri et al. (2021)

Produce vegan cookies with different types of
chickpea flour.

Kanai (2021)

Develop a nutritionally balanced cookie with low
sugar and high protein content with the use of
compound flours (chickpea flour, buckwheat, corn
and almond milk residues.

Ozer (2022)

To evaluate the effect of xanthan gum in biscuits
based on rice flour and chickpeas.

Benkadri et al. (2018)

Use a mix consisting of chickpea flour and chestnut
flour in cookies.

Torra et al. (2021)

Cake

To evaluate the replacement of rice and chickpea
flours by pregelatinized corn starch in the physical,
textural and sensory properties of the cake.

Boz (2021)

Develop a cupcake enriched with chickpea flour,
almonds and flaxseed.

Jabeen et al. (2022)

Chickpea flour together with hydrocolloids resulted
in increased viscoelasticity of the dough and
improved sensory quality.

Herranz et al. (2016)

To investigate the impact of incorporating different
legumes (chickpeas, peas, lentils and beans) on the
quality, chemical composition and in vitro
digestibility of gluten-free cake protein and starch.

Gularte, Gomez and Rosell
(2012)

Source: Own authorship.

The examples of studies cited in Chart 1 indicate that most bakery products use chickpea flour
in association with other vegetable and hydrocolloid flours, with the objective of improving
technological properties and sensory characteristics. This indicates that replacing wheat flour for the

production of gluten-free baked goods is still a challenge for the food industry.
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6 FINAL CONSIDERATIONS
According to the data found in the literature, it is concluded that chickpeas are still a legume

that has potential in the manufacture of flours for use in baked goods. However, studies are still needed
to improve the rheological characteristics of the dough to enable its application in gluten-free baked

goods.
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