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Abstract — Chickpeas are a very important part of the
human diet due to its nutritional and bioactive composition.
They contain an ample amount of protein, carbohydrates,
lipids, and fibers. Furthermore, many bioactive components,
important vitamins, and minerals are also present in chickpe-
-as. Besides having nutritional benefits, the consumption of
chickpeas always requires some processing as it has many
anti-nutritive factors like trypsin and chymotrypsin
inhibitors to inhibit protein digestion; a-amylase inhibitor to
inhibit starch digestion; and also the phytates and oxalates to
inhibit mineral absorption. Therefore, the pretreatment of
chickpeas is important before consumption. The pretreatme-
-nts not only improve the digestibility of the chickpeas but
also the bioactive and physicochemical profile. The
processing treatments physical (husking, soaking, grinding or
ball milling), biochemical (fermentation or germination), or a
heat treatment (Roasting, extrusion, and IVDYV) are
discussed in this review as well as the chemical composition
of chickpeas.

Keywords — Chickpeas, Chemical Composition, Extrusion,
IVDYV, Processing Methods.

I. INTRODUCTION

Legumes (peas, lentils, beans, soybeans, and chickpeas)
are one of the most important crops due not only to their
nutritional quality but also to their various agro-
environmental benefits. Legume seeds and powders are
important sources of protein, carbohydrates, vitamins,
minerals and dietary fiber [6, 11, 38]. Food legumes suffer
from an unfavorable image. And they are called "poor’s
meat". Changing lifestyles in favor of fast-cooking foods
have made these seeds less attractive. The revival of their
production through the use of Mediterranean biodiversity
is of major importance. Nutritionists strongly recommend
the introduction of legumes in the human diet in view of
their nutritional benefits.

For health, there are many benefits associated with the
consumption of legumes: Lower glycemic index for
people with diabetes [55], increased satiety [26] and
Prevention of Cancer [22]. Celiac disease is an
autoimmune enteropathy induced by ingestion of gluten in
genetically predisposed subjects [48]. This disease is
currently considered as one of the most common
gastrointestinal diseases. It is widespread in European
countries with a prevalence of between 0.1 and 3.3%o; It
also appears to be high in North Africa with 1.4% [17].

Chickpea (Cicer arietinum L.) is the 2" largest legume
in the world on the basis of total production after soybean

and bean, which is mainly grown in warm climates of
India, Pakistan, Iran, Ethiopia, Mexico, and Mediterranean
region [7]. It is a rich legume in protein (19-29 g/100 g)
[8], complex carbohydrates (60-65 g/100 g) and a source
of B-complex vitamins and minerals [49]. However, even
though its high protein digestibility, chickpea also contains
anti-nutritional factors such as protease inhibitors, tannins,
phytic acid, and saponins [57].

Taking into account its nutritional properties, chickpea
powder was proposed to be used as a functional ingredient
in some gluten-free bakery products such as bread, cakes,
and snacks [1, 21, 31]. However, complete substitution
(100%) Wheat flour by chickpea powder is difficult to
reach in bakery products without affecting their quality,
especially bread, where gluten is responsible for its
texture. Despite the treatments applied to improve the
nutritional properties of chickpea, rare information exists
on the production capacity of baked goods from the
resulting powders.

In the present review, we have discussed t description,
physicochemical composition and industrial treatments of
chickpeas.

I1. DESCRIPTION

It is the second most consumed legume and the third
most cultivated in the world [18]. From a nutritional
standpoint, it is an excellent source of protein (18-29%),
carbohydrates (59-65%), fibre (3-17%), lipids (4.5-6.6%),
and Ash (2.48-3.50%) besides a very high protein
digestibility where it went from 53 to 89% [8]. On the
medicinal level, chickpea seed is used for its anthelmintics
properties as well as for the treatment of bronchitis,
leprosy, skin diseases, and liver infections. It is considered
to be the most cholesterol-lowering g food compared to
other legumes [59].

A. Taxonomy and Botanical Characteristics

Chickpea is related, in taxonomic terms, to the
Papilionaceous family, genus Cicer and species Cicer
arietinum L. On the botanical level, it is described as an
annual, erect or creeping herb, covered with dwarf hairs.
Its germination is of the hypoge type (cotyledons remain
underground). The plant has a very deep root system,
suitable for arid and dry areas. Its height varies between 20
and 100 cm. Its leaves are composed of 7 to 17 oval and
toothed leaflets. Flowers may be white, blue or violet;
solitary and stalked. The size of the pods varies from 8 to
41 mm in length and from 6 to 15 mm in width. Usually,
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each pod contains one to two seeds. The weight of 100
seeds varies from less than 8g to more than 70g [15].

From the agronomic point of view, the root system of
chickpea is colonized by nodules capable of fixing
atmospheric nitrogen. They are due to the symbiosis of the
root system with Rhizobium ciceri-type bacteria; generally
present in calcareous Mediterranean soils. This symbiosis
allows to bring and fix, up to 90 kg of nitrogen/ha.
Therefore, there is no need for nitrogen (except in
exceptional cases of nodule problem). Chickpea is a plant
secreting malic acid, which induces, on the one hand, a
repulsion towards insects and promotes, on the other hand,
a "natural resistance" of the plant, limiting the applications
of phytosanitary products.

B. Varieties of Chickpea

There are two types or varieties of chickpea marketed
worldwide: Desi chickpea and Kabuli chickpea. The Desi
variety (meaning the local variety) is characterized by
small seeds, covered with a dark, thick, striated seed coat.
It is grown mainly in India, Ethiopia, Mexico, and Iran.
For the Kabuli variety (meaning "Kabul" variety) is
distinguished by larger, clear cream-colored seeds with a
fine, smooth coat. It is grown in the Mediterranean, South
America, and Southeast Asia. These two varieties differ by
the appearance of the seeds, but also by their chemical
composition (Table 1), which depends on the conditions
and the areas of cultivation [38].

Table 1. Chemical Composition (in %mass) of the two
varieties of chickpea [30, 45].

Components Chickpea varieties
Kabuli Desi
Proteins 24.63% 22.76%
Starch 39.12% 38.48%
Lipids 6.8% 6.7%
Soluble sugar 8.43% 7.53%
Fibres 6.49% 9.94%
Tannins 0.09% 0.12%

III. CHEMICAL COMPOSITION

A. Protein

Legume seeds are relatively high in protein; their
content ranges from 18.5 + 1.74/21.3 + 0.73 depending on
the species [14]. Legume proteins can be subdivided into
two distinct groups: reserve proteins, and metabolic
proteins (enzymatic and structural proteins). Reserve
proteins are the main protein component of the mature
legume seed [16]. The amino acid content is a very
important indicator of the nutritional value of foods. Of all
the amino acids, nine are essential and must be present in
the diet [38]. Unlike animal proteins, plant proteins do not
contain these essential amino acids in the required
proportions [37]. The essential and non-essential amino
acid content (table V) is significantly higher in chickpea
powder (38.89% and 58.64% of protein, respectively) than
in wheat flour (32.20 and 56.55% of protein, respectively)
[4]. Chickpea proteins are rich in lysine but deficient in
sulfur amino acids (methionine and cysteine), whereas
cereal proteins are deficient in lysine but contain adequate
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levels of sulfur amino acids [38]. This complementarity
provides a balance in the amino acid content that could
improve the nutritional value of proteins, hence the
interest of the cereal-legume association [27].
B. Carbohydrates

Generally, legumes contain carbohydrate content (60 to
65%), slightly lower than cereals (70-80%). Carbohydrates
of legumes are mainly composed of monosaccharide,
Disaccharide, Oligosaccharide, and Polysaccharide [37],
which are enzymatically digested in the small intestine and
(i) unavailable (oligosaccharides, resistant starch, non-
cellulosic polysaccharides, pectins, hemicelluloses and
cellulose), which are not digested in the small intestine.
The total carbohydrate content in chickpea is higher than
pulses than other pulses. Chickpea has: (i)
monosaccharides-ribose, glucose, galactose and fructose
(ii) disaccharides-sucrose, maltose and (iii) oligosaccha-
-rides-stachyose, ciceritol, raffinose and verbascose. The
amount of these fractions varies though not significantly,
between desi and kabuli genotypes.
C. Starch

Starch (carbohydrate reserve form in plants) is the major
fraction of carbohydrates in almost all legumes: ranging
from 75 to 80% according to [54]. The starch molecule is
composed of two polymers: amyloidosis (linear structure)
and amylopectin (branched structure). The starch content
of chickpea seeds is 53% MS; 35% of this content is
considered to be resistant starch, and 65% of the starch
available [2]. Wheat is richer in starch than a chickpea, but
the latter contains a higher amyloidosis content ranging
from 30 to 40% versus 25% in wheat [20]. The in vitro
digestibility of starch in chickpea seeds varied between 37
and 60%, and was higher than those of other legumes such
as lentils, red bean. However, this digestibility remains
low compared to that of cereals (Due to the high
amyloidosis content) and gives legumes a lower glycemic
index [28].
D. Fibers

The fibers, an indigestible part of the plants in the
human small intestine, they are classified as soluble and
insoluble fibers. The soluble fibers (SF) are slowly
digested in the colon; in contrast, insoluble fibers (IF),
metabolically inert are subjected to fermentation in the
colon inducing intestinal bacteria growth [53]. The total
fiber content varies from 18 to 20% in [37]. Divided into 4
to 8% FS and 10 to 18% FI [12, 42].
E. Soluble Sugars

Chickpea seeds are characterized by high levels of
monosaccharides  (ribose, fructose, and glucose),
disaccharides (sucrose and maltose), and Oligosaccharides
(Raffinose, Ciceritol, Stachyose, and Verbascose) [3].
F. Lipids

The lipid content of chickpea seeds ranges from 4.5 to 6
2/100 g of Sample. This content is high compared to other
protein and cereal grains: lentils (1.06%), red bean
(1.06%), mung bean (1.15%), pigeon pea (1.64%), wheat
(1.70%) and rice (0.60%) [8; 23]. Lipids of chickpea seeds
are characterized by their high content of essential
unsaturated fatty acids: linoleic acid (54,7-56,2% mg),
oleic acid (21.6-22.2% mg) and linolenic acid (0.5-2.35%
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mg), as well as saturated fatty acids such as Palmitic acid
(18.9-20.4% mg) and stearic acid (1.3-1.7% mg) [38].
G. Minerals and Vitamins

Potassium (K), phosphorus (P), copper (Cu), iron (Fe),
calcium (Ca) and magnesium (MG) are the main minerals
contained in legume seeds [5]. Chickpea is a significant
source of Ca, Mg, Fe, and K, the Mn, Zn, and P levels
were higher in it compared with other legumes [56]. A
ration of 100 g of chickpea, can provide the recommended
daily intake of Fe (1.05 mg for homes and 1.46 mg for
women), and zinc (4.2 mg and 3 mg), while consumption
of 200 g chickpeas will provide the recommended daily
intake (260 mg and 220 mg) in Mg [23]. Legumes are also
a good source of vitamins, especially group B, including
Thiamine (B1), riboflavin (B2), niacin (B3), pantothenic
acid (BY), pyridoxine (B6) and folic acid (B9). Chickpea is
significantly richer in folic acid and vitamin E compared
to other legumes [37].
H. Polyphenols

Polyphenols are a class of chemical compounds that are
characterized by the presence of a hydroxyl group (OH)
directly linked to an aromatic group (Wang et al., 2010).
They are mainly located in the outer envelope of the
legume seed [54]. The dominant phenolic compounds in
legumes are phenolic acids, tannins, and flavonoids [10].
The total phenol content in the chickpea seed ranged from
0.72 to 1.81 mg/g, and anthocyanin content was 14.9
mg/kg. These values vary according to the extraction and
dosing methods used [38]. Chickpea is characterized by its
low level of polyphenols and anthocyanins compared to
other legumes such as bean and lentil, which is reflected
by its low capacity to trap free radicals, thus by a low
antioxidant capacity [50].
I. The Anti-nutritional Factors

Anti-nutritional factors are the compounds that reduce
the nutritional value of foods. For example, they may
reduce the bioavailability of certain compounds or inhibit
enzymes necessary for digestion. In legumes, there are
several anti-nutritional factors such as anti-tryptic, alpha-
galactosides and Phytate [44]. These anti-nutritional facto-
-rs can be subdivided into protein and non-protein factors.
Nonprotein factors include tannins, saponins, phytic acid,
and oligosaccharides, while the protein factors are
principally lictines, trypsin inhibitors and chymotrypsin
inhibitors.

IV. PROCESSING TREATMENTS

Chickpeas are seldom consumed raw. They are subject
to various treatments, according to traditional practices
and taste preferences. Several authors have reported the
interest of treatments (Physical, biochemical and thermal)
in the reduction and elimination of the ant-nutritional
factors, and in the improvement of their digestibility [25].

V. PHYSICAL TREATMENT
A. Husking

The legume seed coat is important for the protection of
the seed against physical damage, pests, infections and ea-
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-rly germination. It is mainly composed of cellulose,
lignin, polyphenols, and minerals [51]. The husking of the
seed decreases the fiber content; therefore, proportiona-
-tely, the content of other nutrients increases, and thus
improves the nutritional value compared to the whole
seed. The majority of tannins (79 to 86%) are located at
the seed coat, and by shelling, 75 to 93% of the tannin
content is eliminated [40]. However, this process does not
eliminate the anti-nutritional factors thermo labile
(protease inhibitors, a-galactosides, and lectins).

B. Grinding

Grinding is a mechanical treatment that reduces food to
finer-sized particles. This process induces a deterioration
of starch granules, which become more susceptible to
enzymatic hydrolysis. Also, the mineral content (calcium,
iron, and zinc) decreases significantly in the resulting
powders. The grinding improves the digestibility of the
starch and nevertheless decreases that of the proteins [52].
C. Soaking

Soaking is often done before or conjugated with other
treatments such as germination, fermentation, baking, and
canning. It allows the seeds to soak in water inside its
cells, and to inflate as a result of hydration. This
phenomenon induces leaching of soluble molecules such
as monosaccharides, disaccharides, oligosaccharides,
soluble polyphenols, and phytic acid. The soaking
(overnight) seed of chickpea, decreases 53% of tannins
[40]. According to [47], this treatment improves the
digestibility of starch, and reduces the content of proteins,
phenols and protease inhibitors.

D. Ball Milling

Size reduction has achieved a great interest in food and
pharmaceutical industry due to various benefits provided
by the reduced sized particles. After sieving, the materials
could be divided into the mixture of particles ranging from
a very fine to large particles based on particle size
distribution. The properties of a food material can be
changed due to its particle size distribution. According to
researchers, the properties of powder are mainly
dependent on its chemical composition.

Due to greater effect of milling on food properties, the
improvements in the equipment for grinding are made, and
ball-milling has got great importance in making very fine
powders without damaging the physicochemical
characteristics of the food material compared with
traditional milling or grinding. In the planetary ball
milling, various types and size of balls are used, and the
speed and time of milling can be controlled, based on the
type of food material.

Despite the benefits of ball milling, very few literatures
is available to discuss the importance of ball milling in
foods. The changes in the composition due to particle size
distribution are being widely considered for food
industries [39, 43].

VI. BIOCHEMICAL TREATMENTS
A. Fermentation

The fermentation process is a traditional practice in
India and in some African countries. This treatment has
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many advantages such as reducing the risk of development
of pathogenic microorganisms by acidification of the
environment, degradation of certain anti-nutritional factors
(phytate and a-galactosides), development of the
organoleptic quality by synthesis of organic acids and
aromas in the fermented product [36]. The fermentation
gives an optimum pH to the phytases present in the seeds,
inducing their activation and a decrease of the phytate
contents. This process increases the levels of vitamins
(thiamin, riboflavin, niacin, ascorbic acid), protein and
amino acids, and improves protein digestibility [46].
B. Germination

Germination is the cause of many biochemical changes
in legume seeds. It improves their nutritional quality by
increasing the content of vitamins (ascorbic acid,
riboflavin, niacin, tocopherols, thiamine, and pantothenic
acid), and by reducing the anti-nutrients content (tannins,
phytic acid and o-galactosides). This process also
improves protein and starch digestibility [29, 54]. The
study was conducted to understand the usefulness of
germination under mineral stress for a specific period to
not only increase the content of isoflavones and minerals
but also the functional properties of chickpeas. The
profound increase in the content of isoflavones was found
after sprouting the chickpea seeds for 5-7 days under
minerals stress [41].

VII. HEAT TREATMENTS

A. Roasting

Roasting is an essential operation and one of the most
frequent processing processes for seeds [9, 32]. It is
intended to increase the palatability of the product and it
significantly promotes the development of color, flavor,
texture, and appearance of seeds [58]. The resulting
product is refined and highly appreciated by the consumer
in comparison to raw seeds. Roasting also destroys
unwanted microorganisms and inactivates the enzymes
that promote deterioration of the product during storage
[9]. This treatment allows the preservation of nutrients, as
it is a dry treatment compared to the wet cooking that
causes leaching. Roasting reduces the levels of oligosacch-
-arides. However it reduces the in vitro digestibility of
proteins and starch (formation of resistant starch), and
decreases the content of riboflavin, thiamine, and niacin
[19,24].
B. Extrusion

Extrusion is an efficient thermal processing technique
used for the foods with higher starch content or in the
processing of protein-fortified food [13]. In extrusion
processing, the food material in a viscous form is forced
through a die where it expands to a porous structure. The
process of extrusion provides unique textural properties to
a material due to high temperature and shear. During the
process of extrusion, many biochemical transformations
take place, like protein denaturation, starch gelatinization,
browning, and destruction of anti-nutritional components.
C. Intensification of Vaporization by decompression

to the Vacuum (IVDV)
Recently, a newly emerged process, known as IVDV (i-
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-ntensification of vaporization by decompression to the
vacuum) is being used as a texturizing pre-treatment. This
technique allows rapid compression for thermo sensitive
food material under high pressure for a few seconds.
IVDV technique provides the excellent opportunity as
potential pre-treatment method to bring the modification
of structural features of raw chickpeas to prepare them for
further unit operations or treatments [33, 34].

In the processing through IVDV, the rehydrated and
homogenized chickpeas are placed in the processing
chamber; where the initial vacuum is established by a
subject of pressure drop from atmospheric to vacuum
pressure. The purpose of an initial vacuum is better to
steam diffusion and improved heat transfer in the
chickpeas. After this, the chickpeas were treated with high
pressure (up to 15 bar) steam for a short time of around 1-
200 s. This process is important for the sample to attain
the required rheological and thermal equilibrium for
expansion. The final stage of the process includes the
instant pressure release towards the vacuum that could be
Imbar. This instant pressure release is responsible for
auto-vaporization of the internal water content in the
chickpeas, and instant cooling which protects the product
from thermal degradation while providing the porous
structure. Finally, the chickpeas were rehydrated in an
oven at 50 °C for 24 h followed by roasting at 200 °C for 6
minutes using electric seed roasting machine.

The use of extrusion has recently increased to produce
foods and food products like breakfast cereals, poultry,
and meat, ready to eat snacks, baby foods and some
modified starches. Intense mechanical shear used during
the extrusion makes it a unique heat treatment as it
moistens the food having an abundant quantity of starch
and proteins making them viscous and elastic, and the
food is cooked before being forced through the die [35].

VIII. CONCLUSION

The composition of chickpeas provides the importance
of this legume for the food industry. Besides providing an
ample amount of protein and starch, it is also a good
source of many bioactive components like isoflavones.
The processing treatments are essential for chickpeas and
can destroy the anti-nutritional factors. Besides, there are
many new technologies available, which are further
decreasing the processing time for chickpeas. This review
provides an insight into the different processing used for
chickpea. Further research is needed to use these
processing parameters to know their effect on different
functional, compositional and physicochemical properties.
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