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Changes in starch, functional, and microstructural characteristics that occurred in chickpea and lentil

under soaking, cooking, and industrial dehydration processing were evaluated. Available starch in

raw legumes represented 57-64%, and resistant starch (RS) is a significant component. As a result

of cooking, available starch contents of soaked chickpea and lentil were significantly increased

(21 and 12%, respectively) and RS decreased (65 and 49%, respectively) compared to raw flours. A

similar trend was exhibited by dehydration, being more relevant in lentil (73% of RS decrease). The

minimum nitrogen solubility of raw flours was at pH 3, and a high degree of protein insolubilization

(80%) was observed in dehydrated flours. The raw legume flours exhibited low oil-holding

capacities, 0.95-1.10 mL/g, and did not show any change by thermal processing, whereas

water-holding capacities rose to 4.80-4.90 mL/g of sample. Emulsifying activity and foam capacity

exhibited reductions as a result of cooking and industrial dehydration processing. The microstruc-

tural observations were consistent with the chemical results. Thus, the obtained cooked and

dehydrated legume flours could be considered as functional ingredients for food formulation.
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INTRODUCTION

Food legumes have beenwell recognized as valuable sources of
dietary proteins and an important constituent of daily diet in
many countries. They are also a good source of carbohydrates,
calories, minerals, and vitamins; however, their protein digest-
ibility is limited due to protein structure and the presence of
antinutritional factors (1). Starch is the most abundant carbohy-
drate (22-45%) in the legume seeds (2) and also represents the
major source of available carbohydrate in the human diet. The
rate of starch digestion in legumes is lower, both in vitro and in
vivo, than that in the cereals. In vivo, starch is hydrolyzed by
salivary and pancreatic R-amylase (3). However, a proportion of
starch in starchy foods generally escapes to complete digestion.
This fraction is called “resistant starch”, which shows properties
similar to those of fermentable fibers. Thus, the role of legumes as
therapeutic agents in the diet of healthy vulnerable populations
(diabetes, metabolic disorders ...) is actually of great interest (4).

Among legumes, chickpea (Cicer arietinum L.) and lentil (Lens
culinaris L.) are most commonly used in many countries due to
their ideal cell wall polysaccharide composition and starch
properties. Foods based on these legumes are prepared by a wide
range of recipes and preparation methods. To improve their
palatability and nutritional quality, heat processing is a well-
established method for inactivating protease inhibitors, owing to

their effect on inhibitor (usually protein) conformation (2).
However, it has also been reported to be quite influential on the
protein functional properties, the extent, of course, depending on
the level of protein denaturation. Limited denaturation could be
beneficial, whereas extensive protein denaturation has been
reported as being detrimental to functional properties, especially
in relation to surface properties (5). In this sense, dehydration is a
technology classified as a high-temperature process to produce a
variety of foods and ingredients (6, 7) and offers numerous
advantages including prolonged preservation time, high produc-
tivity, and high quality of resulting products (8). Therefore, an
improved utilization of legumes can be obtained through the
implementation of diverse processing strategies to facilitate the
development of economically viable alternative products.

Extensive literature has been reported related to the nutri-
tional improvement of lentil and chickpea by thermal processing.
However, there is scarce information about a dehydration process
after the traditional procedure (soaking and cooking). Presum-
ably, lentil and chickpea undergo ultrastructural changes dur-
ing this thermal processing that would affect their functional
characteristics and can influence some of the physiological
and metabolic properties of these legumes, such as their low
glycemic response and hypocholesterolemic effect (4). Hence, the
objective of this investigation was to consider the influence of
soaking, cooking, and dehydration treatment on starch and
functional properties in lentil and chickpea and also to evaluate
the changes in microstructural characteristics that occur during
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the processing, with a view to providing useful information
toward effective utilization of these legumes in various food
applications.

MATERIALS AND METHODS

Samples. Seeds of chickpea (C. arietinum L.) variety Sinaloa and lentil
(L. culinaris L.) variety Pardina were used in the present study. They were
obtained from the agri-food industry Vegenat S.A. (Badajoz, Spain). From
each legume there were batches of 250 g of raw and processed samples.

Processing Conditions. Legumes were subjected to an industrial
dehydration process carried out in Vegenat SA. The processing consisted
of the following steps: Raw material was soaked in tap water (1:10 w/v)
for 16 h at 20 �C. After the soaking water had been drained, the soaked
legumes were cooked by boiling for 70 min in the case of chickpeas and
for 30min in the case of lentils. The soaked-cooked seedswere dehydrated
in a forced-air tunnel at 75( 3 �C for 6 h. Samples were taken at each step,
immediately frozen in liquid nitrogen, freeze-dried, sieved (0.5 mm), and
stored at-20 �Cuntil analyzed. Samples were named as follows: S (soaked
legumes), S þ C (soaked and cooked legumes), and S þ C þ D (soaked,
cooked, and dehydrated legumes). The seeds were milled to flour and
passed through a 250 μm sieve.

Starch Determination. Starch content was determined from the
residue obtained after soluble carbohydrate extraction according to the
method of Li et al. (9) as modified by Vidal-Valverde et al. (10) using a
procedure based on enzyme digestion of starch to glucose for 3 h for total
starch and for 30 min for available starch. Resistant starch (RS) was
calculated by the difference between total and available starch.

Physicochemical and Functional Properties. pH. The pH was
measuredona slurry preparedwith 10 g of legume flour in 40mLofboiled,
deionized water according to the official AOAC procedure (11).

Protein Solubility. The pH-dependent protein solubility was deter-
mined according to the method ofWere et al. (12). Twenty-five milligrams
of cotyledon flourwas blendedwith 25mLofdistilledwater, and the pHof
the solution was set between 2 and 10 using 0.5 M NaOH and HCl. The
solution was mixed using a magnetic stirrer (1 h at 20 �C) and centrifuged
(12000g for 20 min at 4 �C). The supernatant was filtered through glass
wool, and nitrogen was estimated by using Kjeldhal’s method (11). The
soluble protein (percent) profile was determined.

solubility ð%Þ ¼ amount of N in the supernatant

amount of N in the flour
� 100

Bulk Density. According to the Chau and Huang (13) method, this
property was determined using a graduated cylinder (10 mL), previously
weighed, and filledwith sample to 10mLby constant tapping, until there is
no further change in volume and the content is weighted. The content was
weighed, and from the difference in weight, the bulk density of sample was
calculated as grams per milliliter.

Water-Holding Capacity (WHC). According to the method of
Chau and Huang (13), with slight modifications, 1 g of sample was stirred
in 10 mL of distilled water for 24 h in a centrifuge tube at room
temperature. After samples were centrifuged (2500g, 30 min), the super-
natantwas transferred to a graduated cylinder of 10mL,where the volume
was measured. The WHC was expressed as milliliters of water held per
gram of sample.

Oil-Holding Capacity (OHC). According to the method of Chau
and Huang (13), with slight modifications, 1 g of sample was mixed with
vegetable oil (1:10). The mixture was stirred for 30 min at room
temperature. After samples were centrifuged (2500g, 30 min), the super-
natantwas transferred to a graduated cylinder of 10mL,where the volume
was measured. The OHC was expressed as milliliters of vegetable oil held
per gram of sample.

Water Absorption Capacity (WAC). TheWACwas determined
essentially according to the method of Beuchat (14). One gram of flour
sample was mixed with 10 mL of distilled water in a centrifuge tube for 1
min in a vortex and then centrifuged at 3000-5000g for 30-45 min
depending on the availability of facility for this purpose. After separation
of the content, the volume of supernatant was recorded and used for
determination of water absorption; the results are expressed as grams per
milliliter of sample.

Swelling Capacity. According to the method of Robertson
et al. (15), 100 mg of flour sample was hydrated in a known volume of
distilled water (10 mL) in a calibrated cylinder at room temperature. After
equilibration (18 h), the bed volume was recorded and swelling capacity
expressed as volume occupied by sample per gram of original sample dry
weight.

swelling capacity ð%Þ ¼ V 2 -V 1

N
� 100

V1 = volume of flour sample before soaking, V2 = volume of soaking
flour sample, N = grams of flour sample.

Emulsifying Activity (EA). This property was evaluated following
themethod ofYatsumatsu et al. (16). One gramof flour sample wasmixed
with 20 mL of distilled water during 30 min. The mixture was made up to
25mL, followed by the addition of 25mLof corn oil, and homogenized for
3 min. The resulting emulsion was centrifuged at 2000g for 5 min, and the
emulsion volume was measured. EA was expressed as percentage of the
emulsified layer volume of the entire layer in the centrifuge tube.

Foaming Capacity (FC). This foaming property was determined
according to themethod of Bencini (17). One g of flour was dispersed in 50
mL of distilled water and whipped using a homogenizer (Polytron model
Brinkman Instruments) at 5000 g for 5 min. The volumes were recorded
into a 50 mL graduated cylinder. The volumes were recorded before and
after whipping and the percentage volume increase was calculated.

Gelation Capacity. This property was evaluated using the method
of Chau and Cheung (18). Suspensions were prepared in distilled water
with concentrations of 4, 8, 12, and 14% (w/v). Aliquots of these
suspensions (5 mL) were transferred to tubes and put in a water bath
for 60 min at 100 �C and then put in an ice bath for 60 min. The least
gelation concentration (LGC) was detected when the sample from the
inverted test tube did not fall or slip.

Scanning ElectronMicroscopy (SEM). SEMwas performed on
raw and processed chickpea and lentil. Lyophilized flour particles were
placed on double-stick adhesive tape mounted on aluminum stubs. The
samples were subjected to a nitrogen stream to remove unattached
particles and then covered with gold in a vacuum evaporator SC 502
sputter coater. Scanning electron micrographs were taken using a Philips
XL30 microscope that operated at an accelerating voltage of 20 kV and
was coupled to an EDAX DX4i analyzer.

Statistical Analysis. Results were analyzed using Duncan’s multi-
ple-range test (DMRT) (19). Differences were considered to be significant
at p e 0.05.

RESULTS AND DISCUSSION

Thermal processing can change the physicochemical charac-
teristics of legumes, due to the variations of their components.
The starch profiles of raw and processed legumes are summarized
in Table 1. Total starch content was 53.4 g 100 g-1 of dry matter
(DM) for raw chickpea and 46.3 g 100 g-1 of DM for raw lentil,
similar to those found in the literature (20-23). Bioavailability of
native starches from grain legumes is known to be relatively poor
compared to most cereal starches because they are relatively rich
in amylose and very resistant due to its higher crystallinity. The
available starch of the studied legumes represented 57-64% of
the total starch; therefore, the RS is a significant component of
this carbohydrate in raw samples (19.3 and 19.9 g 100 g-1 of DM
in chickpea and lentil, respectively).

After the soaking process, the level of total starch decreased
around 8-11%, due to the loss of amylopectin solubilized by
R-amylase action from the legume seed and also to differences in
seedsize,membranepermeability,andstarchstructure (21,22,24).
Soaking affects the available starch content to different extents in
the studied legumes, decreasing in the case of lentil (10%).
However, the concentration of RS is not much altered in the case
of lentil, but in the case of chickpea a significant decrease of RS
(28%) was observed. Different results are also found in the
literature (21), showing that changes in starch content during



10684 J. Agric. Food Chem., Vol. 57, No. 22, 2009 Aguilera et al.

soaking seem todependnot only on the type of solution employed
but also on the legume studied.

After cooking of soaked legumes, total starch content was not
affected in chickpea, whereas decreases of 14 and 21% were
observed in lentil compared to soaked and raw legumes, respec-
tively. The extent of variations in starch content after cooking
may be due not only to the type and physical characteristics of
legumes but also to the influence of previous treatment (24) and
different boiling times. Available starch contents of soaked
chickpea and lentil were further increased as a result of cooking
(21 and 12%, respectively), and resistant starch contents de-
creased significantly, falling 65% in chickpea and 49% in lentil
with respect to raw seeds. Hence, part of the resistant starch is
modified by heat during cooking and is converted into digestible
starch. A similar trend and similar RS values in conventionally
processed legumes have been found (21, 25, 26). Processing
treatments are known to enhance starch digestibility in legumes.
Soaking, cooking, and autoclaving of legumes reduce the levels of
starch but to lesser extents than antinutrients (phenolic com-
pounds, phytate, amylase inhibitor ...) and other soluble compo-
nents (24,25). Thus, the improvement in starch digestibility after
soaking and thermal treatments is due to gelatinization of starch
granules and, probably, to the decreasing levels of antinutritional
factors in the seeds. In fact, partial removal of tannins and phytic
acid probably created a large space within the matrix, which
increased the susceptibility to enzymatic attack and consequently
improved the digestibility of protein and starch after thermal
processing (27, 28).

Few data have been documented on the influence of industrial
dehydration on starch. The effect of dehydration was not sig-
nificant (p e 0.05) in total starch content in comparison with
soaked-cooked legumes, but it is notable that dehydrated lentil
showed higher starch digestibility than cooked lentil (10%
increase), accompanied by a large decrease of RS (47%). How-
ever, dehydrated chickpea exhibited no significant decreases in
either available or resistant starch. The effect of processing on
starch fractions is controversial. Osorio-Dı́az et al. (29) and

Mahadevamma and Tharanathan (30) verified that thermal
processing induces an increase in RS values, suggesting amylose
retrogradation as the major mechanism behind the reduction in
digestibility.However,Almeida-Costa et al. (31) reported thatRS
amounts in raw samples were almost twice higher than those
found in processed samples. The variations in the results of RS
can be due to the use of several in vitro procedures for the
quantification of resistant starch and consequently the resistant
starch contentwill vary according to the procedure used (3,31). In
addition, the freeze-dried treatment used for the sample prepara-
tion could have modified the amount and type of starch of
different samples analyzed (raw, soaked, soaked þ cooked,
soaked þ cooked þ dehydrated).

Physicochemical and functional properties of raw and pro-
cessed legume flours are presented in Table 2. The pH values of
the flours in water suspension are important because some
functional properties (mainly related to protein) such as nitrogen
solubility and emulsion properties are highly affected by pH
changes. There were no significant differences in pH among raw
legumes, whereas higher levels were shown in processed legumes.
Nitrogen solubility for raw chickpea and lentil flours was pH-
dependent (Figure 1), being used increasingly as a guide to protein
functionality. A sharp minimum solubility of nitrogen (27 and
29% for raw chickpea and lentil, respectively) was observed at pH
3.0, a level similar to that reported for minimum solubility in
other legumes (32). Under neutral conditions, both legumes
exhibited higher solubility (>80%), being maximum (100%) in
alkaline conditions. However, at acidic pH (pH 2) nitrogen
solubility was lower (60 and 75% in chickpea and lentil, re-
spectively) than at basic pH. A high degree of protein insolubi-
lization was observed in dehydrated legume flours (Figure 1), in
which nitrogen solubility scarcely reached 20%. Along a pH
gradient from 2 to 12, any increase in solubility was not
significant, although an increasing trend was observed at pH
>10. A marked reduction in protein solubility has been reported
after cooking of legumes up to pH 10.0 (13, 32), at which
solubilization occurred, suggesting that it was dependent on

Table 1. Starch Profile of Raw and Processed Legumes (Grams per 100 g of Dry Matter)a

legume raw soaked soaked þ cooked soaked þ cooked þ dehydrated

total starch

chickpea 53.4 ( 2.4 b 47.7( 2.7 a 47.6( 2.2 a 45.4( 3.4 a

lentil 46.3 ( 2.6 b 42.6( 2.9 b 36.7( 2.7 a 34.5( 2.5 a

available starch

chickpea 34.0( 2.5 a 33.8( 2.1 a 40.7( 2.5 b 38.9( 2.2 b

lentil 26.4( 1.6 b 23.6( 1.2 a 26.5( 1.2 b 29.1( 1.1 c

resistant starch

chickpea 19.3 ( 1.2 c 13.9( 0.7 b 6.8( 0.5 a 6.5( 0.6 a

lentil 19.9 ( 1.7 c 19.0( 0.8 c 10.2( 0.7 b 5.4( 0.5 a

aMean values of each row followed by different letters significantly differ when subjected to DMRT (p < 0.05).

Table 2. Physicochemical and Functional Properties of Raw and Processed Legume Floursa

legume pH bulk density (g/mL) OHC (mL/g) WHC (mL/g) WAC (mL/g) swelling capacity (%) EA (%) FC (%) LGC (%)

chickpea

raw 6.57 0.71( 0.05 a 1.10( 0.10 a 2.10( 0.10 a 2.20( 0.10 a 1.70( 0.10 a 22.9( 0.10 c 24.0( 0.20 b 8.0( 0.10 a

S 7.15 0.74( 0.05 a 1.00( 0.10 a 2.20( 0.10 a 2.20( 0.10 a 1.80( 0.10 a 11.1( 0.10 b 24.0( 0.20 a 8.0( 0.10 a

S þ C 7.39 0.79( 0.06 a 1.15( 0.10 a 4.80( 0.20 b 3.20( 0.10 b 3.10( 0.15 b 7.2( 0.10 a 8.0( 0.10 a 12.0( 0.10 b

S þ C þ D 7.05 0.81( 0.04 a 1.15( 0.10 a 4.90( 0.10 b 3.80( 0.20 c 3.50( 0.10 b 6.9( 0.10 a 8.0( 0.10 a 12.0( 0.10 b

lentil

raw 6.51 0.91 ( 0.05 a 0.95( 0.10 a 3.20 ( 0.10 a 1.80( 0.10 a 2.30 ( 0.10 a 47.4( 0.30 c 40.0 ( 0.20 c 8.0( 0.10 a

S 7.38 0.91( 0.05 a 0.90( 0.10 a 3.50( 0.20 a 2.30( 0.10 b 3.30( 0.10 b 5.3( 0.10 b 32.0( 0.20 b 8.0( 0.10 a

S þ C 7.19 0.92( 0.05 a 0.95( 0.10 a 4.70( 0.10 b 3.10( 0.10 c 3.50( 0.15 b 5.3( 0.10 b 20.0( 0.10 a 12.0( 0.10 b

S þ C þ D 7.03 1.02( 0.07 a 0.90( 0.10 a 4.80( 0.10 b 3.60( 0.20 d 5.10( 0.20 c 1.8( 0.10 a 20.0( 0.10 a 13.0( 0.10 b

aMean values of each row followed by different letters significantly differ when subjected to DMRT (p < 0.05).
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deprotonation of lysine and arginine. Thus, the thermal proces-
sing may have denatured the protein, causing reduced solubility
and affecting its applications in food formulations.

The bulk density exhibited by these legumeswas comparable to
that of other common legumes reported by Dzudie and
Hardy (33), Prinyawiwatkul et al. (34), and Jood et al. (20). The
flour prepared from lentil is significantly (p < 0.05) more dense
than that prepared from chickpea. There were no significant
differences in bulk density among flours made from processed
lentil and chickpea. This property is important with regard to its
packaging. In relation to oil holding capacity, the studied legume
flours exhibited similar values, 1.10 and 0.95 mL/g in raw
chickpea and lentil, respectively. The lipophilic tendency was less
than that for soybean (1.93 mL/g) but higher than those reported
for cowpea flours (0.69 mL/g) (34) and beans (0.80 mL/g) (35).
The variations of OHC depend on the presence of nonpolar side
chains, which bind the hydrocarbon side chain of oil. TheOHCof
flours prepared from lentil and chickpea did not show any
differences by thermal processing. Due to their low OHC, these
flours may be a potential ingredient in fried products because it
would provide a nongreasy sensation.

With regard to water holding capacity, raw lentil flour ex-
hibited a greater level than chickpea, and the results were similar
to the literature (20, 33). The effect of processing was significant
during cooking and dehydration, showing a drastic increase
of WHC in both legumes, which reached similar levels
(4.80-4.90 mL/g). It is probably due to protein denaturation
and unfolding that exposes previously hidden peptide bonds and
polar side chains, holding more water molecules (5). In addition,
another factor influencing the WHC is the carbohydrate content
such as starch, which gelatinizes, and dietary fiber, which absorbs
water (36). The increase of insoluble dietary fiber previously
observed (37) and available starch in these legume flours during
cooking and dehydration processes may affect this functional
property. The WHC is desirable in foods such as sausages,
custards, and doughs because these are supposed to imbibe water
without dissolution of protein, thereby attaining body thickening
and viscosity.For this reason, processed lentil and chickpea flours
could be used in the formulation of the above foods. In addition,
the hydrophilic capacity was also measured by water absorption
capacity and swelling capacity, which are initially surface phe-
nomena, but higher hydration level absorption can occur inside
the structure, leading to swelling and eventual solubilization. The
results obtained were similar to the literature (20) and exhibited
the same trend as WHC in processed samples.

Emulsifying activity, as shownTable 2, was higher in raw lentil
flour than in chickpea, lentil levels being similar to those of the

mucuna bean, jackbean, and soybean EAs (18,35). Data revealed
that this property from soaked, cooked, and dehydrated legume
flours was less than those from raw legume flours. These results
confirm that the emulsion capacity response was very noticeable
to heat treatment as has been previously reported (18, 35).
Variations in EA during processing are possibly a result of
interactions of different components of the flours that influence
their properties. Our observations agree with the general correla-
tion between EA and protein solubility as reported in previous
works (19). Foam capacity was more stable in raw lentil flour
than in chickpea flour. Nevertheless, the effect of thermal
processing produced a reduction in the FC in both legumes,
showing processed chickpea flours the highest reduction (67%).
A similar tendency was found in processed beans (75% of
reduction in FC during cooking) (36).

Gelation capacity, important in the preparation and accept-
ability of many foods, was studied using the least gelation
concentration (LGC) as the index of gelation capacity; a low
LGC means better gelation property. The LGC of these legumes
was similar to that found in the literature (18, 35). Both raw and
soaked legume flours exhibited the lowest LGC (8%), whereas
the minimum concentration needed for the formation of the gel
increased with the thermal treatment (12-13%). The variations
in gelling properties have been associatedwith the relative ratio of
different constituents such as proteins, lipids, and carbohydrates
in legume flours. Gelation mechanism and gel appearance are
fundamentally controlled by the balance between attractive
hydrophobic interactions and repulsive electrostatic interac-
tions (37). Likewise, LGC is influenced by a physical competition
for the water between the protein gelling and the starch gelatini-
zation (5, 37). The higher LGC in processed flours is due to the
increase in the thermodynamic affinity of proteins for the aqu-
eous solution, which decreased the interactions between proteins.
When cooking is applied, protein denaturation and aggregation
are produced and repulsive/attractive forces appear, caused by
surface charges from various functional groups exposed by the
thermal unfolding of the protein (5).

Scanning electron micrographs of raw and processed chickpea
and lentil are presented in Figures 2 and 3, respectively. In both
raw legumes, the starch granules, which as other SEM studies
have also pointed out (26), were the most representative storage
components. These starch granules exhibited similar shapes of
starch granules, spherical-oval, although the size of the chickpea
granule was slight smaller (17 μm) than that of the lentil granule
(22 μm) (Table 3). In raw samples, starch granules were char-
acterized by a smooth surface surrounded bywell-defined protein
bodies or fragments of protein matrix disrupted during milling

Figure 1. Nitrogen solubility of raw and processed legume flours.
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(Figures 2A and 3A). These results agreed with those found in the
literature (26, 38, 39).

The extent of the morphological changes occurring during
processing is different depending on the legume type. During

Figure 2. SEM of chickpea flours: (A) raw; (B) soaked; (C) soaked þ cooked; (D) soaked þ cooked þ dehydrated. Bar size = 20 μm.

Figure 3. SEM of lentil flours: (A) raw; (B) soaked; (C) soaked þ cooked; (D) soaked þ cooked þ dehydrated. Bar size = 20 μm.
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soaking, visible changes were produced within chickpea;
starch granules appeared to maintain a regular structure (oval),
and a slight increase of granules was observed in Figure 2B.
However, more pronounced changes were detected in soaked
lentil; starch granules became greater (3.5 times higher), rougher,
and slightly eroded (Figure 3B). This fact could be mainly due to
the water absorption of starch that occurred to a higher extent in
lentil than in chickpea, and also protein bodies started to
disappear in both flours due to activated proteolytic enzyme
action.

Scanning electron micrographs of cooked chickpea and lentil
are shown in Figures 2C and 3C, respectively. The action of
cooking after soaking enlarged extensively the size of the starch
granule, reaching similar sizes (121-125 μm) in both legumes.
These enlargements represent sizes 7.3 and 5.5 times greater than
raw starch granules in chickpea and lentil, respectively. The
granules still kept the internal integrity, however; their surface
was flattened as an effect of heat action. Proteins were mostly
disrupted and, in some cases, remnants of the protein matrix
adhering to the starch granules could be found. Similar observa-
tions were also found in traditionally and microwave cooked
chickpeas and beans (26). With regard to dehydration after
soaking and cooking processing, scanning electron micrographs
were similar to cooked legumes. However, they exhibited smaller
starch granules compared to cooked seeds. The reductions of
dehydrated starch granules with respect to cooked were relevant
and similar in both legumes (21-26%), and a more pronounced
flattened surface of starches was also observed in Figures 1D and
2D. Thus, differences in starch granules after dehydration were
due to the loss of holding water, but the starch granule integrity
was kept. Amylose and amylopectin are modified during both
processes and increase the amount of available starch versus total
starch. Interestingly, the internal integrity exhibited by starch
granules in the cooked and dehydrated flours was not detected in
other processings such as fermentation or germination, which
brought about endocorrosion of starch granules (38) and altera-
tion in protein structure (40), respectively.

In conclusion, as a result of cooking and dehydration, there is
an increase of available starch accompanied by a decrease of RS.
However, the extent of these changes depended on the type of
legume and the process applied. With regard to functional
properties, the raw and processed legume flours exhibited low
OHC, being a potential ingredient in fried products because it
would provide a nongreasy sensation. In addition, the hydro-
philic tendency of these samples showed a drastic increase as the
effect of cooking and dehydration due to protein denaturation
and also the carbohydrate content that influences the water
holding. However, thermal processing may have denatured the
protein, causing reduced solubility, emulsifying activity, and
foam and gelation capacities. Thus, lentil and chickpea flours
could be used as functional ingredients in food systems and
incorporated into products such as bakery products, seasonings,
and sausages among others. SEM provided information regard-
ing the changes in structural characteristics that occurred in
legumes under soaking, cooking, and dehydration processes.
These microstructural modifications in the main components of
flours are consistent with the increase of available starch of
legumes after thermal processing.
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