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Whole flour, defatted flour and freeze dried protein concentrate were obtained from chickpea. Protein
solubility, water and oil absorption capacity, emulsifying capacity and emulsion stability, foaming capacity
and foam stability were used to evaluate the chickpea protein derivates from a chemical and functional
standpoint. The chickpea protein concentrate, obtained by alkaline solubilization (pH 10.5) followed by
isoelectric precipitation at pH= 4.5 and freeze drying, displayed the highest protein content and the best
functional properties. The profiles of the solubility curves corresponding to the chickpea protein
concentrate indicate a minimum solubility at pH ranging from 4 to 5 (i.e., protein solubility of 12.5% in the
case of chickpea protein concentrate) and two domains of maximum solubility at pH 1.8 and 11.8 (i.e.,
protein solubility of 53.2% and 85.7%, respectively, in the case of chickpea protein concentrate). The
profiles of protein solubility curves are similar with the profiles of the emulsifying capacity vs. pH curves.
The foaming capacity increased with the increase of chickpea protein concentration. After 120 hours of
storage the foam stability was higher than 90%. The experimental data show that the chickpea protein
concentrate can be successfully used as food ingredient due to its chemical composition and functional
properties.
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1. Introduction
Chickpea (Cicer arientum L.) is considered the 5th valuable legume in terms of worldwide economical
standpoint. Chickpea is planted in Southern and Western areas of Asia and Mediterrana. India is the
principal, high quality chickpea provider, realizing 75% of the world gross production (Grelda et al.,
1997). Chickpea is considered a good source of proteins and carbohydrates. Like other legumes,
chickpea’s globulins and albumins represent the two major fractions found in beans. In legumes, the
globulins, represented mainly by legumin and vicinin, reach up to 60-80% out of the extractable proteins
of the beans whereas the albumin fraction, less abundant, represents up to 15-25% out of the beans’
proteins (Singh et al., 2008). Albumins play an important role in chickpea beans since they contain most
of the enzymes and proteins with metabolic significance. In addition, they display a higher nutritive value
compared to the globulins due to their high content in lysine and sulfur aminoacids.
The increased demands for food products and functional, pharmaceutical and cosmetic ingredients,
obtained from vegetal sources, determined the interest increment for the production of purified protein
derivates of vegetal origin, such as concentrates, isolates and hydrolysates (Pawar and Ingle, 1988;
Tharanathan and Mahadevamma, 2003). Numerous researchers have been preoccupied with the obtaining
of protein concentrates and isolates from vegetal, animal or microbial sources as well as with the
characterization from these products’ functional standpoint (Aluko and Yada, 1993; Burgess and Kelly,
1979; Sathe and Salunkhe, 1981; Sathe et al., 1982a; Sathe et al., 1982b; Sanchez-Vioque et al., 1999).
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In order to obtain food-grade protein isolates, the high molecular weight oligomeric storage proteins from
seeds are generally separated by alkaline solubilization followed by isoelectric precipitation (Derbyshire
et al., 1976; Sanchez-Vioque et al., 1999).
The chickpea proteins are better appreciated compared to the proteins from pigmelion peas, blackgram
and greengram (Kaur and Singh, 2007) due to their high biological value, high biodisponibility, wellbalanced aminoacids content and low content in antinutritional factors (Friedmen et al., 1996 and
Santiago et al., 2001). The low fat content combined with the special characteristics of chickpea beans
justify the nowadays concerns for chickpea protein isolates and concentrates obtaining and their
functional characterization. Sanchez-Vioque et al. (1999) investigated the protein recovery yield in
different experimental conditions, functional properties and the composition of chickpea protein isolates
in direct relations with the possibility of using these isolates in food industry. According to their findings,
the protein isolates characterized by a high absorption capacity of water and oil are adequate for obtaining
cheese, bakery and meat products. On the other hand, the isolates with a good emulsifying capacity can be
successfully used for obtaining products such as frankfurter and cream-like products. Very few scientific
data regarding the lyophilized chickpea protein concentrate obtaining and characterization, from a
chemical and functional standpoint are reported. Therefore, the objectives of the present study were to
obtain whole and defatted chickpea flours and freeze dried protein concentrate and to characterize these
products from the chemical and functional properties standpoint. Concerning the functional properties of
the chickpea proteins, the water and oil absorption capacity, protein solubility profile and emulsifying
capacity for different pH values, emulsions stability, foaming capacity and foam stability were
investigated.
2. Materials and methods
2.1. Materials
The chickpea beans, purchased from a local store specialized in selling vegetable products were used to
obtain the protein derivates: whole flour, defatted flour and lyophilized concentrate.
Analytically pure reagents were used for the chemical tests and treatments. For testing the emulsifying
capacity, the commercial sunflower oil was used.
2.2. Obtaining the whole chickpea flour
After drying, the chickpea beans were milled using a WZ-2 (Sadkiewicz, Polonia) cereal mill. With the
aim to remove the impurities and to obtain an uniform product, the whole flour was passed through a 312
mesh sieve.
2.3. Obtaining the defatted chickpea flour
The defatted chickpea flour was obtained after the removal of fats by extraction with ethanol, at 22ºC.
The whole flour-ethanol blend (1:5 w/v) was periodically mixed, during the extraction process. The total
removal of fats was achieved after four extraction cycles of four hours each. In order to remove all
ethanol, the chickpea flour was dried at 43ºC, for 36 hours, in hot air flow.
2.4. Obtaining the lyophilized chickpea protein concentrate
The lyophilized protein concentrate was obtained from defatted chickpea flour. Because the chickpea
proteins display a higher solubility for pH > 9.0, the pH of the defatted flour dispersion prepared in water
was adjusted, by using 2N NaOH, to 10.5. Fiber and starch fractions were removed from the alkaline
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dispersion by centrifugation at 3000 rpm, for 20 min (temperature of 4ºC). Solubilized proteins were
collected as supernatant which subsequently was used for the protein fraction recovery by isoelectric
precipitation (pH 4.5). For pH adjustment, a 2N HCl solution was used. After precipitation, the proteins
were separated by centrifugation at 3000 rpm, for 20 min. (temperature of 4ºC). The precipitate was
washed with distilled water (pH 7.0) for three times, to achieve a complete removal of any existing
contaminant. The lyophilization of the resulted protein concentrate was performed with Alpha 1-4 LD
Plus freezer. The samples were first frozen for 42 hours at – 48ºC using a Platinum 500 ultra-freezer. The
lyophilization conditions were: heating of the pump for 20 min; main drying for 2 hours at 1 mbar and 20ºC followed by a final drying for 20 min.
2.5. Proximate chemical composition
Protein, fat and ash contents were determined using the A.O.A.C. methods (1990). The contents in crude
fibers and carbohydrates were estimated by subtracting the sum of ash, fat and protein from the dry
weight of the samples. pH values were recorded with a pH-meter (model Hanna) on a 10 % aqueous
protein dispersion (w/v) at 22 ± 1ºC.
2.6. Determination of the chickpea protein derivates functional properties
Proteins solubility. Proteins solubility of the chickpea protein derivates was studied at pH values ranging
from 1.8 to 11.8. Initially, suspensions with 5% protein derivate in 0.1 N NaOH, were obtained. For a
better solubilization, the suspensions were stirred for 2 hours, at room temperature, using a magnetic
stirrer. Aliquot parts from the suspension were sampled for the determination of protein solubility at
different pH values achieved after the adjustment with a 2M HCl solution and 1 hour agitation. Before
mineralization, the samples were centrifuged at 3000 rpm, for 30 min. The mineralization has been
performed into a Trade Raypa type installation. From the resulted supernatant, the total nitrogen was
determined according to the semimicro Kjeldahl method. Protein solubility curves were constructed by
using the average values obtained for each considered pH value.
Water and oil absorption. Water absorption capacity was determined by centrifugation, according to the
method described by Sathe et al. (1982a) which was slightly modified. The samples (3 g of protein
derivates) were first dried for 24 hours at 104ºC and afterwards placed into pre-weighed centrifuge tubes
and dispersed into 25 ml of distilled water. The obtained dispersions were occasionally stirred. After 30
min of storage at 22 ± 1ºC, the samples were centrifuged for 30 min at 3500 rpm. The supernatant was
removed and the moisture excess was released by drying for 25 min at 50ºC. The tubes containing the
samples were reweighed. The water absorption capacity was determined for a genuine pH of the protein
suspension and expressed as ml absorbed water/g of protein derivate.
Oil absorption was determined according to the method of Lin et al. (1974). The protein derivate (0.5 g)
was homogenized with 6 ml of sunflower oil into a pre-weighed centrifuge tube. Aiming for a better
proteins dispersion in oil, the content of the tubes was stirred for 1 min, afterwards, the samples were
centrifuged at 3000 rpm, for 25 min, 30 min later the oil separated being removed. Oil absorption capacity
was expressed as ml oil/g of protein derivate.
Emulsifying capacity. In order to study the effect of pH on the emulsifying capacity of the chickpea
protein derivates, 1% (w/v) protein dispersions were obtained. Subsequently, the protein dispersions were
stirred with a magnetic stirrer and the pH adjustments, from 1.8 to 11.8, were made by adding 2M NaOH
or 2M HCl solutions.
For the determination of emulsifying capacity, 50 g of protein suspension were transferred into a blender
vat and the sunflower oil was added, under continuous mixing until the emulsion was destroyed (Beuchat,
1977). Measurements were performed at 22 ± 1ºC and the emulsifying capacity was expressed as ml of
oil used for the emulsification of 1 g of chickpea protein derivate.
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Emulsions preparation. The oil/water emulsions, stabilized with chickpea proteins (whole flour or protein
concentrate), were prepared from 50 g of 1% aqueous protein suspension and 30 ml of sunflower oil by
vigorous stirring for 3 min using a Braun mixer at 22ºC. The temperature control was made by immersing
the samples in a water-ice mixture bath. Each emulsion obtained was immediately assessed from the
physical appearance and texture standpoint.
Emulsion stability during centrifugation. Stability of emulsion was evaluated by measuring the quantity
of released water from the emulsion, after centrifugation, according to the method described by Johnson
and Brekke (1983). The emulsion was centrifuged at 3000 rpm, for 10 min. Emulsion stability, expressed
in terms of percents of water released from emulsion, after centrifugation, was calculated using the
following formula:
% Released water = B/A·100,
where A is the total volume of the emulsion (ml) and B is the volume of aqueous phase released from
emulsion, after centrifugation (ml)
Foaming capacity and foam stability. Foaming capacity and foam stability were determined according to
the method described by Lin et al. (1974), slightly modified. 100 ml of 1% (w/v) aqueous chickpea
protein dispersion was homogenized using a Braun blender for 3 min. Dispersion volume was recorded
before and after foaming.
Foaming capacity was expressed as percentage of volume increase after stirring. The foam stability was
recorded at 30, 60, 90, 120, and 150 min storage at room temperature.
2.7. Statistical analysis
Sigma Plot 2001 Software was used for the statistical analysis of the experimental data. Each experiment
was performed in triplicate and the results were expressed as average values. The standard deviations
were smaller than 5%.
3. Results and discussions
3.1. Approximate chemical composition
The chemical composition of the chickpea protein derivates: whole and defatted flour, and lyophilized
concentrate is depicted in Table 1. The protein content of whole flour was 23.08 ± 1.23%, which
corresponds to Kabuli biotype chickpea, with 22.8 ÷ 24.9% protein content.
By fat removal from the chickpea flour, the proteins content slightly increased up to 23.53 ± 1.31%
whereas fat content decreased from 6.65 ± 0.28% to 0.66 ± 0.02%. The fat content was lower than the one
reported by Sanchez-Vioque et al. (1999), respectively 1.5%. The remaining lipids, mainly nonpolar, play
an important role in the product aromas and they interact with proteins (Kikugawa et al., 1981; SánchezVioque et al., 1998; Rackis et al., 1979).
The total carbohydrates, mainly represented by starch and fibers, are the major constituents of the
chickpea flour. The recorded level of the total carbohydrates was 57.88% for whole flour, and 62.17% for
defatted flour. These findings are in agreement with the carbohydrates levels reported by Kaur and Singh
(2007) for the Kabuli type chickpea, respectively 60.2 ± 2%. The total starch content was 42.5 ± 1.96%,
for the defatted flour. According to Meares et al. (2004), for the chickpea Desi and Kabuli type, amylose
represents 26.1 and 26.4%, respectively, out of the total content of starch which could represent 45.2 and
42.1%, respectively.
Ash content, represented 3.21 ± 0.11% of the whole chickpea flour, was higher than the levels of
2.72÷2.91%, reported by Sanchez-Vioque et al. (1999), and than the levels of 2.71÷2.91%, reported by
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Kaur and Singh (2007). For the defatted flour, the ash content was slightly higher than that of whole flour,
respectively 3.53 ± 0.15%.
Lyophilized protein concentrate was characterized by a protein content of 81.54 ± 3.87%, and low
contents in fats, respectively 1.25 ± 0.04%, and in ash, represented by 2.85 ± 0.09%. The ash content was
superior to the content of 0.71%, reported by Sathe et al. (1982b) for the lyophilized lupine protein
concentrate. By refinement, the total carbohydrates level was substantially diminished to 10.33%, level
which is characteristic to the protein concentrates with similar content in proteins (higher than 75%).
Table 1. Chemical composition of chickpea flours and lyophilized protein concentrate
Whole flour
Defatted flour
Protein concentrate
Moisture, g%
9.18 ± 0.38
10.11 ± 0.43
4.03 ± 0.15
Total proteins, g%
23.08 ± 1.23
23.53 ± 1.31
81.54 ± 3.87
Fats, g%
6.65 ± 0.2 8
0.66 ± 0.2
1.25 ± 0.04
Ash, g%
3.21 ± 0.11
3.53 ± 0.15
2.85 ± 0.09
Carbohydrates, g%
57.88
62.17
10.33

3.2. Proteins solubility
Proteins solubility at different pH values represents a performance indicator of protein flours,
concentrates and isolates when used in different food systems, and gives indications about protein
denaturation degree during chemical and thermal treatments Horax et al. (2004). The proteins solubility
profiles, corresponding to the chickpea flour and protein concentrate, presented in Figure 1, indicate a
minimum of solubility for pH values of 4.0 to 5.0 and two zones of maximum solubility for the extreme
pH values. According to Vani and Zayas (1995), the isoelectric pH of most of vegetal origin proteins
corresponds to values between 4.0 and 5.0. Therefore, the lack of electrical charge for pH = 4.5,
influenced negatively the water binding and the solubility of proteins. Under these conditions, the whole
chickpea flour displayed a protein solubility of 25.84% and the chickpea protein solubility was 12.5%.
For extreme pH values, the net electrical charges are high, and allow rejection forces between the protein
chains and the protein solubility increase. In case of pH = 11.8, the protein solubility was 91.25%, for the
whole flour, and 85.7%, for the protein concentrate, while in the case of pH = 1.8, the proteins solubility
was 58.9%, for the whole flour, and 53.2%, for the protein concentrate. Kinsella (1979), Hermansson
(1979) and Lillford (1983) reported that the reduction in solubility, at very low pH values, is due to the
protein denaturation and insolubilization processes.
The profiles of solubility curves obtained based on our experimental data are in agreement with other
findings regarding soy (Achouri et al., 1998), lentil (Bora, 2002), chickpea (Sanchez-Viogue et al., 1999;
Kaur and Singh, 2007) and rapeseed (Goncalves et al., 1997). The decrease of protein solubility in the
protein concentrate compared to the chickpea flour is the result of protein denaturation during fat
removal, chemical treatments applied for protein purification, and during the lyophilization process.
3.3. Functional properties
3.3.1. Water absorption capacity
Whole flour and protein concentrate from chickpea showed a water absorption capacity of 126±5.83 ml
H2O/100 g and 176±7.25 ml H2O/100 g product, respectively. Water binding properties of proteins are
determined by their degree of interaction with water.
Water retention capacity of proteins depends on some parameters such as: particle size, steric factors,
conformational characteristics, hydrophilic/hydrophobic balance of aminoacids and presence of lipids,
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sugars and tannins associated with proteins (Han and Khan, 1990), in greater quantities in flours and
concentrates compared to protein isolates.
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Figure 1. The solubility profiles for chickpea whole flour and lyophilized protein concentrate

Carbohydrates and other components present in different flours or various concentrates and isolated from
vegetable protein negatively influence the water absorption properties (Kilara et al., 1972; Kinsella, 1979,
Tjahjadi et al., 1988).
The obtained chickpea protein concentrate presented a more reduced water absorption capacity compared
to the isolates analyzed by Sánchez-Vioque et al. (1999) (water absorption capacity of 343.7 and 199.5%,
depending on the isolation technique used), but similar to the value reported by Sathe, et al. (1982) for the
chickpea protein concentrate (1.84 ml H2O / g).
These differences are explained by the higher protein content of protein isolates and also can be
accounted for distortions during drying by lyophilization. In addition, Summer et al. (1981) reported
similar water absorption capacity (205%) for the lyophilized chickpea protein concentrate.
Concentrates and protein isolates from chickpea, compared with flour, have a higher capacity to swell,
distort and separate, that allows additional exposure of binding sites of water and increase water
absorption.
3.3.2. Oil absorption capacity
At industrial level, oil absorption capacity is very important in the case of mayonnaise manufacture
(Escamilla-Silva et al., 2003), due to its influence upon the emulsifying capacity.
Whole chickpea flour examined by us, had an oil absorption capacity of 0.72 ml oil / g flour (313 ml ±
12.2 ml ulei/100 g protein) versus 1.0 ml oil / g flour (426 ml ± 16.1 ml ulei/100 g protein) for whole
chickpea flour, values lower than those reported by Kaur (2007) (1.05-1.25 g oil /g). These differences
arise from the oil type used (corn oil instead of sunflower oil) and the centrifugation conditions.
Fat removal caused the increase of oil absorption capacity, when flours are used as extension agents in
salamis, and meat substitutes as well as in the bakery production.
Oil absorption capacity varied with the type of protein derivate (Figure 2.), protein solubility and the
degree of protein distortion, being smaller in the case of the protein concentrate (205.1 ml ± 8.23 ml
oil/100 g protein). The obtained results are comparable with those reported by Kinsella (1979) indicating
significant variation due to the year of cultivation of chickpea (1.59-2.58 ml/g) and with the values
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Oil absorption capacity,
g oil/100 g proteins

reported by Paredes-Lopez et al. (1991), for chickpea isolate (1.59-2.58 ml/g) and Sefa-Dedeh
Yiadom-Farkye (1988), for the cowpea isolate (2.0-2.22 ml oil/g).
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Figure 2. Oil absorption capacity of chickpea flours and protein concentrate
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3.3.3. Emulsifying capacity -The effect of pH on the emulsifying properties
Emulsions play an important role in the manufacture of food products such as ice cream, mayonnaise,
dressings, emulsified sausages and pastry products. Emulsion, as a heterogeneous structure, consists
mainly of two immiscible phases; the fat phase is, most of the cases, dispersed in the continuous phase.
This structure has a low stability, which can be improved by adding surface active agents - named
emulsifiers, as is the case of chickpea protein derivates. The emulsifying capacity and the emulsion
stability are indicators used to evaluate the emulsion stabilising properties of the vegetable protein
derivates (Han and Khan, 1990; Sánchez-Vioque, et al., 1999).
The ability of proteins to form stable emulsions depends on the size, charge, hydrophobic surface and
flexibility of protein molecules (Turgeon et al., 1992). These properties of proteins are affected by
environmental factors such as pH and ionic strength.
Emulsifying capacity of chickpea flour was measured at different pH values of the protein suspension.
Relationship between emulsifying capacity and pH, for each type of protein derivate, is shown in Figure
3.
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Figure 3. The effect of pH value on emulsifying capacity of chickpea whole flour and protein concentrate

Chemical and functional characterization of chickpea protein derivates 23

The emulsifying capacity of chickpea protein concentrate was much higher than that of defatted flour.
Flours and protein concentrates capacity to emulsify oil into the form of fine particles in a protein
suspension, is assigned to soluble proteins. Soluble proteins have surface properties due to their
amphiphilic nature and tendency to form protein films at oil-water interface. In the case of 1% protein
suspension, the protein adsorption at oil-water interface is achieved by controlled diffusion, where the
protein is oriented with lipophilic residues to the oil phase and the hydrophilic aqueous phase.
The emulsifying capacity of proteins depends on the hydrophilic-hydrophobic balance (Chi-Fui et al,
1997), which is affected by the pH value. The maximum levels of emulsifying capacity are recorded at
extreme pH values (EC of 152.67 ml oil/g at pH 2.56, and EC of 550 ml oil/g at pH 11.8). Lower
emulsifying properties were found for the pHi (4.0 to 5.0) of chickpea proteins. The lowest values were
recorded at pH 4.5 (23.3 ml oil/g whole flour and 78 ml oil/g for protein concentrate). At this pH value,
the net electrical charge of proteins was zero and the lowest solubility corresponds to pHi of chickpea
proteins and of vegetable proteins in general. Zhang et al., (2007) reported that at the pHi, the amount of
proteins adsorbed at the oil - water interface is lower and the oil particle size is larger. Creenwedge et al.,
(1974), and Hung and Zayas (1991) found similar emulsifying capacity vs. pH and protein solubility vs.
pH variations.
Our results regarding the dependence of the emulsifying capacity on the pH of protein suspension are
consistent with the results of other researchers for different vegetable proteins (Mwarsanu et al., 1999;
Lawal and Adebowal, 2006).
3.3.4. Foaming capacity and foam stability
Foaming capacity and foam stability are used as indicators of foaming properties of flours, concentrates,
and protein isolates (Mwasaru et al., 1999). Proteins foam when agitated, due to their surface properties.
Whole chickpea flour led to relatively small volume increment and low density foams were formed with
relatively high stability. Foaming capacity of whole flour depends on the concentration of aqueous
suspension. We noted an increase of the foam volume of 27% in the case of 1% protein suspension and of
50% in the case of 5% protein suspension, while a decrease of the foam volume was noticed in the case of
7 and 10% suspensions (Figure 4a.). A similar trend was observed for proteins derived from beans (Sathe
and Salunkhe, 1981; Adebowale and Lawal, 2003).
Defatting led to an improvement of surface properties of chickpea protein and to the foam volume
increase for concentrations ranging from 5% to 60% whole chickpea flour. By increasing the whole flour
concentration, denser and more stable foams are obtained (Figure 4b.). Foam stability of the chickpea
flour was assessed based on the foam volume decrease in time. Foam stability is important because the
choice of suitable foaming agents depends on their ability to maintain the foam for as long time as
possible (Lin et al., 1974).
The whole chickpea flour presented a good stability of the foam (> 90%) after 90 min of storage at room
temperature for samples with a concentration of 5%. According to Adebowale and Lawal (2003),
increased concentrations of chickpea flour protein brings about protein – protein interaction improvement,
as a consequence, easing the forming of a multilayered cohesive protein film, at the air/water interface.
Protein film formation provides resistance to coalescence of air bubbles. Also, by increasing the
concentration of chickpea flour ensures the formation of a thicker film, preventing the movement of
proteins away from the film.
Stability of the foam is ensured by the ability of the foam film formed around the air bubbles to remain
intact without leakage, therefore, stable foams can be formed only by agents with a high surface activity
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(Cherry and McWatters, 1981). The good stability of the foam resulted from chickpea whole flour
suggests that the globular chickpea proteins have good surface properties.

55

95
Foam stability, %

Foaming capacity, %

30 min
60 min
90 min

100

50
45
40
35
30

90
85
80
75

25
20

70
0

2

4

6

8

10

1

Chickpea flour concentration, %

(a)

2

4

5

7

10

Flour concentration, %

(b)

Figure 4. The influence of defatted flour concentration on foaming capacity (a) and foam stability (b)
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The foaming capacity of 1% (w/v) whole chickpea flour aqueous suspension was lower than that
determined for the protein concentrate, respectively 40%, value that falls within 30.4 to 44.3%, indicated
by Kaur (2007) for the chickpea protein concentrate. For various vegetable protein concentrates, different
values were reported e.g.: soy protein isolate is characterized by a Foaming capacity of 235% (Lin et al,
1974), bean protein concentrates 36 and 58% (Sathe et al.1982; Adebowale and Lawal, 2003), lupine seed
protein 32% (Sathe et al., 1982b) and peas 80% (Akintayo et al., 1999).
The foaming capacity of lyophilized chickpea protein concentrate depended on the concentration of
protein concentrate suspension (Figure 5a). Graham and Phillips (1976) linked the good foaming capacity
on the protein molecules flexibility which can reduce the surface tension; the globular proteins are
relatively difficult to distort on the surface and have a reduced foaming capacity. Most vegetable proteins
are globular proteins with low foaming properties (Sathe et al., 1982).
The foam stability of chickpea concentrate (1%) depended on the time of shaking, being higher in the
case of the samples shaken for 5 min. (Figure 5b). Chickpea protein concentrate showed a relatively high
stability at 22°C after 2.5 hours of storage, similar to that reported for chickpea isolate (> 85%), which
suggests that chickpea proteins, soluble in the continuous phase, displayed a higher surface activity.
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4. Conclusions
Our results concerning the chickpea flours and lyophilized protein concentrate characterization show that
these protein derivates can be successfully used as food ingredients based on their technological
properties. Chickpea flours and protein concentrate displayed good water and oil absorption capacities,
protein solubility and emulsifying capacity. These functional properties are highly dependent on the pH
values. The lowest protein solubility and emulsifying capacity was observed at pH 4.5 which is the
isoelectric pH of chickpea albumins and globulins. Chickpea proteins do not have good foaming
properties, but lead to high stable foams.
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