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Abstract 

Pea, beans-phaseolus, and cowpea seeds were used in preparing protein preparations (PP, BPP, and CP, 
respectively). The chemical composition and functional properties (protein solubility, water/fat binding capacity, 
foaming ability and stability, viscosity, and emulsifying activity and stability) were examined. In comparison 
between the three protein preparations, PP was the highest in moisture, protein, and fat while the lowest in fiber 
and carbohydrates.  No significant difference between the ash content of the three preparations. PP, CP, and BPP 
covered the needs daily recommended total indispensable amino acids for old children 3-10y and adults and can 
cover the total sulfur amino acids by more than 61% and the aromatic amino acids by more than 135%. PP 
showed higher solubility in acidic pH regions, whereas, CP showed the opposite. BPP was the highest water-
binding capacity. The oil-binding capabilities of PP, BPP, and CP were similar. At pH 7.0, the foaming capacity 
of CP solution was double that of PP and BPP solutions. However, the foam of the BPP solution was the highest 
stability. The BPP was the highest in emulsifying activity and emulsion stability.  From that PP, BPP and CP 
could be good sources of indispensable amino acids for old children 3-10 y and adults, especially aromatic amino 
acids. Also, they showed satisfactory functional properties as required in the manufacture of alternative food 
products.  
Keywords:  pea; beans-phaseolus; cowpea; chemical composition; amino acids; functional properties 

Introduction 

The problem of high prices of raw materials 

globally and the consequent high cost of production 

of many food products made a large segment of 

consumers unable to buy these products because of 

low income, especially in developing countries [1], 

[2] Therefore, there is an urgent need to search for 

more nutritionally good and cheap food to meet the 

consumer's daily needs of nutrients. Legume seeds 

are cheap, readily available, and rich sources of 

nutrients, especially proteins, fats, and fibers [3], [4], 

[5], [6]. Although plant proteins may appear to be 

deficient in the consumer's supply of some essential 

amino acids, many researchers have reported the 

suitability of legume seeds as cheaper sources of 

plant proteins and as alternatives to expensive animal 

proteins in many food formulations [7], [8], [9], [10], 

[11], [12]. Nutritionists and food manufacturers need 

accurate information about the characteristics of these 

proteins, to enable them to develop new food 

products. Of course, these characteristics are largely 

responsible for the quality and acceptability of the 

finished product [13]. Hence, this study aimed to 

separate and evaluate the proteins of local varieties of 

legumes (peas, beans-phaseolus, and cowpeas) in 

terms of chemical composition and functional 

properties in preparation for their use in the 

manufacture of alternative food products. The 

functional properties examined included protein 

solubility, water/fat absorption capacity, foaming 

capacity, and foam stability, viscosity, emulsifying 

activity, and emulsifying stability. 

 

Materials and Methods 

Materials 

Legumes seeds "Peas, (Pisum Sativum) beans-

phaseolus (Phaseolus Vulgaris), and cowpeas (Vigna 

Sinensis)" were obtained from Crops Research 

Institute, Agriculture Research Center, Ministry of 

Agriculture, Giza, Egypt. 
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Preparation of pea, beans-phaseolus, and cowpea 

proteins: 

Peas (PP), beans-phaseolus (BPP), and cowpeas 

(CP) proteins were prepared from whole seeds to 

extract as shown in Fig.1 following the method 

described by [14] [with slight modifications].  

 

 
Fig.  1. Flowchart for preparing the legume protein preparations 

 

Chemical Analysis  

Moisture, fat, crude fiber, and ash contents were 

determined according to the methods of [15], 

numbers 950.46, 960.39, 985.29, and 920.153, 

respectively. The protein content of PP, BPP, and CP 

samples was determined by the micro-Kjeldahl 

method [15], number 950.46. Carbohydrate were 

calculated by difference, according to [16] using the 

following equation: % Carbohydrate = % Total solids 

- % (fat + protein + ash + fibre). Amino acids (AA) 

were analyzed by a reverse-phase HPLC (model L 

7400, HITACHI, Japan) fitted with a Denali C185 

micron column (4.6 ×150 mm). The flow rate was 1 

ml min-1 with a fluorescence detector. The cysteine 

content of the protein sample was separately obtained 

by the method of [17]. In other to determine the 

tryptophan content of the proteins, aliquots 

containing known amounts of proteins were dispersed 

into glass ampoules together with 1 ml 5M NaOH. 

The ampoules were flame sealed and incubated at 

110oC for 18 hours. The tryptophan contents of the 

alkaline hydrolysates were determined 

calorimetrically using the methods of [18] as 

modified by [19]. Other amino acids were determined 

via measurement on hydrolysates using an amino 

acid analyzer (Sykam-S7130) based on high- 

performance liquid chromatography technique. 

Sample hydrolysates were prepared following the 

method of [20], in [21]. Two hundred mg of sample 

were placed in a hydrolysis tube. Then 5 ml 6M HCl 

were added to the sample into the tube, tightly closed, 

and incubated at 110ºC for 24 hours. After 

incubation, the solution was filtered and 200 ml of 

the filtrate was evaporated to dryness at 140ºC for an 

hour. Each hydrolysate after dryness was diluted with 

one ml of 0.12 M, pH 2.2 citrate buffers, the same 

standard applied to amino acids. An aliquot of 150 

µL of sample hydrolysate was injected into a cation 

separation column at 130ºC. Ninhydrin solution and 

an eluent buffer (the buffer system contained sodium 

acetate 90%) and acetonitrile (10%) were delivered 

simultaneously into a high-temperature reactor coil 

(16 m length) at a flow rate of 0.7 ml/min. The 

buffer/ninhydrin mixture was heated in the reactor at 

130ºC for 2 minutes to accelerate the chemical 

reaction of amino acids with ninhydrin. The products 

of the reaction mixture were detected at wavelengths 

of 570 nm and 440 nm on a dual-channel photometer. 

The amino acid composition was calculated from the 

areas of standards obtained from the integrator and 

expressed as g of amino acid/100 g of test protein. 

Several methods to determine the quality of dietary 

protein, one is to compare the indispensable amino 

acid (IAA) pattern of a test protein to the 

indispensable amino acid (IAA) pattern of a reference 

protein. This is called indispensable amino acid score 

(IAAS). IAAS was calculated using the [22] 

reference pattern and using this equation [23]: 

IAAS = IAA in g/100g of test protein / IAA in 

g/100g of reference protein × 100 

The indispensable amino acid showing the lowest 

IAAS was called the “limiting indispensable amino 

acid” [24]. The indispensable amino acid index (IAA 

index) was calculated using this equation [25]:  

Where LogIAA = 0.1[log (a1/as ×100) + log (a2/as 

×100) ……. + log (an/ans. ×100)] 

a1….an = indispensable amino acids content of the 

sample  

 as …ans. = indispensable amino acids values from the 

protein reference. Recommended indispensable 

amino acid scoring patterns for 3 to 10 y old children 

and adults were: Ile = 30; Leu = 61; Lys = 48; SAA = 

23; Trp. = 6.6; Val = 40; AAA = 41; Thr. = 25; and 

His = 16 mg/g protein [22]. 

Biological Value (BV) was estimated from IAA 

index    

BV = 1.09 (IAA index) – 11.73 [25]    
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Functional Properties  

Protein solubility:   

To determine the solubility of a protein, a protein 

sample (200 mg) was distributed in 20 ml of de-

ionized water. Then adjust the pH of the mixture to 2, 

4, 6, 8, 10 with 1 N HCl and 1 N NaOH. The mixture 

was stirred at room temperature for 30 minutes and 

centrifuged at 8000 × g for 20 minutes. The nitrogen 

content of the supernatant was determined by the 

micro-Kjeldahl method. Nitrogen solubility was 

expressed as a percent of nitrogen in the supernatant 

to that of the total nitrogen in the sample [26]. 

Solubility % = [nitrogen content in supernatant / 

Total nitrogen original sample] × 100  

 

Water/Oil binding capacity:  

       Water binding capacity (WBC) is determined by 

mixing approximately 2.5 g of sample with 25 ml 

distilled water in a pre-weighed centrifuge tube (50 

ml); the tube is stirred with a glass rod and stands at 

room temperature for 30 min. The tube is 

then centrifuged at 2000×g for 10 min. The 

supernatant is carefully decanted and the centrifuge 

tube containing the protein sample is re-weighed. 

WBC is expressed as the number of grams of 

water absorbed per gram of protein and calculated 

according to the following equation [26]:  

WBC = (W3 – W2) / W1  

where W1 is the weight of the dry sample (in gr), W2 

is the weight of the tube plus the dry sample (in gr), 

and W3 is the weight of the tube plus the sediment 

(in gr). 

       Oil binding capacity (FBC) is determined by 

mixing approximately 2.5 g of sample with 12.5 ml 

corn oil in a pre-weighed centrifuge tube (50 ml); the 

sample was gently stirred and stood at room 

temperature for 30 min. The tube is then centrifuged 

at 5000×g for 20 min. The supernatant is carefully 

removed and the centrifuge tube containing the 

protein sample is re-weighed. FBC is expressed as 

the number of grams of oil absorbed per gram of 

protein and calculated according to the following 

equation [27]:  

FBC = (W3 – W2) / W1 

where W1 is the weight of the dry sample (in gr), W2 

is the weight of the tube plus the dry sample (in gr), 

and W3 is the weight of the tube plus the sediment 

(in gr). 

 

Foaming capacity (FC) and Foam stability (FS):  

Foaming capacity (FC) and stability (FS) were 

based on the method described by [28].  A 2.3 g 

protein sample was dispersed in 35 ml of “de-ionized 

water using an electric vortex (Hoidolph REAX top) 

at a “1” speed setting for 1 min. The pH of the 

resulting protein solution was adjusted to 7.5 with 

either 0.1 M HCl or 0.1 M NaOH. The protein 

solution was heated at 60°C for 15 min and cooling to 

15ºC, then stirred using an electric stirrer (Matest) at 

a "3" speed setting for 2 min. The stirred solution was 

transferred immediately to a 100 ml graduated 

cylinder and stand at room temperature for 40 min. 

The volume of foam was recorded before and after 

stirring. FC was expressed by the percentage of 

increase in foam volume as a result of stirring. For FS 

estimation, the foam volume change was recorded 

over 40 min at equal time intervals. All analysis was 

performed in triplicate.  FC and FS were then 

calculated according to the following equations:  

 

FC % = [(Foam volume after stirring – Foam volume 

before stirring) / Foam volume before stirring] × 100 

   

FS % = [Foam volume after standing time / Foam 

volume after stirring] × 100 

Viscosity 

        The viscosity of protein solution (pH =7) was 

measured using a Brookefield viscometer 

(Brookefield Engineering Laboratories Inc., 

Middleboro, Mass., U.S.A.) and a ULA spindle No.2. 

Viscosity values are expressed in centipoise (cP). 

Measurements were made at 100 rpm for 30 s and 

25°C. [29].   

  Emulsifying activity and stability:  

      To determine the emulsifying activity (EA), a 

protein sample (3.5 g) was dispersed in 50 ml of “de-

ionizedˮ water using an electric vortex (Hoidolph 

REAX top) at a “1” speed setting for 1 min. Add corn 

oil (50 ml) to the mixture. The sample was 

intensively vortexed for 30 min. The resulting 

emulsion was divided into four equal volume 

aliquots, two were centrifuged at 1100 × g for 5 min, 

while the others were centrifuged under the same 

conditions after heating in a water bath at 85°C for 15 

min and cooling to 15ºC. The height of the emulsion 

and the height of the total layer were measured in 

unheated tubes to calculate the EA. The same 

measurements for the heated tubes were taken to 

calculate emulsion stability (ES). EA and ES were 

then calculated according to the following equations 

[30]: 

EA % = [height of emulsion (cm) / height of total 

layer (cm)] × 100 

ES % = [height of emulsion (cm) / height of total 

layer (cm)] × 100 
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Statistical analysis 

All analyses were done in triplicate, and data were 

reported as means ± standard deviation. Where 

appropriate, data were analyzed for significance 

using analysis of variance and Fisher’s least 

significant difference (LSD at a 5% significance 

level) by Analytical Software. 2009. Statistics 9 [31]  

Results and discussion 

Chemical composition  

The chemical composition of the three 

preparations (PP, BPP, and CP) is shown in Table 1. 

CP was distinguished by its lower moisture content 

than other preparations (BPP and PP). Ash amount 

was significantly low (<1%) in all preparations. This 

is due to the process of blanching the seeds, which 

led to the loss of a large number of salts in the boiling 

water. As to the protein content, there were 

statistically significant differences between PP and 

BPP and CP in crude protein (31.1, 20.43, and 

20.38%, respectively). CP contained the lowest fat 

content. There was a slightly significant difference 

between the carbohydrate content of CP and BPP 

(56.24 and 52.27%, respectively), while PP had the 

lowest carbohydrate content (41.59%). When 

comparing the three preparations in terms of fiber 

content, BPP was the highest.  

Amino acid profile 

       The results obtained from the analysis of 

indispensable amino acids (Table 2) showed that each 

of PP, CP, and BPP can provide adult and old 

children- 3-10 years with about100.9, 81.74, and 

62.2% of recommended sulfur amino acids 

(Methionine and Cysteine), respectively. It was also 

noted that PP covered 179.51% of total aromatic 

amino acids (Phenylalanine and Tyrosine), while 

both BPP and CP covered 142.68 and135.61%, 

respectively from these amino acids. PP, BPP, and 

CP were very poor in valine and isoleucine and rich 

in lysine. PP, CP, and BPP covered histidine, 

tryptophan, threonine, and leucine with rates ranging 

from 50% to more than 80%. In general, any of the 

three preparations (PP, BPP, and CP) can cover more 

than 70% of the total indispensable amino acids 

recommended by [22] the FAO for old children- 3-10 

y and adults (Table 2). In this study, BPP has a higher 

content of phenylalanine and methionine (2.61, and 

0.70 g/100 g protein, respectively) when compared to 

lima bean (Phaseolus Lunatus) protein concentrate 

which contains 0.52 g phenylalanine and 0.35 g 

methionine /100 g protein as reported by [32]. The 

non-indispensable amino acids profile of the three 

preparations (PP, BPP, and CP) (Table 2) showed 

that PP was significantly higher in glycine, arginine, 

and alanine (5.48, 5.23, and 2.37 g/100 g protein, 

respectively), while BPP contained the highest 

amount of proline, glutamic acid, aspartic acid and 

tyrosine (27.42, 20.62, 10.97 and 3.24 g/100 g 

protein, respectively).     

From Table 3 it is clear that all the indispensable 

amino acids showed a high score in the three 

preparations, and the least of them were valine in PP 

and then isoleucine in BPP and CP, as limiting amino 

acids. (I/T, %) showed a marked decrease in BPP 

(23.21 %) compared to the same ratio in PP and CP 

(32.34 and 30.17 %, respectively). The reported I/T 

ratio for PP and CP approaches 36% and which is 

sufficient to characterize these proteins as an ideal 

[22]. Indispensable amino acids index (IAAI) and 

biological value (BV) for PP were higher (55.59 and 

48.86, respectively) than that of CP and BPP (44.77 

& 37.07 and 37.93 & 29.62, respectively).  

 

Protein solubility 

       Table 4 shows the protein pH-solubility profiles 

of PP, BPP, and CP. PP, CP, and BPP had a 

minimum solubility at pH 5.5 (isoelectric point) with 

values of 16.0, 14.62, and 7.9 %, respectively. This is 

similar to what [33] mentioned when studying the 

solubility of lentil protein. The highest solubility 

values for CP and BPP were 34.87 and 23.80% at pH 

10, respectively, and for PP was 77.9% at pH 2. PP 

showed higher solubility in acidic pH regions than 

alkaline pH regions, whereas, CP showed the 

opposite. BPP was the least soluble in acidic, neutral, 

and alkaline pH regions. The high solubility of CP in 

alkaline media suggests that it can be used in the 

formulation of plant-based beverages [34] [35]. 

Table 1: Chemical composition of legumes protein preparations1 (g/100 g powder) 

Chemical constituents                               Preparations1  

     L.S.D          PP          BPP         CP  

Moisture 13.10a ±0.36  12.25b ±0.56  11.48c ±0.48  0.2352 

Protein2 31.10a ±2.20  20.43b ±0.37  20.38b ±0.56  2.2772 

Fat 11.65a ±1.10  10.55a ±0.47    8.34b ±0.37  1.7871 

Ash   0.95a ±0.08    0.90a ±0.075   0.98a  ±0.06  0.1976 

Crude fiber  1.60c ±0.30    3.60a ±0.42   2.58b  ±0.42  0.1605 

Carbohydrate    41.59c ±0.410   52.27b ±0.56    56.24a  ± 0.41  1.1942 
1Preparations: pea protein (PP), beans- phaseolus protein (BPP) and cowpeas protein (CP); 2protein: N% × 6.25. Superscripts 

 a, b,c: the same letters in the row mean that the results are not significantly different (P < 0.05).  
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Table 2: Amino acids profile of legumes protein preparations1 (g/100g protein). 

1Preparations: pea protein (PP), beans- phaseolus protein (BPP) and cowpeas protein (CP); 2Total SAA: Total sulfur amino 

acids; 3Total AAA: Total aromatic amino acids; 4Total IAA: Total Indispensable amino acids; 5Total NIAA: non-Indispensable 

amino acids; 6Total AA: Total amino acids; 7RIAA: recommended Indispensable amino acid scoring patterns for old children 

3-10y and adults (FAO, 2013); 8IAAS: Indispensable amino acids score. + Non-polar amino acids. Superscripts a, b,c: the 

same letters in the row mean that the results are not significantly different (P < 0.05). 

 

Table 3: Nutritional quality of legumes protein preparations1 based on their amino acids content.  

Preparations1* Protein2, % I/T, %3 IAAI4 LIAA5 CS6 BV7 

PP 31.10 32.34 55.59 valine 19.00 48.86 

BPP 20.43 23.21 37.93 isoleucine 11.33 29.62 

CP 20.38 30.17 44.77 isoleucine 7.33 37.07 
1Preparations: pea protein (PP), beans- phaseolus protein (BPP) and cowpeas protein (CP); 2protein, %: N × 6.25; 3I/T, %: 

total indispensable amino acids / total amino acids × 100; 4IAAI: Indispensable amino acids index; 5LIAA: limiting 

indispensable amino acid; 6CS: chemical score; 7BV: biological value.      

 

Table 4: Effect of pH on solubility of legume protein preparations1 

 

    pH 

Preparations1  

L.S.D         PP         BPP  CP  

2 77.90Aa ±0.10  17.81Bc ±0.09  20.74Db ±0.11  0.0307 

4.5 61.97Ba ±0.03   13.67Cc ±0.05  17.33Eb ±0.12  0.0590 

5.5 16.00Fa ±1.00  7.90Fc ±0.10  14.62Fb ±0.08  1.1845 

7 18.50Eb ±0.50  10.32Ec ±0.12  23.06Ca ±0.08  0.4094 

8 21.00Db ±1.00  12.75Dc ±0.12  31.50Ba ±0.10  1.5021 

10 52.31Ca ±0.09  23.80Ac ±0.10  34.87Ab ±0.09  0.2215 

L.S.D 0.8266 0.0505 0.1633     -- 
1Preparations: pea protein (PP), beans-phaseolus protein (BPP), and cowpeas protein (CP) Superscripts A, B.F: the same letters in 

the column mean that the results are not significantly different (р < 0.05). Superscripts a,b,c: the same letters in the row means that 

the results are not significantly different (р < 0.05). 

Amino acids Preparations1 RIAA7    IAAS8 % 
     PP     BPP CP   L.S.D PP          BPP CP 

Methionine+ 1.45a  ±0.06 0.70c ±0.08 1.13b ±0.04 0.0453     

Cysteine+  0.87a ±0.05 0.73b ±0.04 0.75ab ±0.04 0.1213     

Total SAA2 2.32a ±0.05 1.43c ±0.11 1.88b ±0.09 0.2464 2.3 100.87   62.17   81.74 

Phenylalanine+  4.65a ±0.06 2.61c ±0.06 4.47b ±0.03 0.0431     

Tyrosine+  2.71b ±0.19 3.24a ±0.10 1.09c ±0.10 0.1180     

Total AAA3 7.36a ±0.14 5.85b ±0.11 5.56c ±0.08 0.2796 4.1 179.51 142.68 135.61 
Lysine  7.76b ±0.06 5.51c ±0.06 8.25a ±0.05  0.1642 4.8 161.67 114.79 171.88 
Isoleucine+ 1.04a ±0.07 0.34b ±0.03 0.22c ±0.03 0.0460 3.0   34.67   11.33     7.33 
Leucine+ 3.62a ±0.06 3.31b ±0.03 3.02c ±0.07 0.1379 6.1   59.34   54.26   49.51 
Threonine 2.34b ±0.06 1.85c ±0.06 2.97a ±0.07 0.0131 2.5   93.60   74.00 118.80 
Tryptophan+  0.84a ±0.02 0.56b ±0.08 0.56b ±0.07 0.1354 0.66 127.27   84.85   84.85 
Valine+ 0.76a ±0.07 0.78a ±0.03 0.73a ±0.05 0.1511 4.0   19.00   19.50   18.25 
Histidine  3.33b ±0.17 1.29c ±0.10 4.05a ±0.15 0.3992 1.6 208.13   80.63 253.13 
Total IAA4 29.37a ±0.07 20.92c ±0.08 27.24b ±0.10 0.2172 29.06 101.10   72.00   93.74 
Aspartic acid 6.70c ± 0.20 10.97a ±0.03 9.22b ±0.03 0.2688     

Glutamic acid 10.80c± 0.18 20.62a ±0.08 13.88b ±0.08 0.3044     

Serine 3.11a ±0.14 1.85b ±0.10 3.30a ±0.10 0.3022     

Arginine 5.23a ±0.11 1.68c ±0.06 4.16b ±0.04 0.0838     

Glycine 5.48a ±0.11 2.36c ±0.01 4.39b ±0.07 0.1511     

Alanine 2.37a ±0.08 1.06c ±0.10 2.20b ±0.05 0.0625     

Tyrosine 2.71b ±0.13 3.24a ±0.09 2.09c ±0.10 0.0521     

Proline 25.04b ±0.12 27.42a ±0.11 23.82c ±0.07 0.2807     

Total NIAA5  61.44c ±0.08 69.20a ±0.10 63.06b ±0.07 0.0288     

Total AA6 90.81a ±0.04 90.12c ±0.11 90.30b ±0.10 0.2515     
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Fig.2 Water and oil binding capacity legume protein 

preparations. Columns with different letters indicate statistical 

differences (P < 0.05).  

 

Water binding capacity 

As shown in Fig.2 PP, BPP and CP had a water-

binding capacity (WBC) of 2.02, 1.95, and 1.86 g 

H2O/g protein for BPP, CP, and PP respectively. 

Higher protein solubility does not necessarily mean 

higher WBC [36].   

The high WBC of BPP, CP, and PP is due to their 

fiber content (Table 1). Fibers contain hydrophilic 

parts, such as polar or charged side chains, which can 

enhance WBC [37]. The data obtained was similar to 

WBC values for lentil protein isolates (1.9 – 2.0 ml 

H2O/g protein) as reported by [38].   

Oil binding capacity 

Fig.2 shows the oil binding capacity (OBC) of PP, 

BPP, and CP. There was no significant difference 

between OBC values of BPP, CP, and PP (0.69, 0.67, 

and 0.64 g oil/g protein, respectively). OBC is due to 

the protein's content of non-polar amino acids (Table 

2). [38] Reported that OBC of lentil protein isolates 

was increased due to the presence of several non-

polar side chains that associate with lipid 

hydrocarbon chains.   

 
Fig.3 Foaming capacity and foam stability legume 

 protein solutions. Columns with different letters 

 indicate statistical differences (P < 0.05). 

Foaming properties  

     Foaming capacity (FC) and foam stability (FS) of 

PP, BPP, and CP at pH 7 are shown in Fig.4. CP had 

the highest FC (80.0 %), followed by PP (40.0%), 

then BPP (37.14%). This is due to the high solubility 

of CP at pH 7 than that of PP and BPP (Fig. 2). [39] 

Reported that when the net charge of the protein 

increases, the hydrophobic interaction weakens, and 

thus the solubility of the protein increases, allowing 

the protein to diffuse to the air-water interface more 

quickly, encapsulating air molecules and thus 

increasing foam formation.  

 
Fig.4 Relationship between viscosity and foam 

 stability in legume protein solutions. Columns with 

different letters indicate statistical differences (P < 

0.05).  

 

The highest FS was observed after whipping the BPP 

solution for 40 minutes, followed by PP then CP. 

This is due to the high viscosity of the BPP solution 

(Fig.4). These results indicate that there is a direct 

relationship between the viscosity of the protein 

solution and foam stability [40]. A balance between 

the solubility of the protein in water and the viscosity 

of the resulting solution is required to achieve better 

foaming properties, which is observed in BPP and 

PP.  

 

 
Fig.5 Emulsifying activity and emulsion stability 

  of legume protein emulsions. Columns with 

different letters indicate statistical differences (P < 

0.05).  

Emulsifying properties 

        Fig.5 shows emulsifying activity (EA) (60.97, 

51.30 and 40.00%) and emulsion stability (ES) 

(37.50, 37.50 and 35.13 %) for BPP, CP and PP, 

respectively. It is noticeable that EA decreases with 

increasing protein content. For example, PP (31.1% 

protein) showed the least EA (40.00%), while BPP 

(20.43% protein) had the highest EA (60.97%). The 

increase in the solubility of BPP and CP in alkaline 

medium enhances the interaction between the oil 

phase and the aqueous phase and thus the EA and ES 

increase (Table 4 & Fig.5). This result was in 
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agreement with [36], who stated that the emulsifying 

capacity of proteins tends to increase as protein 

solubility is increased.  

Conclusion  

The results of this study indicate that pea, bean-

phaseolus, and cowpea protein preparations can be 

considered good sources of dietary fiber and 

indispensable amino acids, especially sulfur and 

aromatic amino acids. Also, their good functional 

properties qualify them for use in various alternative 

food products. 
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