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ABSTRACT 
 
Providing safe, nutritious, and wholesome food for poor and undernourished 
populations has been a major challenge for developing countries. This has led to the 
necessity of assembling complete food composition tables, yielding information about 
the traditional foods and on the functional properties of the plant foods that are 
consumed regularly in the developing countries. Sodium Chloride (NaCl) is the 
common salt used at household and industry levels to improve palatability of 
processed foods. Therefore, the main aim of the present study was to investigate the 
influence of different concentrations of NaCl on the functional properties of selected 
legume flours. The effect of increasing concentration of NaCl on the protein 
solubility, emulsifying and foaming properties of white bean, pigeon pea, cowpea and 
hyacinth bean were studied. The results revealed that the protein solubility of pigeon 
pea, cowpea and white bean flours significantly increased by increasing salt 
concentration and reached a maximum at 0.4 M NaCl (for pigeon pea and cowpea 
flours) and 0.6 M for white bean flour and then gradually decreased at higher salt 
concentration. The protein solubility profile of hyacinth bean fluctuated with the salt 
concentration, with the highest solubility at 0.6 M NaCl and lowest solubility at 0.4 M 
NaCl. With the exception of white bean, the maximum emulsifying activity of all 
selected legume flours was found at 0.4 M NaCl whereas that of white bean was 
found at 0.2 M NaCl. Generally, with increasing salt concentration, the emulsifying 
activity slightly decreased for the legume flours, except for cowpea which fluctuated. 
Addition of NaCl significantly decreased the emulsion stability and foaming capacity 
of the four of selected legume with the maximum improvement being observed at 0.2 
M NaCl, and then decreasing gradually at higher salt concentration. Significant 
improvement of foaming stability was observed when salt concentration increased. 
Based on the results of the present study the selected legume flour demonstrated good 
functional properties following the addition of NaCl, which makes these legume 
flours potential ingredients for application in salt containing foods.  
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INTRODUCTION 
 
In most of the developing countries, protein-energy malnutrition is among the most 
serious problems these countries are facing today. This can be attributed mainly to the 
ever-increasing population as well as to the enhanced dependence on a cereal-based 
diet, scarcity of fertile land, and degradation of natural resources [1]. It has been 
estimated that 800 million malnourished people exist in some of the least developed 
countries [2]. Providing safe, nutritious, and wholesome food for poor and 
undernourished populations has been a major challenge for the developing world. 
Acute shortage, unreliable supply, and elevated costs of protein-rich foods of animal 
origin in the developing and underdeveloped countries have resulted in the search for 
inexpensive and reliable alternative sources of protein of plant origin [3].   
 
Legumes (family: Fabaceae) have been recognized to be the 2nd most valuable plant 
source for human and animal nutrition [4]. They are particularly valuable in some 
tropical and subtropical regions where there is an acute shortage of animal protein.  
Legumes are designated to be the 3rd largest family among flowering plants, 
consisting of approximately 650 genera and 20000 species [5]. Even though several 
common proteinaceous edible legumes are available on the market, however, the gap 
between production rate and consumption has remained unmet, and an ever-
increasing demand has been witnessed [6]. Also, switching by most of the world’s 
population to a protein-rich vegetarian-based diet from animal-based protein has 
created unwarranted scarcity of plant resources. Thus, legumes have been highlighted 
as an effective substitute to animal protein as well as being cost effective [7].  
 
For plant proteins to be useful and successful in food application, they should ideally 
possess several desirable characteristics, referred to as functional properties, as well 
as providing essential amino acids [8]. These properties are intrinsic chemical 
characteristics, which affect the behaviour of proteins in food systems during 
processing, manufacturing, storage and preparation [8]. They include solubility, water 
and oil absorption capacity, gelation, foaming and emulsifying properties.The 
properties of proteins that determine their uses in foods are collectively called 
functional properties. Many factors influence the functional properties of proteins 
such as moisture, temperature, pH, reaction time, chemical additives, mechanical 
processing and ionic strength and amount [9]. Functional properties denote those 
physicochemical properties of food proteins that determine their behaviour in food 
during processing, storage and consumption [10]. Traditionally, salt (NaCl) has been 
widely used in foods to enhance flavour, preserve food, and improve processing. 
However, in recent decades with increasing consumption of many different processed 
foods containing high levels of sodium, the perception of dietary salt has evolved to a 
point where it is now considered a potential health threat. Although sodium is an 
essential nutrient, the majority of the world’s population consumes far in excess of 
what is required, and more than recommended dietary guidelines. High sodium intake 
is a cause of high blood pressure, cardiovascular disease, and renal disease. It is also 
associated with an increased risk of stomach cancer, and osteoporosis. Therefore, this 
study aimed to investigate the influence of different concentration of NaCl on the 
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functional properties of the flours of white bean, pigeon pea, cowpea and hyacinth 
bean.   
 
MATERIALS AND METHODS 
 
Materials 
White bean (Phaseolus vulgaris), pigeon pea (Cajanus cajan), cowpea (Vigna 
unguiculata (L.), and hyacinth bean (Lablab purpureus) were obtained from the local 
market, Khartoum, Sudan. Unless otherwise stated, all chemicals used in this study 
were of reagent grade.  
 
Preparation of raw defatted legume flour  
The legume seeds were first cleaned, freed from foreign matter and milled in a 
laboratory miller (Buhler MLI 204, Buhler-Miag, Milano, Italy) and fined in a house 
miller (Fritsch Pulverisette-14, Fritsch GmbH, Idar-oberstein, Germany) to pass 
through a 0.4-mm screen. To extract oil from the legume flours, cold extraction 
method was used. Legume flour were placed in a conical flask and mixed with hexane 
at ratio of 1:10 (flour: hexane). The mixture was stirred using a mechanical shaker 
(Model SFI, Stuart Scientific, Stone, Staffordshire, UK) for 16 hours and then 
filtered. The filtrate was washed again with hexane to remove traces of oil. The 
mixture was filtered again and the oil-free flour was dried at 60oC for 16 hours in an 
oven drier. The dried flour was then ground to pass through a 0.4-mm mesh screen 
and stored at 0 ºC for further analysis. Fat was determined according to the Soxhlet 
method of AOAC [11]. 
 
Measurement of protein solubility at different NaCl concentrations 
Protein solubility was determined by the method of Aoki et al. [12]. The samples of 
the defatted seed flour (0.2 g) were used for the determination of solubility at different 
NaCl concentrations (0.2, 0.4, 0.6, 0.8, 10 and 1.2 M). Samples were dissolved in 
0.1M potassium phosphate buffer with a pH of 7.0 and shaken with a vortex mixer 
(scientific industries, adjusted on digit 4 to work on touch) for 10 seconds, and the 
turbidity was measured at 500 nm. Values obtained are means of triplicate samples.  
 
Measurement of emulsifying properties 
The emulsifying properties of sample solutions were determined by the method of 
Pearce and Kinsella [13]. To prepare the emulsion, 1.0 ml of corn oil and 3.0 ml of 
flour solution (2%) in 0.1 M potassium phosphate buffer (pH 7.0) were shaken 
together and homogenized in Ultra Turrax (Hansen Co., West Germany) at 12.000 × g 
for 1 min at 20 oC. The mixture was poured into centrifuge tubes and centrifuged at 
2000 × g for 5 min. Then poured into 50 ml measuring cylinders and stayed a few 
minutes until the emulsified layer was stable. Emulsifying activity (EA) as a function 
of different NaCl concentration was determined according to the formula: 

 

EA (%) =
Height of emulsified layer

Height of the total content in the cylinder
×100
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For the emulsion stability, about 50μL of the homogenized mixture was taken from 
the bottom of the container at different times and NaCl concentration, and diluted 
with 5 ml of 0.1% sodium dodecyl sulphate (SDS) solution. The turbidity of the 
diluted samples was then determined at 500 nm. The emulsion stability at different 
salt concentrations was estimated by determining the half time of the turbidity 
measured immediately after emulsion formation [14]. Values obtained are means of 
triplicate samples.  
 
Foaming properties 
Foaming capacity of the samples was determined by following the procedure 
described by Lawhon et al. [15]. Two grams of the sample were blended with 100 ml 
buffer at different NaCl concentration (0.2, 0.4, 0.6, 0.8, 1.0 and 1.2) in a Moulinex 
blender at high speed for 2 min. The mixture was poured into a 250 ml measuring 
cylinder and the foam volume was recorded after 30 seconds. 
 

 

FC (%) =
Volume after whipping - Volume before whipping

Volume before whipping
×100

 

The foam stability (FS) was conducted according to Ahmed and Schmidt [16]. FS (%) 
was determined as a function of NaCl concentration (0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 M). 
The FS was recorded at 15 min interval for 2-3 hours after pouring the material in a 
cylinder. 

 

FS (%) =
Foam volume after 15 min

Initial foam volume
×100

  

 
Statistical analysis 
Statistical analysis of the data obtained in this study was carried out using standard 
analysis of variance (ANOVA) method [17]. Duncan's multiple range test was used to 
separate means. Significance was accepted at (P<0.05) [18]. 
 
RESULTS  
 
Effect of NaCl concentration on the protein solubility 
The results of the solubility profile of selected legume flours at different NaCl 
concentrations are shown in Figure 1. The protein solubility of pigeon pea and 
cowpea flours significantly increased by increasing salt concentration and reached 
maximum at 0.4 M NaCl and then gradually decreased. The protein solubility of 
white bean flour also increased with increasing salt concentration with a maximum 
solubility at 0.6 M NaCl. The protein solubility profile of hyacinth bean fluctuated 
with the salt concentration, with the highest solubility at 0.6 M NaCl, and the lowest 
solubility at 0.4 M NaCl.  
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Figure 1: Effect of different NaCl concentration on nitrogen solubility of selected 
legume flours 

 
Effect of NaCl concentration on the emulsifying activity (EA) and emulsion 
stability (ES) of selected legume flour 
Emulsifying properties are usually attributed to the flexibility of solutes and exposure 
of hydrophobic domains. Food emulsions are thermodynamically unstable mixtures of 
immiscible liquids. The formation and stability of an emulsion is very important in 
food systems such as salad dressing. The results of the EA and ES of selected legume 
flours as affected by salt concentration are presented in Figure 2. With the exception 
of white bean, the maximum EA of all selected legume flour was found at 0.4 M NaCl 
whereas that of white bean was found at 0.2 M NaCl. Generally, with increasing salt 
concentration the EA slightly decreased for the legume flours with an exception for 
cowpea flour. Addition of NaCl significantly decreased the ES of all the selected 
legume flours (Fig. 3). At low concentration of ionic strength, the values of ES were 
higher and then decreased. 
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Figure 2: Effect of NaCl on the emulsifying activity and stability of selected 
legume flour 

Effect of NaCl concentration on foaming capacity (FC) and foam stability (FS) of 
selected legume flour 
The results on the effect of different concentrations of NaCl on the FC of selected 
legume flours are presented in Figure 3. The maximum improvement of FC was 
observed at 0.2 M NaCl, which decreased gradually at higher salt concentration due to 
salting out effect of NaCl. 
 
Results on the effect of NaCl concentration on the foam stability of selected legume 
flour are shown in Fig. 4a-d. The lowest FS of selected legume flour was found to be 
at 0.2 M NaCl. As the salt concentration increased, the FS significantly improved at a 
given time. 
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Figure 3: Effect of NaCl on the foaming capacity (FC) of selected legume flour 
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Figure 4a: Effect of NaCl on the foaming stability of hyacinths bean flour 
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Figure 4b: Effect of NaCl concentration on foaming stability of white bean flour 
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Figure 4c: Effect of NaCl concentration on foaming stability of cow pea flour 
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Figure 4d: Effect of NaCl concentration on foaming stability of pigeon pea flour 

 
DISCUSSION 
 
In the present study, attempts were made to determine the effect of increasing 
concentration of NaCl on the protein solubility, emulsifying and foaming properties of 
selected legume flours. The results of the present study demonstrated that the elevated 
concentration of NaCl significantly enhanced the functional properties of the selected 
legume flours.   It was previously reported that addition of NaCl greatly improved the 
solubility of the protein isolate of these legumes and further improvement was 
observed after polymerization by transglutaminase of the protein isolate of the 
legumes [19]. The enhancement and reduction of the solubility with increasing salt 
concentration could be attributed to the salting in and salting out effect of NaCl. 
Addition of NaCl at high concentration causes negatively charged chloride ions to 
interact with the positively charged proteins, thereby decreasing electrostatic 
repulsions and enhancing hydrophobic interactions. The increase in hydrophobic 
interactions would result in a higher tendency for the protein to form insoluble 
aggregates, thus decreasing solubility [20]. Sodium chloride has been shown to 
improve the extractability of legume proteins, and similar profiles for the percentages 
of proteins extracted from different legumes by increasing concentration of NaCl have 
been reported [21]. Osman et al. [22] observed that chickpea flour had lower 
extractability of protein at 0.2 M compared to that treated with distilled water. 
Kinsella [23] observed that the effect of ionic strength on protein solubility 
presumably involves electrostatic, salvation, and salting-in and salting out 
phenomena. The solubility of the nitrogenous constituents of mug bean, pea beans and 
red kidney beans reach maxima at NaCl concentration of 0.75 M, 0.5 M, and 0.75 M, 
respectively [23]. 
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Emulsifying activity (EA) reflects the ability of the sample to rapidly adsorb at the 
water-oil interface during the formation of the emulsion, thereby preventing 
flocculation and coalescence. EA is one of the most important functional properties of 
food proteins. Separate hydrophobic and hydrophilic regions are distributed in protein 
molecules (amphiphilic structure). This structure is required for the formation of 
emulsions [8]. The results of the present study demonstrated that with increasing salt 
concentration the EA of the legume flours slightly decreased, except for cowpea 
which fluctuated. Similar results were reported by Osman et al. [22] who stated that 
the EA of chickpea was higher in distilled water and then decreased at 0.2 M NaCl, 
but no obvious reduction was observed after 0.6 M salt concentration. Also Monteiro 
and Prakash [24] reported the turbidity of the total protein peanut decreased 
considerably at 0.3 M NaCl. They also stated that above 0.3 M NaCl concentration, 
EA increased with increasing NaCl concentration. It has also been reported that EA of 
cowpea globulin isolate was higher at low NaCl concentration at various pH 
conditions [25]. In the current study, the behavior of pigeon pea flours in response to 
increased salt concentration resembled that of hyacinth bean, but on the other hand 
they differed from phaseolus and cowpea. These findings suggest that NaCl probably 
affected the EA of the flours proteins by other mechanisms, in addition to its effect on 
protein solubility. The observed differences in the response of emulsifying properties 
to changes in salt concentration between these legume flours may be due to 
differences in their subunit molecular weight distribution and amino acid 
composition.  McWatters and Cherry [26] reported that the emulsion, foaming and 
thickening properties of cowpeas may be influenced by their high carbohydrate starch 
component, which may interact with protein and other component in the starch. 
 
Emulsions are highly unstable systems but proteins play some important roles during 
emulsification especially in emulsion stability. The emulsion stability (ES) is 
important since success of an emulsifier depends on its ability to maintain the 
emulsion in subsequent processing steps such as cooking and canning. The current 
study revealed that the addition of NaCl significantly decreased the ES of all the 
selected legume flours. A similar observation was reported by Osman et al. [22] who 
stated that addition of NaCl significantly decreased the ES of untreated chickpea 
flour. Similar observation was also reported by Odoemelam [27] who stated that, 
addition of NaCl improved the emulsion stability of processed jack fruit flour. 
Wanger and Guegeon [28] attributed the higher ES of soy protein at low ionic 
strength to the dissociation of oligomeric structure of HS glycinin and subsequent 
improvement of the surface properties. It has been reported that addition of NaCl 
increased both emulsifying activity and stability. However, further increase in ionic 
strength progressively reduced both emulsifying activity and emulsion stability. 
Increase in ionic strength up to 0.2 M encouraged unfolding of protein molecules and 
a subsequent increase in protein solubility [25]. This increase in protein solubility 
enhanced a rapid migration to the oil–water interface and improved emulsifying 
activity of the protein. With further increase in ionic strength (>0.2 M), screening of 
the surface charges increased and this encouraged protein–protein interaction but 
reduced protein–oil interaction. 
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The foaming capacity (FC) of a protein refers to the amount of interfacial area that 
can be created by the protein while foam stability (FS) refers to the ability of protein 
to stabilize against gravitational and mechanical stresses [10]. Foam formation and 
foam stability are a function of the type of protein, pH, processing methods, viscosity 
and surface tension. The present results supported the findings of Osman et al. [22] 
who found that the maximum improvement of FC for chickpea was at 0.2 M NaCl, 
while higher FC was observed at low salt concentration. Variation in these results is 
likely to be due to chemical difference in the tested protein. Similar results were 
reported by Narayana and Rao [29], who observed that the FC of raw winged bean 
flour at lower concentration of NaCl (0.2 M) increased to a maximum value and there 
was no further increase beyond this concentration. Also Giami [30] reported that the 
foaming property of cowpea flour was improved in 0.2 M NaCl. Higher FC at low salt 
concentration might be due to the improvement of the protein solubility at the 
interface of the colloidal suspension during foam formation, thus improving foaming 
capacity. 
 
Foam stability (FS) describes the ability of proteins to form a strong cohesive film 
around an air vacuole, which resists air diffusion from the vacuole. The current study 
showed lowest FS of selected legume flour at 0.2 M NaCl which significantly 
improved when the salt concentration increased. Similarly, it has been reported that 
with an increase in NaCl concentration the FS of chickpea flour was significantly 
increased [22]. The lower stability at 0.2 M NaCl is possibly because of the effect of 
salt on improving the protein solubility at the interface of the colloidal suspension 
during foam formation, which retarded the partial denaturation of the surface 
polypeptides of proteins that are necessary for protein-protein interactions and 
stability [8]. The enhancement of the FS might be due to cross linking of protein 
molecules and creation of films with better viscoelastic properties. It has also been 
reported that addition of cations such as Ca and Mg improved the FS of protein [10].  
 
CONCLUSION 
 
The results of this study demonstrated that addition of NaCl at a concentration of 0.4 
to 0.6 M significantly improved the protein solubility, foaming stability and 
emulsifying activity of pigeon pea, cowpea, white bean and hyacinth bean flours. 
Whereas, it significantly decreased the emulsion stability and foaming capacity of all 
the selected legume flours, the maximum improvement of both properties was 
observed at 0.2M NaCl, and it decreased gradually at higher salt concentrations. 
Based on these results, the selected legume flour demonstrated good functional 
properties following the addition of NaCl which makes these legume flours potential 
ingredients for application in salt containing foods. 
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