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Abstract 

Protein concentrate was prepared from the seeds of jack bean (Canavalia ensiformis) and the 

influences of selected Hofmeister salts on some functional properties of the protein concentrate were 

investigated. The results indicate that kosmotropic salts (Na2SO4, NaCl, NaBr) had improved water 

absorption capacities over the chaotropic salts (NaI, NaClO4, NaSCN) and generally, the reduction in 

water absorption capacity followed the Hofmeister trend: Na2SO4 > NaCl > NaBr > NaI > NaClO4 > 

NaSCN. However, the reverse was observed for the foaming and emulsification properties. The least 

gelation concentration (LGC) was used as the index of gelation properties and the results showed that 

LGC were higher in kosmotropic salts than in chaotropic salts. Generally, increases in salt concentration 

reduced the water absorption capacity, the surfactant properties as well as the gelation property. The 

findings would provide insight into the understanding of the structure property relations of the protein 

concentrate. 
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Introduction 

The specific ion effects have captured a lot of interest in food chemistry and biochemistry in recent years 

(Lawal, 2006). These effects are attributes of a reoccurring trend known as the Hofmeister series 

(Hofmeister, 1888). The Hofmeister series is a qualitative ordering of ions based originally on their 

propensity to salt-out proteins from aqueous solution. The general ranking of ions in descending order of 

effectiveness in driving processes such as folding, subunit assembly, crystallization and precipitation of 

protein is as follows: 

Anions: SO4
2- > H2PO4

- > CH3COO- > Cl- > Br- > I- > ClO4
- > SCN- 

Cations: NH4
+ > Cs+ > K+ > Na+ > Li+ > Mg2+ > Ca2+ > Ba2+ 

However, the Hofmeister Phenomenon is more pronounced for anions than cations (Shih, Prausnitz and 

Blanch, 1992).  Generally, those ions that are most effective in causing protein precipitation also are most 

effective in preventing denaturation, while those that increase protein solubility favour denaturation 

(Robinson and Jencks, 1965). Ions classified as chaotropes are often referred to as water structure 

breakers while kosmotropes are often referred to as water structure makers. Several salt properties have 

been proposed as indicators of a salt’s probable effect on protein stability, which affects its functional 

properties. The influence of surface tension was expounded by Melander and Horvath (1977), who 

attributed Hofmeister salt effects on proteins to the favourability of cavity formation for a cosolute ion in 

the protein solvation shell. They demonstrated that a salt’s surface tension increment � can give a 

quantitative amount of the measure of the salting-in and salting out effects of electrolytes on proteins. 

The surface tension increment � is defined from the equation: 

 

 �  = � o + �  m                                                 (1) 

  

where �  is the solution surface tension and m is the salt concentration. From the perspective of ion 

hydration, Lavelle and Fresco (2003) posited that the surface charge density of ions correlates well with 

the stability of nucleic acid triplexes and suggested that the same correlation would apply to protein 

stability. Previously, the influence of ion charge density was expounded (Kiriukhin and Collins, 2002) 

and it was suggested that small, high charge-density ions will bind water more tightly than larger, less 

charge-dense ions. Based on this, small, strongly hydrated ions are thought to be water structure formers 

(kosmotropes), and larger less hydrated ions are water structure breakers (chaotropes). From the Jones-

Dole equation (Jones and Dole, 2002), a relationship was established between these salt-solvent effects 

and the viscosity of the salt solution ( � ) with salt concentration c, relative to the viscosity of water ( � o):  

 

�/  � o = 1+ A√c + Bc + Dc2                               (2) 

 

The coefficient A indicates the strength of electrostatic interaction of the salt in solution and the B-

viscosity coefficient is indicative of ion – solvent interactions. D is the term that is only needed at very 

high salt concentrations. A√c presents the electrostatic Debye – Huckel effects. Chaotropic ions have 
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negative B-viscosity coefficients which makes them deactivate proteins, while kosmotropic ions have 

positive B-viscosity coefficients and are expected to be stabilizers. Also, preferential interactions of 

cosolutes with the protein surface have been suggested for the kosmotropic and chaotropic effects (Lin 

and Timasheff, 1996).  

In the literature, useful rankings for estimating relative influences of different salts on proteins have been 

provided. Cohn and Edsall (1943) showed that the salting out coefficient of salts (Ks) could be ranked 

based on the Hofmeister series: 

 

Log S = log S0 – KsI                                         (3)                

      

S is the protein solubility of a salt solution having ionic strength I, while S0 is the protein solubility in a 

salt-free solution.  

Prominent attractive forces linking protein molecules are short-rage hydrogen bonding, hydrophobic, 

electrostatic and Van der Waals interactions. All these forces are influenced significantly by the presence 

of ions in the solution either in the form of kosmotropes or chaotropes. Ultimately, the functional 

properties of proteins are altered, resulting from changes imposed by the presence of these ions. It is 

reasonable to consider protein functionality in response to factors such as ionic strength of the medium 

because the molecular forces operating within the matrices of protein molecules can be manipulated by 

the ionic strength. 

Effective utilization of a seed protein depends on the functional properties such as emulsification, foam 

formation, gelation and water and oil absorption capacity. Extensive studies have been reported in the 

literature concerning functional properties of native and modified seed proteins (Lawal and Adebowale, 

2007; Adebowale and Lawal, 2003; Akintayo, Oshodi and Esuoso, 1999). Foaming and emulsification 

properties are crucial during the production processes of food dispersions. These dispersions are however 

not thermodynamically stable because of factors such as flocculation of dispersed particles aggregate. 

This is usually followed by creaming, partial or total coalescence of dispersed particles and /or 

disproportionation (Ostawald ripening) resulting in final dispersion breakdown (Dickinson, 1992; 

McClements, 1999).  The most important surface – active components in foods are proteins and low 

molecular weight emulsifiers such as phospholipids and lipids. 

Seed proteins are very important because they are cheaper than animal protein and are readily available. 

Studies have indicated that there are abundant resources of seed proteins in a class of legumes that are 

described as under-utilized. However, they remain under-utilized because detailed information about 

their functionality and potential applications in food hydrocolloids and other domestic and industrial 

applications are scarce. The seed protein that was used for the present investigation was isolated from 

jack bean (Canavalia ensiformis). This legume belongs to the class of under-utilized seeds that have good 

potentials of contributing significantly towards the reduction of protein deficiency in human nutrition, in 

the developing countries particularly. In the present investigation, the influence of various kosmotropic 

(Na2SO4, NaCl, NaBr) and chaotropic salts (NaI, NaClO4, NaSCN) on the properties related to 
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functionality in emulsions, foams and gels of jack bean protein concentrate is reported. These parameters 

would be relevant in providing insight into the understanding of the structure-property functions of the 

protein.  

 

Materials and Methods 

 

Materials 

Seeds of jack bean were obtained from the seed section of Department of Agronomy, University of 

Ibadan, Nigeria. All reagents used in this work are of the analytical grade. 

 

Preparation of protein Isolate 

Jack bean (2kg, d.b) was soaked in water (5 L) at room temperature (30 ± 2 OC) for 10 h. Thereafter, the 

seeds were manually dehulled and they were dried for 48 h (air drying, 30 ± 2 OC). The dried seeds were 

then milled to fine powders after which they were sieved with 75 � m sieve. The flour (1 kg) was 

dispersed in 10 L of distilled water and the pH was adjusted to 8.0 with NaOH (1M). The mixture was 

stirred for 4 h at 30 ± 2 OC after which it was centrifuged at 4000g for 30 min. The pH of the supernatant 

obtained after centrifugation was adjusted to 4.0 with HCl (0.5 M) ad the protein precipitate obtained 

thereafter was recovered by centrifugation at 5000g for 30 min. The average yield of jack bean protein 

isolate from the flour was 38.2% while the percentage protein content of the protein concentrate was 

89.2%. These were determined using the Kjeldahl method (AOAC, 1985). 

 

Water absorption capacity  

Water absorption capacity (WAC) was determined using the method previously described by Beuchat 

(1977).  Protein concentrate sample (1 g) was mixed with 10 mL of 0.1, 1.0 and 2.0 M solutions of 

Na2SO4, NaCl, NaBr, NaI, NaClO4 and NaSCN for 30 s. The samples were then allowed to stand at room 

temperature (30 ± 2 OC) for 30 min before centrifuging at 5000g for 30 min. The volume of the 

supernatant obtained after centrifugation was determined in a 10 mL graduated cylinder. 

 

Foaming capacity and stability  

Protein isolate (2g) was dispersed in 100mL of 0.1, 1.0 and 2.0 M solutions of Na2SO4, NaCl, NaBr, NaI, 

NaClO4 and NaSCN. The solutions were then whipped vigorously for 2 min in a Phillips kitchen blender 

set at speed 2. The volumes of the solutions were recorded before and after whipping. The percentage 

volume increase, which serves as the index of foam capacity, was calculated using the following 

equation: 

 

    Volume Change (%) = [(V2 – V1) / V1] X 100                                          (4) 
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where V1 = volume of solution before whipping; V2 = volume of protein solution after whipping. The 

volume of foam that remained after 8 h standing (30 ± 2 OC) was expressed as the percentage of the 

initial volume for the foam stability.  

 

Emulsifying properties 

Emulsifying properties were determined using the method of Neto, Narain, Silva & Bora, (2001). Protein 

solution (5 mL, 10 % w/v) prepared in 0.1, 1.0 and 2.0 M solutions of Na2SO4, NaCl, NaBr, NaI, NaClO4 

and NaSCN were homogenized with 5 mL of corn oil (Executive Chef Unilever, Lagos, Nigeria) for 1 

min.. Thereafter, the emulsions were centrifuged at 1100g for 5 min. The height of the emulsified layer 

and that of the total contents in the tube were measured. The emulsifying activity was calculated as 

follows: 

 

                        Height of emulsified layer in the tube 

EA (%) =        X 100                    (5) 

                         Height of total content in the tube 

 

The emulsion stability (ES) was determined by heating the emulsion at 80 OC for 30 min before 

centrifuging at 1100g for 5 min and it was calculated as follows: 

 

                        Height of emulsified layer in the tube 

ES (%) =      X 100                      (6) 

                                             Height of emulsified layer before heating 

 

 

Gelation properties 

Protein sample suspensions of 2 – 20 % w/v were prepared in 0.1, 1.0 and 2.0 M solutions of Na2SO4, 

NaCl, NaBr, NaI, NaClO4 and NaSCN. A 10mL volume of each of the prepared dispersion was 

transferred into a test tube, which was heated in boiling water – bath for 1 h, followed by rapid cooling in 

a bath of cold water. The test tubes were cooled further at 4 OC for 2 h. The least gelation concentration 

was taken as the concentration when the sample from the inverted tube did not fall or slip. 

 

Statistical analysis 

Measurements were carried out in triplicates and the mean values with their standard deviations are 

reported. Analysis of variance (ANOVA) was used to calculate significant differences in treatment means 

and the mean separations were performed by Tukey’s HSD test (P < 0.05) using Sigmatstat Version 2.0 

(Jandel Scientific/SPSS Science, Chicago, IL, USA). 
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Results and discussion 

 

Water absorption capacity 

The water absorption capacities of jack bean protein isolate dependent on different anions and salt 

solution concentration is presented in Fig.1. The results indicate progressive reduction of the water 

absorption capacity as the concentration of the ions increased. This observation was consistent for both 

the chaotropic (NaI, NaClO4 and NaSCN) and the kosmotropic salts (Na2SO4, NaCl and NaBr). The 

results also indicate that kosmotropic salts had improved water absorption capacities over the chaotropic 

salts and generally, the reduction in water absorption capacity followed the Hofmeister trend: Na2SO4 > 

NaCl > NaBr > NaI > NaClO4 > NaSCN.  Studies have shown that kosmotropic salts possess water 

structure stabilizing effect while the reverse is observed with chaotropic salts (Zhang, Furyk, Bergbreiter 

and Cremer, 2005; Uedaira and Uedaira, 2001). Also, it has been established that direct ion binding to the 

peptide backbone facilitates structural stabilization by kosmotropic ions while the chaotropic ions cause 

destabilization (Sarabia, Gomez-Guillen & Montero, 2000). The result of these is the improved hydration 

of the hydrophobic groups on the protein molecules. Previously, increase in surface tension with salt 

concentration has been reported (Baldwin, 1996).  As indicated in equation (1), increase in surface 

tension ( � ) is enhanced by increase in salt concentration (m). Hence, the reductions in water absorption 

capacity could be attributed to increases in surface tension as the salt concentration increased.  Water 

binding is an important tool for protein concentrates in food applications such as beverages, frozen 

deserts and bakery. 

 

Foaming properties 

The Foaming capacity and stability under various Hofmeister ions salt concentrations are presented in 

Figs. 2 and 3 respectively. Studies indicate that protein solutions prepared in chaotropic salts (NaI, 

NaClO4 and NaSCN)  had better foaming capacity compared with the protein solutions prepared in 

kosmotropic salts (Na2SO4, NaCl and NaBr). It is instructive that foam stability followed the same trend. 

Similarly, both foaming capacity and stability reduced as the salt concentration increased from 0.1 to 2.0 

M. Foams are vital in food industry.  They are stabilized by an adsorbed layer of protein at the air– water 

interface. The fundamental requirements for good foam ability are the ability to adsorb rapidly at the air-

water interface during bubbling, undergo rapid conformational change, rearrange at the interface and 

form a viscoelastic film via intermolecular interactions (Damodaran, 1994). In the present investigation, 

as expressed in the Jones–dole equation (eq. 2), chaotropic ions have negative B-viscosity coefficients 

which make them deactivate proteins. Hence the observations could be based on the fact that 

kosmotropes, with positive B-viscosity tend to tighten inter- and intramolecular structure-making 

interactions in aqueous solutions of protein while chaotropes tend to loosen them. It is reasonable that 

weakening the binding forces would lead to increased flexibility of the protein macromolecules, which 

would give rise to various changes in their kinetic behaviour as well. Thus, enhanced flexibility would 
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facilitate better foamability. Previously, it was established that chaotropic salts may accelerate reactions 

of proteins by loosening their structure (Der and Ramsden, 1998).  

In hydrocolloids systems, instability of foams could be related to either foam coalescence or 

disproportionation. Coalescence involves the irreversible binding of two or more foam bubbles where the 

interfacial films drains and the bubbles are eventually ruptured to form a single larger bubble. It is the 

most severe form of instability (Simovic and Prestidge, 2004).  Disproportionation is the process 

whereby air molecules diffuse through the disperse phase between bubbles. Because of the increased 

Laplace pressure of smaller bubbles, the diffusion flux generally results in the shrinking of smaller 

bubbles and the growth of larger gas bubbles, resulting in instability (Dickinson, 1992). Enhanced foam 

stability among the chaotropic salts could be attributed to their salting-in properties. In general, the 

denaturant action of Hofmeister ions in the class of chaotropes is based on the fact that they salt–in the 

peptide groups and consequently they interact much more strongly with the unfolded form of a protein 

than with its native form, thereby causing the unfolding reaction (Baldwin, 1996). The salting-in 

processes facilitate protein solubility and improve concentration of the protein at the air–water interface 

which improves foam stability.  The observations here are consistent with findings on the influence of 

altered solvent environment on the foaming properties of pigeon pea (Mwasaru, Muhammad, Bakar and 

Cheman, 2000). Good foam ability is an important tool for protein concentrates in food applications such 

as dairy and bakery. 

 

Emulsifying properties 

Studies show that emulsifying activity (Fig. 4) and stability (Fig. 5) are better in protein solutions 

prepared in chaotropic salts than in kosmotropic salts. In addition, similar to the observations on foaming 

properties, both emulsifying activity (EA) and emulsifying stability (ES) reduced with increases in salt 

concentration. It was observed that increases in both EA and ES followed the Hofmeister trend: Na2SO4 

< NaCl < NaBr < NaI < NaClO4 < NaSCN. A classic emulsion can be defined as a heterogeneous system 

of at least two immiscible liquid phases, one of which is dispersed in the other, in the form of droplets 

(Das and Kinsella, 1990). Enhanced EA observed here could be due to the fact that the dissolution of 

chaotropic anions in water is usually associated with large positive entropies (Hatefi and Hanstein, 1969), 

hence water structure is broken down, or melted or depolymerized as compared to ordinary water. 

Consequently, water gets more disordered and lipophilic in the presence of these anions, thus improving 

water–oil emulsions. It is also reasonable that the processes of the protein unfolding caused by protein 

denaturation facilitated the hydrophobic hydration which improved emulsifying activity. Usually, 

emulsion systems are stabilized through physical entrapment of fat globules within the protein matrices 

largely via protein–protein interactions followed by the formation of an interfacial protein film that 

surrounds and stabilizes fat globules (Barbut, 1995). However, certain processes occur within food 

hydrocolloids that result in instability of emulsions. The processes are creaming, flocculation, 

coalescence and oiling off (Benhura and Chidewe, 2004). When the protein concentration is low, limited 

protein would be available to saturate the oil–water interface; this makes the emulsions unstable thereby 
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causing flocculation. The extent of flocculation is dependent on the structure of the adsorbed layer and 

the thermodynamic quality of the intervening solvent. If the stabilizing film at the oil–water interface 

ruptures, this leads to coalescence, making the oil droplets merge into larger spherical globules. 

Creaming involves the rising of oil in an oil-in-water emulsion (O/W) and it occurs when the density of 

oil droplets is less than that of the continuous phase. It is reasonable that enhanced ES in chaotropic 

protein solutions is due to increased protein solubility because higher concentration of protein in oil–

water interface would facilitate emulsion stability. Emulsions have profound applications in food systems 

such as salad dressing, margarine and ice cream. 

 

Gelation properties 

The gelation properties under various Hofmeister ions salt concentrations are presented in Fig. 6. The 

least gelation concentration (LGC) was used as the index of gelation. Studies show that at various salt 

concentrations, the lowest LGCs were observed in protein solutions prepared in chaotropic salts. 

Reductions in LGC followed the Hofmeister trend: Na2SO4 > NaCl > NaBr > NaI > NaClO4 > NaSCN. A 

gel is a continuous network of macroscopic dimensions immersed in a liquid medium exhibiting no 

steady–state flow (Ziegler and Foegeding, 1990). Gelation implies the formation of a three-dimensional 

network by progressive aggregation of macromolecules or particles through chemical bonds or physical 

interactions under suitable conditions. The processes involved in the heat induced gelation process are: 

Protein unfolding, water binding, protein–protein interactions and water immobilization. Observations 

here indicate better gel formation at low salt concentration (0.1 M) compared with higher salt 

concentrations (1.0 and 2.0 M). At low salt concentrations, protein molecules are surrounded by the 

counter ions and this process results in charge screening, decreasing electrostatic free energy of the 

protein and thereby increasing the activity of the solvent and protein solubility. However, when the salt 

concentration is high, the abundance of the salt ions reduces the solvating power of the solvent and this 

reduces the protein solubility. Reduction in protein solubility would be caused by the neutralization of 

charges on the protein molecules by the salt ions. Hence at higher salt concentration, gel formation would 

be lower. In comparison with other protein concentrates, increase in least gelation concentration was 

reported for pigeon pea after the ionic strength of the medium was increased from 0.5 M to 1.0 M 

(Akintayo, Oshodi and Esuoso, 1999). Similarly, reduction in gel firmness of whey protein when the 

NaCl content of the mixture was increased had been reported (Otte, Schumacher, Ipsen, Ju and Qvist, 

1999). As the result also indicate enhanced gelation in protein solutions prepared with chaotropic salts, 

this could be attributed to increases in the protein unfolding effect of the chaotropic anions. This 

phenomenon would also account for enhanced protein-protein network building interactions. Protein 

gelation is vital in food applications such as confectionaries. 

 

Conclusion 

This investigation concerns the effect of selected Hofmeister salts on some functional properties of a seed 

protein isolated from jack bean (Canavalia ensiformis). The motivation for the study is to bring the 
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potential applications of the under-utilized legume to limelight by reporting the influences of the salts on 

key functional parameters such as foaming, emulsification and gelling properties. The Hofmeister salts 

have been used here to provide insight into the understanding of the structure-property-relations of the 

protein concentrate. Protein solutions prepared in chaotropic salts (NaI,  NaClO4 and NaSCN) showed 

better foamability, emulsification and gelling properties than the kosmotropic salts (Na2SO4, NaCl, 

NaBr), while the reverse was observed in water absorption capacity. Potential applications of varying 

functionalities such as foaming, emulsification and gelling properties in the food industries were stated at 

the end of each discussion in the text. The author is cognizant of the inclusion of chemicals in foods; 

hence it is recommended that responsible food regulation agencies should be contacted before any 

application. 
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Fig. 1. Water absorption capacities of jack bean protein isolate prepared in chaotropic and kosmotropic salts of 
different concentrations. Results are means of triplicate determinations and error bars are standard deviations. 
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Fig. 2. Foam capacities of jack bean protein isolate prepared in chaotropic and kosmotropic salts of different 
concentrations. Results are means of triplicate determinations and error bars are standard deviations. 
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Fig. 3. Foam stability of jack bean protein isolate prepared in chaotropic and kosmotropic salts of different 
concentrations. Results are means of triplicate determinations and error bars are standard deviations. 
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Fig. 4. Emulsifying activity of jack bean protein isolate prepared in chaotropic and kosmotropic salts of different 
concentrations. Results are means of triplicate determinations and error bars are standard deviations. 
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Fig. 5. Emulsion stability of jack bean protein isolate prepared in chaotropic and kosmotropic salts of different 
concentrations. Results are means of triplicate determinations and error bars are standard deviations. 
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Fig. 6. Least gelation concentration of jack bean protein isolate prepared in chaotropic and kosmotropic salts of 
different concentrations. Results are means of triplicate determinations and error bars are standard deviations. 
 


