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Abstract  

There is a continuous search for suitable emulsifiers of 

natural origin that can be used in food and pharmaceutical 

emulsions. Bambara groundnut is an important source of nu- 

trient in many African communities with rich blend of high 

protein and carbohydrate composition which makes it a po- 

tential candidate as an emulsifier, and where it can serve ad- 

ditional nutritional role in such emulsions. The current study 

aimed at investigating the stability of Bambara groundnut- 

stabilized emulsions physicochemical changes. The stability 

of the emulsions increased significantly with the speed of 

homogenization (up to 15, 000 rpm beyond which the differ- 

ence in stability was not significant). Compared to control 

(pH 7), emulsion stability decreased with acidity (about 

80 % stability by Day-5 at pH 2) and alkalinity (90 % 

stability at pH 10 by Day 5) with corresponding  in- 

crease in droplet size. Emulsion stability increased with 

increasing  NaCl  concentration  (65  %  stability  at  2  % 

NaCl compared to 82 % stability at 10 % NaCl). 

Stability however decreased sharply with increasing 

concentration of vinegar (45 % stability at 10 % vinegar 

compared to 81 % stability at 2 % vinegar). The 

Bambara groundnut flour-stabilized emulsions were 

more stable (ordinarily and in the presence of the addi- 

tives) than the Bambara groundnut starch-stabilized 

ones.  Stability  values  in  the  Bambara  groundnut  flour 
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emulsions, in most cases, double those for Bambara 

groundnut starch. 
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Introduction 
 

Bambara groundnut (BGN) (Vigna subterranean, family – 
fabaceae) is a leguminous plant and an important subsistent 

and commercial agricultural product in southern Africa espe- 

cially South Africa, Botswana and Zimbabwe (Mpotokwane 

et al. 2008). As a traditional food crop in Africa, it is eaten 

fresh or boiled after drying due to its high nutritional value. 

The flour from ground seed is used to make cake for consump- 

tion. BGN is a good and cheaper source of nutritional protein 

compared to animal and other plant sources (Alakali et al. 

2010). According to Rachie and Roberts (1974), BGN is the 

most important grain legume after groundnut (Arachis 

hypogea) and cowpea (Vigna unguculata). In a study to ana- 

lyze its nutritional composition, Doku (1996) reported rela- 

tively high lysine content while another study by Amarteifio 

et al. (1997) showed a breakdown of 53.1 % carbohydrate, 

17.4 % protein, 6.1 % fat, 6.1 % fiber, and 3.4 % ash, as well 

as low levels of calcium, iron, sodium and potassium. The 

protein in BGN is said to be richer as it has been reported to 

contain more essential amino acid (methionine) than any other 

legume (Aremu et al. 2006). In addition to the relatively high 

protein content in BGN, the total nutritional composition re- 

flects an excellent balance unusual in single plant products. 

Thus, it has the potential to combat under-nutrition in rural 

areas (Doku 1996). 

One of the ways of formulating food and pharmaceutical 

products is by emulsification in which case, one liquid phase 
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(called the dispersed or internal phase) is dispersed in another 

(called the continuous or external phase) in which it is immis- 

cible. The molecules of the two phases of emulsions are in 

direct contact at the interface making the system thermody- 

namically unstable with high tendency for phase separation 

(Guzey et al. 2004). While homogenization - a process of high 

speed blending that breaks and suspends the internal phase 

into the continuous phase - increases the entropy of the sys- 

tem, it is not enough to counter the unfavorable increase in 

enthalpy due to the contact between the hydrophilic and hy- 

drophobic molecules (Walstra 1993). Thus, emulsions are un- 

stable due to the presence of repelling interfacial forces acting 

between the molecules of the two liquids. Emulsifiers, which 

are substances capable of adsorbing at the liquid-liquid inter- 

faces in emulsions are used to stabilize emulsion 

(McClements 2005). 

Emulsion stability refers to the ability of an emulsion to 

maintain its physicochemical properties overtime (Dickinson 

et al. 2009). The mechanisms of emulsion instability which 

are often interrelated include gravitational separation 

(creaming/sedimentation),  flocculation, coalescence, 

Ostwald ripening and phase inversion (Guzey et al. 2004). 

Various physicochemical factors that can influence emul- 

sion instability include pH and pressure changes, temperature 

variability, relative composition of emulsion, particle size, mi- 

crostructures, microbiological and environmental stresses like 

agitation and light. These factors may manifest at any of the 

preparation, storage or utilization stages (Guzey et al. 2004). 

Emulsification is important in the food, pharmaceutical, 

cosmetic and chemical industries where it is applicable in 

formulation of products requiring simultaneous presence of 

aqueous and oil phases. Examples of food emulsions are may- 

onnaise and margarine preparations while pharmaceutical 

emulsions include liniments and some liquid supplements in- 

corporating both oil- and water-soluble vitamins. Cosmetic 

emulsion preparations include lotions, creams and ointment. 

Natural and synthetic substances have been used as emulsi- 

fiers with preference for the former for safety, cost and avail- 

ability purposes (Mirhosseini et al. 2008). These include aca- 

cia gum, agar, egg yolk, gelatin, casein, guar gum, tragacanth, 

alginic acid, karraya gum, carrageenan, carbomer resins, cel- 

lulose ethers, carboxymethylchittins, polyethylene glycol, 

stearyl alcohol, cetyl alcohol, cholesterol, bentonite, magne- 

sium hydroxide, aluminium hydroxide, magnesium alumini- 

um silicate, kaolin, various starch, among others. The choice 

of emulsifying agent is often dependent on the type of emul- 

sion and the physicochemical properties of other emulsion 

components. Studies have shown that natural products (pro- 

teins, carbohydrates) possess excellent emulsifying properties 

(White et al. 2008). The search for emulsifiers among natural 

plant/food products is particularly desirable due to the non- 

toxic nature of the products and their already established food 

and medicinal uses. In addition, plant products are more 

affordable and readily available leading to an increasing trend 

in the use of plant-derived emulsifiers for food and pharma- 

ceutical applications (Wang et al. 2010). 

Leguminous products have been reported in various studies to 

possess emulsifying property. Chau et al. (1997) investigat- 

ed the functional properties of the flour of three popular le- 

gumes widely cultivated in Egypt, India and other Asian coun- 

tries - Phaseolus angularis, Phaseolus calcaratus and 

Dolichos lablab. The flour of all three legumes showed satis- 

factory foam capacities, water- and oil-holding capacities, as 

well as gelations capability comparable to soy bean. The flour 

of all three legumes showed pH-dependent emulsifying activ- 

ities with emulsion stabilities greater than 80 % from pH 2 to 

10 except for pH 4. The authors also assessed the protein 

concentrates from these legumes for similar functional prop- 

erties. The concentrates from all three legumes demonstrated 

emulsion stability above 93 % over pH range of 2 to 10 (Chau 

et al. 1997). 

Similarly, Chel-Guerrero and co-workers (2002) reported 

significant emulsifying activities (46.78–53.84 %) of the 
flours and protein isolates from Phaseolus lunatus and 

Canavalia ensiformis for a pH range of 6 to 10. Up to 

100 % emulsion stability was reported for the flour and protein 

isolates from C. ensiformis at pH 7 and 8. 

European legumes such as lupin, pea and broad bean have 

been shown to possess emulsifying property. According to 

Makri and others (2005), protein isolates from lupin, pea 

and broad bean showed similar but high emulsion-stabilizing 

ability. The emulsions were however destabilized by the ad- 

dition of sodium chloride. In another study, lupin (Lupinus 

mutabilis) demonstrated a concentration- and pH-dependent 

emulsifying property (Sathe et al. 1982). 

The flour of cowpea (Vigna unguiculata) was reported to 

possess good emulsifying capacity that is enhanced by the 

addition of up to 0.4 % sodium chloride. Sodium chloride, 

up to 0.4 M also enhanced the emulsification capacity of the 

flour of winged bean (Psophocarpus tetragonolobus) 

(Narayana and Narasinga Rao 1982). 

Ramanatham and co-workers investigated the emulsifying 

capacity of groundnut protein and reported optimal emulsifi- 

cation at 5 mg/ml protein concentration. The emulsifying ca- 

pacity of groundnut protein was highest at pH 10 and the 

addition of low concentrations of sodium chloride enhanced 

it (Ramanatham et al. 1978). Other legumes whose flour and/ 

or protein isolates have shown significant emulsifying capac- 

ity include chickpea (Cicer arietinum), popular indian le- 

gumes Canavalia cathartica, Canavalia maritime, beach 

pea (Lathyrus maritimus) peanut and field pea and pecan 

(Yu et al. 2007). 

Thus, legumes have generally shown the potential for 

emulsification. No study has evaluated the emulsifying capac- 

ity of BGN. As a popular legume in Africa, the potential for 

industrial use of BGN in food is high. It is therefore important 
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to assess the ability of BGN to stabilize emulsions. In the first 

part of this study aimed to investigate the capacity of Bambara 

groundnut flour (BGNF) and Bambara groundnut starch 

(BGNS) to stabilize o/w emulsions, emulsions were prepared 

using a wide range of flour-oil–water and starch-oil–water 
ratio as generated through the application of Response 

Surface (D-optimal) design; and were investigated for stability 

to creaming/sedimentation (using the kinetic information from 

turbiscan) and flocculation/coalescence (by monitoring the 

droplet diameter growth using optical microscope) over 5 days 

in order to determine the optimal conditions for emulsions 

stabilized by BGNF and BGNS (Gabriel et al. 2013). The 

aim of the current study was to assess the influence of homog- 

enization speed, salt, pH and vinegar BGNF- and BGNS- 

stabilized emulsions. 

 
 

Materials and methods 
 

Materials 

 

Bambara groundnut was obtained from Triotrade, Gauteng 

CC., South Africa. Sunflower oil was purchased from local 

supermarket in Cape Town. All other materials and equipment 

were obtained from the Departments of Chemical Engineering 

and Food Technology laboratories of the Cape Peninsula 

University of Technology. Chemical reagents used were of 

analytical grade. The major equipment used in this study were 

Turbiscan® (Turbiscan® MA 2000, Formulaction, Toulouse), 

homogenizer (Ultra-Turrax T25, Janke and Kunkel, Staufen, 

Germany) and a digital research microscope (Ken-a-vision, 

Kansa city, MO, USA). 

 

Preparation of Bambara groundnut flour and Bambara 

groundnut starch 

 

BGN was milled using a hammer mill (Trapp TRF 400, 

Animal ration shredder/hammer mill foliage, Jaraqua do sul- 

sc, Brasil) to produce the Bambara groundnut flour (BGNF). 

The flour was sieved by passing through 250 μm mesh for 

homogeneity. The starch was obtained from the flour using the 

method of Adebowale et al. (2002) with little modification. 

After sequential blending of the flour with water, 2 % 

sodium chloride and 0.03 M sodium hydroxide, the res- 

idue after centrifuging was passed through a 50 μm 

screen (as  against  75  μm  screen  used  by  Adebowale 

et al.). The starch cake was air-dried at 25 ± 2 °C (as 

against 30 ± 2° used by Adebowale et al.). 

 

Preparation of BGNF- and BGNS-stabilized emulsions 

 

The D-Optimal response surface methodology was used to 

generate a range of emulsions using BGNF/S and oil as 

variables (Taha et al. 2005). A total number of 12 emul- 

sions templates were thus generated initially with dupli- 

cates. Following this design, the emulsions were pre- 

pared by gelatinizing the emulsifier (BGNF or BGNS) 

in sufficient  water  to make a 100 g mixture. 

Gelatinization was achieved by heating and stirring the 

BGNF/S-water mixture on a heater equipped with mag- 

netic stirrer for 10 min. The resultant gel was then left 

to cool to room temperature before the oil was added. 

The addition of oil was immediately followed by ho- 

mogenization using high-speed homogenizer (IKA 

Ultra-Turrax® T25, Digital Janke and Kunkel, Staufen, 

Germany) set at 15000 rpm for 10 min. Prepared emul- 

sions were investigated for stability to creaming/ 

sedimentation (using the kinetic information from 

turbiscan) and flocculation/coalescence (by monitoring 

the droplet diameter growth using optical microscope) 

over 5 days. The most stable emulsions (one BGNF- 

stabilized and the other BGNS-stabilized) were deter- 

mined. The  optimal  emulsifier/oil  composition  was 

9 g/39  g for BGNF and  5 g/30 g for BGNS. The qual- 

ity of the emulsions was assessed using migration rate 

and droplet size. Triplicate determination were per- 

formed for all assessments. Details of this are available 

from the first published part of this study (Gabriel et al. 2013). 

 

Emulsion stability studies 

 

Stability studies of the emulsions involved the use of 

Turbiscan® MA 2000 and optical microscope. The two 

major destabilisation phenomena affecting the homoge- 

neity of emulsions are droplet migration (creaming, sed- 

imentation) and particle size variation or aggregation 

(coalescence, flocculation) (Mengual et  al.  1999a,  b) 

but the creaming  was  used  to  determine  the  stability 

of the emulsion prepared in this research work because 

it was the most common destabilisation observed with 

Turbiscan® MA 2000 in all the sample prepared. 

The emulsion sample (7 mL) was transferred into the tubes 

(Turbiscan cell) and the ∆BS% was recorded every 1 min over 

20 min, repeated daily for 5 days. Observations for creaming 

and sedimentation were made and the data were computed 

using the migration software equipped in the turbiscan 

(Mengual et al. 1999a, b). Typically, the slope of the cream 

peak thickness  kinetics was  first identified. The  linear 

portion of this slope was zoomed and copied into the 

‘migration’ from where the migration rate (equivalent to 
the creaming index) is auto-computed based on the 

Stoke’s law (Eq. 1) where the rate (v) at which an 
isolated  rigid  spherical  droplet  particles  creams/ 

sediments in an ideal liquid environment is directly pro- 

portional to the particle size (measured as particle radius 

r) and the density difference  between the particle and 
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the medium (ρ2 −ρ1); and inversely proportional to the 

viscosity (η1) of the medium under acceleration g due to 

gravity (McClements 2005) 

2gr2
ðρ2‐ρ1Þ 

Effects of pH on the stability of the emulsion 

 

The effect of pH on the stability of the BGN-stabilized emul- 

sion was carried out by altering the pH of the water (continu- 

v ¼ 

9η1 

ð1Þ ous phase) using 0.5 M NaOH or HCl. The pH of the water 

was measured using a pH meter, and adjusted appropriately to 

The migration rate of creaming emulsion was used as the 

negative control. Percentage stability was calculated relative 

to the control. Changes in droplet size and concentration were 

monitored using micrographs obtained with the aid of the 

Ken-a-vision digital research microscope. Micrographs were 

obtained by placing a drop of the emulsion on a microscope 

slide. The micrographs were then displayed on the computer 

screen through the attached Applied Vision
TM 

software. The 

mean diameter of representative droplets (500 per micro- 

graph) was then obtained by using the measurement calibra- 

tion in the Applied Vision
TM 

Software. 

 
Effects of stirring on the optimized emulsion 

 

In order to assess the influence of stirring speed on the 

emulsion stability, the optimized emulsions 9 % w/v 

BGNF and  5  % w/v BGNS were prepared through var- 

ied homogenizer speed. The homogenization speed 

(rpm) used are 9000, 12000, 15000, 18000 and 21000. 

Samples were subjected to stability studies. Relying on 

the theoretical framework on the ability of the highest 

stirring to produce the best dispersal initially, the imme- 

diate stability (just after homogenization) of the emul- 

sion prepared at 21000 rpm (the highest practically 

available) speed in the current study setting was taken 

to be 100 %. The immediate and subsequent stability of 

the other emulsions were measured relative thereto. All 

determinations were performed in triplicates. 

 

Effects of salt (NaCl) on the stability of the emulsion 

 

The emulsions were prepared incorporating sodium 

chloride (2 to 10 %). The NaCl (2, 4, 6, 8 and 10 % 

w/v) was dissolved in water (continuous phase) preced- 

ing the addition of flour/starch. This was followed by 

gelatinization with continuous stirring on a  heater and 

the gel formed was allowed to cool to the room tem- 

perature. The emulsion preparation generally followed 

the same procedure (with homogenization at 15,000 rpm), 

except for the addition of salt to the continuous phase 

(water). Samples  of the prepared emulsions were sub- 

jected to stability study using visual observation over 

days, daily scans with Turbiscan®, and droplet size 

monitoring using the microscope. All determinations 

were performed in triplicates. 

2, 4, 6, 8 and 10 before the addition of flour/starch. The emul- 

sion preparation was then completed (homogenization at 15, 

000 rpm) and samples analysed for stability over 5 days and 

the stability of the emulsions were determined relative to the 

stability of the one prepared at pH 7 (Fortuny et al. 2007). All 

determinations were performed in triplicates. 

 
Effects of vinegar on the stability of the emulsion 

 

Similar to the effects of salt on the stability of the emulsion, 

the effect of vinegar was assessed. Edible and commercial 

vinegar was used at concentration range that reflects compo- 

sition in common vinegar-vinegar sourced food products. At 

2, 4, 6, 8 and 10 % v/v, vinegar was dissolved in water (con- 

tinuous phase) that was used to prepare the emulsion (Fortuny 

et al. 2007). Samples of the prepared emulsions were subject- 

ed to stability by visual observation over days, daily scans 

with Turbiscan®, and droplet size monitoring using the micro- 

scope. All determinations were performed in triplicates. 

 
Data analysis 

 

Analysis of variance (ANOVA) was used to establish mean 

differences between treatments at 5 % probability (Martini and 

Tippetts 2008). Duncan multiple range test was used to sepa- 

rate means where significant difference existed (IBM SPSS 

2012). 

 

 
Result and discussion 

 

Stirring effects on BGNF and BGNS-stabilized emulsions 

 

The stirring speed had significant (p<0.05) effect on the MR 

of both BGNF- and BGNS-stabilised emulsions both imme- 

diately and on storage. Emulsions prepared with different stir- 

ring rates varied in migration rate with time. Increase in stir- 

ring decreased MR and the droplet size. The same trend was 

observed in relative stability over storage duration period of 

5 days (Fig. 1). Storage time and homogenization speed had 

significant (p<0.05) effect on the MR and droplet size of 

BGNS-stabilised emulsions. This indicates that the influence 

of storage time differ within the homogenization speed. Using 

migration rate as a measure of creaming/sedimentation, the 

relative instability of the BGNS-stabilized emulsions prepared 

under varying homogenization rate is presented in Fig. 1. 
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Fig. 1  The relative stability of 

emulsions prepared under varying 

homogenization speed (rpm) and 

stabilized by Bambara groundnut 

a flour and b starch 
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Increase in homogenization speed enhances emulsion sta- 

bility. Similar result was reported by Tornberg and 

Hermansson (1977) in their work to study the effect of pro- 

cessing on the functional characterization of protein stabilized 

emulsions. The report showed that by increasing emulsifying 

intensity, better emulsions were obtained when characterized 

by the creaming method. 

The use of droplet size can reveal more clearly the effec- 

tiveness of the various homogenization speeds applied in ho- 

mogenizing the emulsions. The growth of droplet size of each 

of the emulsions prepared under different homogenization 

speed is shown in Fig. 2. 

With the BGNF, the droplet size decreased from 0.0145± 

0.0070 μm at homogenization speed of 9000 rpm to 0.0060± 

0.0001 μm at homogenization speed of 21000 rpm on day 1. 

Similar trend was observed for each homogenization speed 

evaluation at the end of the storage duration periods. Droplet 

size on day 5 was highest 0.0239±0.0006 μm at homogeni- 

zation speed of 9000 rpm and with the least droplet size of 

0.0071±0.0006 μm at homogenization speed 21000 rpm on 

day 5. However, the measured droplet size over the storage 

period appeared to be homogenous within the cluster of drop- 

let size. Hence, the effect of homogenization speed appears 

not to be significant (p>0.05) except for that observed on day 

1 (Fig. 2). The effect of homogenization speed between 12000 

and 21000 rpm on droplet size was not significantly different 

compared to the significant difference observe for between 

9000 and 21000 rpm. 

The droplet size of the BGNS-stabilized emulsions ob- 

served under varying homogenization speed showed that the 

highest droplet size of 0.0210±0.0014 μm was obtained from 

the lowest homogenization speed (9000 rpm) and the lowest 

value of 0.0082±0.0002 μm was obtained from at 15000 to 

18000 rpm on day 1. 

Emulsions homogenized at 21000 rpm, compared to 

others, was observed to have the lowest droplet size on the 

day 2 of storage till day 5. There was significant decrease in 

the droplet size with increasing homogenization speed, where 

the mean droplet size of 0.0258±0.0052 μm was obtained for 

the lowest homogenization speed (9000 rpm) and the highest 

homogenization speed (21000 rpm) have the lowest mean 

droplet size of 0.0089±0.0069 μm. 

The use of high speed in homogenizing immiscible liquids is 

known to help reduce the droplet size and the creaming/ 

sedimentation rate of the emulsions so produced. In a study 

carried out by Floury et al. (2000) using high-pressure 

 
 

Fig. 2  The growth of the mean 

droplet diameter of emulsions 

prepared under varying 

homogenization speed (rpm) and 

stabilized by Bambara groundnut 

a flour and b starch 
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homogenizer, droplet size reduced with increasing pressure. 

This usually leads to improved shelf life of the emulsion 

(Floury et al. 2003). 

Apart from the reduction in the mean droplet diameter and 

creaming/sedimentation rate of emulsions, high homogeniza- 

tion are required to evenly break fatty globules and to 

deflocculates clusters of poorly formed droplets. In addition, 

high-pressure homogenization leads to increased surface ac- 

tivity of the emulsifier helping to improve their emulsifying 

capacity (Floury et al. 2003) and this was also observed in the 

current study, where the initial mean droplet sizes in the two 

emulsions vary with increased homogenization speed. 

The day 5 stability and mean droplet sizes of the emulsions 

are seen to be better in emulsions with higher homogenization 

speed (21000 rpm). Emulsion produced using high homoge- 

nization speed will have longer shelf life than those prepared 

with lower speed. High homogenization subjects the oil and 

water mixture to intense turbulence and shear flow. In a high- 

pressure homogenizer, the oil and water mixture is subjected 

to intense turbulent and shear flow fields. According to Floury 

et al. (2000), turbulence is the predominant mechanism 

through which emulsification occurs while laminar shear 

and cavitations also play significant roles. The dispersed 

phase is usually broken up into small droplets by turbulence 

occasioned by high-pressured homogenization. 

It should be pointed out that the linear relationship between 

high homogenization speed and emulsion stability is not infi- 

nite. It has been shown that certain emulsifiers especially pro- 

teins, can lose their emulsifying property at very high turbu- 

lence. This can be attributed to pressure-dependent disruption 

of the tertiary and quaternary structure of the proteins leading 

to denaturation (Dumay et al. 1996). Galazka et al. (1999) 

reported the loss of emulsifying capacity of β-lactoglobulin 

as a result of high-pressure treatment. Similar effects have 

been shown in whey protein-stabilized emulsions (Galazka 

et al. 1999). 

The result of the current study showed that BGNF and 

BGNS influenced both the long-term (up to day 5) stability 

and mean droplet diameters of the emulsions so prepared ir- 

respective of the stirring rate as well as the initial droplet size 

and stability of the emulsions. 

The trend of stability in BGNS-stabilized emulsion is gener- 

ally similar to the one observed in BGNF-stabilized one. There 

was however, a marginally higher degree of instability with time 

in BGNS-stabilized emulsions as compared to BGNF-stabilized 

one. Similar observation was true for the mean droplet size. The 

initial mean droplet size of the emulsions stabilized with BGNS 

was higher than the droplet sizes of BGNF-stabilized one. As 

noted earlier, this further suggests that BGNF might be more 

effective as an emulsifier than BGNS. In both BGNF and 

BGNS-stabilized emulsions, emulsion stability increased with 

increased homogenization speed. The higher the homogeniza- 

tion speed, the smaller the initial droplet size. 
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Effects of pH on BGNFand BGNS-stabilized emulsions 

 

The interaction between storage time and pH had a 

significant (p<0.05) effect on MR and the droplet size of 

both BGNF-and BGNS-stabilized emulsions. A pH of 6 

was found to be opti- mal for emulsion stability. Increase or 

decrease of pH from 6 caused decreased stability (Figs. 3 

and 4). 

With BGNF, the emulsions prepared with pH 2 has 

the highest MR of 0.2645 ± 0.0048 mm/min on day 5 

compared to the MR of  0.0789 ± 0.00551  mm/min  on 

day 1. Emulsions at pH 10 showed the lowest MR 

of 0.0591 ± 0.0087 mm/min on day 1 which increased to 

0.0184 ± 0.0032 mm/min on day 5 in the alkaline 

medi- um. The MR observed at pH 6 showed the 

lowest value of 0.0076±0.0022 mm/min on day 1 and 

0.0280±0.0005 mm/ min on day 5. The mean MR of 

0.0223±0.0940 mm/min at pH 6 was the lowest which 

suggests that the emulsion is most stable at pH 6. More so, 

the mean MR of pH 6 differ signif- icantly (p<0.05) from 

the mean MR obtained for other pH values except from 

the mean MR of pH 10 and pH 4 which were not 

significantly different (p>0.05) from one another. Similar 

patterns were observed with droplet sizes where in- 

creased acidity/alkalinity increases the droplet sizes. 

Similarly with BGNS, increase in pH up to 6 decreased 

MR and droplet size (thus enhancing stability). However, 

the effect of pH 8 and 10 did not differ significantly 

(p<0.05). Generally therefore, emulsion stability improves 

with increas- ing pH till neutrality, beyond which stability 

decreases. Thus, both acidity and alkalinity reduces the 

emulsion stability. The migration rates and the mean 

droplet diameters measured im- mediately after 

homogenization varied in the BGNS- stabilized 

emulsions. The least MR was lowest on day 1 with mean 

MR of 0.0149±0.0041 mm/min for pH 6 and maximum MR 

of 0.3655±0.0029 mm/min at pH 2. There was however a 

progressive increase in MR at pH 6 maximum on day 5. 

Thus the stability of starch emulsions were maximum at pH 

6. The emulsion MR over the storage duration were 

however signif- icantly (p<0.05) different from one another. 

Change in pH did not have significant effect on the droplet 

size on day 1 except at pH 2, which showed the least 

droplet size of 0.0099 ± 0.0063 μm The trend observed 

from day 2 to day 5 upon storage showed a definite 

pattern for droplet size value at pH 6 as the least. Hence, 

apart from pH 2 on day 1 the critical cluster droplet value 

was observed at pH 6. On the overall, the mean droplet 

value observed between the storage duration clusters 

increased with storage period. 

In both BGNF- and BGNS-stabilized emulsions, stability 

improved towards neutral pH. This linearity showed that 

the more acidic/alkaline the emulsion medium the more 

unstable they were. Generally the stability observed 

in BGNF- stabilized emulsions is twice that observed in 

the correspond- 

ing BGNS-stabilized ones suggesting that BGNF had the 

higher emulsion-stabilizing capacity. 
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Fig. 3  The relative stability of 

emulsions at varying pH and 
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The knowledge of the effect of pH on the stability of food, 

pharmaceutical and industrial emulsions is important in order 

to predict product shelf life especially when the emulsions 

contain acidic or alkaline additives. Neumann and 

Paczynska-Lahme (1996) reported a decreased stability of 

crude oil-in-water emulsion with increased pH and 

decreased electrolyte concentration where the emulsion was 

found to be least stable at pH 10.5. Yang et al. (2007) reported 

similar findings in which the stability of the emulsion in- 

creased with increasing pH up to 9 beyond which stability 

decreases. In addition, the effect of pH on BGNF-stabilized 

emulsion as seen earlier showed that protein was not solely 

responsible for such emulsification. This is because, proteins, 

being amino acids, are more soluble at higher pH and are thus 

expected to have stronger emulsifying capacity at alkaline pH. 

In the current study, emulsion stability increased only to be- 

tween pH 7 and 8. If proteins are solely responsible for the 

emulsifying activity observed in BGNF, it is expected that 

emulsifying capacity will decrease with pH due to protein 

precipitation at acidic pH. 

 

Effects of NaCl on BGNF and BGNS-stabilized emulsions 

 

With BGNF, the interaction between storage time and NaCl 

had a significant (p<0.05) effect on MR and the droplet size of 

the emulsions. This indicates that the influence of storage time 

differed within the NaCl range. Increase in NaCl decreased 

MR and droplet size. The creaming stability of the emulsion 

increased with increased NaCl concentration (Fig. 5). 

Emulsions containing higher sodium chloride (NaCl) concen- 

tration had smaller droplet size (Fig. 6). This may be due to 

ionization and electrolyte formation. Electrolytes are known 

to destabilize emulsions. At higher salt concentrations, the rate 

for ionization is expected to decrease. The resulting increased 

viscosity of the continuous phase enhances emulsion stability 

(Yang et al. 2006). 

Similarly, the presence of NaCl increased the stability of 

BGNS-stabilized emulsions in concentration-dependent man- 

ner. Higher NaCl concentration resulted in higher degree of 

stability to creaming (Fig. 5) and smaller mean droplet diam- 

eter (Fig. 6). As observed earlier, the instability in BGNS- 
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Fig. 5  The relative stability of 

emulsions containing varying 

concentration of NaCl and 
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stabilized emulsions was generally higher than in the corre- 

sponding BGNF-stabilized emulsions. The effects of NaCl 

salt were maximum on day 1, at 2 % w/v concentration with 

MR value 0.0145±0.0002 mm/min. The MR observed at this 

concentration was the lowest and this indicated that the emul- 

sion was most stable, while the MR (0.0216±0.0038 mm/ 

min) at 10 % NaCl w/v was the highest. 

The least stable starch emulsion was observed in day 1, 

after which the MR of the other storage duration period 

showed a reverse pattern, with 4 % w/v NaCl starch emulsion 

having the highest MR, while the 10 % w/v NaCl starch emul- 

sion had the least MR. There was a significant difference 

(p > 0.05) in the MR over the emulsion storage period. 

Although the mean MR at different NaCl concentration on 

day 1 was the least, MR observed over each of the storage 

period were significantly different (p<0.05) from each other. 

This implies that increased NaCl concentration resulted in 

decreased MR, and this encouraged emulsion stability. The 

mean droplet diameters measured immediately after homoge- 

nizations were similar in all the emulsion samples (Fig. 6). 

This suggests that the presence of NaCl did not affect the 

initial emulsification process. The observed effect was there- 

fore on the ability of the NaCl to prevent the destabilization of 

the BGNS-aided emulsification. The droplet size, 0.01050± 

0.0007 μm at 4, 6, 8 and 10 % w/v remained unchanged on 

day 1 except at 2 % w/v NaCl which showed the least droplet 

size of 0.0100±0.0000 μm though not significantly different 

from those of higher NaCl concentration. The overall mean of 

0.0104±0.0005 μm was observed in BGNS-stabilized emul- 

sion droplet size for 2 to 10 % w/v on day 1. However, the 

droplet size over day 2 to day 5 decreased with increased 

concentration of NaCl (Fig. 6). The overall mean droplet size 

over the storage period, increased on the 5 days storage period 

i.e. 0.0104±0.0005 μm for day 1 to 0.0440±0.0187 μm for 

day 5. In effect the stability of the emulsions decreased 

throughout the duration of storage. 

It was interesting to observe that the combination of BGNF/ 

BGNS and NaCl in food emulsions for example, may not neg- 

atively affect the stability, and as can be seen, increased NaCl 

concentration enhanced the emulsion stability. The presence of 

NaCl did not affect the homogenization efficiency as the imme- 

diate droplet sizes are similar on day 1 for all NaCl concentra- 

tions (Fig. 6). This implies that NaCl did not interfere with the 

BGNF/BGNS-dependent emulsification process. 

Similar observation was made by Guzey et al. (2004) in 

their study to investigate the effect of NaCl on the stability of 
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Fig. 7  The relative stability of 

emulsions containing varying 

concentration of vinegar and 

stabilized by Bambara groundnut 

a flour and b starch 
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O/W emulsion stabilized by β-lactoglobulin–pectin mem- 

branes. They reported that the emulsions were more stable at 

higher concentration of NaCl and was attributed to the 

screened electrostatic interactions between charged regions 

on the pectin molecules which have influenced the packing 

of the droplets within the creamed layer formed by the floc- 

culated droplets and this can lead to the decrease in the height 

of serum layer. In a study conducted by Yang et al. (2006), to 

investigate the effect of salts on emulsion stability, the droplet 

sizes of the emulsions decreased with increased salt concen- 

tration. This observation was attributed to the favourable in- 

teraction between the electrolytes and the oil–water interface 

leading to enhanced adsorption of the emulsifier. This effect 

also decreased the creaming rate since creaming stability of 

emulsions is related to the emulsion droplet size. A further 

explanation offered as additional reason for increased stability 

of emulsions with increased salt concentration is the increased 

viscosity of the medium as a result of the increasing salt con- 

centration (Yang et al. 2006). This was also observed in this 

study. 

Aronson and Petko (1993) observed drastic changes in the 

properties of concentrated W/O emulsions when electrolyte 

was introduced into the aqueous phase at concentrations as 

low as 0.02 M. They reported that the rate of coarsening de- 

creased, and coalescence of water droplets during the freeze/ 

thaw process was inhibited. Long-term storage stability also 

improved with higher salt concentration. The authors pro- 

posed that the electrolyte-induced stability of the W/O emul- 

sions was probably achieved by a higher adsorption density of 

the emulsifier by the fractionation of the concentrated electro- 

lyte solution that wetted the ice crystals and prevented their 

fusion. The salt-containing emulsions also exhibited better 

rheological properties (Aronson and Petko 1993). 

Although, such effects may vary depending on the nature of 

emulsion and the emulsifier used, it is interesting to observe 

that the combination of BGNF or BGNS and NaCl in food 

emulsions for example, may not negatively affect the stability, 

but enhance it. This will be well applicable in many food 

products where BGN may find use as emulsifier. 

 

Effects of vinegar on BGNF- and BGNS-stabilized 

emulsions 

 

Vinegar is a common additive to food products. It consists of 

acetic acid (produced by the fermentation of ethanol by bac- 

teria) and water. It is used as flavorant in cooking, as 
 

Fig. 8  The growth of the mean 

droplet diameter of emulsions 

containing varying concentration 

of vinegar and stabilized by 
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condiment in cooked food products, in saucing and salad 

dressings, as mild acidic agent to acidify food products etc. 

It is desirable in this study to assess the influence of vinegar on 

the stability of food emulsion. This is because such food emul- 

sions stabilized by BGNF and BGNS may require the addition 

of vinegar for some purpose. The relative creaming stability of 

BGNF- and BGNF-stabilized emulsions was drastically re- 

duced in a concentration-dependent manner by vinegar. The 

study result showed that the MR increased with increase in the 

volume of vinegar for the storage period. 

With BGNF, concentration of vinegar, as low as 2 % v/v, 

caused up to 20 % instability by day 5 (Fig. 7). Similarly, 10 % 

v/v vinegar caused about 50 % instability by day 5 (Fig. 7). As 

measured immediately after homogenization, the droplet mi- 

gration rate was about 10 % higher in the presence of 10 % v/v 

vinegar than the control emulsion containing no vinegar. This 

may not necessarily suggest that the presence of vinegar in- 

hibits emulsification process. The destabilizing effect of vin- 

egar was evident on the mean droplet diameter as observed 

over days 1 to 5 (Fig. 8). The initial mean droplet diameters 

were not affected by the presence of vinegar, suggesting that 

vinegar did not affect the emulsification process, but stability. 

Increasing vinegar concentration also resulted in increase in 

droplet size for each emulsion after each storage period 

(Fig. 8). The droplet size on day 1 showed that emulsion with 

vinegar concentration of 2 % v/v had the least droplet size 

value (0.0690±0.0004 μm), while 10 % v/v vinegar had the 

highest droplet size (0.0810±0.0014 μm). The droplet size 

observed on day 5 showed that emulsion with 2 % v/v vinegar 

had the least droplet size, 0.2195 ± 0.0636 μm while the 

highest droplet size of 0.2705±0.0120 μm was observed for 

10 % vinegar. In general, the overall mean droplet size in day 

1 was the least (0.0765±0.0005 μm) and the highest (0.2528± 

0.0202 μm) for day 5. Thus, the addition of vinegar to the 

BGNF-stabilized emulsion resulted in increase in droplet size 

and thus emulsions instability. 

With BGNS, the observations were similar. The storage time 

and vinegar concentrations significantly (p<0.05) increased the 

MR and droplet size. Much more than its effect on BGNF- 

stabilized emulsions, the presence of vinegar accelerated the 

destabilization of BGNS-stabilized emulsions (Figs. 7 and 8). 

There was over 80 % phase separation of the BGNS-stabilized 

emulsions containing 10 % vinegar, by day 5. The extent of 

instability caused by the presence of vinegar in the BGNS- 

stabilized emulsions was generally twice the observed instabil- 

ity in the corresponding emulsions stabilized by BGNF. Both 

migration rate and the droplet size growth showed that vinegar 

reduced the stability of the emulsions. The higher the concen- 

tration of the vinegar, the higher the MR of the emulsion. At 

different vinegar concentration, the emulsion stability de- 

creased with mean diameter after the homogenization. The mo- 

bility and attraction of the oil droplet towards one another 

might have been aided by the presence of vinegar. 

The overall mean droplet size between each of the cluster of 

storage period showed a general increase in droplet size 

with day 1 showing the least droplet value of 0.0150 ± 

0.0070 μm and day 5 having the highest droplet value of 

0.0944±0.0086 μm. There were however, significant differ- 

ences (p<0.05) in the droplet size values between the storage. 

Also the effect of vinegar concentration on droplet size of the 

starch emulsion was significantly different for the 2 to10 % v/v 

added, except at vinegar concentration of 4 and 6 % v/v which 

showed some degree of consistency. 

Vinegar is acidic. Its presence in the emulsion will lower 

the pH. The findings thus, agree with the observed pH effects, 

BGNF and BGNS-stabilized emulsions degraded faster with 

decreasing pH. The findings with pH and vinegar are thus 

consistent with each other. 

In all, BGNF-stabilized emulsion appeared more stable that 

those stabilized by BGNS. This suggests that other non-starch 

components of BGNF including protein, ash and fat have 

contributory emulsifying activity. 

 

 
Conclusion 

 

The current study on BGN, a leguminous produce consumed 

in Africa, explores its potential for use in food products as 

emulsifying agent. With a good blend of starch and protein, 

BGN has shown emulsifying potential. Its use for emulsifica- 

tion purpose will provide additional nutrient in the emulsion. 

The stability of the emulsions stabilized by BGNF and BGNS 

increased with the speed of homogenization. Compared to 

control (pH 7), emulsion stability decreased with acidity and 

alkalinity with corresponding increase in droplet size. 

Emulsion stability increased with increasing NaCl concentra- 

tion but however, decreased sharply with increasing concen- 

tration of vinegar. The BGNF-stabilized emulsions were more 

stable (ordinarily and in the presence of the additives) than the 

BGNS-stabilized ones. Stability values in the BGNF- 

stabilized emulsions, in most cases, double those for BGNS. 

One of the important findings of this study is that the stability 

and/or mean droplet size vary depending on whether they 

were stabilized by BGNF or BGNS. It showed that the com- 

bination of the speed of homogenization and the emulsifying 

capacity of the additive was what made the homogenization 

effective. 
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