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ARTICLE INFO ABSTRACT

Keywords:
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Bambara bean is a rich low-cost protein source and a functional ingredient in the food industry. We investigated

the effects of temperature and different pH on the physicochemical and functional properties of Bambara bean
Protein isolate

Heat treatment
Secondary structure
Functionality

protein isolate. Vicilin was the major protein of Bambara bean as revealed by SDS PAGE analysis. The emulsifying
capacity of protein isolate was highest at 80 °C, pH 9 while emulsion stability was highest at pH 4. Generally,
increase in temperature decreased protein solubility at pH 4 and 7, while increase was observed at pH 9 and 100
°C. The hydrophobicity of isolate was highest at pH 4 and lowest at pH 9, regardless of temperature. Protein
isolate possessed highly compact B-sheet and a-helix secondary structures in proportions greater than 75% (at pH
9 and 50 °C). Increase in temperature generally promoted protein rearrangement and partial unfolding. Protein
secondary structure and surface hydrophobicity can predict food functionality, directly affecting protein behavior
during formulation and long-term storage. This study clearly demonstrated the potential of exploiting pulse

protein isolates as nutritional and functional ingredients through temperature and pH control.

1. Introduction

Bambara groundnut (Vigna subterranea), extensively cultivated in low
altitudes of sub-Saharan Africa is a legume crop of little relevance on a
global scale (Eltayeb et al., 2011; Mazahib et al., 2013). However, in
Africa, it compares to groundnut (Arachis hypogea) and cowpea (Vigna
unguiculata) in terms of productivity (Adebowale et al., 2011; Hillocks
et al., 2012). Bambara groundnut is also under considerable production
in America, India, Sri Lanka, and Indonesia (Mcwatters et al., 2003; Goli
et al.,, 1997). In Cameroon, it is common in all the ten regions with the
exception of a few production basinsin the South West and South East
plains (Pasquet and Fosto, 1991). Bambara groundnut is drought tolerant
with good yield performance in unfertilized soils, exhibiting remarkable
resistance to pests and diseases (Thammarat et al., 2015). Besides this, it
is a potential replacement of animal protein in local households, often
formulated in sauces and consumed with roots, tubers and cereals (Mune
Mune and Sogi, 2015). Despite its ability to withstand harsh climate and
contribute to household protein requirement, Bambara groundnut is
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under little exploitation at both the indigenous and development
research communities (Yao et al., 2015).

At the development research level, Bambara groundnut is an exem-
plar pulse for climate change resilience (Mayes et al., 2019). In addition
to climate change adaptation, Bambara groundnut flour perfectly in-
corporates as a protein ingredient in cookie and vegetable diary formu-
lations (Okafor et al., 2015; Falade et al., 2014; Murevanhema & Jideani,
2013). The successful incorporation of Bambara flour in industrial food
formulation depends on its physicochemical and functional properties
(Mune et al., 2018). However, limited scientific evidence elucidates the
major factors coordinating the successful exploitation of Bambara
groundnut flour in the food industry. Bambara protein is rich in essen-
tially amino acids with substantial levels of lysine and methionine that
greatly influence structure and function primordial in food formulation
(Mune Mune and Sogi, 2015; Mune et al., 2018). The application of
protein rich sources in food engineering make use of processing param-
eters sometimes involving pH and temperature adjustments for stability.
Temperature and pH are parameters that differentially affect protein
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structure and function (Barba et al., 2012; Trujillo et al., 2002). Under
well-defined temperature and pH regimes, the use of Bambara flour as an
essential protein ingredient in food formulation is justified. With this
justification coordinated by intrinsic properties such as surface hydro-
phobicity, Bambara protein could improve novel food functional prop-
erties such emulsion capacity and stability (Cui et al., 2013; Nishinari
et al., 2014). With this conception, this study aimed to determine the
effects of different temperature and pH treatments on the structure and
function of Bambara protein isolate.

2. Materials and methods
2.1. Material

We purchased dried seeds of the Bambara bean [Vigna suhterrenea (L)
verde] red cultivar at the Mfoundi market (Yaounde, Cameroon). They
were then sorted and cleaned and the good quality seeds kept at 4 °Cin a
polyethylene bag until used. Sigma-Aldrich (Sigma-Aldrich Co., St. Louis,
MO) supplied the chemical reagents (acrylamide and potassium iodide).

2.2. Methods

2.2.1. Preparation of Bambara bean flour

The clean Bambara bean sample was ground in a milling machine
(Semap) fitted with a fine sieve of 200 um mesh size. Thereafter, flour
was defatted in hexane at a 1:5 (w/v) ratio (Maguire et al., 2004). All
defatted samples were oven-dried at 45 °C, packed in paper bags and
cold-stored at 4 °C in a refrigerator.

2.2.2. Extraction of the Bambara bean protein isolate

The extraction of the Bambara bean protein isolate followed the
modified isoelectric precipitation method of Mune Mune and Sogi
(2016). A slurry of the defatted flour was prepared by washing 100 g of
flour in 1000 ml of distilled water in duplicate after adjusting the pH to
4.5 using 1 M HC1. After washing for 15 min, the slurry was centrifuged
at 3800 x g for 20 min and 4 °C and the precipitated protein was
re-suspended in distilled water and the pH adjusted to 7 with continuous
stirring. The resulting protein suspension was freeze-dried.

2.2.3. Proximate composition of protein isolate

Moisture, ash, total lipid and crude protein (N x 6.25) contents were
determined according to AOAC (1990). Crude fibre content of the protein
isolate was determined according to Goering and Van Soest (1970).

2.2.4. Heat treatment

Exactly 0.45mg of the Bambara bean protein isolate was suspended in
a phosphate buffer at pH 4, 7 and 9 (0.01 M, 45 ml) and stirred for 1 h at
25 °C. Thereafter, 9 ml of the buffer suspension was dispensed in test
tubes and heated at 50 °C, 70 °C, 80 °C and 100 °C for 10 min. The heated
tubes were cooled to ambient conditions in a water bath and the protein
isolate in the tubes used for the determination of hydrophobicity, sec-
ondary structure, solubility and emulsifying capacity. Values were
compared with the unheated (control) sample.

2.2.5. Hydrophobicity

The bromophenol blue fixation method was used to determine surface
hydrophobicity of heat treated samples and the control (Chelh et al.,
2006). Aliquots of 500p] of the heat treated samples were mixed with
200p1 of BPB (1 mg/ml) and vigorously stirred. The following steps of the
procedure were described by Mune et al. (2017) and Mune Mune and
Sogi (2016).

2.2.6. Secondary structure

The secondary structure of proteins in the heat-treated samples and
the control was characterized by Fourier Transform Infrared (FTIR)
spectroscopy (Mune Mune and Sogi, 2016; Mune et al., 2017). Briefly,
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0.05 mL of the samples was put between two aluminum foils. FTIR
spectra were obtained in the wavenumber range of 400-4000 cm™!
during 32 scans with 4 cm™! resolution using a FTIR spectrometer
(IRAffinity-1 Shimadzu, Japan). Data were analyzed as described by
Mune et al. (2017) and the secondary structural features were calculated
from the amide I envelope by non-linear regression fitting of Gaussian
peaks of the original spectra. Peaks assignments were generated using the
results of Farrell et al. (2001).

2.2.7. Solubility

Aliquots of 1 mL of the protein suspension from the heat treatment
and the control were stirred for 30 min and then centrifuged at 4000 rpm
for 20 min (Mune Mune and Sogi, 2016). Protein concentration in each
supernatant was determined by the Kjeldahl method (AOAC, 1990).
Protein solubility was calculated as indicated in Eq. (1):

Solubility (%) = %x 100 ¢3)
0

where W; was the weight of protein in the supernatant (g), Wy was the
weight of protein in the sample (g).

2.2.8. Emulsifying properties

Emulsifying capacity (EC) and emulsion stability (ES) at different
temperatures were measured according to Lawal (2004). The
heat-treated protein solution (1 ml) was mixed with 1 ml of soybean oil to
obtain an oil to water ratio (OWR) of 1:1 (v/v). The dispersion then
mixed at high speed for 1 min at room temperature, using a magnetic
stirrer (Illkirch, France), centrifuged at 1,100 rpm for 10 min in an
Eppendorf AG (Hamburg, Germany) centrifuge. The emulsifying capacity
was derived following Eq. (2):

e . Height of emulsified layer in the tube
Emulsif EC)= 100
mulsifying capacity (EC) Height of the total content in the tube X
(2)

ES was determined by heating the emulsion at 80 °C for 30 min before
centrifuging at 1100 rpm for 10 min and derived as shown in Eq. (3):

Height of emulsified layer after heating

100
Height of emulsified layer before heating

3)

Emulsion stability(ES) =

2.2.9. Electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was performed according to the procedures of Laemmli (1970). The
gel system consisted of 12% (w/v) polyacrylamide for the resolving gel
(pH 8.8) and 4.5% (w/Vv) for the stacking gel (pH 6.8). Five milligrams of
both flour and the protein isolate of Bambara beans were suspended in 1
mL of distilled water and diluted 25 times before loading. Samples were
prepared under reducing conditions using f-mercapto ethanol, heated at
95 °C in a water bath for 5 min, and then centrifuged for 5 min at 5000
rpm. Fifteen microliters of each sample were loaded into the wells. Elec-
trophoretic separation was carried out at 70 V for the stacking gel and at
100 V for the resolving gel. Protein bands were fixed by immersion of the
gel in a 10% (v/v) acetic acid solution for 30 min, stained in a 0.1% (w/v)
Coomassie brilliant blue R-250 solution (Bio-Rad) for 30 min and then
distained in 10% (v/v) acetic acid and 10% (v/v) methanol for 40 min.

2.3. Statistical analysis

Data analysis and visualization were done using STATISTICA™
(version 5.5, 2002; Statsoft Inc., USA) and SPSS (16.0 version 10.1, 2000,
SPSS Inc., USA). Means were compared by the one-way ANOVA applying
the Tukey post hoc test for mean separation at p < 0.05 level of signifi-
cance. Correlation was estimated by the Pearson method. Results are
expressed as mean =+ standard deviation of triplicate values.
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Figure 1. SDS-PAGE patterns of Bambara bean protein. Lane M- Molecular
weight standards - Precision Plus Protein™ Dual Color Standards (Bio-Rad);
Lane 1 —flour of Bambara bean; Lane 2-Bambara bean protein isolate.

3. Results and discussion

Protein (81.28%, dwb) was the main component in the protein
isolate, which also contained ash (3.71%, dwb), fat (6.17%, dwb) and
crude fibre (4.07%, dwb). Moisture content was 3.45%. Similar obser-
vations have been reported in previous studies (Mune Mune and Sogi,
2015; Mune Mune et al., 2020).
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3.1. Structural characterization

3.1.1. Electrophoretic analysis

The SDS-PAGE pattern of Bambara bean proteins showed specific
bands with molecular weight ranging from ~ 17 kDa to ~ 118 kDa
(Figure 1; Figure S1 Supplementary material). Generally, protein isolate
contained mainly globulins (vicilin) and low amount of albumins. Vicilin
is a trimeric or hexameric protein devoid of disulphide bonds that play an
important role as seed storage protein. Its molecular weight is reported at
200.0 £ 50.0 kDa (Adebowale et al., 2011; Pernollet and Mosse, 1983).
Albumins play metabolic functions in pea such as protease and lectin
inhibitors (Lam et al., 2018). Three main bands of vicilin subunits were
observed under reducing conditions, with the major band expressing a
molecular weight of ~ 50 kDa. The other two medium bands weighed ~
60 kDa and ~ 66 kDa. Albumins were observed at the top of the gel with
molecular weight ~100-118 kDa and, then at the bottom with low
molecular weight ~ 17 kDa and ~27 kDa.

3.1.2. Secondary structure of protein

Fourier Transform Infrared Spectroscopy (FTIR) is a valuable method
for studying conformational changes of proteins in the solid, crystalline
and liquid states. Mune Mune et al. (2016; 2018) successfully applied this
method and elucidated the secondary structure of legume proteins. The
influence of temperature on protein secondary structure at different pH
in the amide I region is shown in Table 1 and Figure 2(a,b). The amide I
band was further resolved by Fourier self-deconvolution (Figure 2b).
Then, the bands were easily assigned as follows: a-helix: 1648-1658
em™; p-sheet: 1616-1640 cm™); B-turn: 1660-1700 cm™); Irregular
structure: 1640-1644 cm™! (Farrell et al., 2001; Achouri et al., 2012). In
Figure 2a and Table 1, it was observed that p sheet and o helix were the
main secondary structures of Bambara bean protein isolate, with pro-
portions ranging from 15.02 to 67.34 % and 15.47-75.69 %, respec-
tively, depending on pH. In addition, [$-sheet + a-helix] proportion was
found between 73 % (at pH 9 and 70 °C) and 100 % (at pH 9, 50 °C).

High p-sheet and a-helix proportion is a main characteristic of com-
pacted globulin storage proteins, and it was also noticed that anti-parallel
B-sheet could be formed in aggregated protein molecules (Ellepola et al.,
2005). However, p-sheet and o-helix proportion behaved differently
following heat treatment, depending on pH. At pH 4, heat treatment
caused an increase in f-sheet and a decrease in a-helix, while at pH 7,
B-sheet decreased and a-helix increased proportionally. This observation
probably underlined the co-existence of several conformations of protein

Table 1. Effects of heat and pH on Secondary structure (means and standard deviations) of Bambara bean protein isolate.

pH Temperature Secondary Structure composition (%)
p-sheets (%) a-helix (%) Irregular structure (%) p-turn (%)

4 25 15.20 + 0.51°2 75.69 + 2.52 1.58 + 0.05N™ 7.53 + 0.25°
50 53.57 + 1.78" 33.17 + 1.10°% 9.54 + 0.32° 3.72 + 0.1294
70 27.80 + 0.93%2 61.38 + 2.04% 2.41 + 0.08" 7.24 + 0.248
80 29.28 + 0.98% 63.75 + 2.12° 5.59 + 0.19% 2.55 + 0.08"%
100 71.80 + 2.4 23.04 + 0.77%2 1.51 + 0.05™ 3.65 + 0.12°

7 25 67.34 + 2.24%! 15.47 + 0.52"2 11.59 + 0.38"° 5.6 + 0.198"
50 45.69 + 1.53 37.09 + 1.24°% 4,95 + 0.17% 12.27 + 0.41%
70 30.73 + 1.02%2 46.96 + 1.57°! 4,56 + 0.15%* 17.75 + 0.60”%
80 20.85 + 0.70%2 63.21 + 2.11% 5.80 + 0.20%* 10.14 + 0.34%3
100 43.39 + 1.45°! 39.64 + 1.329¢2 12.72 + 0.42%° 4.25 + 0.14M

9 25 40.74 + 1.36°! 35.00 + 1.17°% 12.570.27% 16.03 + 0.53%
50 55.57 + 1.85"! 44.43 + 1.49°% 0.00 + 0.00™ 0.00 + 0.00°
70 41.76 + 1.40°! 31.18 + 1.04% 5.32 + 0.18°% 21.74 + 0.72%
80 29.89 + 1.00%2 61.51 + 2.05" 1.70 + 0.06 6.90 + 0.23%°
100 44.89 + 1.50° 46.91 + 153! 3.96 + 1.29%° 4.24 + 0.14°

Means followed by different letter (a, b, ¢, d, e, f, g, h, 1) in the same column are significantly (p < 0.05) different. Means Followed by different number (1, 2, 3, 4, 5) in

the same line are significantly (p < 0.05) different.
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Figure 2. (a-b). Typical FTIR spectra of Bambara bean protein isolate (here at pH 7and 25 °C) (a) and deconvoluted amide I band (b).

during heating. Furthermore, there was probably inter-conversion be-
tween B-sheet and a-helix, since correlation between both proportions
was significant (R = 0.98; p < 0.01) during heating at pH 4 and 7. At pH
9, significant (p < 0.05) increase in B-sheet proportion was observed at
50 °C compared to untreated sample, and a decrease at 80 °C. At the same
pH, heat treatment caused an increased in the a-helix proportion of
protein isolate (except at 70 °C). Irregular structure probably resulted
from protein unfolding and denaturation, and high p-turn proportion is a
product of protein unfolding of higher order structures. However, high
B-turn proportion was important for protein flexibility, which contrib-
uted to the stabilization of the water-oil emulsion, increasing globular
protein emulsion capacity (Mune Mune and Sogi, 2015).

3.2. Physicochemical properties

3.2.1. Hydrophobicity

Surface hydrophobicity of proteins is an important property that eases
a quick understanding of solubility, protein-protein interaction and
functionality allowing the integration of proteins in food formulation.
Protein hydrophobicity is a function of either ionization state of the

chemical functional groups, which results from intrinsic factors (i.e.
constitutive amino acids, size, and protein conformation) or extrinsic
factors such as solvent (ionic strength and temperature), stirring time and
protein concentration. The effect of temperature on hydrophobicity (mg
bound BBP/g protein) of the Bambara bean protein isolate at different pH
is shown in Figure 3a. As expected, protein hydrophobicity was signifi-
cantly higher at pH 4 and lower at pH 9. At pH 4, the net charge of protein
was around zero then hydrophobic protein-protein interactions were
predominant, while at pH 9 the protein is negatively charged and
protein-water interactions were predominant. At pH 4, hydrophobicity
decreased with temperature up to 70 °C, then increased thereafter.
Decrease in hydrophobicity was probably resulting from protein aggre-
gation by the mean of hydrophobic interaction, and the increase was due
to partial unfolding and exposure of regions previously buried by steric
hindrance of the bulky protein structure. At pH 9, heat treatment caused
a decrease in protein hydrophobicity. Decrease in protein hydrophobicity
occurred at temperature 50-80 °C, while non-significant differences in
hydrophobicity compared to untreated protein showed at 100 °C. Jiang
et al. (2015) reported an increase in hydrophobicity with increasing
temperature for soy protein isolate at 2% (w/v). Stanciuc et al. (2015)
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Figure 3. (a-b). Effects of heat and pH on surface hydrophobicity (a) and protein solubility (b) of Bambara bean protein isolate. Means followed by different letters at
same pH are significantly (p < 0.05) different. Means followed by different numbers (1,2,3) at same temperature are significantly (p < 0.05) different.

noted that change in surface hydrophobicity reflected change in the
structure of horseradish peroxidase in response to heat treatment.

3.2.2. Solubility of protein

Protein solubility correlates to foam formation, emulsification, gela-
tion and as such defines the usability of proteins in liquid foods and
beverages (Mune et al., 2017; Zayas, 1997). Effect of temperature on the
solubility of the Bambara bean protein isolate at different pH is shown in
Figure 3b. The shape of the influence of temperature on protein solubility
varies at different pH. The solubility of globular proteins generally cor-
relates negatively with hydrophobicity (Mune Mune and Sogi, 2015). In
this regard, the solubility of vicilin protein isolate was significantly lower
at pH 4, and higher at pH 9. This low protein solubility at pH 4 is

consistent with that of several legumes with isoelectric pH between 4 and
5 (Chavan et al., 2001; Mwasaru et al., 1999; Hermansson, 1979). The
negative charge of legume proteins at basic pH explains its high solubi-
lity, by maintaining repulsive electrostatic interactions between neigh-
boring side chains, and promoting oligomer dissociation and polypeptide
unfolding (Moure et al., 2006). At pH 4 and 7, non-significant difference
in solubility was found at 50 °C compared to untreated protein, afterward
solubility decreased at temperatures 70-100 °C. The lower protein sol-
ubility (31%) occurred at pH 4 and the highest (93%) at pH 9, at 100 °C.
The protein solubility behavior upon heat treatment varies with the
source of protein. Lee et al. (2019) although working on Yellow Meal-
worm Larvae proteins also noted that solubility varies not only with
temperature but also with the source of the protein.
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Figure 4. (a-b). Effects of heat and pH on emulsion stability (a) and emulsion capacity (b) of Bambara groundnut isolate protein. Means followed by different letters at
same pH are significantly (p < 0.05) different. Means followed by different numbers (1,2,3) at same temperature are significantly (p < 0.05) different.

3.3. Emulsifying properties

3.3.1. Emulsifying capacity

According to Mune et al. (2017), emulsifying properties are essential
in developing novel plant foods. This is justified by the influence of
solubility, hydrophobicity and molecular flexibility on the emulsifying
properties of globular proteins (Zayas, 1997). The influence of temper-
ature on the emulsifying properties of the Bambara bean protein isolate
at different pH is shown in Figure 4(a,b). Emulsifying capacity (EC) and
emulsion stability (ES) were determined at pH 4, 7 and 9. For utilization
of Bambara bean protein isolate without heat treatment in applications
where high EC is required, it could be recommended to manage under
neutral or basic pH. Mune Mune and Sogi (2015) and Carvalho et al.
(2006) found similar results. It was also found that EC of protein isolate
was significantly higher at pH 7 and 9 compared to pH 4 at all temper-
atures, except for the isolate treated at 70 °C. Generally, adequate com-
bination of solubility, hydrophobicity and molecular flexibility account
for high EC of globular proteins. Heat treatment increased EC of vicilin
isolate at pH 4. The maximum EC (54.4%) occurred for the isolate at 70
°C. At pH 7, non-significant difference was found between EC of the
untreated protein isolate and those treated at 50 and 80 °C (52%), and EC
decreased for the isolate treated at 70 and 100 °C. At pH 9, increase in EC
was observed for the vicilin isolate at 70 °C (55%) and 80 °C (60%)

compared to control, while non-significant difference was found for the
isolate treated at 50 and 100 °C. Solubility probably accounted for high
EC at pH 7 and 9, since it conferred to the proteins a better ability to
diffuse to the oil/water interface then lowering interfacial tension. In
another hand, surface hydrophobicity and molecular flexibility of pro-
teins played important role for EC at pH 4.

3.3.2. Emulsion stability

The influence of temperature on the ES of the Bambara bean protein
isolate varied according to the pH applied Figure 4(a,b). The untreated
protein isolate (at 25 °C) exhibited better ES (62%) at pH 4 and 7. At pH
9, heat treatment at 50-80 °C increased ES of protein isolate (55%),
which decreased to 48% when the isolate was heated to 100 °C. Similar
results were observed by Mwasaru et al. (1999) who noticed that emul-
sion stability of the Cajanus cajan protein isolate was maximal at pH 4. In
addition, Mune et al. (2018) pointed out that High ES required molecular
rearrangement of the adsorbed proteins at the oil-water interface to form
a thick layer, which prevents coalescence with low repulsive forces be-
tween the proteins. In another hand, at pH 4 protein isolate heated at 50
and 80 °C showed low ES (12 and 4%, respectively). At pH 7,
non-significant difference (p > 0.05) in ES (55%) was observed for isolate
heated at 50, 80 and 100 °C, and heat treatment at 70 °C produced
protein isolate with lower ES (25%). Molecular flexibility of globular



S.P. Ngui et al.

proteins induced by partial unfolding probably played important role in
ES of protein isolate, since it enhanced rearrangement of protein at the
oil-water interface.

4. Conclusion

We studied the effect of temperature on secondary structure, physico-
chemical and emulsifying properties of Bambara bean protein isolate at
different pH conditions. The SDS-PAGE analysis indicated that vicilin (7S
globulin) was the main protein in the protein isolate. p-sheet and a-helix
were the main secondary structures found in Bambara bean protein
isolate, and heat treatment produced partial unfolding and aggregation
of proteins. Solubility and hydrophobicity were also affected by heat
treatment at different pH, and high hydrophobicity was observed at pH 4,
while high solubility was found at pH 9. Emulsifying properties were also
significantly affected by changes in pH and temperature. Briefly,
adequate control of pH and heat treatment could be important for the
application of Bambara bean protein in industrial products where high
emulsifying properties are required.
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