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Abstract: Combinations of indigenous ingredients lacking in certain essential amino acids could be
used to obtain a protein isolate with a better amino acid profile that can be used as a functional food
ingredient and suitable raw material for the food industry. Functional properties and amino acid
profile of Bambara groundnut and Moringa oleifera leaf protein complex and its precursors (Bambara
groundnut protein isolates (BGNPI) and Moringa oleifera leaf protein isolate (MOLPI)) were evaluated.
The protein, fat, ash, carbohydrate, and moisture content of the protein isolates and complex ranged
from 39.42 to 63.51%, 2.19 to 11.52%, 1.60 to 7.09%, 24.07 to 51.29%, and 2.61 to 9.57%, respectively,
and differed significantly (p < 0.05) from one another. The total amino acids of the protein isolates
and complex were 75.11, 50.00, and 71.83 g/100 g, respectively. The protein complex is higher in
threonine, phenylalanine, lysine, and leucine when compared to the FAO/WHO reference pattern.
The oil absorption capacity was between 0.89 and 2.26 g/g and the water absorption capacity was
between 1.22 and 1.5 g/g. Herein, the water absorption capacity and swelling capacity increased
with temperature with foaming capacity dependent on pH. The minimum solubility was at around
pH 24 and 4-5. The protein isolates and complex can be used as a functional food ingredient in
value-added products.

Keywords: amino acids; functional properties; Bambara groundnut protein isolates; Moringa oleifera
leaf protein isolates

1. Introduction

Bambara groundnut (Vigna subterranea) is a leguminous plant, it belongs to the family
Fabaceae; botanically it is known to have two varieties namely Vigna subterranea var. spon-
tanea (the wild varieties) and Vigna subterranea var subterranea (the cultivated varieties) [1,2].
Bambara groundnut (BGN) is rich in protein and essential amino acids. The value of BGN
can be enhanced significantly through fractionation into starch, soluble fibre, insoluble
fibre, and protein concentrate for use in value-added products [3—6]. Bambara groundnut
contains 15.48-25% protein [4,5,7-10] depending on the varieties and environmental factors.
They are richer in essential amino acids, such as isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, and valine, compared to groundnut [11]. However, BGN has a
low content of sulphur-containing amino acids (methionine and cysteine) and tryptophan.
Therefore, complementing BGN with a leaf protein that is rich in methionine can be useful
in overcoming this limitation and providing a well-balanced amino acid profile. Moringa
oleifera (MO) is an example of a leaf protein that is rich in methionine.

Moringa oleifera (MO) belongs to the Moringaceae family, it is known as ‘drumstick
tree” or ‘horseradish tree’. The name ‘drumstick tree” describes how its pod is shaped
and ‘horseradish tree” describes the taste of its roots [12]. Protein in MO fresh leaf was
reported to be 16.7% [13] and 9.38 g/100 g [14]. The dried leaves of MO contain 30.3% crude
protein and 19 amino acids [15]. Variation in protein content of MO leaves is attributed
to environment, genetic background, and methods of cultivation [14]. The crude protein
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of Moringa oleifera leaf powder is close to the crude protein of sunflower seed, which is
usually used as protein concentrates. MO leaves are a rich source of essential amino acids,
such as methionine, cystine, tryptophan, and lysine [14,16]. The content of methionine
and cysteine in MO seed was reported to be 43.6 g kg~! protein [17]. This high value
is close to that of human milk, chicken egg, and cow milk. Consumption of BGN and
MO can thus be increased by processing them into protein isolates that can be used in
value-added products.

Proteins are important in food product development and processing due to their
functional, physicochemical, and nutritional properties that impact consumer acceptability.
Protein isolates are sources of beneficial and active compounds, especially amino acids;
hence they are used as functional ingredients to increase the nutritional quality of food
products [18]. Protein isolate offers enormous opportunity in the development of a new
class of formulated foods [4]. These isolates are considered as a suitable substitute in food
processing to legume seed flour because they have superior functional properties, low
flavour profile, and relative freedom from toxic factors and indigestible carbohydrates [19].
The best use of the legume protein isolates depends on the versatility of their functional
properties, which are influenced by intrinsic factors, such as composition and conformation
of proteins, environmental factors, as well as methods and conditions of isolation.

Essential functional properties of protein ingredients include oil absorption, swelling
capacity, water absorption, foam capacity, and foam stability, while the amino acid profile
is an indication of the amino acid balance of the protein. A few studies have reported on
the functional properties and amino acid profile of Bambara groundnut protein isolate
(BGNPI) and Moringa oleifera leaf protein isolate (MOLPI) [4,20-25]. However, there is
no documented study of production of a protein complex between BGNPI and MOLPI,
and consequently its functional properties and amino acid profile has not been studied.
Therefore, this study investigated the functional properties and amino acid profile of
protein from Bambara groundnut (BGN) flour and Moringa oleifera leaf powder (MOLP)
and their complex (BAMOLP).

2. Materials and Methods
2.1. Material

Bambara groundnut was purchased from Triotrade Johannesburg, South Africa, and
Moringa oleifera leaf powder was purchased from Moringa Africa, Johannesburg. Chemicals
were purchased from Merck Pty Ltd., South Africa. Bambara groundnut and Moringa oleifera
leaf protein complex were obtained from the Department of Food Science and Technology,
Cape Peninsula University of Technology, Bellville Campus, Cape Town, South Africa.

2.2. Physical Characterisation of Bambara Groundnut and Moringa oleifera Leaf Protein Isolates
and Their Complex

2.2.1. Particle Morphology Determination of Bambara Groundnut and Moringa oleifera Leaf
Protein Isolates and Their Complex

The morphology of the BGNPI, MOLPI, and BAMOLP was examined using a scanning
electron microscope (SEM). Samples were separately placed on SEM stubs using double-
sided tape and then sputter-coated with gold/palladium for 60 s at a sputter setpoint
of 20 mA under a pressure vacuum of 2 x 10* Torr. Images were acquired using the
ThermoFisher Apreo FESEM with an ETD detector beam current set to 0.10 nA and a
voltage of 2.00 kV.

2.2.2. Colour Determination of Bambara Groundnut and Moringa oleifera Leaf Protein
Isolates and Their Complex

The colour of the protein isolates and complex was measured using a spectrophotome-
ter (Model CM-5 45° /0° standard, Konica Minolta Sensing, Osaka, Japan), set at standard
observer 10° and D65. The instrument was calibrated using a black tile followed by zero
calibration. The L* coordinate is lightness, 100 represents white and closer to 0 represents
black; a* represents chromaticity coordinates +a* = red and —a* = green; b* represents
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chromaticity coordinates +b* = yellow and —b* = blue; C* = chroma, and h = hue angle.
The samples were placed in a sample-dish (30 mm diameter) and reflectance was measured
for L*a*b* and L*C*h* colour space systems. Measurements were taken in triplicate for
each sample (one reading = average of three readings per rotated position). The total colour
difference (AE) was estimated using Equation (1).

AE = \/(AL*)2 + (Aa*)? + (Ab*)? 1)

2.2.3. Water Activity Determination of Bambara Groundnut and Moringa oleifera Leaf
Protein Isolates and Their Complex

The water activity (aw) of BGNPI, MOLPI, and BAMOLP was measured using the
Novasina Ms 1 Set a,, meter, which uses a cell protection filter. The measurement cell
was calibrated with salt humidity standards of 53, 75, and 90%. BGNPI, MOLPI, and
BAMOLP were transferred individually into the sample containers and placed inside the
Novasina analyser and the cell measuring protection filter was immediately closed. The
water activity reading was observed for stability and the values were recorded [26]. The
test was carried out in triplicate.

2.3. Evaluation of Functional Properties of Bambara Groundnut and Moringa oleifera Leaf Protein
Isolates and Their Complex

The functional properties of the protein isolate from Bambara groundnut (BGNPI)
and Moringa oleifera leaf (MOLPI) were characterised by water absorption capacity, oil
absorption capacity, swelling capacity, foam capacity and stability, emulsifying capacity
and stability, and protein solubility.

2.3.1. Water and Oil Absorption Capacity of Bambara Groundnut and Moringa oleifera Leaf
Protein Isolates and Their Complex

The method for the determination of water and oil absorption capacity was adopted
from [27]. Samples of BGNPI, MOLPI, and BAMOLP (1 g) were each mixed with 10 mL
distilled water (or vegetable oil) in separate pre-weighed 50 mL centrifuge tubes. The
samples were vortexed for 1 min, kept for 30 min at room temperature, thereafter, separated
by centrifuging at 4000x g for 30 min. The supernatant was decanted and surplus water
(or oil) in the upper phase was drained for 15 min. To determine the amount of water
or oil retained per gram of the sample, the tube containing the residue was reweighed.
Water absorption capacity (WAC) and oil absorption capacity (OAC) were calculated using
Equations (2) and (3), respectively.

Wy — W,y
W

Wy — Wy
W 3)

where, W = weight of dry sample, W; = weight of the tube plus the dry sample, and
W, = weight of tube plus wet sample.

WAC (mL/g) = )

OAC (mL/g) =

2.3.2. Swelling Capacity Analysis of Bambara Groundnut and Moringa oleifera Leaf Protein
Isolates and Their Complex

The swelling capacity (SC) was determined using the method described by [24].
Samples of BGNPI, MOLPI, and BAMOLP (1 g) were separately dispersed in 10 mL
distilled water in separate pre-weighed 50 mL centrifuge tubes. The mixture was heated in
a temperature regulated-water bath at constant temperatures of 60, 70, 80, and 90 °C for
15 min, cooled to room temperature, and centrifuged at 5300 rpm for 10 min. The SC was
expressed as a percentage increase in sample weight.
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2.3.3. Foaming Capacity and Stability Analysis of Bambara Groundnut and Moringa oleifera
Leaf Protein Isolates and Their Complex

The foaming characteristics of the protein isolates were investigated using the method
of [20]. Thirty mL of the protein isolate suspension (1 g/100 g, adjusted to the required
pH 2-10) in a 50 mL centrifuge tube was blended in a polytron homogenizer (IKA T18,
Ultra-Turrax, Bechthai, Bangkok, Thailand), at 12,000 rpm for 10 min at room temperature.
The volume of foam (mL) that was present above the surface of the liquid contained in a
50 mL centrifuge tube was measured. Foam expansion and foam stability were calculated
by Equations (4) and (5), respectively.

Vol after whipping — Vol before whipping
Vol before whipping

4)

Foam expansion (%) =

. e o Foaming volume after time t
Foaming Stability (%) = inigal foam volume x 100 (5)

2.3.4. Emulsifying Capacity and Stability Determination of Bambara Groundnut and
Moringa oleifera Leaf Protein Isolates and Their Complex

Emulsifying capacity and stability were determined by the method reported by [22]
with slight modification. Furthermore, 0.5 g samples of BGNPI, MOLPI, and BAMOLP
were dispersed in 50 mL Millipore water in separate 100 mL beakers. Five millilitres (5 mL)
portions of protein solution were homogenised with 5 mL of sunflower oil and the mixture
was vortexed for 10 min. The emulsions were centrifuged at 3200 rpm for 5 min. The
height of the emulsified layer and that of the total content in the tube were measured. The
emulsifying activity (EA) and stability were calculated using Equation (6).

__height of emulsified layer in the tube
~ height of the total content in the tube

EA (%) (6)

Emulsion stability was determined by heating the emulsion at 80 °C for 30 min after
which it was centrifuged at 3200 rpm for 5 min. The height of the emulsified layer and that
of the total content in the tube after heating were measured. The emulsion stability was
calculated using Equation (7).

ES (%) — height of emulsified layer after heating @
v height of the emulsified layer before heating

2.3.5. Protein Solubility Determination of Bambara Groundnut and Moringa oleifera Leaf
Protein Isolates and Their Complex

Effect of pH (2-11) on the solubility of the isolates and their complex was investigated
using the method described by [21] with modification. Protein solubility (%) was investi-
gated by dissolving 0.3 g BGNPI, MOLPI, and BAMOLP complex each in 30 mL distilled
water. The pH was adjusted to different values (2-11) with 0.5 N HCI or NaOH, and it was
stirred at room temperature for 1 h. Thereafter, the mixture was checked, adjusted to the
testing pH, and centrifuged at 800x g for 10 min. The supernatant was freeze-dried and
tested for protein using a Truspec Nitrogen Analyser (LECO-Laboratory Equipment, USA).
Protein solubility (%) was determined as in Equation (8).

Protein in th tant
% Protein solubility = — ¢ SUPCTRAIANT 450, ®)
Total protein in the isolate

2.4. Proximate and Amino Acid Profile

BGNPI, MOLPI, and BAMOLP were subjected to proximate analyses. Protein deter-
mination by Truspec Nitrogen Analyser (LECO-Laboratory Equipment), total fat according
to AOAC (2005) method 996.06, and moisture and ash according to AOAC (2005) method
934.01 and 923.03, respectively. The carbohydrate was determined by difference.
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The amino acid in BGNPI, MOLPI, and BAMOLP was determined using the Wa-
ters Acquity ultra performance liquid chromatography (UPLC) fitted with a photodiode
array detector. Amino acid was derivatised and separated with UV detection using 6-
aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC). The derivatisation procedure
was as follows: borate buffer (70 pL) was pipetted into a vial and mixed with 10 pL of the
diluted samples. Waters Accq. Tag Ultra Reagent (AQC reagent) (20 pL) was added into
the mixture. The vial was capped and vortexed to achieve effective mixing. The vial was
incubated at 55 °C for 10 min. After 10 min the samples were placed on an auto sampler
tray for analysis.

2.5. Statistical Analysis

All experiments were conducted in triplicate. To determine mean differences between
treatments, obtained data were subjected to multivariate analysis of variance (ANOVA).
Where differences existed, separation of means was carried out using Duncan’s multiple
range test (IBM SPSS, version 25). Application of Kruskal-Wallis test (non-parametric
ANOVA) where normality test was violated.

3. Results and Discussion

3.1. Physical Characteristics of Bambara Groundnut and Moringa oleifera Leaf Protein Isolates and
Their Complex

3.1.1. Physical Appearance of Bambara Groundnut and Moringa oleifera Leaf Protein
Isolates and Their Complex

The physical appearance of Bambara groundnut protein isolate (BGNPI), Moringa
oleifera leaf protein isolate (MOLPI), and their complex (BAMOLP) are presented in Figure 1.

Gl
¢ A N
PE T

4 a5

"0

Figure 1. Physical appearance of (a) Bambara groundnut protein isolate (BGNPI), (b) Moringa oleifera
protein isolate (MOLPI), and (c) Bambara groundnut-Moringa oleifera leaf protein complex (BAMOLP).
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3.1.2. Particle Morphology of Bambara Groundnut and Moringa oleifera Leaf Protein
Isolates and Their Complex by Scanning Electron Microscopy (SEM)

Scanning electron micrographs (SEM) of BGNPI, MOLPI, and BAMOLP are shown in
Figure 2. The SEM images were obtained to examine the particle morphology of the protein
isolates and their complex. BGNPI exhibited a less collapsed structure, with a partially
solid surface, having dents (shown by the yellow arrow in Figure 2) and a slightly dimpled
cracked surface with irregular shape (shown by the red arrow in Figure 2). MOLPI and
BAMOLP showed a collapsed structure with clumped agglomerated layers as shown by the
red arrows, rough surface, and irregular shape (shown by the yellow arrows in Figure 2).
The isolates and their complex showed larger particle sizes at lower magnification (100 x).
The cracking surface observed for BGNPI is comparable to the result obtained for black
and white Bambara protein reported by [23]. Irregular shapes with different sizes were
also reported for BGN fibre [28].

Figure 2. Scanning electron micrographs of Bambara groundnut protein isolate (BGNPI) (a), Moringa
oleifera leaf protein isolate (MOLPI) (b), and their complex (BAMOLP) (c), (magnification x300 for
BGNPI, and %200 for MOLPI and BAMOLP).

3.1.3. Colour Characteristics of BGNPI, MOLPI, and BAMOLP

The descriptive values for colour characteristics of BGNPI, MOLPI, and BAMOLP are
presented in Table 1. The average values of lightness for BGNPI, MOLPI, and BAMOLP
were 63.38, 34.09, and 49.90, respectively. Both isolate and their complex differ significantly
(p < 0.05) in lightness, BGNPI being significantly lighter than the MOLPI and BAMOLP.
The redness of BGNPI, MOLPI, and BAMOLP had mean values of 6.62, 0.19, and 0.14,
respectively. The redness of MOLPI and BAMOLP did not differ significantly (p > 0.05).
However, the redness of BGNPI differs significantly (p < 0.05) compared to MOLPI and
BAMOLP. The yellowness and chroma of the protein isolates (BGNPI, MOLPI) and their
complex (BAMOLP) differ significantly (p < 0.05). There was no significant difference in the
hue angle of MOLPI (89.44°) and BAMOLP (89.66°) but the hue angle of BGNPI (72.69°)
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differs significantly (p < 0.05) compared to MOLPI and BAMOLP. The protein isolates and
their complex are yellowish-red, the intensity of the colour is low because the chroma
values were low; the lower the chroma, the less intense the colour. BGNPI has the lightest
colour, followed by BAMOLP, while MOLPI has a darker colour.

Table 1. Colour characteristic of BGNPI, MOLPL, and BAMOLP 12.

Colour Values

Protein Isolates

L* a* b* C* h°
BGNPI 6338 +0.312  6.62+£0.092 21.24+0312 222540332 72.69 £ 0.052
MOLPI 34094 050¢  0.19+0.07° 1894+ 039> 1895+ 0.38P 89.444+0.19P
BAMOLP 49904+ 015 0144+0.01P 2351+045° 2351+045° 89.66+0.01P

1 BGNPIL BGN protein isolate, MOLPL: Moringa oleifera leaf protein, BAMOLP: BGN-Moringa oleifera complex.
Mean values + standard deviation of triplicate determination. > Mean values in the same column followed by
different letters are significantly (p < 0.05) different; L*: lightness; a*: redness: b*: yellowness; C*: chroma, h°:
hue angle.

BGNPI is lighter, redder, yellower, and more saturated than MOLPI, but had a lower
hue compared to MOLPI and BAMOLP. The lightness and redness of BGNPI are higher
compared to BAMOLP but lower in yellowness, less saturated, and has a lower hue.
MOLPI has the least of the colour attributes measured. BGNPI can be described as a light
yellowish-red material while MOLPI and BAMOLP are dark yellowish materials. Although
Moringa oleifera leaf powder (MOLP), which is the starting material for MOLPY, is green,
spectrophotometry measurement indicated a dark yellowish material. The colour change
may be due to the impact of heat during the extraction process of MOLPI and the oven
drying process.

The yellowness of BGNPI, MOLPI, and BAMOLP can be ascribed to phenolic com-
pounds associated with redness and yellowness, which include anthocyanins, quercetin
cyanide, as well as S-carotene, a colour pigment responsible for red, yellow, and orange
colour in plants [29-32].

The colour difference (AE) between BGNPI and MOLPI, MOLPI and BAMOLP, and
BGNPI and BAMOLP were determined to be 30.08, 16.45, and 15.14, respectively. The
colour differences are perceivable since a colour difference of 1 is just noticeable. The
observed colour differences can be attributed to differences in the colour pigment of BGN
and MOLP which are the starting materials.

3.1.4. Water Activity of Bambara Groundnut and Moringa oleifera Leaf Protein Isolates and
Their Complex

The mean of triplicate values for water activity (aw) of BGNPI, MOLPI, and BAMOLP
were 0.18, 0.68, and 0.37, respectively. The a,, of a food refers to the water content available
for microbial growth and it is one of the critical factors that control the rate of food
spoilage [33]. Water exists in a food product as free water and bound water. Free water
can be defined as the water that can be released by pressing the food, which exists in the
pores of the food material. Bound water describes water that remains unchanged when a
portion of food is subjected to heat treatment, it exhibits no vapour and cannot be frozen
below 0 °C. Food deterioration due to microbial growth (yeast and moulds to pathogens)
occurs in a range of 0.6-1.0 [33] However, some enzymatic reactions, such as browning
occurs in a range of 0.3-1.0 and increases rapidly at a 0.6-0.8. BGNPI had the lowest a,
of 0.18, followed by BAMOLP with a,, of 0.37, and MOLPI had a,, of 0.68. BGNPI and
BAMOLP had ay less than 0.6 and are therefore less prone to microbial spoilage, but a, of
MOLPI s at the boundary in which microbial spoilage and enzymatic reactions start, and
may therefore be more susceptible [34].

3.2. Proximate Composition of Bambara Groundnut Protein Isolate (BGNPI), Moringa oleifera Leaf
Protein Isolate (MOLPI), and BGN-Moringa Protein Complex

The chemical composition of BGNPI, MOLPI, and BAMOLP are shown in Table 2. The
moisture content of MOLPI (9.57%), is significantly (p < 0.05) higher than that of BGNPI
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(2.61%) and BAMOLP (4.70%). The moisture content of BGNPI is lower than that reported
by [21] (3.16%). BGNPI, MOLPI, and BAMOLP contained 61.09, 39.42, and 63.51% protein,
respectively, and are significantly (p < 0.05) different. Factors responsible for variation in
the protein contents of the isolates could vary from the actual content of protein in the raw
materials to the extraction method.

Table 2. Chemical composition of BGNPI, MOLPI, and BGNMPC (g/100 g) 2.

Proximate (g/100 g)

Protein Isolate

Moisture Ash Fat Protein Carbohydrate
BGNPI 264012 1.60 £0.02 115+042 61.1+132 2414062
MOLPI 96+0.1b 7.09 £0.0° 22+02b 394 +£05P 5134+ 07"
BAMOLP 47 +02¢ 242 +00¢ 88+03¢ 635+1.1°¢ 253 +09°

1 BGNPI: BGN protein isolate, MOLPI: Moringa oleifera leaf protein, BAMOLP: BGN-Moringa oleifera complex.
2 Mean values are triplicate determinations =+ standard deviation. Means within a column followed by the same
superscript are not significantly (p > 0.05) different.

The content of protein, 39.0% in MOLP], is comparable to 39.0% reported by [35] in
which a similar method of extraction was used and higher than 19.94% reported by [36] for
Moringa oleifera leaf protein concentrate in which isoelectric precipitation was employed.

The fat content of BGNPI, MOLPI, and BAMOLP are 11.5, 2.2, and 8.8%, respectively,
and are significantly different (p < 0.05). The fat content of BGNPI is higher than the 3.2%
reported by [21]. It is possible that fat had undergone saponification at the alkaline pH with
NaOH used for solubilisation, at the isoelectric point (pH 4.5), and precipitated together
with the protein.

Ash content was 1.60, 7.09, and 2.42% for BGNPI, MOLPI, and BAMOLP, respectively,
and they were significantly different (p < 0.05). The ash content of BGNPI (3.11%) is
lower than reported by [21] for Bambara groundnut protein isolate. The ash content of
MOLPI (7.09%) indicates that MOLPI had higher mineral content compared to BGNPI and
BAMOLP. This could be due to higher content in Moringa oleifera leaf powder compared to
the ash content of Bambara groundnut flour [15,37,38], but it is lower than 9.30% reported
by [36] or Moringa oleifera leaf protein concentrates. The carbohydrate content of BGNPI
(24.07%) and BAMOLP (25.32%) are not significantly different, but MOLPI (51.29%) was
significantly higher (p < 0.05) compared to BGNPI (24.07%) and BAMOLP (25.32%). The
carbohydrate content of BGNPI is higher compared to 5.48% reported by [21].

3.3. Amino Acid Composition of Bambara Groundnut Protein Isolates, Moringa oleifera Leaf
Protein Isolates, and Bambara Groundnut—Moringa oleifera Leaf Protein Complex

The amino acid composition of BGNPI, MOLPI, and BAMOLP are presented in Table 3.
The total amino acids in BGNPI, MOLPI, and BAMOLP were 75.11, 50.00, and 71.83 g/100 g,
respectively. The essential amino acids of the protein isolates were 39.83, 47.88, and 40.83%
of the total amino acids, respectively. Bambara groundnut protein isolate showed higher
histidine, lysine, leucine, valine, isoleucine, and phenylalanine in comparison to MOLPI
while MOLPI showed higher threonine and methionine compared to BGNPI (Figure 3).
Tryptophan was lost during acid hydrolysis of the protein; hence it was absent in all the
samples. Cysteine was not detected in this study, which is comparable to the studies
of [20-22] for BGN isolate. Destruction of cysteine, threonine, arginine, serine, and lysine
occurs by alkali processing [39], hence, cysteine might have been lost during processing.
The total amino acid (75.11 g/100 g) obtained in this study for BGNPI is lower than
81.07 g/100 g reported by [21] for whole BGN and also lower than 90 and 89.76 g/100 g
reported by [20] for white and brown Bambara groundnut.
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Table 3. Amino acid composition 12,

Protein Isolate Amino-Acid (g/100 g)

Essential Amino Acid

BGNPI MOLPI BAMOLP

Threonine 3.02+0.022 3.44 4+ 048b 2.85+0.042
Methionine 1.77 £0.002 2.50 +0.08 ¢ 1.86 +0.03P
Phenylalanine 9.41+0.052 5.80 £0.12¢ 6.55+0.11b
Histidine 2.85+0.072 1.29 £0.02°¢ 1.71+£0.0°
Lysine 353 +£0.10% 2.03£0.18¢ 449 +0.23b
Valine 331+0.20¢% 2.7540.13° 3214+0.02¢
Isoleucine 3.02+0.202 2.11+0.07 € 2.75 4 0.08 b
Leucine 621 £0.16% 4.02+0.10°¢ 591+ 0.10P

Non-Essential Amino acid
(g/100 g)

Serine 5.05+0.242 2.79 £0.65°€ 4414020°
Arginine 6.31+0.352 3.69+0.32¢ 5.33+0.12b
Glycine 2,65 +0.10 2P 2,62 +0.122P 2.49 £ 0.09 ©
Asparagine 7.55 + 0.3 2P 337 £0.26¢ 795+0.61%
Glutamine 1290 £0.392 45340.11b 13.11 £ 0.66 2
Alanine 3.12+0.032 3.01+0.152 3.114+0.022
Proline 2.87 +£0.022 2364+ 0.26° 2.70 £ 0.00 €
Tyrosine 474 +£0.112 3.69 +0.33° 3.40 +0.13°

1 MOLPI: Moringa oleifera leaf protein isolate; BGNPL: Bambara groundnut (BGN) protein isolate; BAMOLP: BGN
and Moringa oleifera leaf protein complex. > Mean values of triplicate determinations - standard deviation. Means
within the same row with different superscripts differ significantly (p < 0.05).
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Figure 3. Comparison of amino acids in Bambara groundnut protein complex and other protein
sources. BAMOLP: BGN and Moringa protein complex; ZEAA: total essential amino acid.

Methionine content of BGNPI and MOLPI was 1.77 and 2.50 g/100 g, respectively.
These values are appreciable since methionine is usually deficient in legumes and green
leaves [21,37,40,41]. The methionine content of 1.77 g/100 g obtained in this study for
BGNPI was higher than 1.27 g/100 g reported by [21] for BGN protein. Importantly, methio-
nine 1.86 g/100 g in BAMOLP is higher than (0.3) g/100 g in soya bean, and comparable
to 2.5 g/100 g recommended by FAO/WHO/UNU [42]. BGNPI, MOLPI, and BAMOLP
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are good sources of arginine, a conditionally essential amino acid, with BGNPI having the
highest 6.31 g/100 g, while BAMOLP and MOLPI have 5.33 and 3.39 g/100 g, respectively.

The high lysine content of the BGNPI, MOLPI, and BAMOLP is a boost to their
nutritional value, which will promote their use as a supplementary protein in the formu-
lation of cereal products that are deficient in lysine. BAMOLP had the highest content of
lysine, 4.49%.

The non-essential amino acid of BGNPI, MOLPI, and BAMOLP was 60.17, 52.12, and
59.17% of the total amino acids, respectively. Major non-essential amino acids observed
were glutamine and asparagine. These non-essential amino acids were higher in BAMOLP,
BGNPIL, and MOLPI. Arginine has been reported to prevent heart disease [20].

Amino acids are organic compounds, which are precursors of proteins; therefore, they
influence the quantity and quality of protein [15,37,38]. Amino acids are categorised as
essential and non-essential and vary according to animal species and their production
system. They are indispensable in the production of enzymes, immunoglobins, hormones,
growth, and repair of body tissues and form the structure of red blood cells. Furthermore,
they play an important role in the formation of glucose, acting as a buffer when other
precursors are in short supply. Amino acids are essential for the performance of specific
functions in the body [15].

BAMOLP is therefore a good source of essential amino acids, since it is especially
higher in methionine, phenylalanine, and histidine compared to whey, pea, brown rice,
soy, hemp, and wheat protein (Figure 3). The amino acid content of BAMOLP is higher in
threonine, phenylalanine, lysine, and leucine when compared to the FAO/WHO reference
pattern [42]. BAMOLP will be a suitable functional food ingredient in value-added products.

3.4. Functional Properties of Bambara groundnut protein isolates, Moringa oleifera Leaf Protein
Isolates, and Bambara Groundnut-Moringa oleifera Leaf Protein Complex

The descriptive statistics for the functional properties of Bambara groundnut protein
isolates (BGNPI), Moringa oleifera leaf protein isolates (MOLPI), and Bambara groundnut-
Moringa oleifera leaf protein complex are presented in Table 4.

Table 4. Functional properties of BGNPI, MOLPI, and BAMOLP 1

Parameter BGNPI MOLPI BAMOLP

OACg/g 2.26 +0.152 0.89 + 0.04 € 0.95 + 0.03 P

WAC g/g 1.31 +0.02° 1.5+0.03P 1.224+0.03°¢
Emulsifying Capacity% 39.17 £ 4.252 45.83 +0.00° 50. + 0.00°
Emulsifying Stability% 56.36 + 5.53 2 47.28 + 3.04° 56.37 +3.152

1 BGNPI: Bambara groundnut protein isolate, MOLPL: Moringa oleifera leaf protein isolate, BAMOLP: Bambara
groundnut-Moringa protein complex, OAC: oil absorption capacity, WAC: water absorption capacity.

3.4.1. Oil Absorption Capacity

The oil absorption capacity (OAC) of BGNPI, MOLPI, and BAMOLP was 2.26, 0.89,
and 0.95 g/g, respectively, as shown in Table 4 and are significantly (p < 0.05) different. The
highest OAC was exhibited by BGNPI and it is higher than 1.04 g/g reported by [24] for
Bambara groundnut protein concentrates. The OAC for MOLPI obtained in this study is
lower than 3.87 g/g reported by [36] for Moringa oleifera leaf protein concentrates. Differ-
ences in the oil binding capacity of the isolates may be due to variations in the presence
of non-polar side chains, which might bind the hydrocarbon side chains of oil among
the isolates. Oil absorption capacity describes the ability of fat to bind the non-polar side
chains of protein. The isolates will be suitable in food application especially in flavour
retention, improvement of palatability, and extension of shelf life, particularly in bakery or
meat products where fat absorption is anticipated.
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3.4.2. Water Absorption Capacity

The water absorption capacity for BGNPI, MOLPI, and BAMOLP was 1.31, 1.5, and
1.22 g/g, respectively (Table 4), and are significantly (p < 0.05) different. The value of
WAC obtained in this study for Moringa oleifera leaf protein isolate of 1.13 g/g is lower
than 5.82 g/g reported by [36] for Moringa oleifera leaf protein concentrates. Disruptions
of protein happen when isoelectric precipitation is employed in the extraction of protein,
causing a limitation in the interaction between the protein and the surrounding aqueous
system, thereby reducing WAC. Isoelectric precipitation was used for the extraction of
BGNPI, which may be the reason for the low value of WAC obtained in this study. Water
absorption capacity is the ability of flour to absorb water, swell, and thus enhance the
consistency of food product.

Effect of temperature on WAC of BGNPI, MOLPI, and BAMOLP is presented in
Figure 4a. The WAC of the isolates increased with an increase in temperature from 60 to
90 °C. BGNPI has the highest capacity to absorb water with the utmost value of 181.19% at
90 °C. The isolates can be used as thickeners in the food system because they exhibit high
WAC, which improves consistency.
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Figure 4. Functional properties of Bambara groundnut protein isolate (BGNPI), Moringa oleifera leaf
protein isolate (MOLPI), and BGN and Moringa oleifera leaf protein complex (BAMOLP): (a) effect of
temperature on water absorption capacity (%); (b) effect on swelling capacity (%); (c) foam capacity
(%); (d) foam stability (%). Error bars are the standard deviation of the mean.

The swelling capacity of isolates increased significantly with an increase in temper-
ature from 60 to 90 °C (Figure 4b); a similar observation was reported by [24]. Factors
that can influence swelling capacity are the nature of the material, type of treatment, pro-
cess conditions, and differences in the molecular organization within the granules of the
sample. Higher swelling capacity at 90 °C implies that elevated temperature promotes
the penetration of water into the protein granules [24]. Food ingredients that have high
swelling capacity are advantageous in the manufacture of confectionery; BGNPI, MOLP],
and BAMOLP can be used in such applications.
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3.4.3. Emulsifying Capacity and Stability

Emulsifying capacities (EC) of BGNPI, MOLPI, and BAMOLP were 39.2, 45.8, and
50.0%, respectively, as presented in Table 4. The emulsifying capacity of BGNPI was
significantly (p < 0.05) lower than the emulsifying capacity of MOLPI and BAMOLP. There
was no significant difference between the emulsifying capacity of MOLPI and BAMOLP.
The EC is an indication of the ability of a protein to absorb rapidly at the water—oil
interphase during the formation of emulsion to prevent flocculation and coalescence. This
result indicates that MOLPI and BAMOLP have a higher capacity to reduce the migration
rate of oil droplets and particle size.

Emulsifying stability (ES) was 56.4, 47.3, and 56.4%, respectively (Table 4). There
was no significant difference between the emulsifying stability of BGNPI and BAMOLP,
however, MOLP1 is significantly (p < 0.05) different. Emulsifying stability unveils the ability
of the samples to maintain a stable emulsion over a long time by preventing the flocculation
and coalescence of the oil globules [43,44]. The highest emulsifying stability of BAMOLP
and BGNPI were (56.4%) while MOLPI has the lowest (47.3%) emulsifying capacity.

3.4.4. Effect of pH on Foam Capacity and Stability

The effect of pH on the foam capacity of BGNPI, MOLPI, and BAMOLP is presented
in Figure 4c. Foam capacity is the ability of a solution to produce stable foam. The foam
capacity of BGNPI, MOLPI, and BAMOLP was observed to be pH-dependent. BGNPI
and BAMOLP exhibited the highest foaming capacity at acidic pH 2 while it was alkaline
(pH 10) for MOLPIL. This observed difference might be due to an increase in solubility of
protein at alkaline and acidic pH, as well as structural rearrangement of protein because of
denaturation. The lowest foam capacity was at pH 4 for all the protein samples. A similar
result was reported for the foaming capacity of Moringa oleifera leaf protein concentrate [36],
where improved foaming capacity was observed at alkaline pH.

The highest foam stability occurred at pH 8 and 10 for BGNPI, at pH 2, 8, and 10 for
MOLPI, and pH 2 for BAMOLP (Figure 4d). The lowest foam stability occurred at pH
4 for BGNPI, pH 6 for MOLP], and pH 10 for BAMOLP. The differences in the foaming
properties of the proteins BGNPI, MOLPI, and BAMOLP may be due to the level of protein
present in their flour and the degree of denaturation. The protein and emulsifier present in
the solution impact foam texture and are essential in retaining and improving the stability
of foam [45].

3.4.5. Protein Solubility

Effects of pH on the protein solubility of BGNPIL, MOLPI, and BAMOLP are shown
in Figure 5. The solubility of BGNPI and BAMOLP showed U-shaped curves in the pH
range 2-11, but MOLPI did not show a U-shaped curve. The U-shaped curve shown for
solubility of BGNPI and BAMOLP can be linked to the significant (p < 0.05) differences in
their solubility at the various pH levels, the solubility was high at both acidic and alkaline
pH and low at pH 4-5. Whereas for MOLPI, there was no significant difference in solubility
at the various pH levels, hence, a U-shaped curve was not established. The lowest solubility
for BGNPI and BAMOLP was at pH 4-5, while the lowest for MOLPI was at pH 2—4. The
BGNPI and BAMOLP were soluble in the low acidic pH range and the alkaline pH range.
Similar results were reported by [20,21] for BGNPL. Protein molecules are charged at pH
values far from the isoelectric point (pI), thus causing repulsion among proteins, which
enhances increased solubility. Whereas net charges of protein give zero when the pH is
close to isoelectric point (pl) [21,46]. The protein solubility of BAMOLP compares closely
to BGNPI (Figure 5). MOLPI showed the lowest solubility at pH 24, increased solubility
was observed around pH 5-10, similar findings were reported by [36] for Moringa oleifera
leaf protein concentrate.
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Figure 5. Effects of different pH on solubility of protein isolates and complex. BGNPI, Bambara
groundnut protein isolate; MOLPI, Moringa oleifera leaf protein isolate; BAMOLP, Bambara groundnut—
Moringa oleifera leaf protein isolate complex.

4. Conclusions

The fat, ash, and carbohydrate content of MOLPI were significantly (p < 0.05) higher
than that of BGNPI and BAMOLP. The protein content of BAMOLP was significantly higher
when compared to BGNPI and MOLPI. BAMOLP is a good source of protein and is rich
in essential amino acids. It is especially higher in phenylalanine and histidine compared
to whey, pea, brown rice, soy, hemp, and wheat protein and can therefore be used as an
alternative in applications where those proteins are desired. Complementing Moringa
oleifera protein with BGN protein was beneficial as the methionine in Moringa oleifera was
higher than BGN protein; hence, the complex (BAMOLP) was high in methionine. The
amino acid content of BAMOLP was higher in threonine, phenylalanine lysine, and leucine
when compared to the FAO/WHO reference pattern. Due to the appreciable content of
lysine in BAMOLP, it can be used as a supplementary protein to cereals, which are deficient
in lysine. BAMOLP is, therefore, a potential functional food ingredient and sustainable
raw material for the food industry.
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