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The objectives of this study were to extract soluble and insoluble dietary fibres from four Bambara groundnut 
(BGN) varieties (black-eye, brown-eye, brown and red) using the wet milling method and evaluate their 
physicochemical properties. The swelling capacities of brown-eye (6.5 g/mL) and black-eye (6.2 g/mL) 
fibres were higher (p≤0.05) than those of red (6.0 g/mL) and brown (5.5 g/mL) fibres while the water 
holding capacities of black-eye and brown-eye fibres (2.84  g and 2.83  g water/g sample) were higher 
(p≤0.05) than those of brown and red fibres. The bulk densities of insoluble dietary fibres (IDFs) and soluble 
dietary fibres (SDFs) ranged between 0.57 g/mL (red) to 0.67 g/mL (brown-eye) and 0.46 g/mL (brown-eye) 
to 0.57 g/mL (black-eye), respectively. The oil binding capacities (OBCs) of SDFs ranged between 2.78 g 
oil/g sample (brown) and 4.03 g oil/g sample (brown-eye) while the OBC of all IDFs did not differ (p>0.05), 
ranging between 1.52 g oil/g sample (brown) and 1.40 g oil/g sample (brown-eye and black-eye). Black-eye 
and brown-eye dietary fibres had higher phenolic and total sugar content. The findings of this study indicate 
the potential of BGN fibres in food systems as fat replacers, emulsion stabilisers, water binders, bulking 
agents, thickeners and nutritional additives. 

Introduction
Bambara groundnut (BGN) is an underutilised crop predominantly grown in African countries.1,2 Legume seeds such 
as BGN are good sources of dietary fibre3 and BGN fibre has potential for both food and non-food applications.4 An 
increase in consumer awareness of the health benefits of dietary fibre (DF) has led to the investigation of alternative 
sources by a number of researchers.5-7 These health benefits include reduced risk of diseases of lifestyle, such as 
obesity, diabetes, coronary heart disease, some cancers and haemorrhoids.7-9

Legumes that have been researched for DF extraction include cowpeas, lentils and chickpeas.5,10 The basis of 
DF extraction methods is similar, however, the approach differs depending on the desired end product, source of 
fibre and availability of equipment. All DF extraction methods involve fractionation as this allows for the separation 
of constituents to obtain the desired concentrates and isolates.11 Some methods of extracting DF include 
microbiological retting, chemical, enzymatic, dry processing and wet processing.12

The modified wet milling method as reported by Dalgetty and Baik5 is more efficient than the conventional wet 
methods that rely solely on the differences in swelling capacity to separate starch and fibres, as it makes use of 
the enzyme α-amylase to digest any remaining starch, thus purifying the fibre concentrate. Extracted DF from 
BGN using the wet milling method is not documented. Furthermore, the properties and applications of BGN DFs 
are not largely documented. An understanding of the physicochemical properties of BGN DF will highlight the 
behaviour in different food and non-food systems including in the human gastro-intestinal tract.13,14 Diedericks15 
applied an enzymatic-gravimetric method of extracting DF from BGN. The method proved to be very costly and 
time consuming costing approximately ZAR26 388.57/kg DF. The wet milling method is cheaper and easy to 
handle.5 Therefore, the objectives of this study were to extract soluble and insoluble fibres from whole seeds of 
BGN varieties using the wet milling method as an alternative to the enzymatic-gravimetric method and evaluate their 
physicochemical properties. 

Materials and Methods
Materials
BGN seeds were purchased from Triotrade in Johannesburg, South Africa, and sorted into four varieties according 
to the ‘eye’ colour, namely, the black-eye, brown-eye, brown and red varieties. Chemicals used in this study 
were of analytical grade (Sigma-Aldrich, Johannesburg, South Africa). Equipment used was obtained from the 
Departments of Food Technology and Oxidative Stress of the Cape Peninsula University of Technology. 

Milling of Bambara groundnut seeds
BGN seeds were washed and then dried at 50 °C for 48 h (Cabinet drier, Model: 1069616, Geiger & Klotzbucher, 
Cape Town, South Africa). The seeds were then milled using a hammer mill (Bauermeister, Bauermeister Inc., 
Vernon Hills, IL, USA) with a sieve size of 250 µm. 

Wet fractionation of BGN flour into individual constituents
The method of Dalgetty and Baik5 was adopted in this study. BGN flour (200 g) was mixed with 500 mL distilled 
water and blended for 3 min at the highest setting. The slurry was centrifuged (15 min, 25 °C, 1500 x g). The 
residue was used for the isolation of insoluble dietary fibre (IDF) and the supernatant was used in the isolation of 
soluble dietary fibre (SDF).
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Isolation of BGN insoluble dietary fibre
The residue (26 g) was wet screened in 2 L of water through a 53 µm 
sieve. The supernatant was collected as starch concentrate. To purify 
IDF, the collected sediment was digested using 13 units/mg 10 MU heat-
stable α-amylase in 400 mL of water at pH 6 for 30 min, in a shaking 
water bath (100 °C). After digestion, the tubes were left to cool down 
to room temperature and centrifuged (10 min, 25  °C, 1500 x g). The 
residue was collected and dried at 50 °C (Cabinet drier, Model: 1069616) 
for 48 h and then vacuum dried in an air oven at 100 °C for 2.5 h.

Isolation of soluble dietary fibre
Soluble dietary fibre was isolated from the supernatant collected after 
wet fractionation. Firstly, proteins were precipitated by adjusting the pH 
of the soluble fraction from pH 3 to pH 9 using 1 N NaOH and 1 N HCl. 
Following precipitation, the soluble fraction was centrifuged (10  min, 
25 °C, 1500 x g). The sediment was collected as protein concentrate. 
The supernatant was subjected to a tangential flow filtration system 
(Spectrum Laboratories Inc., Rancho Dominguez, CA, USA) and each 
fibre solution was washed with four diafiltration volumes to remove any 
contaminants. Waste was removed through a hollow fibre filtration outlet 
with a molecular weight cut-off of 10 kD. 

Assessment of the physicochemical properties 
of BGN fibres
Hydration properties
The swelling capacities of BGN IDFs were determined using the method 
of Wang and Toews.16 Dry, purified IDF (0.2 g) was hydrated with 10 mL 
of distilled water in a graduated cylinder and left to stand at 24 °C for 
18 h. The swelling capacity of the fibres was then calculated as the bed 
volume occupied by fibres per gram of dry sample.

The method described by Dalgetty and Baik5 was applied with modi
fications in the determination of the water holding capacity (WHC) 
of BGN IDFs. In a 50  mL centrifuge tube, 1  g of fibre and 30  mL of 
distilled water were added and the tubes were held for 18 h at 24 °C to 
allow sufficient hydration of the fibre. The tubes were then centrifuged 
(3000 x g, 20 min, 23 °C). The supernatant was decanted and the tubes 
carefully inverted for 10 min to drain any remaining free water. The weight 
of the residue was then recorded and the difference between the original 
volume of water and the volume of the supernatant was calculated to 
determine the WHC. The WHC was expressed as mL/g.

Density of BGN fibres
The method of Parrott and Thrall17 was followed in determining both 
bulk and direct densities. Bulk density was determined by adding 2 g of 
each BGN fibre into a graduated syringe and manually applying sufficient 
pressure while gently tapping the syringe on a bench until the contents 
were packed tightly. Direct density was determined by adding fibre to 
the 5 mL mark in a 10 mL graduated cylinder. Care was taken to avoid 
shaking the cylinder so as to avoid settling of the fibre.5 The dietary 
fibre was then emptied and weighed. Bulk and direct densities were 
expressed in g/mL. 

Oil binding capacity of BGN fibres
The method described by Dalgetty and Baik5 was applied to determine 
the oil binding capacity (OBC) of the BGN fibres with modifications. Fibre 
(1 g) was mixed with 5 g of canola oil in a 50 mL centrifuge tube. The 
mixture was vortexed for 30 sec at 5 min intervals for 30 min. The mixture 
was then centrifuged (1600 x g, 25 min, 23 °C). After centrifugation, the 
supernatant (free oil) was decanted and weighed. OBC was expressed 
as grams of oil retained/grams of fibre.

Colour measurements of BGN fibres
Colour attributes of BGN dietary fibres were determined using a spectro
photometer (Model CM-5, Konica Minolta Sensing, Osaka, Japan) 
set at standard observer 10° and D65. The spectrophotometer was 
calibrated with black and white plates followed by zero calibration. BGN 
fibres (3 g of IDF and 0.6–0.8 g SDF) were placed in a glass sample 

holder (diameter 30 mm). Lightness (L*), redness/greenness (a*) and 
yellowness/blueness (b*), hue and chromacity were assessed through 
L*C*h* and CIE-L*a*b* colour space systems. Each variety was 
analysed in triplicate with each individual sample giving three readings. 
Colour differences amongst the fibre samples were calculated using the 
colour difference equation: 

∆E =   (∆L *2 + ∆a *2 + ∆b *2) 	 Equation 1

where L* is lightness, a* is redness/greenness and b* is yellowness/blueness

Assessment of polyphenolic compounds in BGN fibres
The method of Diedericks15 was adopted in the assessment of polyphe
nolic compounds. Condensed tannins were determined in IDFs while 
hydrolysable polyphenols (HPPs) were determined in both SDFs and 
IDFs. For determination of HPPs in BGN IDFs, samples (250 mg) were 
mixed with 10 mL of methanol and 1 mL of H2SO4 in 14 mL centrifuge 
tubes. The samples were incubated at 80  °C for 20  h. The samples 
were then centrifuged (4000 x g, 5 min, 21 °C) and the residues were 
analysed using the Folin–Ciocalteu assay by mixing 25 µL of sample 
with 125  µL of 0.2  M Folin–Ciocalteu and 100  µL of 7.5% Na2CO3 
solution. The mixtures were left to stand for 2 h then the absorbance 
was measured using a spectrophotometer at 750 nm using a gallic acid 
standard calibration curve. The results were expressed as mg/g gallic 
acid equivalents (GAE). For determination of HPPs, BGN SDF samples 
(250 mg) were dissolved in 10 mL distilled water, centrifuged (4000 x g, 
5 min, 21 °C) and the supernatant was subjected to the Folin–Ciocalteu 
assay. Tannins were determined by treating IDF samples (250 mg) with 
a 1:1 mixture of 5  mL/L HCl-Butanol. The mixture was incubated at 
100 °C for 1 h then centrifuged (4000 x g, 5 min, 21 °C). Tannins were 
calculated from the anthocyanidin solutions absorbance at a wavelength 
of 555 nm using a standard curve of 0.0072 ppm and an absorbance 
of +0.0072.

Assessment of neutral sugars and uronic acids in  
BGN fibres
BGN fibres were subjected to acid hydrolysis prior to analysis of neutral 
sugars and uronic acids. SDFs were hydrolysed with 1  M H2SO4 at 
100 °C for 90 min and IDFs were first hydrolysed with 12 M H2SO4 at 
30  °C for 90  min and then with 1  M H2SO4 at 100  °C for 90  min to 
yield monomers. After hydrolysis, samples were centrifuged (3000 x g, 
15  min, 21  °C). IDF residues were washed twice with 2  mL distilled 
water and SDFs were filtered to remove any suspensions. Uronic acids 
and neutral sugars were then analysed in the IDF and SDF supernatants 
by spectrophotometry (340  nm) using K-Arga, K-Fucose, K-Mangl, 
K-Rhan, K-Uronic and K-Xylose assay kits (Megazyme International, 
Wicklow, Ireland). 

Data analysis
For statistical analysis, IBM Statistical Package for the Social Science (IBM 
SPSS, version 22) was used. The results were subjected to Multivariate 
Analysis of Variance (MANOVA) to determine mean differences between 
treatments. Duncan’s multiple range test was conducted to separate 
mean differences where differences existed.

Results and Discussion
Yield of BGN fibres
Soluble and insoluble dietary fibres were successfully isolated from 
four varieties of BGN using the modified wet milling method (Figure 1) 
and the yield of each dietary fibre is given in Table 1. Scanning electron 
micrographs of BGN fibres are shown in Figure 2. The yield of SDFs was 
in the range 15.4% (red) to 17.1% (brown-eye) and that of IDFs was in 
the range 12.0% (brown-eye) to 15.6% (red). There was no significant 
difference (p>0.05) in the yield of SDFs as well as among the IDFs. 

Using the enzymatic-gravimetric method to extract DFs from legumes, a 
lower yield of both IDFs and SDFs has been reported. The lower yield of 
DFs obtained using the enzymatic-gravimetric-method may be attributed 
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to the fact that chemicals used in this method result in the loss of some 
IDFs and most SDFs.18 The yield of BGN DFs in this study was considered 
high as several researchers have reported BGN DF content in the range 
5.2% to 6.4%.19-21 The variations in yield among researchers may be 
attributed to differences in BGN varieties, climatic conditions, type of soil 
grown on, processing and determination methods used. The SDF content 
of most edible legumes such as pea, broad pea and soybean cotyledons 
range between 3.3% and 13.8%.10,22 The yield of SDFs in this study was 
higher than the reported range. This increase in yield could be an indication 
that BGN has a higher SDF content than previously studied legumes. In 
addition, the use of different extraction methods could be responsible for 
the differences in yield; the wet milling method could have favoured the 
extraction of soluble fractions of DF more than other methods.

BG
N 

ID
Fs

BG
N 

SD
Fs

a dcb

Figure 1:	 Soluble and insoluble dietary fibres (SDFs and IDFs, respectively) 
isolated from four varieties of Bambara groundnut (BGN): (a) 
black-eye, (b) brown-eye, (c) brown and (d) red.

Hydration properties of BGN dietary fibres

Swelling capacity of BGN fibres
The swelling capacity of IDFs ranged from 6.50  mL/g (brown-eye) 
to 5.50  mL/g (brown) as shown in Table 1. There were no significant 
(p>0.05) differences between brown and red IDFs and also among black-
eye, brown-eye and red IDFs in terms of swelling capacity. Brown-eye and 
black-eye IDFs had higher (p≤0.05) swelling capacities than brown and 
red IDFs. Swelling capacities in the range 4.28–5.51 mL/g were reported 
for chickpea and pea IDFs.5,23 These values are comparable to those 
obtained in this study. A swelling capacity of 5.51 mL/g was reported for 
mung bean hulls sieved through a 50 µm mesh which is similar to the 
sieve size used in this study.24 The similarities in the results of the two 
studies suggest that particle size plays a major role in determining the 

swelling capacity of fibres.24 Increasing swelling capacity with decreasing 
particle size has been reported.24 Thus it can be deduced that particle size 
has an inverse relationship with swelling capacity.

The swelling capacities of BGN fibres are comparable to that of cellulose 
(6.2 mL/g), a dietary fibre constituent that is widely used in food products 
as a bulking agent, stabiliser, thickener and anti-caking agent owing to 
its hydration properties.25 Reduced cooking losses, decreased firmness, 
decreased adhesiveness and reduced stickiness in pea and inulin fibre 
enriched pastas have been reported.26 The researchers reported that the 
increase in swelling capacities of the fibres imparted these desirable 
characteristics in the pastas.

This study suggested that BGN fibres would make suitable substitutes for 
cellulose, inulin and pea fibres in food systems such as pasta because of 
to their swelling capacities. Physiologically, the swelling capacity of fibres 
is important in the control of blood glucose levels and also contributes to 
proper gut function.7,9

Water holding capacity of BGN fibres
The water holding capacity (WHC) of BGN fibres ranged from 2.41 g 
water/g sample (red) to 2.84 g water/g sample (black-eye) as shown in 
Table 1. The WHCs of black-eye and brown-eye IDF were significantly 
(p≤0.05) higher than the WHC of brown IDF and brown IDF WHC in turn 
was higher (p≤0.05) than red IDF WHC. 

The WHC of passion fruit seed IDF was reported as 2.37  g water/g 
sample.27 Passion fruit seed fibre has been described as a functional 
ingredient that improves the health and functioning of the gut attributing 
these characteristics to its WHC.28,29 As the WHC of BGN IDF is 
comparable to that of passion fruit seed IDF, it can be deduced that BGN 
IDF can play a similar physiological role. 

Several researchers reported the WHC of various legumes in the range 
3.13  g water/g sample to 13.4  g water/g sample.5,13,23,24 The higher 
values obtained by these researchers could be because of different 
particle sizes, as well as differences in the chemical nature, composition 
and processing history of the fibres.30 The differences can also be 
attributed to the difference in legume species. The WHC of BGN fibres 
could find use in the meat, dairy and bakery industries.31

Densities of BGN fibres
The bulk and direct densities of BGN SDFs and IDFs were evaluated and 
the findings are given in Table 1. SDFs had bulk densities in the range 
0.46 g/mL (black-eye and brown-eye) to 0.57 g/mL (brown) and direct 
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Figure 2: 	 Scanning electron micrographs of soluble and insoluble dietary fibres (SDFs and IDFs, respectively) isolated from four varieties of Bambara 
groundnut (BGN). (a) black-eye, (b) brown-eye, (c) brown, (d) red.
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densities in the range 0.05  g/mL (black-eye) to 0.11  g/mL (brown). 
Red SDF was significantly (p≤0.05) higher than both brown-eye and 
black-eye SDFs but lower (p≤0.05) than brown SDF in terms of bulk 
density while all SDFs differed significantly (p≤0.05) in direct density. 
IDFs had bulk densities in the range 0.57 g/mL (red and black-eye) to 
0.67  g/mL (brown-eye) and direct densities in the range 0.45  g/mL 
(brown) to 0.53 g/mL (black-eye). The IDFs of black-eye and brown-eye 
as well as black-eye and red varieties did not differ significantly (p>0.05) 
in their direct densities. Brown IDF had a significantly (p≤0.05) lower 
direct density than the other three fibres.

Direct density is measured without compressing the fibres while bulk 
density is measured after compressing the fibres. Consequently, bulk 
density measurements yielded higher values than direct densities. 
Dalgetty and Baik5 concluded that SDFs have higher densities than 
IDFs. The results obtained in the current study disagree with Dalgetty 
and Baik’s5 conclusion as IDFs had higher bulk and direct densities 
than SDFs. The bulk densities of BGN IDFs were comparable to those of 
IDFs from passion fruit seeds (0.68 g/mL), soybean (0.43 g/mL), peas 
(0.54–0.56 g/mL), pigeon pea (0.47 g/mL) and chickpea (0.65 g/mL).27,32 
These fibres are commercially available hence this is one of the 
indications that BGN dietary fibres have the potential to successfully 
compete commercially with other fibres. Differences in bulk densities 
with other leguminous fibres could be because of different structural 
compositions owing to different leguminous species.13

Density is of importance in packaging, with higher densities resulting in a 
reduced ability to compress. Therefore, the densities of BGN fibres could 
be an advantage as they will pack closely together, hence requiring less 
packaging material, resulting in cost saving.15

Oil binding capacity of BGN fibres
The oil binding capacities (OBCs) of SDFs ranged from 2.78  g oil/g 
sample (brown) to 4.03 g oil/g sample (brown-eye) (Table 1). Black-eye 
and red SDFs did not differ significantly in OBC, brown-eye SDF was 
significantly higher than the other three SDFs and brown SDF was 
significantly lower than all three SDFs. Among the IDFs, brown IDF had 
the highest OBC of 1.52 g oil/g sample, while brown-eye and black-eye 
IDFs both had the lowest OBC of 1.40 g oil/g sample. All four IDFs did not 
differ (p>0.05) in terms of OBC. SDFs showed higher OBCs than IDFs. 

Higher IDF OBC values were reported for pea (6.93  g oil/g sample), 
chickpea (4.25 g oil/g sample) and lentil fibres (4.01 g oil/g sample)5. 
These differences can be attributed to structural differences and 
compositional variation of the fibres. OBC of 1.49  g oil/g sample to 

1.83 g oil/g sample were reported for mung bean hulls which compares 
fairly with the OBC of BGN IDFs.24

A total of 11 commercial fibres were studied and low OBC values were 
reported with the highest being 0.02 g oil/g sample from bamboo.25 The 
low OBC values indicated that BGN fibres can compete commercially 
with other fibres in stabilising high fat foods and emulsions.23 Lower OBC 
values for SDFs derived from pea (1.15 g oil/g sample), chickpea (1.14 g 
oil/g sample) and lentil fibres (0.89 g oil/g sample) have been reported.5

This study indicated that the use of BGN fibres would be economical 
as less BGN fibre would be used to render the desirable properties 
compared to other leguminous fibres. The ability of fibres to bind oil can 
be harnessed by the food industry to reduce fat losses upon cooking 
and in stabilising emulsions.23,33 Physiologically, the OBCs of BGN fibres 
would allow them to play a role in bile acid absorption and consequently 
cholesterol reduction.30 OBC would also be significant in reducing fat 
absorption by the body.

Colour characteristics of BGN fibres
The colour attributes of BGN measured were lightness (L*), redness 
(+a*) / greenness (-a*), blueness (-b*) / yellowness (+b*), hue and 
chroma (Table 2). SDFs were lighter than IDFs and all the BGN fibres 
had +a* and +b* values indicating that they were more associated 
with redness and yellowness. The redness and yellowness of these 
fibres suggests their antioxidant properties.34,35 BGN fibres are high in 
polyphenolic compounds (Table 2). Chroma describes the vividness or 
dullness of a colour and hue is how the colour of an object is perceived.34 
The hue angle of BGN DFs indicated a yellowish-red colour associated 
with these fibres.

Lightness of dietary fibres is of importance in food products as 
it determines the extent to which the original colour of the food 
is affected.25,30 The varying colours of the BGN dietary fibres are 
advantageous as the manufacturer will have a choice of a fibre variety 
that best suits the colour of their product. IDFs had darker colours hence 
could find use in products such as meat emulsions and brown bread, 
while the lighter coloured SDFs could be used in food products such as 
white bread and beverage emulsions. 

A colour difference (∆E) of 1 is the threshold at which a trained 
observer would notice the difference between two colours, a ∆E 
between 4 and 8 is deemed acceptable and above 8 is deemed 
unacceptable and likely to be rejected by consumers.36 Table 3 gives 
the colour difference between BGN fibres. All the SDFs showed 
acceptable differences with ∆E ranging between 0.81 and 3.08. 

Table 1:	  Physicochemical properties of Bambara groundnut dietary fibres

Yield (%)
Swelling 
capacity 
(mL/g)

Water holding 
capacity (g/g)

Direct density 
(g/mL)

Bulk density 
(g/mL)

Oil binding 
capacity (g/g)

Hydrolysable 
polyphenols 

(mg/g)
Tannins (mg/g)

Soluble dietary fibre

Black-eye 15.4 ± 1.7a - - 0.05 ± 0.0a 0.46 ± 0.0a 3.84 ± 0.0a 19.87 ± 0.5a -

Brown-eye 17.1 ± 3.3a - - 0.06 ± 0.0a 0.46 ± 0.0a 4.03 ± 0.1b 20.86 ± 0.0b -

Brown 15.4 ± 0.9a - - 0.11 ± 0.0a 0.57 ± 0.0a 3.72 ± 0.1a 6.89 ± 0.2c -

Red 17.1 ± 0.6a - - 0.07 ± 0.0a 0.50 ± 0.0a 2.78 ± 0.1c 8.26 ± 0.3d -

Insoluble dietary fibre

Black-eye 13.1 ± 2.5a 6.17 ± 0.3a 2.84 ± 0.1a 0.53 ± 0.0a 0.57 ± 0.0ab 1.40 ± 0.7a 10.96 ± 0.2a 2.10 ± 0.0a

Brown-eye 12.0 ± 1.4a 6.50 ± 0.0a 2.83 ± 0.1a 0.50 ± 0.0ab 0.67 ± 0.0c 1.40 ± 0.2a 11.44 ± 0.3a 2.07 ± 0.1a

Brown 15.6 ± 0.9a 5.50 ± 0.0b 2.60 ± 0.0b 0.45 ± 0.0c 0.57 ± 0.0a 1.46 ± 0.6a 14.43 ± 0.6a 1.19 ± 0.6b

Red 13.7 ± 2.7a 6.00 ± 0.5ab 2.41 ± 0.1c 0.49 ± 0.0b 0.58 ± 0.0b 1.52 ± 0.0a 13.27 ± 1.6a 1.36 ± 1.6c

Values are mean ± standard deviation. Means within a column followed by the same superscript are not significantly (p>0.05) different.
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Hence, they could be used interchangeably in products without a 
noticeable difference. IDFs, with the exception of black-eye – brown-
eye and brown – red comparisons had ΔE above 8 meaning their 
colour differences were very apparent and if used interchangeably, a 
perceivable difference would be expected. 

Table 3: 	 Colour differences (∆E) between Bambara groundnut die
tary fibres

Variety
Insoluble dietary 

fibre ΔE
Soluble dietary  

fibre ΔE

Black-eye – brown-eye 1.55 2.12

Black-eye – brown 16.14 2.22

Black-eye – red 18.66 2.81

Brown-eye – brown 17.67 2.31

Brown-eye – red 10.94 3.08

Brown – red 7.20 0.81

Phenolic content of BGN fibres
The antioxidant capacity of BGN fibres, as represented by hydrolysable 
phenols (HPPs) and tannins, is shown in Table 1. The HPP content of 
SDFs ranged from 6.89 mg/g GAE (brown) to 20.86 mg/g GAE (brown-
eye). All four SDFs differed significantly in their HPP content. The HPP 
content of IDFs ranged from 10.96 mg/g GAE (black-eye) to 14.43 mg/g 
GAE (brown). Black-eye and brown-eye IDFs as well as brown and red 
IDFs did not differ significantly in their HPP content. The tannin content of 
IDFs ranged from 1.12 mg/g (black-eye) to 2.1 mg/g (brown). Black-eye 
and brown-eye IDFs were both significantly higher (p≤0.05) in tannin 
content than red and brown IDFs. Brown IDF was significantly lower 
than the other three fibres in terms of tannin content. The difference 
in phenolic content of the BGN fibres was in agreement with Nti35 who 
reported that tannin content differs from one BGN variety to another. 

The high polyphenolic composition of BGN reveals their potential 
antioxidant properties. It has been suggested that fibres can be exploited 
as novel antioxidants and would be of importance in protecting against 
superoxide radicals, hydroxyl free radicals and lipid peroxidation.23 They 
would thus find use as ingredients in fatty foodstuffs to improve oxidative 

stability, hence improving their shelf life. Antioxidants are important for 
human health as they prevent some degenerative diseases like cancers 
and decrease the oxidation of low density lipoproteins, thereby avoiding 
arteriosclerosis and related coronary heart diseases.37-39 Antioxidants 
carry out these functions by reacting with free radicals forming stable 
or non-reactive radicals.39 BGN fibres can be a useful source of natural 
antioxidants as alternatives to artificial antioxidants; artificial antioxidants 
have been shown to be carcinogenic and teratogenic.39 The low tannin 
content observed in BGN fibres could be advantageous as tannins have 
been associated with anti-nutritional properties because of their ability 
to form complexes with some nutrients, including divalent minerals and 
proteins, rendering them bio-unavailable.15,40

Neutral sugars and uronic acids in BGN fibres
Seven neutral sugars were analysed for in BGN fibres and the results 
are given in Table 4. Arabinose and galactose coeluted in this study and 
therefore are presented as arabinose/galactose in Table 4. The percentage 
of arabinose/galactose in SDFs was in the range 9.4% (brown) to 19.6% 
(black-eye). The percentage of fructose in SDFs ranged from 1.3% 
(black-eye) to 1.7% (brown). Fucose and glucose were obtained in 
low amounts (below 1%) in SDFs while relatively higher percentages 
of xylose were obtained in the range 13.0% (brown) to 16.6% (black-
eye) (Table 4). Brown-eye and black-eye SDFs did not differ significantly 
(p>0.05) in their sugar composition with the exception of arabinose/
galactose. Rhamnose was absent in all SDFs. This finding is in agreement 
with Dalgetty and Baik5 who reported the absence of rhamnose in SDFs 
of pea, lentil and chickpea. The researchers also reported the absence 
of arabinose and mannose in SDFs. In the current study however, these 
two sugars were present. These authors further reported higher values 
of xylose (32%) in chickpea SDF. These differences can be attributed to 
the different analytical methodologies adopted, with sugar assay having 
been used in the current study and HPLC having been used in the study 
by Dalgetty and Baik.5

The presence of these sugars in BGN SDFs suggests the possible 
presence of galactomannans, arabinoxylans and arabinogalactans. 
Galactomannans are related to locust bean and guar gums and their 
solubility in water increases with increasing galactose content. BGN 
SDFs had higher quantities of galactose compared to mannose hence 
the solubility of galactomannans would be elevated.41 Arabinoxylans 
possess antioxidant capabilities and influence water balance and 
rheology42 and arabinogalactans possess similar characteristics as gum 
Arabic.43-45 The suggestive presence of these hydrocolloids in BGN fibres 
could mean that BGN fibres possess similar beneficial characteristics 
and thus can be classified with them. 

Table 2: 	 Colour attributes of Bambara groundnut dietary fibres

Lightness Redness/greenness Yellowness/blueness Chroma Hue (°)

Insoluble dietary fibre

Black-eye 36.6 ±0.4a 9.9 ±0.1a 17.6 ±0.3a 20.2 ±0.3a 60.6 ±0.3a

Brown-eye 37.9 ±0.5b 10.1 ±0.1a 18.5 ±0.2b 21.1 ±0.2a 61.5 ±0.2b

Brown 24.3 ±0.1c 6.0 ±0.1b 7.9 ±0.1c 10.0 ±0.1b 52.8 ±0.4c

Red 30.8 ±0.2d 7.9 ±0.1c 10.5 ±0.2d 12.7 ±0.9c 52.8 ±0.1c

Soluble dietary fibre

Black-eye 73.0 ±0.2ab 1.7 ±0.0a 13.8 ±0.1a 13.9 ±0.1a 83.1 ±0.1a

Brown-eye 74.0 ±0.5a 2.4 ±0.0b 15.5 ±0.4b 15.7 ±0.1b 81.2 ±0.5ab

Brown 71.7 ±1.1bc 2.3 ±0.3b 15.5 ±0.3b 15.9 ±0.8b 81.1 ±1.8ab

Red 71.0 ±1.3c 2.5 ±0.2b 15.6 ±0.5b 16.3 ±1.0b 79.8 ±1.4b

Values are mean ± standard deviation. Means within a column followed by the same superscript are not significantly (p>0.05) different.
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The uronic acid content of SDFs did not differ significantly (p>0.05) and 
ranged from 10.6% (brown) to 11.5% (red). Dalgetty and Baik5 reported 
lower uronic acids in pea, lentil and chickpea SDFs in the range 0.2% 
to 1.3%. Uronic acids form salts with some wastes in the human body 
thereby facilitating their excretion.46 Hence, their presence in BGN DFs 
would contribute to the body’s detoxification. 

In IDFs, arabinose/galactose was in the range 2.3% (brown-eye) to 2.8% 
(red). The percentage of fructose in IDFs ranged from 1.5% (brown) 
to 1.9% (red). Fucose and glucose were obtained in low amounts 
(below 1%) while rhamnose ranged from 1.0% (brown-eye) to 2.6% 
(black-eye). Relatively high percentages of xylose were obtained in 
IDFs (Table 4). The presence of these in BGN IDFs is an indication of 
the presence of some polysaccharides such as cellulose (glucose) and 
hemicellulose (xylose, glucose, arabinose, galactose and mannose).15,47

The presence of these sugars in BGN IDFs suggests the presence of some 
polysaccharides such as pectic substances (rhamnose and galactose)24 

which in turn suggests the presence of rhamnogalacturonans.15 
Rhamnogalacturonans have been reported to bind heavy metals in the 
human body as well as lower blood cholesterol.43,44 The presence of 
arabinose and xylose in IDFs suggest the presence of arabinoxylans. 
Low quantities of arabinose and galactose in IDFs suggest low quantities 
of arabinogalactans.

The uronic acid content of IDFs ranged from 6.7% (black-eye) to 10.6% 
(red). There was no significant difference among the red, brown and 
black-eye IDFs as well as between brown and brown-eye IDFs in uronic 
acid content. Dalgetty and Baik5 reported lower uronic acid of pea, lentil 
and chickpea IDFs in the range 2.0% to 2.8% indicating the superiority in 
uronic acid content of BGN IDFs over other leguminous IDFs.

Conclusions
The wet milling method was successfully applied in the extraction of BGN 
SDFs and IDFs yielding an appreciable amount of both fractions. Black-
eye and brown-eye fibres have superior physicochemical properties 
compared to the brown and red fibres as evidenced by their higher swelling 
capacities, water-holding capacities, oil binding capacities, phenolic as 

well as total sugar content. Brown-eye and black-eye IDFs were lighter in 
colour, yellower, redder, more saturated and had higher hues compared 
to the red and brown IDFs. The physicochemical properties of BGN 
fibres make them valuable to the food industry as thickening agents, 
stabilisers, health ingredients as well as cryoprotectants in frozen 
dairy products. BGN fibres can be considered suitable alternatives for 
commercial fibres such as pea, chickpea and lentil fibres as they have 
been shown to possess similar qualities to these fibres.
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