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Abstract This work is part of a large study aimed to evaluate
the potential of bambara groundnut (Vigna subterranea) flour
as starting raw material for the preparation of a widely
cherished legume-based food product known as koki. Towards
this objective, the flours from two varieties of bambara
groundnut along with their respective starch and protein iso-
lates were analyzed for some physicochemical and micro-
structural properties. It was observed that bambara flour
contained appreciable amount of proteins (24.0–25.5 g/
100 g), carbohydrates (57.9–61.7 g/100 g), fiber (3.45–
3.68 g/100 g) and ash (3.65–3.85 g/100 g) with marginal
differences between both varieties. The properties of starch

and proteins isolated from the flours were different from one
variety to another. In particular the starch granules of the white
variety were larger (size range 10–35 μm) and polygonal
while those from the black variety were smaller (size range
6–15 μm) and spherical in shape. In addition, the peak of
gelatinization temperature was higher for white variety
(81.7 °C) than for black variety (77.5 °C). The gelatinization
temperature and the enthalpy of gelatinization of starch in the
flours were systematically lower than for the starch isolates,
suggesting an interaction of starch with other components on
the gelatinization process.
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Introduction

Bambara groundnut (Vigna subterranea (L.) Verdc.) is a le-
gume with significance as a source of proteins in many parts
of Central and West Africa where it is cultivated mainly by
women for the sustenance of their families. The protein con-
tent of bambara groundnut is comparable or superior to that of
other legumes, making it a good complement for cereal-based
diets (Linnemann & Azam-Ali, 1993; Minka & Bruneteau,
2000; Kaptso et al., 2013). Nutritionally, bambara groundnut
contains 19.7 % protein, 53.1 % carbohydrates, 6.1 % fat,
6.1 % fiber, 3.4 % ash, 0.098 % calcium and 0.007 % iron
(Amarteifio et al., 1997; Kaptso, 2009). In addition, lysine
content is relatively high, while methionine and calcium con-
tents are low (Doku, 1996). Despite its nutritional potential,
bambara groundnut is rather under-utilized inside and outside
its indigenous areas. A monograph published on the potential
of some little known but promising African tropical legumes
(NAS-National Academy of Sciences 1984) presented
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bambara groundnut as the third important crop after ground-
nut (Arachis hypogea) and cowpea (Vigna unguiculata) with
an approximate production of 300,000 t (Linnemann &
Azam-Ali, 1993). However, bambara is seen as a snack or
food supplement but not a lucrative cash crop (Rachie &
Silvestre, 1977; Linnemann, 1992). One of the limits to the
utilization of bambara groundnut is the lack of processing
techniques and this has been linked to increasing hard-to-
cook defect in the nuts and reducing production (Kaptso
et al., 2007). In Central Africa this legume is commonly
cooked and eaten as such or often used for the preparation
of a widely cherished legume-based food product known as
koki (Mbofung et al., 1999). Generally the method of prepa-
ration of koki is not only laborious, but also equally time
consuming and as such not convenient for individuals living
in a busy urban areas. This has a limiting effect on the
frequency of preparation and consumption of the product.
The successful production of legume-based flours that can
conveniently be used for the preparation of koki and akara
has been demonstrated to be a way of improving the avail-
ability and consumption of the legume seeds (McWatters &
Brantley 1982; Njintang et al., 2001). In the event of bambara
groundnut flour production and utilization, a better under-
standing of the properties of its major components, starch
and proteins, will help in designing and optimizing the pro-
cess. In fact, proteins and starch exhibited varying function-
alities that provide to final product a special mouth feel
(Singh, 2001). In particular the physicochemical and thermal
properties of flour are major determinants of their functional-
ity in koki preparation (Mbofung et al., 1999; Njintang et al.,
2001; Mbofung et al., 2002). However, little information
exists on the physicochemical and microstructural properties
of bambara flour as well as their starch and proteins counter-
parts. Therefore, the objective of the study was to study some
physicochemical and microstructural properties of two varie-
ties of bambara groundnut flour, starch and protein.

Materials and methods

Production of bambara groundnut flour

Two varieties of bambara groundnut (black and white) were
purchased from a farmer in Maroua (Far-North region of
Cameroon). The seeds were screened to eliminate the defec-
tive ones. Wholesome seeds were washed, rinsed and soaked
for 12 h in distilled water (1:3 w/v) at 20 °C. The soaked
grains were then allowed to drip-dry of excess water for
30 min before being introduced into an air-draught oven
(CKA 2000, Ngaoundere, Cameroon) set at 45±4 °C for
24 h to reach a moisture level of about 10 %. Following this,
the seed coats were then manually dehulled and hammer-
milled (Culatti, Polymix®) to pass through sieves of

500 μm mesh diameter. The resulting powders from black
bambara (BB) and white bambara (WB) were packaged in
polyethylene bags and kept in a refrigerator at 4 °C until use.

Bambara groundnut starch isolation

Starch was isolated from each variety of bambara flour fol-
lowing the modified method of Sathe et al. (1982). In the
extraction procedure, 1 kg of bambara groundnut flour was
added to 10 L of distilled water in a flask and the mixture
stirred for 30min at room temperature (25 °C). Following this,
the flask was covered with aluminum foil and kept for 5 h at
40 °C. The resulting mixture was centrifuged at 4,500 g for
15 min at 20 °C. The pellet was solubilised in 10 L of 2 %
NaCl solution and it was stirred for 10 min. The flask was
again covered with foil and let to stand for 12 h before being
centrifuged at 4,500 g for 15 min. The residue was repeatedly
washed with distilled water, dissolved in 10 L of 0.03 M
NaOH, and the homogenate allowed to stand at 4 °C for
12 h. The mixture was again centrifuged for 30 min at
4,500 g. The residue was then washed with water several
times and passed through a sieve of mesh 75 μm for fiber
removal. The starch obtained was centrifuged and the pellet
obtained spread on an aluminum plate and dried in an oven at
30 °±2 ° C for 12 h. The starch obtained was sealed in
polythene bags and stored at 4 °C for the various analyzes.

Bambara groundnut proteins isolation

Protein isolates were produced from each variety of bambara
flour following the procedure described by Lawal (2004). In
the procedure, an amount of flour was mixed with distilled
water (1:5 w/v) and the pH of the mixture adjusted to 9.5 with
1 M NaOH. The mixture was left to stand for 3 h at 30±2 °C
and centrifuged at 4,000 g for 30 min at 20 °C. The superna-
tant was collected, the pellet undergone the same operation as
before and the supernatant was again collected and mixed
with the first. The supernatant was then adjusted to the iso-
electric point (pH 4.5) using 1 M of HCl and/or 1 M NaOH
and centrifuged at 4,000 g for 20 min. The precipitated pro-
teins were washed in three volumes of distilled water and
neutralized to pH 7 with 1 M NaOH. The neutralized protein
isolate was freeze-dried and the resulting powder was sealed
in polyethylene bags and stored at 4 °C for further analyzes.

Chemical composition

Moisture, ash, protein, crude fiber and carbohydrates were
determined on flours, starch and proteins samples by the
(AOAC 2000) standard methods. Fat content was estimated
by the method of Bourely (1982). Amylose content was
analyzed using the complex coloration amylose/iodide meth-
odology proposed by Juliano et al. (1981) using a UV/Visible
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spectrophotometer (Spectronic Genesys 2 PC) at 620 nm. The
Phosphorus content was estimated using the colorimetric re-
action with ammonium molybdate and ascorbic acid to give a
blue color which absorbs at a maximum wavelength of
690 nm (AOAC 2000).

Particle size analysis

About 0.5 g of each flour and starch sample was dispersed in
300 mL of ethanol with the aid of water bath sonication
(Starsonic 60, Italy) for 2 min. The particle size distribution
was determined with a laser diffraction particle size analyzer
(Malvern Mastersizer Instruments, Orsay, France) at obscura-
tion between 0.10 and 0.15.

Thermal properties

Thermal properties of the starch were analyzed using a Dif-
ferential scanning calorimeter (DSC) equipped with a thermal
analysis data station (Perkin-Elmer Corp Norwalk. USA). The
starch, protein isolates and flours (25–35 mg dry weight) were
dispersed separately in distilled water (1:3 w/v) in a hermeti-
cally sealed aluminum pans using a Hamilton microsyringe.
The pan was allowed to stand for 4 h at room temperature
before being subjected to a heating scan in the DSC. The DSC
was calibrated using indium, and an empty aluminum pan was
used as the reference. Sample pans were freezing at −20 °C for
10 min and heating progressively up to 120 °C using a dry
nitrogen flow of 20 mL/min at a rate of 5 °C/min.

Fourier transformed infrared spectroscopy (FTIR)

FT-IR spectra were recorded with a spectrophotometer (Pelkin
Elmer) in the range 400–4,000 cm−1, using a resolution of
4.000 cm−1 and four scans. Samples of flours, starch and
protein were diluted at 1–2 mg of samples for 150–200 mg
of KBr. Microcapsules were applied on dry KBr pellets pre-
pared using a manual hydraulic press (Perkin Elmer, Spain).

X-ray diffraction (XRD)

X-ray diffraction patterns were collected in transmission using
anX-ray diffractometer (Jobin Yvon Sigma 2080) with CuKα
radiation generated at 30 mA and 40 kV. All samples were
measured in the 2θ angle range between 5° and 65° at a scan
rate of 0.5 s per step and a step size of 0.2°. Triplicate scans
were performed for each flour fraction sample. In this study,
the degree of crystallinity of samples was quantitatively esti-
mated following the method of Nara & Komiy, 1983. A
smooth curve, which connected peak baselines, was
computer- plotted on the diffractograms. The area above the
smooth curve was taken as the crystalline fraction, and the
lower area between smooth curve and the linear baseline,

which connected the two points of the intensity 2 θ of 30°
and 4° in the samples, was taken as the amorphous fraction.
The ratio of upper area to the total diffraction area over the
diffraction angle 4–30° 2θ were integrated using Origin
Microcal 5.0 (OriginLab Corporation) and was taken as the
degree of crystallinity. The relative crystallinity index was
obtained by subtracting the diffractogram of the amorphous
material from that one of the sample under study and integrat-
ing the total area of the crystalline peaks and finally by
dividing the value of crystalline area by that one of the total
area before subtraction (Van Soest et al., 1995).

Scanning electron micrograph

The morphology of unprocessed and processed particles was
examined using SEM (CamScan MV 2300, England). Scan-
ning electron micrographs (SEM) were obtained using a
Hitachi S-3,000 N scanning electron microscope (Hitachi
S2500, Tokyo, Japan). Starch samples were suspended in
1 % ethanol solution. One drop of the starch ethanol mixture
was applied onto an aluminum stub using double-sided adhe-
sive tape. The sample was coated with gold–palladium. An
accelerating potential of 15 KV was used during electron
micrography.

Statistical analysis

In order to determine whether there is a statistically significant
difference among the means of variables, one-way analysis of
variance (ANOVA) was performed and when significant (P<
0.05), the least significant difference (LSD) test was done to
classify the means using the statistical software Statgraphic
Plus 5.0.

Results and discussions

Chemical composition

The proximate composition of the flours, starch and pro-
teins samples is presented in Table 1. The moisture con-
tent of the samples varied significantly from 3.2–4.3 %
(proteins) to 12.3–12.8 % (starch). Bambara flour
contained fat (5.9–6.1 %) and appreciable amount of
proteins (24.0–25.3 %), carbohydrates (57.9–61.7 %),
ash (3.6–3.8 %) and fiber (3.4–3.7 %). From the above
data it can be seen that the variety has only marginal
effect on the proximate composition of the flour, although
significant differences (p<0.05) were observed in the
cases of fat and crude fibers contents. The values of the
protein contents obtained were higher than that reported
(20.7 %) by Adebowale et al. (2002) and 18.3 % by
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Amarteifio & Moholo (1998) on bambara groundnut. In
addition the ash content was close to value reported by
Amarteifio & Moholo (1998) but significantly (p<0.05)
higher than 0.63 % reported by Adebowale et al. (2002).
Similar behaviors were observed on crude fiber contents,
and the differences observed with those in literature may
be due to the difference in landraces, soil and climatic
conditions (Amarteifio & Moholo 1998). Irrespective of
the variety, total carbohydrates was the most representa-
tive constituent in bambara flour. Kaptso et al. (2007)
reported significant varietal influence on the proteins
and carbohydrates of bambara groundnut. Commonly,
legumes seeds with high protein values are offset by low
fat contents and vice versa. As Nti (2011) showed, the
black bambara with the highest protein content had the
lowest fat content of 4.7 % while the bambara varieties
with relatively low protein content were high in fat. Our
sample seemed to not deviate from this general behavior.

The amylose content of samples is presented in Table 1.
The amylose levels of the two starch extracts were within the
ranges found in the literature (Hoover & Ratnayake, 2002),
25.0 % for white bambara starch and 27.8 % for yellow pea
starch. This is in concordance with literature that legume
starches are characterized as high amylose contents (Singh
et al., 2004). Thus the amylose levels of bambara starch
samples were within the ranges reported for several legumes
starches: 20.9–48.7 % for cowpea, 20.7–42.2 % for chickpea,
and 22.0–49.6 % for yellow pea starches (Arora & Das 1976;
Saini & Knights, 1984; Won et al., 2000; Ratnayake et al.,
2001; Hoover & Ratnayake, 2002). The differences in the
amylose contents of the starches of different origins have been
partly attributed to differences in the activities of the enzymes
involved in the biosynthesis of linear and branched compo-
nents within the starch granules (Krossmann & Lloyd, 2000).
The amylose content of starches from different and similar

plant sources has been also reported to be affected by location,
soil type, starch isolation procedures as well as by analytical
methods used (Kim et al., 1995; Singh et al., 2004).

Table 1 shows the phosphorus content of bambara ground-
nut samples. The phosphorus content of starch extract in the
two varieties (18.32 mg/100 g and 19.55 mg/100 g respec-
tively for WB starch and BB starch) were statistically
(p<0.05) different. The values found were lower than reported
by Huang et al. (2007) for cowpea starch (22 mg/100 g). In
potato starch, the phosphorus is mainly present as phosphate
monoesters, which are covalently bounded to the amylopectin
fraction of the starch (Craig et al., 1989). However, the phos-
phorus content in potato starch has been reported to be influ-
enced by growing conditions, storage conditions and the
amylose/amylopectin ratio (Cottrell et al., 1995). Similarly a
significant (r=−0.97) correlation was observed between am-
ylose content and phosphorus content of bambara flours and
starch samples.

Particle size analysis

Particle size distributions of black and white bambara flour
and starch are shown in Fig. 1. The results of the particle-size
distribution of flour granules showed that the distribution
curves for both flour samples were similar in shape. All flour
samples displayed trimodal size distribution, with the first
mode at 50–75 μm, the second and major mode at 150 μm,
and the third at 600 μm. In this respect it has been suggested
that trimodal distribution is characteristic of the corn flour
(Hareland, 1994). It is possible that the particles size distribu-
tion is related to the friability of the seeds, with the most
friable disaggregating easily to release the various compo-
nents which are divided into various peaks.

From the distribution curves, the parameters d10, d50 and
d90 were calculated to find out the variation in granule size

Table 1 Proximate composition of Bambara flour and its starches and proteins (g/100 g of dry matter) *

Characteristics Flour Starch Proteins

WB BB WB BB WB BB

Moisture (%) 11.6±0.2c 11.3±.01c 12.3±0.4e 12.8±2.0d 3.2±0.3a 4.3±0.4b

Ash (%) 3.6±0.0e 3.8±0.1f 0.2±0.0b 0.1±0.0a 3.2±0.1c 3.4±0.1d

Proteins 25.3±0.4b 24.0±0.7b 1.1±0.1a 0.9±0.1a 81.4±0.8c 92.8±1.0d

Total carbohydrates (%) 57.9±0.9b 61.7±0.1b 84.5±3.9c 84.0±0.7c 10.1±0.8a 10.8±0.6a

Fat (%) 5.9±0.1b 6.1±0.1c 0.1±0.0a 0.1±0.0a nd nd

Crude fiber (%) 3.4±0.1b 3.7±0.1c nd nd 0.1±0.0a 0.1±0.0a

Amylose content (%) 16.0±0.3b 16.6±0.6b 25.0±1.1c 27.8±0.1d 1.5±0.2a 1.3±0.1a

Phosphorus (mg/100 g) 216.8±0.2d 231.9±0.8e 18.3±0.8b 19.6±0.2c 0.7±0.1a 0.9±0.1a

nd: not detected

*Means within a line followed by different superscripts are significantly different at p<0.05; WB and BB are white bambara and black bambara varieties
respectively
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distribution. These variables respectively represent the diam-
eter below which 10, 50 and 90 % of the population of the
particles are represented. The values of d10 d50 and d90 of the
flours do not differ significantly for the two varieties and are

on average 12, 36 and 103 μm forWB and 13, 36 and 102 μm
for BB. The granule size distributions of bambara groundnut
starches were unimodal, with the mode between 45 and 56μm
for the two starches varieties. The values of d10 d50 and d90 of
the starches were 5.5, 25 and 67 μm for WB and 5.6, 23 and
65 μm for BB. Compared to work reported by Okechukwu &
Rao (1996) on cowpea, the bambara groundnut starch gran-
ules sample was smaller than their range (range, 3–64 μm). A
similar result for chickpea starch (6–31 μm) and smooth pea
(14–37 μm) using microscopy has been observed by Hoover
& Ratnayake (2002) and Singh et al. (2004).

Thermal analysis

Differential thermal analysis gives information on the varia-
tion of energy released during the change of state of flour,
starch and protein of Bambara groundnut. All the thermo-
grams obtained for different varieties of flour have an endo-
thermic transition characteristic of the state change of food.
Table 2 presents the thermal properties of flours, starches and
proteins. It may be noted that the difference between the
temperatures at the beginning and end of gelatinization is
not too large, indicating a low variability of thermal properties
of molecules, including starches granules that make up each
variety. On the other hand, it was observed that the transition
temperature of the flour does not vary significantly between
varieties. Unlike the peak of gelatinization, the enthalpy
representing the variation of the flow of energy released
during this change of state varies significantly (p<0.05) from
one variety to another with BB (6.31 J / g) showing the lowest
value and WB the highest value (9.37 J / g). The low value of
ΔH for different varieties of flour could be attributed to the
size of the starch granules. The values of the energy flow of
bambara flour were in the range of values reported for other in
literature, but low compared to that reported for corn starch
(10.2 J / g) by Li & Tey (2001).

Table 2 also presents the results of DSC analysis of Bam-
bara groundnut starches. The onset temperature (To) varied
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Fig. 1 Particle size distribution of white bambara (WB) and black
bambara (BB) flour (a) and starch (b)

Table 2 Differential scanning calorimetry of bambara flour. starch and proteins*

Varieties Samples Parameters of endothermic properties

To (°C) Tp (°C) Tc (°C) ΔH (J/g)

White bambara (WB) Flour 70.16±1.50 73.42±1.52 80.18±1.57 9.37±0.80b

Starch 76.13±1.03 81.66±1.08 84.84±0.93 12.71±0.57ab

Proteins 69.14±0.56 71.67±1.25 75.25±1.29 0.85±0.04d

Black bambara (BB) Flour 67.38±2.57 74.95±0.77 84.34±0.77 6.31±0.58c

Starch 73.37±1.45 77.52±1.23 83.11±0.55 13.92±0.72a

Proteins 68.32±1.32 73.56±1.56 76.48±1.34 0.86±0.12d

T0=onset temperature. Tp=peak temperature. Tc=conclusion temperature; ΔH=enthalpy of gelatinization

* Means with different letters within the same column differ significantly (p<0.05)
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between 73.4 °C (BB) and 76.1 °C (WB), the conclusion
temperature (Tc) between 83.1 °C (BB) and 84.8 °C (WB),
and peak temperature of transition (Tp) between 77.5 °C (BB)
and 81.7 °C (WB). The flow energy released during the
gelatinization varied between 12.7 J/g (WB) and 13.9 J/g
(BB). The peak temperature obtained fall within the range
reported for other foodstuffs such as cowpea (67–78 °C,
Okechukwu et al., 1991). In addition the values of ΔH were
close to that obtained for corn starch (10.2 J / g) by (Li and
Yeh 2001). However the gelatinization enthalpy values ob-
tained for flour were higher than 2 J/g but lower than 15.2 J/g
reported by Abu et al. (2006) and Huang et al. (2007) cowpea
starch, respectively.

The values of the flow energy released during the endo-
thermic transition by proteins are shown in Table 2 for differ-
ent varieties. We found that the enthalpy energy of proteins
was very low, generally <1 J / g for all varieties. Recent study
by Li et al. (2007) revealed that soy protein isolate has no
endothermic transition between 50 and 150 °C. The energy
enthalpy observed for protein isolates might be due to the
presence of traces of starch. This idea is reinforced by the
values of peak temperature of transition which were close to
that of starch samples. In overall, the thermal analysis of
flours, starch and proteins showed that the main compound
of the flour, starch, impose its functionality. Proteins rather
played a role of dilution with little interaction. In this respect
the transition temperatures and enthalpies of gelatinization
were systematically lower for flours than for starches.
Aboubakar et al. (2008) working on taro corms found that
starches exhibited higher enthalpy values (mean 14.99 J/g)
compared to flours (mean 11.42 J/g).

Fourier transform infrared spectroscopy (FT-IR)

Infrared spectroscopic analysis of different bambara ground-
nut flours gave information on the possible difference between
the structures of the flours, starch and proteins isolates. The
spectra obtained for the flours WB and BB have the same
shape but different level of intensity peaks (Fig. 2a). The IR
spectra of flours exhibit absorption bands (1,022–1,047 cm−1)
corresponding to the rotational vibration of the molecules of
amylose and amylopectin. Both molecules are found respon-
sible of the change in structure of starch chains such as
conformation, helicity, crystallinity and retrogradation process
(Van Soest et al., 1995). The spectra show absorption peaks at
wave numbers 1,020, 1,026, 1,056, 1,151, 1,365, 1,631, 2,922
and 3,400 cm−1 that are characteristic of the presence of sugars
in flours. In addition, we note the absorption peaks at wave
numbers of 1,400 and 1,800 cm−1 that is characteristic amide
bands. In addition, the bands between 3,500 and 3,300 cm−1;
1,649 and 1,550 cm−1 were indexed as bands corresponding to
groups of primary amide NH deformation which in combina-
tion with strong vibrations located around 1,157 and 1,080

cm−1, correspond to those proteins. The bands located near
3,380 cm−1 and 1,400 cm−1 are usually due to stretching
vibrations and deformation of the OH bond (Noël & Roeges,
1994). The band that lies between 1,600 and 1,700 cm−1 is
attributed to the stretching vibrations of the OH group of the
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Fig. 2 FT-IR spectra of black and white bambara groundnuts flour (a),
starch (b) and proteins (c)
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water content. The band 3,400 cm−1, characterizes the defor-
mation vibrations of H2O molecules. The bands between
(1,400 and 1,500 cm−1) are assigned to the deformation vibra-
tion of CH3 groups located at 1,480 cm−1. It was shown that
the bands at 1,047 and 1,022 cm−1 respectively describe the
indices of crystalline and amorphous of starch (Sevenou et al.,
2002). In addition, Sevenou et al., (2,002) reported the ratio
1047/1022 as indicator of the degree of organization of starch.
Therefore it appears that the ratio 1047/1022 for flour gener-
ally varied from 1.04 (WB)–0.97 (BB). These values were
systematically higher compared to those (0.82–0.91) recently
reported for taro flour (Aboubakar et al., 2008), but quite close
to those reported on potato starches (Van Soest et al., 1995).

Figure 2b shows the IR spectra of Bambara groundnut
starches. It is clear from the figure that high absorbance peaks
were obtained between 900 and 1,200 cm−1. These peaks are
characteristic of polysaccharides and are due to rotational
vibration of C-O bonds. Other peaks were observed between
3,300 and 3,500 cm−1, characteristics of hydroxyl groups.
Kapusniak & Siemion (2007) obtained similar spectra on
potato starches. Peaks obtained in 1,710 and 1,605 cm−1

correspond to stretching vibrations of C=O of carboxyl
groups (Pezolet et al., 1992). These results are confirmed by
the ratio of crystalline index / index starch, which is close to
unity for the two varieties of starches.

The results of the FTIR spectra obtained for Bambara
groundnut proteins are presented in Fig. 2c. High vibration
peaks were obtained between 3,000–3,500 cm−1, probably
corresponding to the asymmetric vibrations of the amide
groups of proteins with a band for CO-NH and two bands
for CO-NH2. Bands at 1,649 and 1,550 cm−1 are indexed as
corresponding to groups of primary amide N-H deformation
which in combination with strong vibrations located around
1,157 and 1,080 cm−1, are characteristic of proteins (Noël &
Roeges, 1994). These observations suggested that bambara
protein isolates from both varieties have similar composition
qualitatively and only the proportion of amino acids and the
chemical nature of bond would be different.

X-ray diffraction (XRD)

X-ray diffractometry is widely used to reveal the characteris-
tics of the crystalline structure of starch granules (Zobel et al.,
1988). The diagrams of X-ray diffraction of the starchWB and
BB are shown in Fig. 3. This figure shows that both starches
exhibited peaks corresponding to reflection angle 2θ for the
various starches, respectively, 17.52, 19.80 and 26.59 for WB
starch, 17.49, 20.11 and 26.83 for BB starch.

All starches exhibited a peak around the reflection
angle 2θ=27, which is characteristic of type-A starches.
No peak was detected at the diffraction angle 2θ=6.5
characteristic of Type-B starches. These observations
suggested that both the starch samples are Type-A.

Similar starch type was reported for cowpea while a
type-B was reported for chickpeas (El Faki et al.,
1983). This contrasted with Donald (2004) who sug-
gested a type-C state for most legumes starches. From
all these contradictions, it can be seen that the behavior
in the X-ray diffraction may depend on various factors
including variety, agro-ecological conditions, pretreat-
ment applied to the sample. Osella et al. (2005) in a
study of the effect of water content on the structural
modifications of starches showed that for a water con-
tent below 23 %, starches develop a structure of type-A
while those with a grade water more than 49 % develop
type-B structure. Studies on the crystallization of su-
crose show that crystallization is largely dependent on
the concentration of sucrose in water and temperature
(Van Hook, 1959). In addition starch damage caused
during milling because of mechanical (pressure) effect
destroys the order (crystalline areas) in the starch struc-
ture converting them into amorphous and hence de-
creases its crystallinity (Van Soest et al., 1995).
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Fig. 3 A typical X-ray diffraction pattern of black and white bambara
groundnuts starch (a) and proteins (b)
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The total relative crystallinity index of flours was cal-
culated taking into account the proportion of all the starch
milling fractions. The relative crystallinity index for both
starches is shown in Table 3, where it can be seen that the
relative crystallinity index for the white Bambara starch
was relatively the same than those of black bambara
starches. Table 3 confirms the results of infrared analysis
because the degree of crystallinity of both Bambara
groundnut starches were higher (41.13–40.40 %) com-
pared to those obtained on cowpea by Kaptso (2009).
The variation in the relative crystallinity index of starches
implies differences in the extent of starch damage. These
differences between starches can be generated in the

milling process. These values are similar to those reported
in the literature for many foods like yam starch which
showed a degree of crystallinity ranging between 31.5 and
45.9 % (Shujun et al., 2006) while El Faki et al. (1983)
reported on cowpea relative crystallinity value of 26 %.

Figure 3b shows the diffractograms of protein isolated
from Bambara groundnut. The essential problem in deter-
mining protein structure by X-ray diffraction is the growth
and production of a large crystal size and quality. Thus, it
can be seen in this figure that intense crystallization occurs
with a single peak around the reflection angle 2θ=24.66°
for WB proteins and that this peak of crystallization was
relatively low for BB proteins.

c d

ba
Fig. 4 Scanning electron
microphotographs of starches (a)
white bambara - (b) black
bambara and proteins (c) white
bambara and (d) black bambara

Table 3 Degree of crystallinity
and relative crystallinity of bam-
bara starch

Starches varieties Diffraction peaks at 2 θ (°) Degree of crystallinity (%) Relative crystallinity (%)

17° 20° 27°

White Bambara 17.52 19.80 26.59 41.13 29.14

Black Bambara 17.49 20.11 26.83 40.40 28.77
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Scanning electron micrograph

SEM micrographs of bambara starches are shown in Fig. 4a
and b. These figures show that the starches WB granules are
irregular and polygonal in form, while the spherical form
characterizes the starch BB granules. The starches WB gran-
ules have sizes ranging between 10–35μm, whereas those BB
have sizes which vary between 6–15 μm. The difference
between particles size evaluated by Mastersizer and that ob-
tained by scanning electron microscope can be explained by
the possible aggregation of starch granules during Mastersizer
analysis. (Abu et al. 2006) obtained values of about 15–40μm
on cowpea whereas a range from 7.5–37.5 μm was reported
by Blanshard (1987) on cowpea.

The microscopic characteristics of proteins are represented
in Fig. 4c and d. On these photographs, proteins of WB and
BB surfaces presented cracking. These observations are in
agreement with the results of diffraction to X-rays and of the
IR spectroscopy, which showed that the proteins ofWBhave a
crystalline structure more intense than those of BB. These
results obtained let us think that the seeds of bambara ground-
nut could have a different behavior during soaking and drying,
operations which are the necessary stages to the production of
legumes flours.

Conclusion

The thermal analysis of the flours, starch and proteins, shows
that the starch is potentially the principal compound which
presents a thermal transition and thus can vary the properties
of the flour. The diffractogram of the starch granules shows
that they are type-A and have a good crystallinity. Scanning
electron microscopy showed that the starches of White bam-
bara groundnut show the structural level by their irregular
polygonal form, while that of Black bambara groundnut is
characterized by its sphericity and its small size. This infor-
mation illustrates that the starches and proteins bambara
groundnut present different properties. It is obvious that these
differences could be reflected on the properties of the flours
and the koki, which will derive from it. Structural characteri-
zation and development of structure–physical property rela-
tionships are crucial for rational design of process conditions
to produce flour with desired attributes and storage conditions
to enhance stability. Although, the importance of structure–
property relationships has long been recognized.
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