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Abstract
Dawadawa is a popular African alkaline fermented food condiment produced from the African locust beans (Parkia biglobosa).
The initial processing step in the traditional dawadawa production is dehulling of the seeds achieved by long hours of boiling,
a process considered to be time and energy consuming. To upgrade the technology of traditional dawadawa processing, a
dehulling machine has been developed to save time and energy during the dehulling step. Biochemical changes occurring as
a result of using the mechanically dehulled seeds for dawadawa processing were studied. The fermentation was dominated
by Bacillus spp. with pH increasing from 5.2 to 8.8. Proximate analysis showed significant (P <0.01) increase in protein and
fat contents whereas carbohydrates, ash and fibre contents significantly (P <0.01) decreased after processing locust bean
into dawadawa. Similarly, there was significant loss in mineral content. Both mechanical dehulling and fermentation led to an
increase in the concentration of total free amino acids (FAA) from 50.83 nmol/mg in raw seeds to 119.04 nmol/mg at 36 hours
of fermentation following which a decrease was observed. Fluctuations in the concentrations of the various amino acids were
observed during the fermentation period. Sun dried dawadawa had total FAA of 87.4 nmol/mg. The biochemical changes
observed in this study are similar to those previously reported for traditional processing of dawadawa which seem to improve
the overall nutritional quality of the product.
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Introduction
Dawadawa is one of the most popular alkaline fermented
condiment produced in different parts of Africa (Amoa-Awua
et al., 2014; Odunfa, 1985; Parkouda et al., 2009). It is pro-
duced from the seeds of the African locust bean (Parkia biglo-
bosa) and known by various names in different parts of Africa.
Dawadawa is the name commonly used in Nigeria and Ghana
whereas other local names such as iru, soumbala, netetu and
afitin or sonru all refer to the same product in Nigeria (Sanni
et al., 2000), Burkina Faso (Diawara et al., 1992), Senegal
(N’Dir et al., 1994), and Benin (Azokpota et al., 2006), re-
spectively. Dawadawa is used to improve the flavour of soups,
sauces and other prepared dishes (Beaumont, 2002). It is also
reportedly often used by low income families as a low-cost
meat substitute (Dakwa et al., 2005; Odunfa and Adewuyi,
1985), thereby contributing significantly to the intake of pro-
tein, essential fatty acids, and group-B vitamins besides its
flavoring attributes (Akaaimo and Raji, 2006; N’Dir et al.,
1994; Odunfa, 1988; Ouoba et al., 2003a,b). The African
locust bean seeds are rich in proteins (30–40%). Additionally,
they provide significant amounts of fats (15–20%), carbohy-
drates (10-15%), minerals (4%) and vitamins (Diawara and
Diasso, 2004; Sawadogo-Lingani et al., 2003).
The processing operations for dawadawa production include

cleaning, boiling, dehulling, washing, re-cooking, and sponta-
neous fermentation to produce the food condiment (Akande
et al., 2010). Among the operational steps for the traditional
processing of dawadawa, dehulling is known to be the most
tedious, highly fuel-consuming and least hygienic. To be able
to dehull the seeds, the beans are boiled for 8 to 12 h using
firewood as fuel (Oyewole and Odunfa, 1990). The boiled
locust bean is then dehulled by mashing using bare feet near
the riverside or by using mortar and pestle (Adewumi and
Olalusi, 2005). This makes the process time consuming with
the seeds usually degraded (Sawadogo-Lingani et al., 2003).
Various studies have been carried out to upgrade the traditional
process and to make it less labour intensive (Achi, 2005; Alabi
et al., 2005; Odunfa, 1988). In an attempt to improve the tech-
nology of dawadawa production, studies have been carried
out in several West-African sub-regional countries including
the manufacture of a dehuller for locust bean seed (Audu et al.,
2004; Traoré et al., 2004). Development and introduction of a
dehulling machine in the process of production of soumbala in
Burkina Faso considerably decreased the cooking time from
24 h to 6 h and this represents a considerable save of energy
and time (Sawadogo-Lingani et al., 2003).
Within a framework of improving the traditional processing of
dawadawa in Ghana, a similar dehulling machine described
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by Sawadogo-Lingani et al. (2003) has been fabricated under
a Danish International Development Assistance (DANIDA)-
assisted seed-foods project (DFC No. 09-072KU) and trans-
ferred to the Department of Applied Biology, University for
Development Studies, Ghana for possible introduction into
the traditional processing of dawadawa. Introduction of the
dehulling machine into the processing of dawadawa is ex-
pected to decrease the duration of the initial boiling step and
subsequently save energy and time. Thus, usage of the devised
equipment could offer great economic and environmental ad-
vantages, chiefly through reduction of both the cooking time
and subsequent equivalent wood-energy consumption.
The introduction of upgraded technologies into traditional
food fermentations have previously been reported to affect
the nutritional and biochemical qualities of the final product
(Gernah et al., 2007). Therefore, the purpose of this work
was to determine the biochemical changes occurring during
the fermentation of dawadawa, produced using mechanically-
dehulled locust bean seeds using the fabricated dehuller.

Materials and Methods

Dawadawa processing and sampling
African locust bean seeds were purchased from a retail outlet
in Navrongo-Ghana, stored in polystyrene bags and kept in
laboratories at controlled room temperature of 25 ± 2 oC. The
seeds were cleaned by winnowing. The dry-cleaned seeds
were then mechanically dehulled using a devised dehuller
(fabricated by Département Technologie Alimentaire/IRSAT/
CNRST, 03 BP 7047, Ouagadougou 03, Burkina Faso). Briefly,
the dehuller consisted of a welded frame, a 5-hp electric motor
coupled to a shelling cage by gear transmission mechanism
and a feed hopper. The shelling system which is housed in
the main body of the machine, contains two plates: a fixed
one and the other mobile. On each plate, is fixed a grid made
of perforated high strength stainless steel metal sheet. Dur-
ing dehulling operation, the electric motor drives the moving
plate through a gear transmission and the seeds which are
poured into the hopper, feeds into annular space between the
two abrasive grids where they are shelled by shear force. A
mechanism, made of pulley-belt-pulley assembly, drives a
fan that generates sufficient air-flow allowing the separation
of the removed light-weighted hulls from the heavier cotyle-
dons. Following dehulling, dehulled seeds were boiled for 2
h, drained and cooled to 30 ± 5 oC. The boiled seeds were
transferred into wooden baskets lined with clean cheese cloth
and allowed to ferment spontaneously for 48 h at room temper-
ature. The fermented products were then spread on stainless
steel trays and sun-dried for 2 days. Samples of raw seeds,
dehulled seeds, fermenting seeds and final dawadawa were
collected and analysed to determine the biochemical changes
that occur along the processing chain.

Microbiological analysis
Isolation and enumeration of microorganisms
Twenty-five grams (25g) of fermenting dawadawa samples
collected at 0, 24, 36 and 48 h during fermentation were added
to 225 ml sterile diluent containing 0.1% peptone (Difco 0118-
17, Becton Dickinson & Co, Sparks, MD, USA), 0.85% NaCl,
with pH adjusted to 7.0 and homogenized in a stomacher (Lab
Blender, Model 4001, Seward Medical, London, England)
for 120 s at high speed. From appropriate ten-fold dilutions,
enumeration of Bacillus species was carried out on Nutrient
Agar (Difco 0001-17, Difco Laboratories, Detroit, MI. USA)
containing 0.1% cycloheximide and incubated at 30 oC for 3
days. All colonies from a segment of the highest dilution or
suitable plate were sub-cultured on Nutrient Agar and streaked
successively until pure colonies were obtained. The purified
isolates were initially examined by colony and cell morphol-
ogy, Gram reaction, and catalase production. Isolates were
further examined according to Parry et al. (1983) and Claus
and Berkeley (1986) for characterisation and confirmation of
their genus as Bacillus.
Tests carried out were anaerobic growth; acid production from
D-glucose, L-arabinose, D-xylose and D-mannitol; hydrol-
ysis of casein and starch; growth at pH 5.7, in 6.5 and 10%
(w/v) NaCl; and at 37 and 65 oC. Yeasts were enumerated by
surface inoculation on Malt Extract Agar (Merck) containing
100 mg/l chloramphenicol (Sigma, St. Louis, USA) and 50
mg/l chlortetracycline (Sigma) with 3–5 days incubation at
25 oC. Lactic acid bacteria were enumerated by surface in-
oculation on MRS agar (Merck) containing 0.2% sorbic acid
(Merck) and 0.1% cycloheximide (Merck) to suppress growth
of yeasts, and 0.1% cystein-HCl to obtain anaerobic condi-
tions during incubation (sealed polyethylene bags, 3–4 days,
30 oC). Lactobacilli were further examined in MRS broth in
which glucose was replaced with gluconate as sole carbon
source; growth at 10 oC and 45 oC; growth at pH 4.4 and 9.6;
growth in 6.5% and 18% (w/v) NaCl; and Hugh and Leifson’s
(1953) test were determined.

Chemical analysis
Determination of pH and titratable acidity during fermen-
tation
Fermenting locust beans, weighing 10 g, were homogenized
with 90 ml distilled water in a bag-mixer (Selecta, Buch and
Holm A/S, Denmark) for 30 s and pH determined using digital
pH meter (Crison Basic 20 model) after calibration using
standard buffers pH 4 and 7. Titratable acidity was determined
by the titration of 80 ml of filtrate obtained from 10 g of
dawadawa sample dissolved in 250 ml distilled water against
0.1 N NaOH using phenolphthalein as indicator. One ml of
0.1 N NaOH was taken as equivalent to 9.008×103 g lactic
acid.

Determination of proximate composition of dawadawa
The total ash content of dawadawa samples were determined
by dry ashing in a muffle furnace at a temperature of 600
oC for 6 h (AOAC, 2006). The crude protein content was
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determined by the micro-Kjeldahl method (AOAC, 2006). Fat
content was determined using Nuclear Magnetic Resonance
(NMR) (Oxford Instruments, Oxfordshire, U.K). The NMR
instrument was auto-tuned using acetone. Dry dawadawa
sample was poured into a tarred glass tube up to the 4 cm
mark and the mass of the sample recorded. The sample was
transferred into the NMR and the percentage fat recorded. For
the determination of total carbohydrates (CHO), 100 mg of
dawadawa sample was hydrolysed for 3 h with 5 ml of 2.5
N HCl at 100 oC. It was cooled and neutralized with solid
sodium carbonate, topped up to 100 ml and centrifuged. Four
ml of anthrone reagent was added to 0.1 ml of the supernatant,
heated for 8 min in a boiling water bath, cooled and the ab-
sorbance read at 630 nm. The concentration of CHO was
read from the standard curve. For determination of crude fibre
content, 5 g of dawadawa sample was boiled for 30 minutes
in 12.5% sulfuric acid, filtered and washed with hot distilled
water until no longer acidic, before boiling in 12.5% sodium
hydroxide. The same procedure for washing was repeated
but was filtered through a Gooch crucible and washed till no
longer alkaline. Crucible with its content was dried at 100
oC, transferred into a muffle furnace and heated at 550 oC
overnight and then weighed. The procedure was repeated
until the difference between two successive weighing was
approximately constant.

Elemental analysis
Trace elements were determined by the Dry Ash Method.
About 3 g of sample was weighed into a crucible and ashed
in a Muffle furnace (Electrothermal Engineering Ltd, Essex
SS2 5PH, United Kingdom) at 550 oC for 8 h. Five (5) ml of
concentrated nitric acid was added and heated on a hot plate
until the ash dissolved. 10 ml of 0.1 ml/l nitric acid was added
and filtered into a 50 ml volumetric flask and topped up to
the mark with 0.1 ml/l nitric acid. The blank solution was
treated in the same way as the sample. Absorbance readings
of the sample solutions were read using the flame Atomic
Absorption Spectrophotometer. The metal contents of the
samples were derived from calibration curves.

Determination of amino acids composition
Amino acids analysis was performed according to the method
described by Villas-Boas et al. (Villas-Bôas et al., 2003). For
the amino acids, the extraction and derivatization sample was
thoroughly pounded using a laboratory grinder. A half gram
of each pounded sample was suspended in 5 mL of MilliQ
water in a test tube and kept in a water bath at 60 oC for
1 hour for amino acid extraction. Following the extraction,
25 ml of sample was transferred into an injection vial con-
taining 125 ml MilliQ water, and 150 ml internal standard
solution (1 mM norvaline: 0.0172 g of norvaline dissolved
in 100 ml MilliQ water) was added. Two hundred mL of
methanol/pyridine (32/8 v/v) was added and the mixture was
then mixed well. The amino acids were derivatized by adding
25 ml of methyl chloroformate and mixing by shaking for
30 seconds using a mixer. To separate the methyl chlorofor-

mate derivatives from the reactive mixture, 500 mL of methyl
chloroformate/chloroform 1% (v/v) was added and mixed vig-
orously. Phase separation occurred within minutes. The upper
aqueous layer was discarded and the organic solvent phase
(chloroform phase) was collected and analysed for amino
acid compounds using gas chromatography and mass spec-
trometry (GC-MS). Extractions were performed in duplicate.
Chemicals used were from Sigma-Aldrich. Separation and
identification of amino acid derivatives in the extract were
performed using an HP G1800A GCD Gas Chromatograph
Electron Ionization Detector (Hewlette-Packard, CA, USA).
Two microliters of extract were injected (split ratio, 1:15) into
a DB-XLB Agilent column (15 m length × 0.25 m i.d. × 0.25
µm film thickness) using the following temperature program
for the oven: 90 oC raised at 6 oC/min to 240 oC and main-
tained at 240 oC for 5 minutes. The total running time was
30 minutes. The carrier gas was helium with a constant flow
rate of 1.5 ml/min. The inlet temperature was 250 oC and
the detector temperature was 250 oC. Identification of amino
acids was determined in the total ion mode scanning a mass to
charge ratio (m/z) range between 70 and 250. Further identifi-
cation was obtained by probability-based matching with mass
spectra saved in a standard library. Concentrations of amino
acids were estimated by comparing the relative peak areas of
the compounds with that of the norvaline internal standard
and reported in nmol/mg based on the concentration of the
internal standard.

Statistical analyses
All analyses were conducted in triplicates in two indepen-
dent experiments. Data obtained were subjected to one-way
analysis of variance (ANOVA) and means were separated by
Tukey’s multiple comparison test at significance level of p
< 0.01 using the MINITAB 15 statistical software package
(MINITAB Inc. Release 15 for windows, 2007).

Results and discussion
Microbial growth and pH changes during dawadawa
fermentation
The pH and micro-population of dawadawa during sponta-
neous fermentation of mechanically dehulled Parkia biglobosa
seeds is shown in Figure 1. Typical of alkaline fermentations,
there was a steady rise in pH values from 5.2 at the beginning
of the fermentation to 8.8 after 48 h of fermentation. However,
despite the increase in pH values, there was a simultaneous in-
crease in titratable acidity from 0.02% to 0.38% on wet weight
basis. Traditional spontaneous dawadawa fermentations have
been reported to reach final pH values between 7 and 9 (Amadi
et al., 1999; Aniche et al., 1993; Azokpota et al., 2006; Oma-
fuvbe et al., 2000, 2004; Sarkar and Tamang, 1995). The
changes in pH, titratable acidity and microbial counts during
the fermentation of mechanically dehulled Parkia biglobosa
seeds is similar to those previously reported for traditional
dawadawa and similar products (Amoa-Awua et al., 2014;
Azokpota et al., 2006; Parkouda et al., 2009). The increase in
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pH during alkaline fermentations has been attributed to the
microbial degradation of proteins from the raw material into
peptides, amino acids and ammonia Kiers et al. (2000).

Figure 1. pH and microbial counts during spontaneous
fermentation of mechanically dehulled P. biglobosa seeds
into dawadawa

Microbiological analysis was limited to demonstrating the
predominant group of microorganisms in the fermentation
of dawadawa processing using the dehulling machine rather
than species or strain identification. Thus, in using the de-
hulling machine to process dawadawa, the micro-population
was dominated by Bacillus species, which increased in num-
ber from 3.8 to 9.2 log cfu/g over the 48 h fermentation period.
Bacillus colonies examined were Gram positive and catalase
positive rods which mostly bore phase bright spores. The iso-
lates produced acid from D-glucose, L-arabinose, D-xylose
and D-mannitol. They also hydrolysed starch and casein,
grew at pH 5.7, grew in 6.5% (w/v) NaCl but not in 10%
(w/v) NaCl; and grew at 37 oC but not 65 oC. All the observed
phenotypic characteristics are consistent with the those of
Bacillus species as previously described (Claus and Berke-
ley, 1986; Parry et al., 1983). Bacillus species have been
consistently dominant in traditional dawadawa fermentations
(Amoa-Awua et al., 2006; Azokpota et al., 2006; Campbell-
Platt, 1980; Dakwa et al., 2005; Odunfa, 1981; Ouoba et al.,
2004; Terlabie et al., 2006). In addition to Bacillus species, to-
tal lactic acid bacteria were isolated in lower numbers during
the fermentation of dawadawa with their population increas-
ing from 2.7 log cfu/g at the beginning of fermentation to
4.5 log cfu/g after 48 h (Figure 1). The lactic acid bacteria
included mainly Gram-positive, catalase-negative rods, facul-
tative heterofermentative lactobacilli (rods which were able
to produce CO2 from glucose and gluconate) and homofer-
mentative lactobacilli. The lactobacilli were non-oxidative
and metabolised glucose fermentatively in Hugh and Leifson
medium; grew at pH 4.4 and 9.6, but not in 6.5% and 18%
(w/v) NaCl. The presence of the lactobacilli could explain the
observed rise in titratable acidity despite the increase in pH
during fermentation.

Proximate composition and amino acids profiles
dawadawa
Proximate and trace element composition of dehulled Parkia
biglobosa seed and dawadawa processed through fermenta-
tion of the seeds are shown in Table 1. Proximate composition
analyses showed significant (P < 0.01) increases in protein
and fat content whereas carbohydrates, ash and fibre con-
tents significantly (P < 0.01) decreased after processing P.
biglobosa seeds into dawadawa. Thus, significant changes to
the major nutritional composition of raw P. biglobosa seeds
were observed following processing into dawadawa. The ob-
served increase in crude protein content from 33.0% to 41.5%
for raw parkia seeds and processed dawadawa respectively
is similar to previous reports (Akintayo, 2004; Enujiugha
and Ayodele-Oni, 2003; Lockeett et al., 2000). Increase in
crude fat concentration has been reported for both kinema
and dawadawa fermentation (Azokpota et al., 2006; Gernah
et al., 2007; Sarkar et al., 1994). Carbohydrate loss during
dawadawa processing has been attributed to leaching of some
soluble carbohydrates during prolonged cooking and hydrol-
yses of starch to fermentable sugars which are utilized as
carbon sources by the fermentative microorganisms (Odunfa,
1985; Odunfa and Adewuyi, 1985; Yagoub et al., 2004).
The processing of dawadawa resulted in reduction (P < 0.01)
in all the minerals determined except for sodium (P = 0.05).
Similar losses in mineral content were observed during the
traditional processing of P. biglobosa, Canavalia ensiformis
and Colocasia esculenta seeds (Adane et al., 2013; Ajeigbe
et al., 2012; Boateng et al., 2014). Generally, the reductions
in mineral content of traditionally processed seeds and vegeta-
bles are due to leaching and extraction of these minerals into
the water used for soaking and boiling of the seeds during the
processing (Severi et al., 1997).

Table 1. Effect of processing on proximate and elemental
composition of whole P. biglobosa seed after processing into
dawadawa

Proximate
composition (%)

P. biglobosa seeds Dawadawa

Protein 33.06 ± 0.42 41.50 ± 0.77
Fat 20.52 ± 0.75 27.01 ± 0.92
Carbohydrates 22.72 ± 0.53 16.25 ± 0.65
Ash 4.36 ± 0.14 2.28 ± 0.20
Fibre 7.45 ± 0.55 3.75 ± 0.86
Trace element (mg/g dry mass)
Calcium 0.61 ± 0.06 0.48 ± 0.05
Magnesium 1.07 ± 0.07 0.75 ± 0.13
Potassium 1.88 ± 0.14 0.82 ± 0.08
Sodium 0.25 ± 0.05 0.27 ± 0.05
Iron 1.50 ± 0.18 1.43 ± 0.21
Zinc 0.39 ± 0.06 0.27 ± 0.14
Copper 0.13 ± 0.01 0.02 ± 0.09

Amino acid profiles during processing of dehulled African
locust bean into dawadawa are presented in Table 2. There
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Table 2. Amino acid profile (nmol/mg dry sample) of P. biglobosa raw seeds, fermenting seeds and sun-dried dawadawa (ready
to use)

Product/Fermentation time (hours)
Amino acids Raw seeds Dehulled seeds 0 h 24 h 36 h 48 h Dawadawa
Aspartic acid 7.43 ± 0.04 1.53 ± 0.06 1.52 ± 0.01 8.97 ± 0.02 2.82 ± 0.01 2.93 ± 0.05 1.56 ± 0.02
Glutamic acid 1.35 ± 0.09 2.64 ± 0.03 3.65 ± 0.02 2.19 ± 0.03 ND ND 11.31 ± 0.01
Serine 4.16 ± 0.14 7.91 ± 0.00 5.61 ± 0.00 6.35 ± 0.01 0.72 ± 0.01 ND ND
Glycine 2.92 ± 0.00 5.26 ± 0.00 5.44 ± 0.00 4.02 ± 0.01 1.73 ± 0.01 2.59 ± 0.03 2.73 ± 0.00
Histamine ND 3.22 ± 0.00 3.43 ± 0.00 2.91 ± 0.00 ND ND 2.93 ± 0.00
Arginine 3.94 ± 0.24 7.79 ± 0.01 7.70 ± 0.00 ND ND ND ND
Threonine 2.24 ± 0.07 4.52 ± 0.10 4.42 ± 0.00 2.51 ± 0.00 ND ND ND
Alanine 2.04 ± 0.10 3.81 ± 0.14 3.83 ± 0.00 8.46 ± 0.01 2.32 ± 0.00 2.29 ± 0.13 4.17 ± 0.00
Proline 4.14 ± 0.05 4.38 ± 0.02 8.93 ± 0.00 7.05 ± 0.03 2.87 ± 0.00 3.91 ± 0.08 6.40 ± 0.01
Tyrosine 2.05 ± 0.17 3.54 ± 0.01 4.71 ± 0.00 11.36 ± 0.11 1.82 ± 0.03 6.46 ± 0.21 1.72 ± 0.01
Valine 3.32 ± 0.10 6.53 ± 0.01 7.49 ± 0.00 17.22 ± 0.01 6.04 ± 0.10 7.30 ± 0.04 9.36 ± 0.01
Methionine ND ND ND 3.03 ± 0.02 1.16 ± 0.10 1.95 ± 0.00 8.80 ± 0.01
Cysteine 3.76 ± 0.00 5.42 ± 0.01 1.93 ± 0.00 1.76 ± 0.24 ND ND ND
Isoleucine 2.20 ± 0.06 2.41 ± 0.00 1.25 ± 0.00 7.64 ± 0.03 2.07 ± 0.02 4.23 ± 0.00 4.83 ± 0.01
Leucine 2.01 ± 0.06 3.23 ± 0.00 2.01 ± 0.00 9.64 ± 0.08 2.47 ± 0.02 4.66 ± 0.00 4.65 ± 0.02
Phenylalanine 3.46 ± 0.01 6.82 ± 0.01 5.77 ± 0.00 11.5 ± 0.01 2.12 ± 0.00 2.65 ± 0.00 11.32 ± 0.01
Lysine 4.58 ± 0.04 3.22 ± 0.02 1.35 ± 0.01 14.48 ± 0.01 6.79 ± 0.00 7.21 ± 0.01 11.96 ± 0.01
Total FAA 50.83 69.05 68.2 119.09 32.52 45.81 81.74

was an observed higher concentration in the total free amino
acids (FAA) content in the cotyledon following mechanical
dehulling of the seeds which could be explained by the fact
that the protein content of the seeds are concentrated within
the cotyledons rather than the hulls Hassan and Umar (2005).
In general, increases in total FAA were observed during fer-
mentation, with the highest amount of FAA reaching 119.09
nmol/mg after 24 hours of fermentation; but then a decline
was observed after 36 hour of fermentation. Similar increases
of FAA content were also reported during fermentation of
baobab, Prosopis africana, and soybean seeds (Dakwa et al.,
2005; Odibo et al., 2008; Ouoba et al., 2003b; Parkouda et al.,
2015). Several studies have reported increasing levels of free
amino acids content during alkaline fermentation (Abaelu
et al., 1990; Azokpota et al., 2006; Gernah et al., 2007; Og-
bonna et al., 2001; Ogunshe et al., 2007; Omafuvbe et al.,
2000; Sarkar and Tamang, 1995; Terlabie et al., 2006). Ouoba
et al. (2003a) reported that proteolysis by Bacillus during fer-
mentation of African locust bean seeds is species and strain
dependent and leads to release of a higher quantity of free
amino acids. This increase in FAA content suggests protease
activities resulting from the metabolism of the microorgan-
isms involved in the fermentation (Collar and Martinez, 1993;
De Barber et al., 1989; Ouoba et al., 2003b). During alka-
line fermentation, proteolytic activity is reported to increase
(Odibo et al., 2008; Odunfa, 1985; Ouoba et al., 2003b). The
decrease in the concentration of most amino acids after 36
hours was similar to what occurred during prolonged fermen-
tation of soybeans (Dakwa et al., 2005) and baobab seeds
(Parkouda et al., 2015). Similarly, there has been reports on
loss of lysine and other essential amino acids on prolonged

fermentation (Achi, 2005). This observation suggests further
metabolism of these FAA by the Bacillus species responsi-
ble for fermentation, a process which is important for the
development of the aroma and flavour characteristics of the
product (Dakwa et al., 2005; Odibo et al., 2008). During such
prolonged fermentations, the amino acids are consumed as
energy sources by these microorganisms, releasing ammonia,
which leads to an increase in pH and thus, the alkaline nature
of the products (Allagheny et al., 1996).

Conclusion
The present study indicates that several biochemical changes
occur during the processing of P. biglobosa seeds into dawad-
awa by use of the mechanical dehuller. These biochemical
changes are similar to what has previously been reported
for traditional dawadawa processing (without the use of a
mechanical dehuller). In either case, there seem to be im-
provement in the nutritional quality of P. biglobosa seed after
processing into dawadawa.

Acknowledgments
This study was co-financed by two separate Danida (Dan-
ish International Development Agency, Ministry of Foreign
Affairs) funded projects: ’Value-added processing of under-
utilised savannah tree seeds for improved food security and
income generation in West Africa (DFC No. 09-072KU)’ and
’Preserving African food microorganisms for green growth
(DFC No. 13-04KU)’.

Journal of Ghana Science Association, Vol. 17, No. 2, December, 2017



Effects of mechanical dehulling on microbiological characteristics... Akabanda et al. — 6/8

References
Abaelu, A. M., Olukoya, D. K., Okochi, V. I., and Akinrimisi,

E. O. (1990). Biochemical changes in fermented melon
(egusi) seeds (Citrullis vulgaris). Journal of Industrial
Microbiology, 6(3):211–214.

Achi, O. K. (2005). Traditional fermented protein condiments
in Nigeria. African Journal of Biotechnology, 4(13).

Adane, T., Shimelis, A., Negussie, R., Tilahun, B., and Haki,
G. D. (2013). Effect of processing method on the Proximate
composition, mineral content and antinutritional factors of
Taro (Colocasia esculenta, L.) growth in Ethiopia. African
Journal of Food, Agriculture, Nutrition and Development,
13(2).

Adewumi, B. A. and Olalusi, A. P. (2005). Performance
of a manually operated concave type locust bean dehuller.
Journal of Agriculture Technology, 6(2):23–30.

Ajeigbe, S. O., Mohammed, A. K., Yahaya, I. A., and
Oyelowo, A. O. (2012). Effect of Processing Techniques on
Levels of minerals and Antinutritional factors of Canavalia
ensiformis. Pakistan Journal of Nutrition, 11(12):1121–
1124.

Akaaimo, D. I. and Raji, A. O. (2006). Some physical and en-
gineering properties of Prosopis africana seed. Biosystems
Engineering, 95(2):197–205.

Akande, K. E., Doma, U. D., Agu, H. O., Adamu, H. M., et al.
(2010). Major antinutrients found in plant protein sources:
their effect on nutrition. Pakistan Journal of Nutrition,
9(8):827–832.

Akintayo, E. T. (2004). Characteristics and composition of
Parkia biglobbossa and Jatropha curcas oils and cakes.
Bioresource Technology, 92(3):307–310.

Alabi, D. A., Akinsulire, O. R., and Sanyaolu, M. A. (2005).
Qualitative determination of chemical and nutritional com-
position of Parkia biglobosa (Jacq.) Benth. African Journal
of Biotechnology, 4(8):812–815.

Allagheny, N., Obanu, Z., Campbell-Platt, G., and Owens,
J. (1996). Control of ammonia formation during Bacillus
subtilis fermentation of legumes. International Journal of
food Microbiology, 29(2-3):321–333.

Amadi, E. N., Barimalaa, I. S., and Omosigho, J. (1999).
Influence of temperature on the fermentation of bambara
groundnut (Vigna subterranea) to produce a dawadawa-
type product. Plant Foods for Human Nutrition (Formerly
Qualitas Plantarum), 54(1):13–20.

Amoa-Awua, W. K., Awusi, B., Owusu, M., Appiah, V., Ofori,
H., Thorsen, L., and Jespersen, L. (2014). Reducing the
atypical odour of dawadawa: Effect of modification of
fermentation conditions and post-fermentation treatment

on the development of the atypical odour of dawadawa.
Food Control, 42:335–342.

Amoa-Awua, W. K., Terlabie, N. N., and Sakyi-Dawson, E.
(2006). Screening of 42 Bacillus isolates for ability to
ferment soybeans into dawadawa. International Journal of
Food Microbiology, 106(3):343–347.

Aniche, G. N., Nwokedi, S. I., and Odeyemi, O. (1993). Effect
of storage temperature, time and wrapping materials on
the microbiology and biochemistry of ogiri—a fermented-
castorseed soup condiment. World Journal of Microbiology
and Biotechnology, 9(6):653–655.

AOAC (2006). Official methods of analysis of AOAC Interna-
tional. Gaithersbury, Maryland, USA: AOAC International,
18th edition.

Audu, I., Oloso, A. O., and Umar, B. (2004). Development
of a concentric cylinder locust bean dehuller. Agricultural
Engineering International: CIGR Journal.

Azokpota, P., Hounhouigan, D. J., and Nago, M. C. (2006).
Microbiological and chemical changes during the fermen-
tation of African locust bean (Parkia biglobosa) to pro-
duce afitin, iru and sonru, three traditional condiments pro-
duced in Benin. International journal of food microbiology,
107(3):304–309.

Beaumont, M. (2002). Flavouring composition prepared by
fermentation with Bacillus spp. International Journal of
Food Microbiology, 75(3):189–196.

Boateng, M., Okai, D. B., Frimpong, Y. O., and Asabere, C. O.
(2014). A comparative study of the nutritional and micro-
bial profiles of the raw and processed seeds of the African
Locust Bean (Parkia biglobosa). Livestock Research for
Rural Development, 26:10.

Campbell-Platt, G. (1980). African locust bean (Parkia
species) and its West African fermented food product,
dawadawa. Ecology of Food and Nutrition, 9(2):123–132.

Claus, D. and Berkeley, R. C. W. (1986). The genus Bacillus,
volume 2. Baltimore: Williams and Wilkins.

Collar, C. and Martinez, C. S. (1993). Amino acid profiles of
fermenting wheat sour doughs. Journal of Food Science,
58(6):1324–1328.

Dakwa, S., Sakyi-Dawson, E., Diako, C., Annan, N. T., and
Amoa-Awua, W. K. (2005). Effect of boiling and roast-
ing on the fermentation of soybeans into dawadawa (soy-
dawadawa). International Journal of Food Microbiology,
104(1):69–82.

De Barber, C. B., Prieto, J. A., and Collar, C. (1989).
Reversed-phase high-performance liquid chromatography
analysis of changes in free amino acids during wheat bread
dough fermentation. Cereal Chemistry, 66(4):283–288.

Journal of Ghana Science Association, Vol. 17, No. 2, December, 2017



Effects of mechanical dehulling on microbiological characteristics... Akabanda et al. — 7/8

Diawara, B. and Diasso, K. (2004). Bilan de matières dans le
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bution à l’étude des procédés traditionnels de fabrication
du soumbala au Burkina Faso. Aspects biochimiques, mi-
crobiologiques et technologiques. Sciences et Techniques,
20:5–14.

Enujiugha, V. N. and Ayodele-Oni, O. (2003). Evaluation of
nutrients and some anti-nutrients in lesser-known, under-
utilized oilseeds. International Journal of Food Science &
Technology, 38(5):525–528.

Gernah, D. I., Inyang, C. U., and Ezeora, N. L. (2007). In-
cubation and fermentation of african locust beans (Parkia
biglobosa) in production of “dawadawa”. Journal of Food
Processing and Preservation, 31(2):227–239.

Hassan, L. G. and Umar, K. J. (2005). Protein and amino acids
composition of African locust bean (Parkia biglobosa).
Tropical and Subtropical Agroecosystems, 5(1).

Kiers, J. L., Rombouts, F. M., Nout, M. J. R., et al. (2000). In
vitro digestibility of Bacillus fermented soya bean. Interna-
tional Journal of Food Microbiology, 60(2):163–169.

Lockeett, C., Calvert, C., and Grivetti, L. (2000). Quantitative
and qualitative variability of pea (Pisum sativum L.) protein
composition. Int J of Food Sci and Nutr, 51:195–208.
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une espèce agro forestière. Diawara B. et Jakobsen M.(eds.)
ISSN0796-6954, DANIDAKVL-CNRST/IRSAT, pages 145–
150.
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