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INTRODUCTION
Fungi have been used extensively by

man in the fermentation Industry for

many centuries. The most popular in
this regard is yeast (e.g. Saccharomyces
cerevisae) in brewing and bread making
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ABSTRACT
In Asia, the use of filamentous fungi in the fermentation of foods, drinks and sauces
is popular and has been well documented. The exocarp of Pentaclethra macrophylla
(African Oil Bean) seed is usually discarded as a waste after fermentation. There is no
information on the uses of this exocarp. This work is aimed at evaluating the nutrition-
al potential of this agro-waste. Aspergillus niger was used to ferment the exocarp of
this seed. Proximate and anti-nutritional evaluation of this seed exocarp was carried
out using standard laboratory techniques. Results showed significantly higher
(p<0.05) level of crude protein in the fermented exocarp compared to the unfermented
one. The reverse however was observed for carbohydrate. There was no significant
difference (p<0.05) in the amount of ash, total fat, crude fibre and energy between the
fermented and unfermented samples. Fermentation caused a significant reduction
(p<0.05) in the amount of all the anti-nutrient compounds evaluated. The values
reported for the proximate and anti-nutrient composition of the fermented and unfer-
mented seed exocarp were comparable to those reported for the fermented and
unfermented seeds. The foregoing shows that the exocarp of African oil bean seed
holds some nutritional promise even though it is been ignored. Results from the
present study therefore positions the fermented form of this agro-waste as a possible
animal feed or a component thereof.
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(Seidi, 2006). Other examples include
the use of Aspergillus niger in large
scale fermentation for the production of
citric acid (Papagianni, 2007; Sauer et
al., 2008), production of soy sauce us-
ing A.oryzae and Zygosaccharomyces
rouxii (Tanaka et al., 2012; Yan et al.,
2013), flavouring of cheese using Peni-
cillium roquefortii (Toelstede and Hof-
mann, 2009), the inclusion of the
mycelia of Penicillium camembertii in
the cheeses known as Brie and Camem-
bert (Spinnler and Gripon, 2004;
Leclercq-Perlat et al., 2012). Asians, in
particular are renowned for their use of
filamentous fungi in the fermentation of
a number of foods, drinks and sauces.
Some examples in this regard are the
solid state fermentation of “koji” using
Aspergillus oryzae (Chancharoonpong
et al., 2012); production of “shoyu” or
soy sauce by solid state fermentation
using Aspergillus orzae, A. sojae and
Zygosaccharomyces spp. (Luh, 1995);
the fermentation of Puer tea using
Aspergillus niger and Blastobotrys ade-
ninivorans (Abe et al., 2008); solid state
fermentation of “miso” or soy bean
paste using Aspergillus oryzae and Zy-
gosaccharomyces rouxii (Kim et al.,
2010) ; the use of Rhizopus microsporus
in starter cultures in the solid state fer-
mentation of Chinese cheese or “sufu,
nyufu or fuyu” (Rohm et al., 2010);
solid state fermentation of Soy cake by
Penicillium simplicissimum (Luccio et

al., 2003) and solid state fermentation
of  ”tempeh” by Rhizopus oligosporus
(Feng et al., 2005; Feng et al., 2007).

Pentaclethra macrophylla (African
oil bean) seed is a good source of edible
protein, high in energy and fatty acids
(Enujiugha and Agbede, 2000). The
seed is allowed to undergo fermentation
to yield a dietary product (popularly
called ‘ugba’ in the local parlance) be-
fore consumption. “Ugba” is an alka-
line- fermented food which is used
sometimes as part of a main meal or as
an additive. The traditional production
is done with rudimentary equipment
using wild micro flora introduced ran-
domly through processing materials for
the fermentation of the African oil bean
seed (Nwaogu et al., 2011). After the
fermentation process, the “Ugba” can
then be tied in banana leaves or almond
tree leaves and is then ready to eat.
Works from different authors show that
there are several fermentation process-
es. Eze et al. (2014) described the ‘tra-
ditional method’ of fermenting the
seeds in the laboratory while Balogun
(2013) described the manual method of
obtaining this delicacy. Previous reports
alluded to the “tough” seed exocarp
(testa or seed coat) as the only solid
waste material arising from the process-
ing of “ugba” (Obeta, 1983; Odunfa and
Oyeyiola, 1985; Oyeleke et al., 2014).
Beyond this, no other mention is made
of the exocarp of P. macrophylla seed
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in literature.
Many crop residues and food pro-

cessing wastes have found some usage,
especially as animal feed. The seed
coats or exocarp of P. macrophylla that
is always discarded can be referred to as
agricultural waste. The residues arising
from the processing and fermentation of
the seed can be converted to a more
useful product. There is no report of P.
macrophylla seed being consumed be-
fore it is processed and fermented. It
follows therefore that the seed coats
may be edible as well if fermented, if
not by humans, at least as animal feed,
either wholly or in mixture with other
feed materials, instead of it remaining at
the level of a waste only.

The objective of this work is to fer-
ment the exocarp of the seed of
P.macrophylla using Aspergillus niger
and evaluate  the proximate as well as
the anti-nutritional composition of the
fermented and unfermented seed exo-
carp of P. Macrophylla.

MATERIALS AND METHODS
Collection of P. macrophylla seed
samples

The seeds of P. macrophylla were
obtained from a farm in Nsit ubium
Local Government Area of Akwa-
Ibom state (4˚46 0"  N 7˚56 0"  E)
and were stored in a sterile polythene
bag.

Fermentation of Pentaclethra macro-
phylla seed exocarp

Pure culture plates of A.niger was
used to ferment 2kg of P. macrophylla
seed exocarp. Ten ml of sterile distilled
water was first poured into each of the
Petri dishes containing the fungus. Using
a pre-sterilized metal spatula, the fungal
mass on each plate was then scraped off
into a large pre-sterilized bowl. The seed
exocarp was then poured into the bowl
containing the fungal mass and 800ml of
sterile distilled water was added to the 2
kg exocarp. The bowl was then covered
using the bowl’s factory fabricated cover.
This set up was left for 3 days for fermen-
tation to take place after which the exo-
carp was removed and sun dried for 3
hours before finally drying in the oven at
40˚C for 5 hours.

After drying, the exocarp was blended
using a pre-sterilized manual blending
machine. The blending process was done
continuously until the exocarp became
fine smooth powder. Unfermented seed
coats were subjected to the same treat-
ment except the addition of fungal spores.

The ground samples of both the fer-
mented seed coats (exocarps) and unfer-
mented exocarps were then analysed for
proximate and anti-nutritional compo-
nents.

Aseptic technique used for materials
and blending machine
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Spatula, fermentation bowl and blend-
ing machine were sterilized by wiping
thouroughly each of the materials in
cotton wool soaked in each of methylat-
ed spirit, sodium hypochloride, and ab-
solute ethanol in that order. For the
manual blending machine, after wiping
with the chemicals described above, the
grinding mechanism was uncoupled
and exposed to dry heat in an oven at
150˚C for 2 hours.

Determination of proximate composi-
tion in samples

The following parameters were test-
ed for: ash, crude fibre, crude fat, crude
protein, carbohydrate and energy.
AOAC (1990) method was used to de-
termine ash and crude fibre. In deter-
mining the crude fat, the modified
method of Secret (1975) and Pearson
(1976) was adopted.

Determination of Ash Content
A crucible with lid was ignited in a

muffle furnace at 105 ˚C for 1 hour. It
was then transferred to a dessicator to
cool and weighed. Two grammes of
finely grounded dried sample was put
into the pre- weighed crucible. The
weight of the crucible and its content
(sample) was taken. The crucible and it
content was charred on a heater in a
fume cupboard until smoking ceases. It
was then transferred into a muffle fur-
nace heated at 550˚C for 2 hours to burn

off all the organic matter. The crucible
was then taken out and when cooled, the
lid was replaced and the crucible was
thereafter put into a dessicator and re-
weighed.

The ash and organic matter content
in sample were determined thus:
Ash % = weight of ash / weight of
sample x 100
 c-a /b-a x 100
Where a = weight of empty crucible
 b= weight of crucible ÷ sample
before ashing
 c= weight of crucible ÷ ash
Determination of crude fibre

Crude fibre was determined using
the method of (AOAC, 1990)
(method14:020). The percentage crude
fiber was calculated thus:
% crude fiber =

Weight after drying × 100
  Weight of sample

Determination of Total Fat
This was determined using Soxhlet

extraction for 4 hr starting with metha-
nol and ethanol, respectively (Eromo-
sele and Eromsele, 1994). The % fat
was calculated thus:
% fat =        Weight of fat    × 100
             Weight of sample

Determination of Crude protein
The Macro Kjedhal method

described by Osborne and Vogt (1978)
was used for crude protein
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determination. The % crude protein
was calculated using the formula:
% Crude protein = % Nitrogen ×
correction factor of 6.25
Where: % Nitrogen = Titre value ×
0.0014/ Weight of sample × 100

Determination of Carbohydrate
This was determined as the difference
obtained after subtracting total inorgan-
ic Nitrogen (Protein), Lipid, ash and
fibre from the total dry matter.

Estimation of caloric value (energy)
The caloric values of the sample was

obtained by multiplying the values of
the crude protein, lipid and carbohy-
drate by 4, 9 and 4 kcal respectively and
taking the sum of the product.

Antinutrient determination
The antinutrients analysed include phytates
(phytic acid), tannins and oxalates.

Phytic acid (phytate) determination
The samples were analysed for

phytate using the method of Pearson
(1976). Two and half gramme of the sam-
ple was put into a conical flask and 50 ml
3% Tricarboxylic acid (TCA) added and
the suspension centrifuged. The suspen-
sion was then transferred into a 100 ml
conical flask and 4ml of FeCl3 solution
(made to contain 2mg ferric ion per ml in
3% TCA to the aliquot by blowing rapid-
ly the pipette) added. The tube and con-

tent was heated in a boiling water bath for
45 minutes. The tube and content were
also centrifuged for 10 minutes and the
clear supernatant was decanted. The pre-
cipitate was washed twice by dispersing
in 20-25ml 3% TCA and heated in water
bath for 8 minutes. The washing was
repeated using water. The precipitate was
dispersed in a 5 ml of water and 3ml of
1.5M NaOH. The volume was approxi-
mated to 30 ml with water and heat in
boiling water bath for 30 minutes. The
supernatant was centrifuged again for 13
minutes and the clear supernatant was
carefully decanted. The precipitate was
washed with hot water, recentrifuged and
decanted. The precipitate was dissolved
with hot 40 ml 3.2M of HNO3 and trans-
ferred to a 100 ml standard flask. The
tube was washed with hot water. The
flask and its content were cooled at room
temperature and diluted to volume with
distilled water. Iron (Fe) of the solution
was determined from the iron result as-
suming a 4:6 iron phosphorus molecular
ratio.

 Determination of Tannins
The Foiin-Denis spectrophotometric

method as described by Pearson (1976)
was used. One gramme of sample was
dispersed in 10 ml distilled water, agi-
tated and left to stand for 30 minutes at
room temperature, shaking every 5 min-
utes. At the end of 30 minutes, it was
centrifuged and the supernatant recov-
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ered. Two and half millitres of the su-
pernatant was dispersed into a 50 ml
volumetric flask. Similarly, 2.5 ml of
tannic acid solution was dispersed into
a separate 50 ml flask, and a standard
solution having concentrations of 02,
04, 06, 08 and 1.0 mg/ml was prepared.
One millitre of  Folin Dennis reagent
was added into each flask, followed by
2.5ml of saturated Na2CO3 solution.
The mixture was diluted to mark in the
50 ml flask and incubated for 90 min-
utes at room temperature. Absorbance
was measured at 550 nm in an Optima
SP-300 Spectrophotometer.

Determination of Oxalate
This involves three major steps thus,

as described by Secret (1975), Pearson
(1976) and Onwuka (2005)
• Digestion
• Oxalate Precipitation
• Permanganate (KMnO4) Titration.

Digestion
Two and half gramme of sample was

introduced into a 250 ml beaker, 95 ml
distilled water and 5 ml of 6NHCL was
added to the beaker. The mixture was
heated on a water bath at 50˚C for 2
hours. The digest was filtered and dilut-
ed to 125 ml with distilled water.

Oxalate Precipitation
Fifty millitres  of the filtrate (in du-

plicate) was taken into a 100 ml beaker

and then 4 drops of methyl red indicator
was added and was evaporated to 25 ml
volume and filtered to remove part con-
taining ferrous ion. The filtrate was
treated with 5 ml of concentrated
NH4OH and was heated again to 90˚C
and 10 ml of 5% CaCl2 solution was
added while being stirred constantly.
After heating, it was cooled and left
overnight at 5˚C. The solution was then
centrifuged at 2500 rpm for 5 minutes.
The supernatant decanted and the pre-
cipitate obtained were washed into a
beaker with 10 ml of 20% (v/v) H2SO4

solution and total volume was diluted to
125 ml distilled water.

Permanganate Titration
Aliquots of 125 ml of the solution

was heated near boiling (90˚C) and then
titrated against 0.05N KMNO4 solution
to a faint pink colour which persisted
for 10 seconds. The calcium oxalate
content was then calculated as de-
scribed by Secret (1974), Pearson
(1976) and Onwuka (2005).

Determination of HCN
This was done using the acid hydro-

lysis method as described by Haque and
Bradbury (2002). One hundred milli-
grammes of finely ground samples were
added to 0.1 M phosphoric acid and made
up to 25 ml in a standard flask. Standard
solutions of 1.00 g HCN equivalents/l of
KCN and acetone cyanohydrin were pre-

Proximate and Antinutritional Properties of Solid State Fermented P. Macrophylla Benth Seed Exocarp Using A. Niger



Nigerian Journal of Mycology Vol. 9 (2017) 121

pared and added to 0.1 M phosphoric
acid. To duplicate aliquots (2.00 ml) of
these solutions was added 2.0 ml of 4 M
sulphuric acid and the mixture heated for
different times in a B14 stoppered test
tube in boiling water, which just covered
the liquid level in the test tube. Each
sample was cooled in ice cold water, with
the stopper loosely in place, 5.0 ml of 3.6
M sodium hydroxide was added and after
5 min, 1 ml was added to 7 ml of 0.2 M
acetate buffer at pH 5.0. Chloramine-T
(0.4 ml) was added and about 5 min later
1.6 ml of isonicotinic acid/barbituric acid.
After one hour the absorbance was mea-
sured at 600 nm. A calibration curve was
obtained using a standard solution of
KCN. The amount of total cyanide pres-
ent was obtained by linear extrapolation
to zero time of the data.

Analysis of data
In all cases, reported values were the

mean from 5 replicates. All data were
analysed using the IBM SPSS Statistics
version 20 software statistical package,
and were subjected to the two-tailed
T-test. Mean values were separated for
statistical significance at 95% confi-
dence interval, using the Least Signifi-
cant Difference (LSD).

RESULTS
Proximate Composition
Ash content

The results in Table 1 show that ash

in the fermented seed exocarp had a
mean value of 5.350% while the unfer-
mented samples had a lesser mean value
of 5.190%. However, there was no sig-
nificant difference (p<0.05) between
the two mean values.

Crude fibre content
The mean fibre composition in the

fermented seed exocarp was 4.564%
while the unfermented seed exocarp had
a mean value of 4.460%. There was no
significant difference (p<0.05) between
both mean values (Table 1).

Total fat content
Mean value of this parameter in the

fermented sample was 0.530% and
0.710% in the unfermented samples.
There was no significant difference
(p<0.05) in the mean value of total fat
between both samples (Table 1).

Crude protein content
Mean crude protein value was

15.050% and 11.550% in the fermented
and unfermented samples respectively.
There was a significant difference
(p<0.05) in the mean value of crude
protein between both samples (Table1).

Carbohydrate content
Results in Table1 showed the mean

carbohydrate composition in the fer-
mented samples was 74.505% and
78.090% in the unfermented samples.
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The unfermented samples had a signifi-
cantly higher (p<0.05) mean carbohy-
drate value than the fermented samples.

Calorific value (kcal/g)
Mean calorific value was 362.990% and
364.950% in the fermented and unfer-
mented samples respectively. There
was no significant difference (p<0.05)
between the two mean values (Table1).

Anti-nutrients
Phytate (g/kg)

The mean value of phytate in the
fermented sample was higher
(18.063%) than in the unfermented
sample (17.440%). There was however
no significant difference (p<0.05) be-
tween the two mean values (Table 2).

Tannin (mg/L)
The results as presented in Table 2

showed that the fermented sample had a

mean value of 7.096%, while the unfer-
mented sample had a higher mean value
of 10.593%. There was a significant
difference (p<0.05) between both mean
values (Table 2).

Oxalate (µmol/L)
The mean value of oxalate in fer-

mented sample was 94.600% whereas
the unfermented sample had higher
mean value of 121.000%. There was a
significant difference (p<0.05) between
both mean values (Table 2).

Hydrogen-cyanide (mg/kg dry matter)
The mean value of the Hydrogen-

cyanide in the fermented sample was
7.880% while the unfermented sample
had a higher mean value of 11.235%.
The results in Table 2 showed that there
was a significant difference (p<0.05)
between the HCN content of the fer-
mented and the unfermented samples.

Table 1:  Proximate composition of fermented and unfermented P.
macrophylla seed exocarp

*Mean values with the same superscripts along the same column are not significantly different at
p<0.05.
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DISCUSSION
Determination of proximate and an-

ti-nutrient composition is carried out on
a food or feed source to ascertain the
quantity of the major food nutrients
available in the food and those sub-
stances that interfere with the absorp-
tion of those nutrients respectively. This
is done with a view to determining the
suitability (or otherwise) of any materi-
al as a source of food. The proximate
composition of P. macrophylla seeds
(fermented, unfermented or a compara-
tive studies of both) have been reported
extensively (Akubor and Chukwu,
1999; Enujiugha and Agbede, 2000;
Akindahunsi, 2004; Balogun, 2013 and
Eze et al., 2014). However, there is no
information on the proximate composi-
tion of the seed exocarp, probably be-
cause it is usually discarded. Results
from the present study showed that the
exocarp of P. macrophylla is rich in

some nutrients. Compared to some pre-
vious work, the mean value of crude
protein from the exocarp of the seed in
the present study (15.05 and 11.55 per-
cent for fermented and unfermented re-
spectively) was higher than 9.31 percent
crude protein reported by Ikhuoria et al.
(2008), but lower than 16.4 percent re-
ported by Eze et al. (2014) for the seed
of this plant. Also, mean value of carbo-
hydrate from both the fermented and
unfermented seed exocarp reported in
this work was higher than 38.95, 22.05-
24.15 and 15.03 percent for the seed
reported by Ikhuoria et al. (2008), Oker-
eke and Onunkwo (2014) and Eze et al.,
(2014) respectively.

Results from this work showed that
fermentation significantly increased the
crude protein content in the seed exo-
carp of P. macrophylla, a finding that
corroborates the results of Akubor and
Chukwu (1999) that fermentation

Table 2: Antinutrient composition of fermented and unfermented P.
macrophylla seed exocarp

*Mean values with the different superscripts along the same column are significantly different at p<0.05.
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caused a significant increase (p<0.05)
in the crude protein content of P. mac-
rophylla seed. Furthermore, in this
work, fermentation of the exocarp of P.
macrophylla seed with A.niger resulted
in an increase in the mean value of all
the parameters evaluated (except total
fat), thus supporting earlier positions
(Akindahunsi, 2004; Balogun, 2013)
that fermentation causes an improve-
ment in the nutritional value of food
products.

The process of fermenting the exo-
carp of P. macrophylla resulted in a
significant reduction in all the anti-nu-
trients (Phytic acid, HCN, Oxalate and
tannin) evaluated in this study. This
finding agrees with the reports of Enuji-
ugha and Agbede (2000), Ogueke et al.
(2010) Balogun (2013) and Eze et al.
(2014), who all reported a significant
reduction in the value of anti-nutrient
compounds found in fermented P. mac-
rophylla seeds, thus positioning the fer-
mented form of this agro-waste as a
potential food or feed material or a
component thereof. Since fermentation
for 3 days caused a significant reduction
in the anti-nutrient components of P.
macrophylla seed exocarp, extending
the duration of fermentation to about 7
or more days, may result in a further
reduction in the anti-nutrient level,
thereby increasing the nutritional value
of this agro-waste.

In the present study, fermentation

caused an increase (though not
significantly) in the mean value of crude
fibre. This high mean value in crude
fibre indicates the ability of this seed
exocarp to maintain a healthy
physiological grip for a normal
peristaltic movement of the intestinal
tract (Atasie et al., 2009). Diets that are
low in fibre are undesirable as they could
cause constipation and such diets have
been associated with diseases of colon
like piles, appendicitis and cancer
(Atasie et al., 2009).

The superior performance of fungi in
solid state (substrate) fermentation as
compared to submerged fermentation
has been well documented (Viniegra-
González et al., 2003; Holker et al.,
2004 and Barrios-González and Tarragó-
Castellanos, 2016). According to
Barrios-González and Tarragó-
Castellanos (2016), culturing of fungi in
liquid media impacts negatively on their
metabolic efficiencies. In addition,
enzyme titers are higher in solid state
fermentation than in Submerged
fermentation, when comparing the same
fungal strain and fermentation broth
(Viniegra-González et al., 2003). Other
superior attributes of solid state
fermentation over submerged
fermentation are higher fermentation
productivity, higher end-concentration
of products, higher product stability,
lower catabolic repression and lower
demand on sterility due to the low water
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activity used in solid state fermentation
(Holker et al., 2004).

CONCLUSION
Present findings indicate that African

oil bean seed exocarp is a good source
of protein, carbohydrate and calorific
value. The seed exocarp is also high in
dietary fibre. In view of the foregoing,
it is safe to conclude that this ”unsung”
agro-waste holds some promise as a
possible nutritious feed supplement,
especially for live stock.
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