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ABSTRACT

Boiled slices of African oil bean (Pentaclethra macrophylla) seeds were subjected to a 72-hour
traditional fermentation to produce ugba for the evaluation of the effect of boiling and fermentation
on the nutritional status of the seeds. Bacterial isolates recovered from the fermenting substrate
include Bacillus, Streptococcus, Salmonella, Escherichia coli, Pseudomonas, Staphylococcus,
Klebsiella, Micrococcus, Lactobacillus and Proteus species while Saccharomyces cerevisiae,
Penicillium, Aspergillus, Fusarium and Rhizopus spp were the fungi isolated. Bacillus and
Lactobacillus spp were the predominant bacterial starter cultures because they persisted from the
beginning till the end of the fermentation. Saccharomyces cerevisiae was the predominant fungus.
Fermentation and boiling improved the nutritional values of the protein, fat, fibre, moisture and ash
contents of the ugba samples after 72 hours of fermentation with an increase in pH value towards
alkalinity. However, both processes decreased the carbohydrate content of the ugba. Sensory
evaluation showed that the laboratory-produced ugba sample compared with the local market
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sourced ugba in sensory properties. At the end of the fermentation, food borne spoilers and
pathogens that were part of the contaminats of the fermenting samples were eliminated by the
microbial metabolites thus making ugba safe for human consumption. The ugba can also stay for
some days without spoilage in the absence of refrigeration.

Keywords: Boiling; fermentation; nutritional status; oil beanseed, ugba.

1. INTRODUCTION

Ugba is the Igbo name for sliced, fermented
African oilbean seed (Pentaclethra macrophylla).
The African oil bean seed is called several
names in Nigeria, such as Apara by the Yoruba,
ugba or Ukpaka by the Igbo’s [1]. It is consumed
mostly in the eastern states of Nigeria as a local
delicacy popularly known as “African salad”
prepared with oil, pepper, fish and salt. It could
also be prepared with tapioca, stockfish and
garden eggs. It can be eaten with boiled or
roasted yam and cocoyam [2,3].

Ugba is a traditional food generally prepared in
homes as a small family business. Its method of
preparation varies from one place to another
resulting in a non-uniform product [4]. ugba is
produced traditionally by boiling the seeds
overnight for easy removal of the seed coat [5].
The cotyledons are sliced and cooked until they
are soft with reduced bitter taste. The sliced ugba
is washed about five times or more and
fermented for three days by spontaneous
fermentation [5].

Ugba is a rich source of protein, vitamins and
minerals, with a high demand for local and export
consumption [6]. Previous research showed that
fermentation gives a better nutritional product
than the raw seed [7,8,9]. Odunfa and Oyeyiola
[11] reported that fermentation of African oil bean
seeds to produce ugba softens the cotyledon,
improves its digestibility and nutrients availability.

Obeta [10] and Odunfa [11] observed that the
source of microorganisms in fermenting seeds
come from handling processing, utensils used in
processing and the leaves used in packaging.
The result is uncontrolled fermentation. This is
due to the activities of microorganisms involved
in the fermenting process that remains viable till
the product is consumed or continues
fermentation  till the product becomes
unacceptable. The deterioration or spoilage of
the product is evidenced by organoleptic
changes in colour, texture, appearance, odour
and taste [12]. Cooked oil bean seed is not
edible, hence the need for fermentation. The

consumption of the ugba could pose as a means
of addressing the prevailing protein energy
malnutrition (PEM) in developing countries [13].
This work was aimed at determining the
microbiological and nutritional changes
associated with the thermal processing and
fermentation of African oilbean (Pentaclethra
macrophylla) seeds for ugba production.

2. MATERIALS AND METHODS

2.1 Sample Collection

A total of 25 African oil bean seed samples
weighing 201 g used for this study were
purchased from a local market in Aba, Abia state
Nigeria and transported in an air-tight polythene
bag to the National Root Crops Research
Institute, (NRCRI) Umudike, Umuahia, for
analyses. Already prepared ugba was also
purchased from the the local market for sensory
comparison with the laboratory prepared ugba
sample.

2.2 Laboratory Preparation of ugba

The traditional technique used by the local
producers from Umuahia and Aba was followed
in the preparation of the ugba samples. The oil
bean seeds were cleaned and boiled in an
autoclave at a temperature of 121°C and a
pressure of 15 psi for 2 hours to soften the hard
brown testa (shell). The shells were removed and
the cotyledons were cooled and washed, drained
and rewashed with cold water several times. The
washed cotyledons were cut into long thin slices
with a sharp knife into 4-5 x 0.1-0.2 cm slices.
The slices were boiled for another 30 minutes,
cooled and washed and later soaked in water for
24 hours. They were washed again to remove
the bitter taste and then allowed to drain in a
basket for 1 hour. The slices were wrapped in
seven small packets with banana leaves and
lightly tied. These small packets were placed in a
basket to ferment at room temperature for 3 days
to yield ugba. These steps are represented in
Fig. 1 Samples were aseptically taken from these
small packets of ugba for the various analyses.
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Fig. 1. Flow chart for in vitro fermentation of ugba samples

2.3 Samples Inoculation and Incubation
2.3.1 Serial dilution

One gram of each of the samples was thoroughly
mashed with sterile laboratory pestle and mortar
and serially diluted and 0.1 ml aliquots of suitable
dilution was inoculated aseptically by spread
plate methods on Nutrient, MacConkey, De Man
Rogosa sharpe and Sabourand Dextrose agar
plates previously prepared for the isolation of
bacteria and fungi [14]. The bacterial media was
fortified with fluconazole. The bacterial plates
were incubated at 37°C for 24-48 hours while the
fungal plates were incubated at 22°C for 5 days.
The total viable counts were determined
according to Rachael and Oluwamodupe [15].

2.3.2 Bacterial identification

The isolates were sub-cultured and identified
based on their morphological and biochemical
characteristics as well as Gram staining and
sugar fermentation tests [16]. The pure cultures

were transferred into MacCartney Bottles and
stored at 4°C in refrigerator [17,18].

2.3.3 Fungal identification

A drop of methanol was placed on a clean slide
and a portion of fungi growth was cut and was
tested in the methanol. A drop of lactophenol
cotton blue was added, a cover slip was then
placed on it gently to which it was observed
under microscope with x40 objectives. The
picture seen was compared with an identification
chart [17].

2.4 Antimicrobial Susceptibility Test of
Bacterial Isolates

This was carried out using Kirby-bauer disk
diffusion method. Each of the bacterial isolates
was aseptically streaked evenly using sterile
swab stick on separate Mueller Hinton agar
plates previously prepared and antibiotics disks
selected based on the Gram’s reaction of the
isolate were placed on the plate using sterile
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forceps. The plates were incubated at 37°C for
24 hours and the cleared areas were measured
and recorded in millimetre as resistant,
intermediate or sensitive.

2.5 Proximate Analyses of Boiled and
Fermented Oil Bean Seeds

The analyses of the sample for fat, crude protein,
crude fiber, Ash and moisture contents were
carried out and the temperature, pH and
titratable acidity were determined according to
AOAC [19].

2.5.1 Moisture content determination

Flat silica Petri dish was washed and dried for
about 1 hour in the oven to cool and weighed
again after which 2.0 g of the sample was
weighed and added into the Petri-dish. The
sample was transferred into the oven for drying
at 105°C for 3 hours. The sample was then
cooled in the desiccator and the weight of the
sample plus the dish was taken. The percentage
moisture loss was calculated.

Calculation:

W2-W3
W2-wi1

% Moisture = x 100

Where:

W, = Initial weight of the empty crucible

W, = Weight of crucible + sample before drying

W3 = Final weight of crucible + sample after
drying

Total solid =100 - % moisture.

2.5.2 Crude fiber content determination

The crude fibre content in the sample was
determined according to AOAC [19]. 2.0 g of
mashed sample was placed in a 600 ml beaker
and 200 ml of 1.25% H,SO, solution was added
into the beaker. The sample was heated for 30
minutes on a heating mantle. The sample was
cooled before filtering. The residue was placed
on a weighed crucible and allowed to dry in an
oven at 150°C until a constant weight was
obtained. The dried sample was burnt to ashes in
a muffle furnace, then cooled in a desiccator and
re-weighed.

% Crude fibre = weight loss on ashing/Weight of
original sample x100

Weight loss on ashing
x 100

Weight of original sample

2.5.3 Ash content determination

A clean silica dish was weighed to a constant
weight. 2.0 g of each sample was measured into
the dish. The sample was ignited using a heating
mantle in the fume cupboard until charred and no
more smoke given off (pre-ashing). Using a pair
of tong, the sample was transferred into a muffle
furnace at a temperature of 550°C until fully
ashed. The percentage ashed was calculated as
follows:

Calculation:
Weight of ash
0, _
== X

70 Ash Weight of original sample 100

W3-W1

= x 100
W2-W1

Where:

W, = weight of empty dish
W, = weight of dish + sample before drying
W3 = weight of dish + ash

2.5.4 Fat content determination

The method of solvent extraction in a Soxhlet
reflux apparatus was used. 250 ml boiling flasks
were thoroughly washed and dried in an oven.
They were transferred into the desiccators to
cool and each was weighed accordingly after
which the Soxhlet reflux apparatus was set up.
5.0 g of the sample was accurately weighed and
put into a labelled thimble with a cotton wool. 200
ml of petroleum ether was filled in the boiling
flasks and heated using a heating mantle set at
100°C. The Soxhlet apparatus was allowed to
reflux for about 6 hours. The thimble was
carefully removed and the petroleum ether was
recollected using a rotary evaporator and drained
into a bottle for re-use. The flask was removed
and dried at 105°C for 1 hour in an oven. The
flask was then transferred from the oven into
desiccators using a pair of tong and allowed to
cool. After cooling, the flask containing the oil
was then weighed.

Calculation:

W2-w1

% Crude Fat Content = v

x 100

Where:

W, = weight of the empty extraction flask
W, = weight of the flask and the oil extracted
W3 = weight of the sample.
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2.5.5 Carbohydrate determination

The Nitrogen free extract method was used. The
carbohydrate was calculated as weight by
different between 100 and the summation of
other proximate components as nitrogen free
extract (NFE).

Calculation:
%NFE=100-% (a+b+c+d+e)
Where:

a = protein content

b = fat content

¢ = fibre content

d = ash content

e = moisture content.

2.5.6 Protein content determination

The protein content was determined by Kjeldahl
method according to AOAC [19]. 0.2 g of the
sample was weighed into a filter paper and
transferred into a neat dried Kjeldahl flask.
Exactly 25ml of Conc. Sulphuric acid was added
to the flask and 2 tablets of selenium catalyst.
The flask was heated gently in a fume cupboard
using a heating mantle in an inclined position and
allowed to digest (digest is complete when the
liquid is clear and free from black or brown
colour). The flask was allowed to cool and was
diluted with 200 ml of distilled water. A distillation
apparatus consisting of 500ml flask with stopper
carrying a dropping funnel and a splash head
adaptor and a vertical condenser in which a
straight delivery tube is attached was used.
Approximately 50ml of boric acid solution was
measured into 500ml Erlenmeyer titration flask
and a few drops of screened methyl red indicator
were added and the Erlenmeyer flask placed on
the receiving end of the delivery tube dipping just
below the level of the boric level. Some anti-
bumping agent granules and 75ml of NaOH
solution were added to the distillation flask.
Exactly 50ml of distilled water was added and
was gently shaken to ensure mixing of contents.
The flask was connected to distillation bulb and
boiled vigorously until about 100ml of the
distillate was obtained. The distillate was titrated
with 0.1M HCI till first trace of pink colour.
Calculation:

Tv x1.4 x0.1
w

% N =
Where:

W = weight of sample in grams
Tv = Titre value

% crude protein = N X conversion factor
2.5.7 Determination of total titratable acidity

The titratable acidity was determined by the
alkaline titrimetric method expressed in percent
(%). The acid produced was determined by the
titration of 10ml of fermenting ugba sample
dissolved in deionised water with 0.1N NaOH
using phenolphthalein as an indicator until the
end point (pink colour) is achieved. The
percentage total titratable acidity (%TTA) was
calculated as:

100/volume of sample x Normality NaOH used
(0.0002) x Titre value.

The acidity was calculated using the formula
below

% TTA == iwoxtitre x N

Where:
N = normality of titrant,
W = weight of sample used

2.5.8 Determination of pH

One gram of ugba sample was ground to a paste
and added to 9ml of deionised water contained in
test tubes. The electrode of Pye, Unicam pH
meter, model 291 was dipped into the solution
and the reading was taken.

2.5.9 Temperature determination

This was done using calibrated mercury in glass
thermometer. A hole was bored through the
wrapped samples and the bulb of the
thermometer was inserted into the sample. The
temperature readings were taken at 12 hours
intervals.

2.5.10 Sensory evaluation

The ugba samples were subjected to sensory
analysis by 20 members of regular ugba
consumers drawn from the  university
environment. The parameters evaluated included
colour, texture, aroma, appearance, taste and
overall acceptability. These parameters were
evaluated after 72 hours of fermentation and
compared with the local market ugba.

2.6 Statistical Analysis

Mean occurrences were used to determine the
microbial load of the various samples. One way
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ANOVA was used to investigate the significant
differences in the nutritional contents of the
sample. Each test was conducted at 95%
confidence interval, P<0.05. The data were
analysed using the program IBM SPSS Version
22.

3. RESULTS

Table 1 shows the cultural and biochemical
attributes of the bacterial isolates from ugba.
They are Bacillus spp, Proteus mirabilis,
Stapholococcus. aureus, Micrococcus spp,
Streptococcus  spp,  Escherichia coli,
Pseudomonas aeruginosa, Salmonella spp,
Lactobacillus spp and Klebsiella spp.

Table 2 shows the microscopy and cultural
morphology of the fungal isolates. The isolates
are Aspergillus spp, Penicillium spp, Fusarium
spp, Yeast cells and Rhizpous spp.

Table 3 shows the mean counts of microbial
isolates (cfu/ml) from ugba production. All the
bacterial isolates on TAPC and MRS increased
significantly from the beginning to the end of the
72 hours fermentation while bacterial isolates on
SSA, MacConkey agar and TFC decreased
significantly as the fermentation progressed.

Table 4 shows the bacterial succession during
ugba production. Among all the isolates, only
Bacillus and Lactobacillus spp stayed till the end
of the fermentation.

Table 5 shows the fungal succession during
ugba production fermentation. Only
Saccharomyces cerevisiae persisted till the end
of the fermentation.

The percentage occurrence of the bacterial and
fungal isolates is shown in Table 6. Bacillus spp
had the highest occurrence (18.3%) while
Salmonella and Klebsiella spp occurred least
(3.5%) respectively.

In Table 7, the percentage occurrence of fungal
isolates during wugba production is shown.
Saccharomyces cerevisiae has the highest
occurrence (26.5%) while Rhizopus spp was the
least (13.3%).

Table 8 shows the antibiotics susceptibility
pattern of the bacterial isolates. The highest
sensitivity was from Cotrimoxazole, Tetracycline
and Chloramphenicol (21 mm) respectively.

Table 9 shows the temperature, TTA and pH
values of the laboratory prepared ugba. The

highest temperature (32.3+0.2°C) was recorded
at 36" hour while the highest pH (8.1+0.2) and
the lowest TTA (0.52+0.1) were recorded on the
72" hour.

Table 10 shows the proximate composition of the
raw, boiled and fermented ugba. The fermented
ugba has the highest moisture, crude protein,
crude fibre, ash and fat content than others while
the raw oilbean seed had the highest
carbohydrate content.

Table 11 shows the sensory evaluation of the
laboratory prepared ugba and ugba bought
from the local market. The two types of ugba

have the same colour, appearance,
slimness, aroma, texture, taste and overall
acceptability.

4. DISCUSSION

The present research aimed at determining the
microbiological and nutritional changes
associated with the thermal processing and
fermentation of African oilbean (Pentaclethra
macrophylla) seeds for ugba production. The ail
bean seeds were fermented spontaneously for
72 hours and became edible as characterised by
its appearance and aroma when the substrate
became soft darkened and had a characteristic
strong aroma resembling the smell of ammonia.
The bacterial isolates (Bacillus species,
Staphylococcus aureus, Streptococcus spp,
Escherichia coli, Proteus spp, Lactobacillus spp,
Pseudomonas aeruginosa, Salmonella spp,
Klebsiella spp and Micrococcus spp) and the
fungal flora (Aspergillus spp, Rhizopus spp,
Fusarium spp, and Penicillium spp) recovered
from the fermentation are similar to those
reported by Eze et al. [20].

Since the oil bean seeds were boiled before
fermentation, the fermenting microbes must have
come from the handling (during the slicing of the
boiled seeds), the knife, the well water used in
soaking the sliced oil bean seeds, the containers,
the air and the banana leaves used in wrapping
the sliced oil bean seeds. This finding is in
agreement with the findings [10,11]. The
traditional fermentation process that employs
chance inoculation of starter culture renders the
substrate vulnerable to contamination by
pathogenic and spoilage microorganisms.
However, these mixed starter cultures contribute
individually towards a better fermentation, flavour
and aroma formation that are characteristic of
well fermented ugba.
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Table 1. Colonial morphology and biochemical identification of bacterial isolates from ugba production
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Table 2. Microscopy and colonial morphology of fungal isolates from ugba production

S/no  Colony characteristics

Microscopic appearance

Probable organism

1. Black in colour, large mass Conidiospores aseptate with Aspergillus spp
ofcolony. hyphae.

2. Velvety, fuzzy, green, dark in Green spores with whitish Penicillium spp
colour hyphae.

3. Brown-greenish to white- Long and Branched Fusarium spp
greenish with dark zonation Monophialides

4, Moist, small shiny whitish colony. Ova, spherical shape. Yeast cells.
5. Rapid growth, white to pale Sparsely septate broad hyphae Rhizpous spp

Table 3. Mean counts of microbial isolates (cfu/ml) from ugba production
Time (h) Fermentation

TAPC TCC SSC TFC TLABC

0 2.1x10° 49x10° 3.1x10° 6.1 x10° 2.6x10°
12 25x10° 4.1x10* 2.9x10* 5.9x10° 2.8x10°
24 3.3x10° 3.4x10* 2.3x10° 5.2 x10° 3.1x10°
36 3.9x10 3.0x10° 2.0x10° 49x10* 3.9x10’
48 4.7 x10 2.1x10° 1.7 x10° 43x10* 4.4x10
60 5.4 x 10° 1.7 x10° 1.5x10° 3.8x10° 5.3x10°
72 8.9 x 10° 1.1x10° 1.0x 10° 3.0x10° 7.5x10°

TAPC-Total aerobic plate counts. TCC-Total coliform counts. TSSC-Total Salmonella-Shigella counts. TFC-Total
Fungal Count. TLABC-Total Lactic Acid Bacterial Count

Table 4. Bacterial succession during ugba production

SIN Organisms Period of fermentation (h)
0 12 24 36 48 60 72
1 Staphylococcus aureus + + + + + - _
2 Micrococcus spp + + + + + . ;
3 Bacillus spp + + + + + + "
4 E. coli + + + + - - -
5 Lactobacillus spp + + + + + + +
6 Klebsiella spp + + + - - . .
7 Streptococcus spp + + + + + . .
8 Pseudomonas spp + + + - - - -
9 Proteus spp + + + + + + -
10 Salmonella spp + + + + - . .
+ Present. - Absent
Table 5. Fungal succession during ugba production
Period of fermentation (h)
S/No Organism 0 12 24 36 48 60 72
1 Saccharomyces cerevisiae + + + + + + +
2 Fusarium spp + + + + ¥ + ;
3 Aspergillus spp + + + + + + ;
4 Rhizopus spp + + + + + ; i}
5 Penicillium spp - + + + + + .

+ = Present, - = absent
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Table 6. Percentage occurrences of bacterial isolates during ugba production

Isolates Number %
Staphylococcus aureus. 15 13.0
Micrococcus spp 13 11.3
Bacillus spp. 21 18.3
E. coli 5 4.3
Lactobacillus spp 19 16.5
Klebsiella spp 4 3.5
Streptococcus spp 12 104
Pseudomonas spp 5 4.3
Proteus spp 18 15.7
Salmonella spp 4 3.5
Total 115 100
Table 7. Percentage occurrence of fungal isolates during ugba production
Isolates Number %
Saccharomyces cerevisiae 22 26.5
Fusarium spp 17 20.5
Aspergillus spp 15 18.1
Rhizopus spp 11 13.3
Penicillium spp 18 21.7
Total 83 100
The major constituents of the ugba seeds are responsible for the obtained texture, aroma and
proteins, fats and carbohydrates; thus, palatability of the fermented ugba [26].
microorganisms responsible for ugba

fermentation must be capable of utilising these
food sources. Most of the microorganisms
isolated here possess such abilities [21,22].

Lactobacillus spp and Bacillus spp persisted to
the end of the fermentation. This means that
these bacteria tolerated the various metabolites
produced by the mixed starter cultures throught
out the fermentation time. This finding is in
agreement with the work of Obeta [10]. These
two bacteria possessed the enzymes proteases
that hydrolysed the complex proteins found in the
oil bean seeds. This is in agreement with the
findings of Olasupo et al. [23] and Onwuakor et
al. [24]. Bacillus spp has been identified as the
main microorganisms responsible for the
fermentation of African oil bean seeds. In this
work, the microbial and oganoleptic changes
associated with the thermal processing and
fermentation of African oilbean seeds for ugba
production shows that Bacillus, Lactobacillus and
Proteus spp are proteolytic in nature and so
worked in hydrolysing the oil bean seeds [25]
and therefore are responsible for the observed
increase in Free Amino Acids (FAA) that were
always recorded during production of the ugba.
Bacillus species is the major fermenting
organism in ugba processing, and has been

Increase in pH towards alkalinity has been
attributed to the abundant production of
ammonia during the fermentation due to protein
hydrolysis and deaminase activity. This is in
agreement with the findings of Odunfa and
Oyeyiola [11], Njoku [4], Oguoke [27]. Since
protein hydrolysis is a major biochemical change
in ugba fermentation, this could be associated
with  Bacillus species which are the
major fermenting organism as observed in this
work.

The total aerobic plate counts were low during
the first 12-24 hours, but this increased
tremendously towards the later part of the
fermentation period. Generally, the counts of
food borne pathogens recovered from the
fermentin%1 oil bean seeds increased gradually up
to the 36" hour of fermentation but decreases
rapidly as fermentation progresses to the end
point. This is in agreement with the findings of
Obeta [10]. This could be due to the production
of antimicrobials such as bacitracin by Bacillus
spp, bacteriocins, hydrogen peroxides, CO,,
diacethyl by Lactobacillus spp which inhibited
and eliminated these bacteria from the
fermenting sample as reported also by Oguoke
[27].
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Table 8. Antibiotic susceptibility of the bacterial isolates from ugba production

Cotrimoxazole Cloxacillin Erythromycin Augmentin Gentamicin Stretomycin Tetracycline Chloramphenicol

(10ug) (20ug) (30ug) (30ug) (10ug) (30ug) (30ug) (30ug)
Escherichia coli 17.00 11.00 12.00 17.00 20.00 10.00 2.00 17.00
Staphylococcus aureus 13.00 10.00 15.00 18.00 18.00 6.00 13.00 15.00
Klebsiella spp 21.00 10.00 10.00 15.00 15.00 8.00 3.00 20.00
Pseudomonas aeruginosa 3.00 5.00 17.00 20.00 18.00 12.00 21.00 13.00
Streptococcus spp 15.00 9.00 18.00 8.00 14.00 4.00 18.00 18.00
Bacillus spp 10.00 13.00 7.00 12.00 18.00 5.00 20.00 21.00
Lactobacillus spp 9.00 8.00 5.00 9.00 15.00 3.00 4.00 4.00
Proteus spp 5.00 10.00 15.00 12.00 15.00 15.00 5.00 17.00
Micrcoccus spp 11.00 11.00 4.00 10.00 12.00 10.00 9.00 19.00
Salmonella spp 8.00 3.00 15.00 14.00 16.00 15.00 2.00 18.00

10
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Table 9. Temperature, TTA and pH values of the fermented ugba

Parameters Time (h)
0 12 24 36 48 60 72
Temperature 27.6+0.2 28.8+0.1 30.6+0.3 32.3+0.2 32.1+0.1 31.1+0.2 30.2+0.2
TTA 1.224¢0.1 1.144#0.2 0.96+0.1 0.85+0.1 0.77+0.2 0.61+0.1 0.52+0.1
pH 5.710.1 6.2+0.1 6.7¢0.2 7.1+0.3 7.440.1 7.7+0.1 8.1+0.2
Table 10. Proximate composition of ugba samples
Samples Moisture Crude protein Crude fibre Ash Carbohydrate Fats
Raw oil bean seed 34.33+0.1 24.32+0.17 4.36+0.1 21+01 3.19%0.1 18.72+0.4
Boiled oil bean seed 34.97+0.4 26.15+0.13  4.5840.1 24+02 211101 23.11+£0.1
Fermented ugba 35.44+0.2 29.68+0.9 4.86+0.3 28+0.1 1.59+0.2 25.23+0.2

Mean+SD :Values with same superscript along the columes are not significantly different, P < 0.05

Table 11. Sensory evaluation of the laboratoryfermented ugba and ugba bought from the local

market

Samples Colour Appearance Slimness Aroma Texture Taste Over

acceptability
Laboratory Brownish  Normal Slightly slim Normal Soft Normal Accepted
ugba
Market ugba  Brownish  Normal Slightly slim Normal Soft Normal Accepted
The co-dominance of Staphylococcus species eliminates pathogens from  ugba  thus
and Bacillus species in the fermenting sample up  guaranteeing it as a safe food for human
to the 48" hour of fermentation was because S.  consumption.

aureus has been associated with fermenting
foods of plant origin, especially vegetable
proteins [28]. S. aureus exists as opportunistic-
natural flora of the human skin and nasal cavity,
hence is easily disseminated through handling.
Its presence in food poses a high risk of
gastroenteritis due to its production of
enterotoxin, hence its absence in the fermented
ugba sample is a sign of food safety. Most of the
isolated organisms in this study are not majorly
true fermenters of ugba, but could be involved in
the fermentation process as contaminants.

Members of the Enterobacteriaceae: E. coli,
Klebsiella spp., and P. aeruginosa and
Salmonella species were encountered in
significantly low amounts especially at the early
stages of production and gradually started
reducing after 36-48 hours fermentation in
accordance with the reports of Mulyowidarso, et
al. [29], Achi [30]. These microbial genera did not
survive till the end of the fermentation,
presumably because of the modified environment
such as an increase in pH towards alkalinity,
activities metabolites such as bacteriocin, CO,,
alcohols (produced S. cerevisiae) might have
eliminated these pathogens towards the end of
the fermentation. This proves that fermentation
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The fungi isolated from this study reduced in
number with increase in fermentation time. A.
flavus is known to produce mycotoxin with
obvious health hazards when consumed with
food. Fermentation was able to destroy this
fungus and deactivate any mycotoxin it possibly
produced in the fermenting medium thus
presenting ugba as a safe food for human
consumption. The elimination of Fusarium,
Rhizopus and Penicillium spp (potential food
spoilers) from the end product ensures that ugba
can last for some days without spoiling especially
in the local homes without refrigeration as
storage means.

In percentage occurrences of all bacterial
isolates, Bacillus spp dominated followed by
Lactobacillus and Proteus spp. S. cerevisiae
dominated other fungal isolates in occurrence.

The bacterial isolates showed most sensitivity to
Chloramphenicol, Augmentin, Gentamycin and
least to Tetracycline. This indicates that bacterial
infections  arising from  post-fermentation
contamination of wugba could be treated
adequately using Chloramphenicol, Augmentin
and Gentamycin as the first drugs of choice.
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The increase in pH values of the sample has
been attributed to the abundant production of
ammonia and other products of protein
decomposition during the fermentation due to
protein hydrolysis by deaminase activity [27].
This increase in pH would also encourage the
growth of Bacillus spp., which has been found to
grow well at pH 7.0 to 8.0, since protein
hydrolysis is a major biochemical change in ugba
fermentation.

The temperature of the ugba fermentation
increased from 27.6 to 32.3°C within the first 24-
36 h of fermentation and later dropped to 30.2°C
at the end of fermentation. This is in agreement
with the findings of Odunfa and Oyewole [25],
Njoku and Okemadu [4]. Thus ugba fermentation
is exothermic reaction. This initial increase in
temperature has been attributed to the intense
metabolic activities of the microorganisms
(period of maximum microbial activity) and
represents the most active and important period
of the fermentation. This is because enzyme
studies have revealed that the a-amylase,
proteolytic and lipolytic enzyme attain their
maximum activity levels within 24-36 h of
fermentation.

The moisture content of the sample was highest
among the three and this could lead to short
shelf-life of the ugba products because an
increase in moisture content could lead to
deterioration of the product upon storage. The
increase in moisture throughout the fermentation
period was also observed by Odunfa and
Oyeyiola [11], Oguoke [27]. Increase in moisture
content of the boiled oil bean seed shows a
significant effect of thermal processing which
caused swelling and softening of the seed due to
thermal hydrolysis of the seeds. The further
increase in moisture content of ugba was due to
the hydrolytic proteolysis by the aerobic
respiration of the microorganisms during which
water is formed by terminal reduction of oxygen.
The moisture content of boiled and sliced ugba
recorded here was higher than that reported by
Alinnor and Oze [31] but lower than the moisture
content of same sliced oil bean seeds reported
by Ikhuoria et al. [32].

There was a slight increase in ash content of
ugba sample at the end of fermentation (72
hours). The increase in ash content of the
fermented products in this study could be
attributed to increased metabolic activities of the
fermenting microorganism leading to the
hydrolysis of some anti-nutritional factors that
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locked up some minerals in the raw seeds [33,
34]. Similar result was observed by Enujiugha
[6] in fermented African oil bean seeds but
values lower than these were recorded by Oseni
and Akindahunsi [35] in fermented seeds of
Jatropha curcas. This implied that boiling and
fermentation of African oil bean seeds increase
the mineral content.

The fat content of the boiled and fermented
products increased progressively. Boiling and
fermentation greatly hydrolyse some higher
molecular fats in the substrates leading to
increase in edible fats in ugba. The fat content of
boiled and fermented African oil bean seed in
this study compared favourably with fat content
of fermented Jatropha curcas [35]. This result
implies that ugba is a good source of fatty acids
and glycerol oil and can be grouped under oil rich
plant foods. It could also be a source of edible oil
for domestic and industrial uses.

In this study the fibre contents of the African oil
bean seed slices during fermentation slightly
increased. The values obtained here were
comparable to the value for ugba and fermented
Bambara nut reported by Alinnor and Oze [31],
Jonathan et al. [36] respectively. Fibre has a role
in providing roughage and aiding digestion.
Reports have shown that fibre consumption may
reduce occurrence of diseases like diabetes,
coronary heart disease, colon cancer and various
digestive disorders [37]. Consumption of fibre
also softens stool in the body [38]. Hence, ugba
could prove helpful in disease prevention.

Crude protein content of ugba sample increased
significantly possibly due to the hydrolysis of
complex inedible proteins found in oil bean
seeds. Thermal hydrolysis increased the protein
content and fermentation increased it further by
the production of free amino acids by the
proteolytic microbes. The protein value must
have been increased further by the addition of
single cell proteins from the microbes that
fermented the sample. Similar result was
reported by Enujiugha and Agbede [5]. However,
higher crude protein values were reported by
Omafuvbe et al. [39], in fermented African locust
bean. The results obtained in this study were
similar to crude protein content of fermented
melon seeds [39] and ugba [31] respectively.
Thus, ugba could be used as a source of protein
in diet or protein supplement in developing
countries where their staple foods are starchy
root tubers and cereals and where conventional
sources of protein like egg, meat, fish and milk



Obi and James; SAJRM, 4(1): 1-15, 2019; Article no.SAJRM.44220

are relatively scarce and costly to procur.
Mashed ugba could be used too as weaning food
supplements when mixed with ogi (pap) in these
areas too due to its good protein content.

The carbohydrate content of boiled oil bean
seeds decreased and further dropped with
fermentation. This observation was probably due
to the hydrolytic effect of microbial amylases
converting carbohydrate into sugars which they
used for their various metabolic activities [40].
The value recorded here for ugba was lower
compared to the value for ugba and fermented
African locust bean as reported by Alinnor and
Oze [31] and Omafuvbe et al. [39] respectively.
However, carbohydrate contents of the
unfermented oil bean seed in this study
compared favourably with the carbohydrate
content of oil bean seed flour [32].

Sensory evaluation of the ugba sample showed
significant  similarities in term of colour,
appearance, slimness, aroma, texture, taste and
overall acceptability with the market samples.
This comparisons show that the microbial
isolates from the laboratory prepared ugba
sample were similar to the isolates from the
market ugba.

5. CONCLUSION

The fermentation of African oil bean Pentaclethra
macrophylla seeds resulted in higher nutrients
availability. Boiling led to the loss in some of the
nutrients found in the oilbean seed. Bacillus spp
was the dominant fermenting starter culture
followed by Lactobacillus spp. Fermentation
eliminated food borne pathogens and spoilage
microbes associated with the spontaneous
fermentation of the substrate thereby making
ugba a safe food for human consumption. The
elimination of food spoilers ensures that ugba will
last for some days before it spoils in the absence
of refrigeration.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Enujiugha VN, Akanbi CT. Compositional
changes in African oil bean (Pentaclethra
macrophylla benth) seeds during thermal
processing. Pakistan Journal of Nutrition.
2005;4:27-31.

13

2.

10.

11.

12.

Okafor JC, Okolonkwo UC, Ejiofor MAN.
Evaluation of oils from fermentedand
unfermented seeds of the African oil bean
tree pentaclethra macrophylla.
International Tree Crops Journal.
1991;7:95-101.

Mbajunwa OK, Akingbala JO, Mulongoy K,
Oguntimein G. Starter CultureEvaluation
for the Production of ugba from African oil
bean seed (Pentaclethra
macrophylla).Jjournal of Sci.ence Food.
Agric.ulture. 199877: 127- 132.

Njoku HO, Okemadu C. Biochemical
changes during the natural fementations of
the African oil bean (Penthaclethra
Macropylla) for the production of ugba.
Journal of Science in Food Agriculture.
1989;49:457-465.

Enujiugha VN, Agbede JO. Nutritional and
anti-nutritional characteristics of African oil
bean (Pentaclethra macrophylla benth).
Seeds. Application in Tropical Agriculture.
2000;5:11-15.

Enujiugha VN. Nutrient changes during the
fermentation of African oil bean
(Penttoclethra macrophylla benth) seeds.
Pakistan Journal of Nutrition. 2003;2:320—
323.

DOI: 10.3923/pjn.2003.320.323.
Achinewhu SC. The effect of fermentation
on carbohydrate and fatty acidComposition
of the African oil bean (Pentaclethra
macrophylla) seed. Food Chemistry.
1986;19:105—-116.

DOI: 10.1016/0308-8146(86)90104-4.
Enujiugha and Olagundoye. Chemical
composition, functional and sensory
properties of maize-based snack (Elekute)
enriched with African oil bean seed
(Pentaclethra macrophylla benth) African
Journal of Food Science. 2001;10(12):
379-384.

Enujiugha VN, JO Agbede JO. Nutritional
and anti-nutritional characteristics  of
African oil bean (Pentaclethra macrophylla
Benth) seeds. Application of Tropical.
Agricuture. 2000;5:11-14.

Obeta J. A note on the (Pentaclethra
macrophylla). Journal of Applied
Bacteriology. 1983;54:433-433.

Odunfa SA, Oyeyiola GF. Microbiological
study of the fermentation of ugba, a
Nigerian  indigenous fermented food
flavour. Journal on Plant Foods. 1985;6:
155-163.

Mbata T, Orji MU. Process optimization in
the production and Preservation of ugba, A



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Obi and James; SAJRM, 4(1): 1-15, 2019; Article no.SAJRM.44220

Nigerian fermented food. International.
Journal of Microbiology. 2008;4:2-6.
Enujiugha VN, Akanbi CT. Quality
evaluation of canned fermented African oil
bean seed slices during ambient storage.
African Journal Food Science. 2008;2:54—
59.

Dhakal S, Aryal P, Aryal S, Bashyal D,
Khadka D. Phytochemical and antioxidant
studies of methanol and chloroform extract
from leaves of Azadirachta indica A. Juss.
in Tropical region of Nepal. Journal
of Pharmacognosy and  Phytotherapy.
2016;8(12):203-208.

Rachael and Oluwamodupe. Effect of
fermentation on nutritional and anti-
nutritional properties of fermenting Soy
beans and the antagonistic effect of the
fermenting organism on selected
pathogens. Int. Res. J. Microbiol.
2012;3(10):333-338.
Cowan CL, Steel KJ.
identification of medical
edition. Cambridge
London, UK; 1974.
Agbulu CO, Gberikon GM, Ajine BO.
Isolation and characterization of
microorganisms associated with second
hand female undergarments and children
wear sold in Makurdi Metropolis Int. J.
Curr. Microbiol. App. Sci. 2015;4(1):716-
724

Cheesbrough M. District laboratory
practical in ftropical countries part 2.
Cambridge University Press London. 2006;
28-39.

AOAC. Official method of analysis. 18"
editon. Association of Official Analytical
Chemist, Washington DC; 2010.

Eze VC, Onwuakor CE, Ukeka E.
Proximate composition, biochemical and
microbiological changes associated with
fermenting African oil bean (Pentaclethra
macrophylla Benth) seeds. American J.
Journal of Microbiology. 2014;2:674—681.
Fogarty WM, Griffin PJ, Joyce AM.
Enzymes of bacillus species-part 1.
Process Biochemistry. 1974;11-24.

Isu NR, Njoku HO. An evaluation of the
microflora associated with fermented
African oil bean (Pentaclethra macrophylla
Benth) seeds during ugba production.
Plant Foods for Human Nutrition. 1997;51:
145-157.

Olasupo NA, Okorie CP, Oguntoyinbo FA.
The biotechnology of ugba, a Nigerian
Traditional Fermented Food

Manual of
bacteria. 3™
University Press,

14

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Condiment. Frontiers  in
2016;7:1153.

Onwuakor C, Nwaugo VO, Nnadi CJ,
Emetole JM. Effect of varied -culture
conditions on crude supernatant
(Bacteriocin)  production  from  four
lactobacillus species isolated from locally
fermented maize (Ogi). American Journal
of Microbiological Research. 2014;2(5):
125-130.

Odunfa SA, Oyewole OB. Identification of
bacillus species from iru, fermented African
locust bean product. J. Basic Microbiol.
1986;26:101-108.

Daeschel F, Torriani S. Physiological
characters and distribution of Lactic acid
bacteria isolated from maize silage. J.
Appl. Bacteriol. 1987;60:83-92.

Oguoke CC, Aririatu LE. Microbial and
organoleptic changes associated with
ugba stored at ambient temperature.
Nigeria. Food Journal. 2004;22:133-140.
Jideani IAO, Okereke CR. Comparative
studies of microorganisms and sensory
attributes of condiments from the
fermentation of different seeds. Plant food
Human Nutrition. 1991;41:27-34.
Mulyowidarso RK, Fleet GH, Buckle KA.
Association of bacteria with the fungal
fermentation of soybean tempe. Journal of
Applied Bacteriology. 1990;68:43-47.

Achi OK. Microorganisms associated with
natural fermentation of Prosopis africana
seeds for the production of okpehe. Plant.
Foods Human Nutrition. 1992;42:304-309.
Alinnor 1J, Oze R. Chemical evaluation of
nutritive value of Pentaclethra macrophylla
Benth (African oilbean) seeds. Pakistan
Journal of Nutrition. 2011;10(4):355-359.
Ikhuoria U. Esther, Anthony E. Aiwonegbe,
Peace Okoli and Macdonald Idu.
Characteristics and composition of African
oil bean seed (Pentaclethra macrophylla
Benth). Journal of Applied Sciences. 2008;
8:1337-1339.

Microbiology.

Oseni A, Ekpeigin M. Studies on
biochemical changes in maize wastes
fermented  with  Aspergillus niger.

Biokemistri. 2007;19(2):75-79.

Oladele EOP, Oshodi AA. Effect of
fermentation on some chemical and
nutritive properties of Berlandier nettle
Spurge (Jatropha cathartica) and physic
nut (Jatropha curcas) seeds. Pakistan
Journal of Nutrition. 2008;7:292-296.

Oseni OA, Akindahunsi AA. Some
phytochemical properties of the effect of



36.

37.

Obi and James; SAJRM, 4(1): 1-15, 2019; Article no.SAJRM.44220

fermentation on the seed of Jatropha

Curcas L. American Journal of Food
Technology. 2011;6:158-165.

Jonathan SG, Ajayi |, Omitade Y.
Nutritional ~ compositions, fungi and
aflatoxins detection in stored ‘gbodo’
fermented (Dioscorea rotundata) and
‘elubo ogede’ fermented (Musa
parasidiaca) from south western Nigeria.
African Journal of Food Science.

2011;5(2):105-110.

Augustin J, Johnson SR, Teitzel C, Toma
RB, Shaw RL, True RH, Hogan JM.
Vitamin composition of freshly harvested
and stored potatoes. Journal of Food
Science. 1978;43(5):1566-1570.

38.

39.

40.

Norman NP, Joseph HH. Food science. 5
edn., Chapman and Hall Publishers, New
York. 1995;55.

Omafuvbe BO, Olumuyiwa SF, Osuntogun
BA, Adewusi SRA. Chemical and
biochemical changes in African locust
bean (Parkia biglobosa) and melon
(Citrullus vulgaris) seeds during
fermentation to condiments. Pak J Nutr.
2004;3(3):140-145.

Aderibigbe EY, Odunfa SA. Growth and
extra cellular enzyme production by strains
of bacillus species isolated from fermenting
African locust bean, iru. Journal of
Application in Bacteriology. 1990;69:662-
671.

© 2018 Obi and James; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle 3.com/review-history/44220

15



