Journal homepage: www.fia.usv.ro/fiajournal
Journal of Faculty of Food Engineering,
Stefan cel Mare University of Suceava, Romania
Volume XXI, Issue 1 - 2022, pag. 47 - 61

EFFECTS OF Bacillus amyloliquefaciens CULTURE CONCENTRATIONS ON
MICROBIAL LOAD, PHYSICOCHEMICAL AND SENSORY PROPERTIES OF
“IRU”-TYPE CONDIMENT FROM AFRICAN YAM BEAN (Sphenostylis stenocarp)
SEEDS

*Pijus Ifeanyi OKOLIE!, Emilymary Chima OKOLIE?, Sarah Abiola OGUNDIMU",
Kudirat Aina AGBOOLA" and Maureen Chinwe OJINNAKA®

! Federal University of Agriculture (FUNAAB), Abeokuta, Ogun State, Nigeria,
okoliepi@funaab.edu.ng,
2National Biotechnology Development Agency of Nigeria, Lugbe, FCT-Abuja,
3Michael Okpara University of Agriculture (MOUAU), Umudike, Abia State, Nigeria,
*Corresponding author
Received 9" December 2021, accepted 20" March 2022

Abstract: African yam bean seeds (Sphenostylis sternocarpa) Iru-like condiment was produced with
0.005 and 0.0075 g broth/g seed different concentrations of Bacillus amyloliquefaciens culture. The
sample fermentation was conducted at 35 °C for 5 days. Proximate composition, water absorption
capacity, oil absorption capacity, pH, and titratable acidity of the fermented samples were assessed
using standard methods. Proximate composition of fermented African yam bean (AYB) condiment
with 0.005 g broth/g seed inoculum concentration as determined were crude protein (6.86%-7.74%),
crude fat (1.37%-1.71%), crude fiber (2.73%-4.81%), ash content (1.02%-1.59%), moisture content
(9.71%-14.92%), dry matter (85.10%-90.28%), carbohydrate (70.43%-77.16%). The pH, total
titratable acidity, water absorption capacity (WAC), and oil absorption capacity (OAC) of the
fermented condiment were 6.76-7.60 ml, 0.07-0.09 ml, 0.50%-0.92%, and 0.55%-0.65% respectively.
The fermented condiment produced with 0.0075 g broth/g seed inoculum concentration had its
proximate composition as determined as crude protein (8.10%-8.53%), crude fat (1.81%-2.12%),
crude fiber (2.83%-3.73%), ash content (1.23%-1.42%), moisture content (8.97%-12.81%), dry
matter (87.19%-90.91%), carbohydrate (72.22%-76.13%) while its pH, total titratable acidity, WAC
and OAC ranged as 7.10-8.76 ml, 0.06-0.11 ml, 0.38%-0.81% and 0.54%-0.84% respectively. The
sensory acceptability scores reveal condiment samples from 0 hours as the best-preferred sample
produced from the use of the inoculum concentrations. The study showed that AYB seeds condiments
produced were significantly different in terms of different concentrations of starter culture used.
Although the single starter culture did not deliver acceptable products during the fermentation, it
played a few parts within the product quality.
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1. Introduction problems in the African continent. In
Numerous underutilized leguminous seeds Nigeria, there has been an increasing shift
abound in the tropical regions of African in the utilization of these underutilized
countries and adequate characterization of leguminous seeds to produce food
these seeds has not been fully evaluated. condiments, a high protein-rich product.
Exploration for possible food product Protein from fermented leguminous plant
development from these underutilized seeds is an imperative wholesome nutrient
food sources has been the focus of research source to people of most African nations
interest aimed at alleviating food security [1]. Traditional fermented vegetable
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proteins are routinely used as seasonings
and condiments in African and Asian
diets. These matured food varieties are
attractive considering the benefits of
further developed flavor, nutritive worth,
and edibility over unfermented products
[2, 3].

Nutrient bioavailability  due to
fermentation entails an increase in the
essential amino acids and vitamins and a
reduction in the availability of
antinutrients. Some researchers have
reported that fermented foods are
associated with greater digestibility,
increased flavors, and aromas as well as
can impart some health-promoting
significances [4, 5, 6]. Condiments also
add to individual calorie and protein
consumption and are frequently utilized as
a modest meat substitute by low-pay
families in the developing world [7].
African yam bean seed (Sphenostylis
sternocarpa) is an underutilized plant
species in most west African countries.
African yam bean, also known as wild yam
bean is an annual crop that belongs to the
leguminous family and sub-family of
papilonacea sp. It is a promising raw
material for condiment production. Its
nutritional composition is like that of most
edible legumes such as soya bean, locust
bean seed, and bambara nut seeds. It has
been reported to contain about 21.10%
protein, 5.70% crude fiber, 74.10%
carbohydrate, 3.20% ash, 8.5% moisture,
and 8.25% fat [8]. Several reviews have
been done on the biochemistry and
nutritional aspect of unfermented African
yam bean seeds. Research studies on AYB
seed have focused mainly on the
utilization of the unfermented seeds as part
of composite flour in confectioneries [9,
10, 11, 12, 13]. AYB seeds have limited
utilization as food and food ingredients
due to the presence of anti-nutrients such
as tannin, phytic acid, saponin, and as well

as its hard-to-cook phenomena. Despite
the high nutritive value of the African yam
bean seed, there is still a dearth of
information on the utilization of fermented
seeds for condiment production. The
objective of this study is to evaluate the
effect of the different concentrations of
pure culture of Bacillus amyloliquefaciens
on the physiochemical properties of “iru”-
type condiments produced from African
yam Dbean seeds under controlled
fermentation.

2. Materials and methods

Source of raw materials

African yam bean seeds (Sphenostylis
stenocarpa) used for this experiment were
collected from the Isi-gate market in
Umuahia, Abia state. The seeds were
characterized as varieties TSS-5 and TSS-
45 at IITA, lbadan. The seeds were
collected in polythene bags, aerated for 24
h, and stored in the refrigerator (6+ 2 °C)
until use.

Bacterial culture characterization and
purification

Starter culture (Bacillus amyloliquefacien)
was obtained from natural fermented AYB
seeds. The organism was characterized
genotypically using combined molecular
techniques of PCR amplification of 16S-
23S rDNA intergenic transcribed spacer
(ITS-PCR) gene region together with
repetitive sequence-based PCR (rep-PCR)
and 16S rRNA gene sequencing to
generate a unique molecular sequence for
the isolate. The sequence was subjected to
a blasting program on the NCBI site for
isolate identity. The isolate was
maintained on a Tryptone soy agar (TSA,;
Oxoid CM131, Basingstoke, UK) slant in
the refrigerator until use.

Preparation of starter inoculum culture.
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Starter culture preparation was conducted
according to the modified method of [14].
Glycerol stored pure culture of Bacillus
amyloliquefacien strain was plated on
Tryptone Soy Agar (TSA; Oxoid CM131,
Basingstoke, UK) plate and incubated
overnight at 30 + 2 °C. The Bacillus strain
was subcultured in 50 ml of Tryptone Soy
Broth (TSB; Oxoid CM129, Basingstoke,
UK) in 100 ml conical flask and incubated
at 30 = 2 °C for 24 hours with an incubator
shaker. The turbid cultures were
centrifuged with a refrigerated centrifuge
(Centurion, Scientific Ltd, UK) for 10mins
at the speed of 10,000rpm. Cell pellets
were harvested and re-suspended in 5 ml
of 0.9% sterile normal saline (containing 9
g I NaCl; pH 7.0). The number of viable
cells in the resuspension was determined
with a spectrophotometer (T60UV, PG
Instruments Ltd, UK) at a wavelength of
540 nm and diluted it to 0.5 McFarland
standard. The inoculum volume needed to
inoculate 200 g of sterile AYB seeds to
achieve the required concentration of 0.05
and 0.075 g broth/ g seed (containing 1.5x
108 cells per ml), was calculated.

Preparation of controlled fermented AYB
seeds condiment

The modified method of [8] was used in
the laboratory fermentation of AYB seeds
under controlled conditions. Sorted
African yam bean seeds were thoroughly
washed and soaked in tap water for 6 h.
The cotyledons were obtained by
removing the seed coat by pressing the
seeds between fingers. Approximately 100
g of the dehulled seeds were weighed and
added into six 250 ml conical flasks.
Sterilization of the seeds in the conical
flask was done with an autoclave for 15
minutes at 121 °C. The sterile seeds were
allowed to cool to room temperature and
thereafter, inoculated with the bacterial
culture. The inoculation was done carried

out with different concentrations (0.005 g
broth/g seed and 0.0075 g broth/g seed) of
Bacillus amyloliquefacien containing 1.5 x
108 CFU/mI. The samples were fermented
thereafter in a fermenter (incubator) at 30
+ 2 °C for 120 hours.

Analysis of the microbial growth during
fermentation

Total viable bacteria during fermentation
stages were enumerated by pour plate
method with Tryptone soya agar (TSA,
Oxoid CM0131, Basingstoke, Hampshire,
UK). Samples (1g) of fermenting
condiments from different inoculum
concentrations were homogenized using
9ml of 0.9% of normal saline diluent in a
stomacher bag. Replicate portions of ten-
fold serial dilutions of samples were made
for all samples collected for the two
inoculum concentrations at different
fermentation intervals (Oh, 24h, 48h, 72h,
96h, and 120h). After serial dilution, 0.2
ml each of the serially diluted sample
solution was pipetted into appropriately
labeled Petri dish and autoclaved TSA
media was poured aseptically into the
different labeled Petri dishes. The plates
were swirled gently in a planar circular
motion to ensure uniform distribution and
the media were allowed to solidify and
incubated at 34°C for 24 hours. After
incubation, colony growth was observed,
and colony count was conducted.

Microbial count (CFU/g) = Colony count
x VVolume of Inoculum x Dilution factor x
Correction factor.

Analysis of the physicochemical
properties of fermented condiment

Fermenting samples were drawn at every
24 h intervals for enumeration of microbial
load and determination of pH, titratable
acidity, water absorption capacity,
temperature, and oil absorption capacity.
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Some portions of the sample were oven-
dried at 60 °C for 2-3h, ground to powder
using Kenwood blender, and stored in
sealable nylon bags at 4° C for proximate
composition analysis.

Proximate composition

Analysis of the proximate composition of
the condiment samples for moisture, ash,
total fat, crude fiber, and crude protein was
carried out using the standard methods of
the Association of Official Analytical
Chemists [15]. Carbohydrate content was
calculated by difference.

Titratable acidity

The total titratable acidity was assessed as
described by [16]. Two (2) g of fermenting
sample mash was homogenized with 20 ml
with sterile distilled water. The sample
mixture was filtered, and 10 ml of the
filtrate containing 2 drops of 1%
phenolphthalein solution as an indicator
was titrated against 0.1 mmol I NaOH
solution at pH 8.1, and the mean titer value
was taken. The titratable acidity of the
sample was calculated as the percentage of
lactic acid. One milliliter of 0.1 mmol I’
NaOH solution was taken as equivalent to
0.009 g lactic acid.

pH

Ten (10) g of fermenting Otiru samples
were taken aseptically and homogenized
in 40 ml deionized water. Buffer
calibrating solutions of pH 4 and pH 7
were used for initial calibration of the
meter before sample readings were taken.
(R1 - 02895 HANNA, lItaly) [17].

Temperature

The temperature of the fermenting Otiru at
the various period of evaluation was
determined by inserting a sterile
thermometer (sanitized by swabbing with
95 % ethanol) into each of the samples.

The mercury-in-glass thermometer was
used. Triplicate determinations were made
in all cases [17].

Water/Qil absorption capacity

Water absorption capacity and fat
absorption capacity of the fermenting
samples were measured as recorded by
[18]. Five grams of fermenting sample was
ground to make slurry in 15 ml distilled
water in determining the water absorption
capacity (oil in the case of oil absorption
capacity); the slurry was subjected to 20
min centrifugation at the speed of
4,000rpm. The free water (oil) after
centrifugation was decanted, and the
amount absorbed by the sample was
calculated by difference.

Sensory evaluation

Sensory evaluation was conducted on the
laboratory-produced  condiment  from
African yam beans seed with different
inoculum concentrations and a fresh
market sample of “iru” (which served as a
control sample). The sensory evaluation
was done by 50 untrained panelists made
up of male and female students selected
from the Federal University of
Agriculture, Abeokuta, Ogun State. The
panelists were to access the appearance,
color, texture, aroma, and overall
acceptability of the fermented condiment
using a 9-points Hedonic scale ranging
from like very much (9) to dislike very
much (1) as described by [19].

Statistical analysis

All analyses were performed in triplicate.
Data were analyzed using SPSS (version
25) analysis of variance (ANOVA) and
means separation was done with Duncan’s
multiple range test at p <0.05.

3. Results and discussion
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Bacteria isolation and identification

Presumptive B. amyloliquefacien was
isolated during the natural fermentation of
African yam bean seed condiment. The
organism was examined to be Gram-
positive rods, oxidase-negative, and
catalase-positive. The isolate was also able
to degrade citrate as their only carbon
source. The isolate was able to hydrolyze
starch and degrade casein and had a

facultative mode of growth. Molecular
characterization using combined
techniques of ITS-PCR, rep-PCR, 16S
rRNA gene sequencing, and sequence
blasting, identified the isolate as B.
amyloliquefacien DSM7 (T) with a 98.84
% sequence match and accession number
of FN597644. Table 1 shows the result of
the preliminary biochemical examination
of the isolate.

Table 1:

Biochemical, Morphological and Molecular characterization of Bacillus amyloliquefacien

Characteristics/ biochemical Test

Observation

Gram Stain

Oxidase Test

Catalase Test

Starch hydrolysis

Casein degradation

Sugar fermentation:
Glucose
Lactose
Sucrose

Growth between 20 and 50 °C

Colony Morphology

Cell Morphology

Presumptive identity

Molecular identification
(ITS-PCR/rep-PCR/16S rRNA gene PCR):

Positive
Negative
Positive
Positive
Positive

Positive with gas

Positive

Positive

Positive

Slimy, Big, Circular, Entire, Pulvinate, Dull, Rough,
Opaque

Rods

Bacillus amyloliquefacien

B. amyloliquefacien DSM7 (T) (FN597644) (98.84%
Matched)

Microbial Analysis of controlled
fermented AYB condiment from the
first and second concentration of
Bacillus amyloliquefaceins

Table 2 shows the result of the microbial
load in the fermenting samples from the
two inoculum concentrations. The result
indicates that there was maximum growth
of Bacillus amyloliquefaceins in the
controlled fermented samples. Sample
batch fermented with 0.005 g broth/g seed
concentration of the inoculum recorded
2.1x10° cfu/g at 96 hours fermentation and
2.42 x10 cfu/g at 72 hours. The microbial
load increased as fermentation progressed
from 24 hours to 48 hours but decreased at
the 72 hour period. The highest cfu/g in

the 0.0075 g broth/g seed concentration
fermented sample batch was observed at
48 hours with 5.4x10%° cfu/g and the least
microbial load was recorded at 24 hours
with 3.5x 108 cfu/g. The microbial load
decreased slightly to 6.5 x 10° cfu/g as the
fermentation progressed to 72 hours. It
was observed that microbial growth
increases with fermentation time. The rate
of microbial development was observed to
be comparatively higher in the AYB
condiment samples fermented with 0.0075
g broth/g seed concentration of the
inoculum starter. This higher fermentation
rate could be attributed to the higher
concentration of the starter. Table 2 shows
that approximately the same volume of
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microbial load obtained in 48 hours of
fermentation of the AYB condiment batch
fermented with 0.005 g broth/g seed
concentration of the inoculum starter was
recorded in sample batch fermented with

0.0075 g broth/g seed concentration of the
inoculum starter at 24 hour of
fermentation.

Table 2:

Results for Microbial Load Analysis

Fermentation time
concentration

0.005 g broth/g seed

0.0075 g broth/g seed
concentration

0 hour ND

24 hours 3x 107
48 hours 3.6 x 108
72 hours 2.42 x 107
96 hours 2.1 x10°
120 hours 3.7 x 108

1.5 x 108
3.5 x 108
5.4 x 1010
6.5 x 10°
ND

1.32 x 1010

Values are mean of triplicate determination

Keys: CFU/g = colony forming unit per gram.

ND =Not determined

Effects of fermentation on Proximate
composition of African yam bean seed
condiment.

Table 3 shows the effect of fermentation
with 0.005 g broth/g seed of inoculum
concentration  on  the  proximate
composition  of  fermented AYB
condiment. Condiment samples from 72
hours and 120 hours intervals had no
significant difference in terms of their
moisture content and dry matter. However,
the mean values for moisture content and
dry matter from other fermentation times
were significantly different (p >0.05). The
percentage moisture content value of the
sample was highest at 24 hours (14.92 %)
but this decreased as fermentation
progressed until 9.71% at 96 hours
fermentation. The value for the moisture
content increased finally to 10.95 % at 120
hours. The dry matter content increased
significantly from 24 hours to 96 hours
fermentation. The highest was 85.1% at 24
hours and 90.28% at 96 hours.

There was a reduction in fat content when
compared to the raw sample. The values
were significantly different (p >0.05)

except for the samples 48 hours and 96
hours fermentation intervals. The raw
sample had 3.85% while the fat content
between the unfermented and fermented
AYB seeds ranged between 1.37% -
1.71%. This decrease in percentage fat
content could be attributed to the
utilization of fat by the microorganism
[20]. There was a significant difference in
crude ash content between raw seed and
unfermented AYB seed as well as
fermented AYB seeds. There was an
increment when compared to the raw
sample. The raw seed was 1.19% and the
highest value obtained from the
unfermented seed (UFS) was 1.59%. It
was noticed that the value for the
fermenting  samples  decreased as
fermentation time increases. This is
similar to the report of [21] during the
production of a condiment from Arachis
hypogaea Linn. This observation might be
as a result of the de-hulling process of the
beans since a higher percentage of the fiber
and ash was concentrated on the seed hull
which was removed during processing.
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Crude fiber content was highest at 24
hours with 4.81% and lowest at 120 hours
with 2.73%. The values were significantly
different (p >0.05). It was noticed that
fiber content reduced as fermentation time
increased, and this agrees with the result
reported by [22] that fermented foods from
legumes contain low fiber.

The protein content decreased when
compared to raw samples. The highest
protein value of the fermented sample was
7.74% at 96 hours and the lowest was
6.86% at O hours. The values were
significantly different (p >0.05). The
observed reduction in value may be as a
result of the breakdown of protein
molecule structure in the seed leading to
the release of ammonia which forms an
excellent source of nitrogen for the growth
of the fermenting organism [23, 20]. The
carbohydrate content was highest at 120
hours with 77.16% and UFS with 70.43%.
The values were significantly different (p
>0.05). There was an increase in the
percentage carbohydrate content when
compared to that of the raw sample. This
difference could be attributed to the
inability of the fermenting organism to
degrade carbohydrates [20]. The result of
the proximate composition of fermented
condiment samples inoculated with 0.0075
g broth/g seed inoculum concentration
shows that moisture content was highest at
96 hours with 12.81% and lowest at 8.97%
at 24 hours (Table 4). The values were
significantly different (p < 0.05). There
was an increase in moisture content as
fermentation time increases for 3
consecutive days (24 hours — 96 hours).
This could be caused by the hydrolytic
decomposition of the fermenting beans
which had been earlier reported by [24].
There was a significant decrease in dry
matter content from 24 hours to 96 hours
of fermentation. The mean values for dry
matter from the different fermentation

times were significantly different (p <
0.05). The highest value was 91.00% at 24
hours and the lowest was 87.19% at 96
hours. There were significant differences
in the fat content of samples fermented
with 0.0075 g broth/g seed inoculum
concentration  across the different
fermentation times. There was a reduction
in fat content when compared to the value
from the raw AYB seed sample. The raw
sample had 3.85% while the highest of the
fermented seed had 2.12%. This decrease
in the percentage of fat content could be
caused by the increased lipolytic enzyme
activities by  the  microorganism.
Fermenting organisms with high lipolytic
enzymes potentials are good in degrading
fat components into glycerol and fatty acid
[23]. Crude ash content increased when
compared to the raw AYB seeds. The raw
seed was 1.19% and the highest value of
the fermented seed was 1.42 at 24 hours.
The values were significantly different (p
>0.05). It was noticed that the values
decreased as fermentation time increases.
This trend is similar to the report of [21]
during the production of a condiment from
locust beans. This observation might be a
result of the de-hauling process of the
beans since a higher percentage of the fiber
and ash were concentrated on the seed hull
which was removed during processing.
Crude fiber content was highest at 120
hours with 3.73%. The values were
significantly different among samples
from different fermentation times. It was
noticed that fiber content increased as
fermentation time increased from 48 hours
—120 hours. The protein content decreased
when compared to raw samples. There was
no significant  difference  between
fermented samples from 48 hours and 72
hours in their protein content. However,
the highest protein content value of 8.68%
(24 hours) was observed among the
fermented samples while the unfermented
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(UFS) recorded 8.1%. The observed
reduction in value between the raw AYB
seeds and the fermented samples could be
due to the release of nitrogen from the free
ammonia produced during the hydrolysis
of protein components in the seed [23, 20].
The carbohydrate content was highest at
48 hours with 76.13% and lowest at 96
hours with 72.22%. The samples were

significantly different. Ezekiel et al., [20]
had a similar result while working on
fermented cotton seeds for Owoh
condiment production. Observed changes
in percentage carbohydrate content as the
fermentation time changes aligned with
the results of [25] on fermented cowpea
and millet.

Table 3:
Results for Proximate analysis for 0.005 g broth/g seed concentration of the starter culture

Fermen-  Moisture Dry matter Fat Ash content Crude fiber Crude Carbohydrate
tation content (%) content (%) content (%) (%) protein (%) (%)
time (%)
UFS 12.169 + 0.01 87.88°+0.03  1.59°%0.04  1.59°°+0.03 3.84¢+0.02 6.86% £ 0.02 74.52° + 0.09
24 hours 14.92f +0.08 85.102+0.07  1.45°+0.01 1.239+0.01 4.81F+0.04  7.18°+0.05 70.43° +0.04
48 hours  10.92°+ 0.02 89.099+0.03 1.69%+0.01 1.209+0.02 3.469+0.01 6.97° +0.02 75.839+0.15
72 hours 10.57° + 0.32 89.42¢+0.32 1.37%+0.01 1.022+0.04 2.90°+0.01 7.479+0.01 76.66° + 0.03
96 hours  9.712+0.23 90.28°+0.02  1.719%+0.01 1.15°+0.01 2.89°+0.07 7.74¢ £0.02 76.75¢ = 0.04
120 hours  10.59° +0.09 89.47¢+0.09  1.61%0.02 1.09°+0.02 2.73%+0.01 6.872+0.02 77.16f +0.01
Raw seed 12.48° £ 0.06 87.54*+0.05 3.85%0.00 1.199+0.01 3.25°+0.02 1459+ 0.02  64.632+0.01

Values are the mean of triplicate determination. Mean values with different superscripts within the same column are
significantly different (P < 0.05). UFS: Unfermented African yam bean seed sample

Result for Proximate analysis for 0.0075 g broth/g seed concentration of the starter cultur-(le—.able *
Fermen- Moisture Dry matter Fat content Ash content Crude fiber Crude Carbohydrate
t._sltion content (%) content (%) (%) (%) (%) protein (%) (%)
time
UFS 11.17¢+0.07 88.86°+0.06 1.81°+0.01 1.24°+0.01 2.83*+0.03 8.108+0.02 74.86% + 0.01
24 hours  8.972+0.06 91.001+0.05 2.12°+0.05 1.42°+0.02 3.05°+0.03 8.68¢+0.04 75.80°+0.21
48 hours  9.09° + 0.03 90.91F+0.03 2.009+0.02 1.379+0.01 2.97° £ 0.02 8.45¢+ 0.02 76.137+0.04
72 hours  9.47°+0.08 90.57¢+0.08 1.92°+0.01 1.35°x0.00 3.25¢+0.04 8.42¢+0.03 75.68¢ + 0.07
96 hours  12.819 +0.02 87.197+0.02 1.86°+0.02 1.23*+0.01 3.57¢+0.01 8.29° +0.02 72.22" +0.01
120 10.34°+0.06  89.689+0.06 2.10°+0.01 1.34°+0.01 3.737+0.01 8.539+0.02 73.96°+ 0.01
gf;l‘J/jS 12.487 + 0.06 87.54"+0.05 3.857+0.00 1.19°+0.01 3.25¢+0.02 14597+ 0.02 64.632+0.11
seel

Values are the mean of triplicate determination. Mean values with different superscripts within the same column are
significantly different (P < 0.05). UFS: Unfermented African yam bean seed sample

Changes in the chemical composition of

African yam bean seed condiment

Table

5 shows
physiochemical composition of African
yam bean seed fermented with 0.005 ¢

changes

in the

broth/ g seed concentration of the starter

culture.

The fermenting time had a

significant difference in the pH of the
samples. The pH value ranged from 6.83%
to 7.60% in the samples fermented with
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0.005 g broth/g seed concentration of the
starter. A rise in pH tending towards
alkalinity was noticed in the fermented
African yam bean seed as the fermentation
time increases. This increase in pH can be
explained as due to the proteolytic activity
of B. amyloliquefaciens leading to the
production of amines and free ammonia as

a result of degradation of protein of the
raw material. The produced ammonia
gives the condiment its strong pungent and
ammoniacal smell. The observed rise in
pH agrees with the findings of some other
researchers during fermentation of
soybeans, Kariya seed, tamarind seed, and
some vegetable proteins [26, 24, 20, 1, 16].

Table 5:

Changes in the physicochemical properties of fermented condiments with concentrations of B.
amyloliquefaciens.

Fermentation PH WAC (ml) OAC (ml)

Time BAFS1 BAFS2 BAFS1 BAFS2 BAFS1 BAFS2
UFS 6.832+ 0.05 7.10°+£0.10 0.804 + 0.00 0.56°+ 0.04 0.552+£0.01 0.80% 0.06
24 hours 6.76% £ 0.05 7.26° +0.05 0.50%+ 0.05 0.81°£0.09  0.57%+0.00 0.84°t 0.04
48 hours 7.53°+0.05 7.46° £ 0.05 0.58% + 0.06 0.57°+0.02 0.65*+0.14 0.63%+ 0.08
72 hours 7.36°+0.05 8.769 + 0.05 0.92°+0.08 0.54°+0.04 0.572+0.03 0.70° £ 0.04
96 hours 7.23b £0.05 8.234+0.05 0.62° +0.02 0.57°+0.09 0.57+0.03 0.58% +0.11
120 hours 7.60°+ 0.00 8.33°+ 0.05 0.70°+ 0.04 0.382+£0.09 0.65°+0.10 0.54% 0.00

Values are the mean of triplicate determination. Mean values with different superscripts within the same column are significantly different
(P < 0.05). BAFS1: Condiment produced from fermented African yam bean seeds using a single starter culture of Bacillus
amyloliquefacien inoculated at a concentration of 0.005 g broth/g seed; BAFS2: Condiment produced from fermented African yam bean
seeds using a single starter culture of Bacillus amyloliquefacien inoculated at a concentration of 0.0075 g broth/g seed; UFS: Unfermented
African yam bean seed sample. WAC = Water Absorption Capacity. OAC = Oil Absorption Capacity.

Figure 1 reveals the result of the
percentage changes in the titratable acidity
of the AYB condiment. A gradual decline
in the titratable acidity was noticed in the
samples fermented with 0.005 g broth/g
seed concentration of the starter. This
decline in value was from 0.09% to 0.07%
as the fermentation time increases. This
drop-in titratable acidity could be
attributed to the effect of a rising in pH
value observed at the end of fermentation
[20, 27]. Samples from 24h, 72h, 96h, and
120h fermentation times had no significant
difference at p>0.05 among them. These
samples were significantly different from
samples from Oh and 48h which were
significantly the same. The titratable
acidity results of samples from inoculation
with 0.075 g broth/g seed concentration of
the starter were significantly different
concerning  fermentation time. The
titratable acidity decreases as the
fermentation time increases and ranges

from 0.11% to 0.06%. The titratable
acidity from this concentration had an
inverse relationship with the pH. The pH
of the samples increases towards alkalinity
with increasing fermentation time. The pH
ranged from 7.10% to 8.33%.

The temperature of the fermenting
samples was not significantly different for
samples inoculated with 0.005 g broth/g
seed concentration of the starter. The
starter culture concentrations had no
significant effect on the temperature of the
samples. The mean temperature value
ranged from 31.33 °C to 37.8 °C and 30 °C
to 39 °C for batches of samples with 0.005
and 0.0075g broth/g seed concentrations
respectively. The temperatures increase as
the  fermentation  time  increases
irrespective of the inoculum
concentration. There was a significant
difference in the water absorption capacity
of the AYB seeds fermented with 0.005g
broth/g seed concentration. The WAC was
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lowest at 24 hours (0.50 ml) and highest at
72 hours (0.92 ml) This indicates that
WAC increases with fermentation time.
However, for the samples fermented with
0.0075g broth/g seed concentration, there
was no significant difference between the
unfermented seeds and the fermented
samples from 48 hours, 72 hours, and 96
hours fermentation times concerning their
water absorption capacity. The WAC was
lowest at 120 hours (0.38 ml) and highest

at 24 hours (0.81ml).

24 hours

o
-

TITRATABLE ACIDITY (%)

0.07 07

48 hours

There was no significant difference in the
oil absorption capacity among all the AYB
seeds samples fermented with for 0.005g
broth/g seed concentration The OAC for
this concentration had the lowest at 24
hours (0.57 ml) and highest at 48 hours and
120 hours (0.65 ml) while for 0.0075g
broth/g seed concentration, the OAC was
lowest at 120 hours (0.54 ml) and highest
at 24 hours (0.84 ml). This shows that
OAC increases with fermentation time for
the first concentration and vice versa for
the second concentration.

0.09 0.p9

72 hours 96 hours 120 hours

FERMENTATION TIME

™ 0.005 g broth/g seed

¥ 0.0075 g broth/g seed

Figure 1: Change in percentage of lactic acid of AYB condiment samples fermented with 0.005 and
0.0075 g broth/ g seed concentrations of B. amyloliquefaciens

Effects of fermentation on Mineral
composition of controlled fermented
African yam bean condiment

The result of the mineral composition of
the fermented condiment produced with
different inoculum concentrations of the
starter culture was presented in table 6.

The sodium content of the controlled
fermented condiment was between 2.16 -
2.87 mg/100g and 3.16 - 4.04 mg/100g for
inoculum concentrations of 0.005 and
0.0075 g broth/g seed respectively. There
was a reduction in the sodium content
value of the fermented condiment when
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compared to the raw AYB seed sample
with 4.87 mg/100g. The mean values for
the sodium content of the condiment
across the fermentation time were
significantly different (P < 0.05). The
mean values for the magnesium content
from the different inoculum
concentrations were significantly different
(p <0.05). The magnesium content ranged
from 152.98 - 160.79 mg/100g for samples
fermented with inoculum concentrations
of 0.005 g broth/g seed and 181.45 -
216.77 mg/100g for samples fermented
with inoculum concentrations of 0.0075 g
broth/g seed. There was an increase in
value when compared to the raw sample
(158.79 mg/100g). The phosphorus

the phosphorus content were between
216.79 — 281.45 (mg/100g) and 291.50 —
32450 (mg/100g) for the samples
fermented with 0.005 g broth/g seed and
0.0075 g broth/g seed concentration of
Bacillus amyloliquefaciens starter
respectively. There was an increase in
phosphorus content when compared to the
raw sample with 277.43 (mg/100g). The
increment in the phosphorus content from
this study agrees with the research findings
of [28, 29] on the production of Dawadawa
condiments from Bambara groundnut and
assessment of volatile flavor compounds
from “Ugba” fermentation respectively.

The mineral contents determined were
significantly affected with regards to the

content of the fermented condiment was fermentation time and  inoculum
significantly different (p < 0.05) for both concentration.
inoculum concentrations. The values for

Table 6:
Results for the Mineral composition of controlled fermented AYB condiment

Sodium (mg/1009) Magnesium (mg/100g) Phosphorus (mg/100g)

time BAFS1 BAFS2 BAFS1 BAFS2 BAFS1 BAFS2
UFS 2.877£0.02 3.67°+0.28 157.07°+1.48  188.729+£0.03  281.45%.00 296.549 £ 0.03
24 hours 2.162+£0.00 4.04"+0.04 152.982+0.21  206.11°+0.00  242.11°+.00 301.65¢ + 0.02
48 hours 2.679+£0.00 3.78°%0.00 161.092+0.01  186.45°+0.00  273.12°+.00 324.509 + 0.00
72 hours 2.48"+0.00 3.162%0.00 156.82°+0.03  216.779+0.01  216.79%+.01 287.67° £ 0.01
96 hours 2.61°+0.00 3.83%0.01 15415 +0.00  181.45°+0.00  261.31%.01 291.50°+0.01
120 hours 2.81°+0.00 3.89¢%0.00 160.79:+0.02  212.677+0.02  258.30°+.00 31253+ 0.02
Raw seed 4879£001 4.879+0.01 158.799+£0.00  158.792x0.00  277.43%.01 277.432+0.01

Values are the mean of triplicate determination. Mean values with different superscripts within the same column are
significantly different (P < 0.05).
BAFS1: Condiment produced from fermented African yam bean seeds using a single starter culture of Bacillus
amyloliquefacien inoculated at a concentration of 0.005 g broth/g seed; BAFS2: Condiment produced from fermented
African yam bean seeds using a single starter culture of Bacillus amyloliquefacien inoculated at a concentration of 0.0075

g broth/g seed; UFS: Unfermented African yam bean seed sample

Effects of fermentation on Anti-
nutritional factors in  controlled
fermented AYB condiment

Table 7 shows the result of the
antinutritional factors of the fermented
AYB seeds condiment produced with
different inoculum concentrations of the
starter culture. There was a significant

difference in the phytate content as
fermentation time increases. The phytate
content ranged between 2.20% - 2.88%
and 0.34% - 3.46% for inoculum
concentrations of 0.005 and 0.0075 g
broth/g seed respectively. The result
indicates a significant (p < 0.05) reduction
in the concentrations of antinutrients
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examined as the fermentation increases.
The observation is in line with the trend of
findings by [5] on the assessment of the
antinutrient contents present in Hura
crepitans seed. However, the mean values
for phytate content observed in this study
were higher when compared to the report
of [30] on some varieties of velvet beans
(Mucuna spp).

Tannin content was between 4.58% and
5.13% for 1st concentration and it was
between 4.81% and 5.68% for 2nd
concentration. These values are higher
than the result of 0.80% reported by [31]

for Mucuna pruriens. The values were
significantly different (p> 0.05).

Trypsin inhibitor content was between
0.13% - 0.17% and 0.24% - 0.38% for
0.005 and 0.0075 g broth/g seed
respectively. The mean values for the
trypsin inhibitor content of the fermented
AYB seeds from the two inoculum
concentrations were significantly different
(p < 0.05) concerning the fermentation
time. There was a general reduction in the
anti-nutritional content when compared to
the raw sample.

Table 7:

Result for Anti-nutritional components of controlled fermented AYB condiment

Fermentatio Phytate (%)

n time

Tannins (%)

Trypsin inhibitor (%)

BAFS1 BAFS2 BAFS1 BAFS2 BAFS1 BAFS2
UFS 2.619+0.00 .34+ 0.01 5.13°+0.02 5.46°+001 0.159+0.00 (.319+0.00
24 hours 2.20°+£0.01 3.192+ 0.03 4.80°+0.05 4.812 + 0.00 0.132+0.00 0.28°+ 0.00
48 hours 2.83°+0.01 3.66°+0.01 4.62°+0.01 5365+ 0.03 0.14°+0.00 (.242+0.00
72 hours 2.26° £0.01 3.46° + 0.01 4.76°+0.10 5.64¢ + 0.02 0.177+0.00 0.30° + 0.00
96 hours 2.22° +0.00 3.27° +0.06 4.88°+0.10 5.19° + 0.01 0.13° +0.00 0.34¢ + 0.00
120 hours 2.887+0.00 3.28° + 0.00 4.58%+0.06 5.687 + 0.00 0.16°+0.00 0.38F+ 0.00
(Raw seed) 4.879+0.01 4.877+0.01 5.90%+0.01 5.909 + 0.01 0.409 + 0.00 0.409 + 0.00

Values are the mean of triplicate determination. Mean values with different superscripts within the same column are

significantly different (P < 0.05).

BAFS1: Condiment produced from fermented African yam bean seeds using a single starter culture of Bacillus
amyloliquefacien inoculated at a concentration of 0.005 g broth/g seed; BAFS2: Condiment produced from fermented
African yam bean seeds using a single starter culture of Bacillus amyloliquefacien inoculated at a concentration of 0.0075

g broth/g seed; UFS: Unfermented African yam bean seed sample

Sensory properties of fermented
condiments

Table 8 shows the sensory score for the
controlled fermented AYB condiment
from different concentrations of Bacillus
amyloliquefaceins. It was observed that for
the 0.005 g broth/g seed inoculum
concentration fermented samples, the O-
hour sample had the most preferred
appearance with values of 7.62 while the
least preferred was the 96 hours fermented
sample with values of 5.96. For the sample
batch fermented with 0.0075 g broth/g
seed inoculum concentration, the 0 hours
and control samples had the highest value
with 7.62 and the lowest was 6.06

respectively. The highest recorded value
for color was 7.28 from the 0-hour sample
and the least was 6.32 at 48 and 96-hour
fermentation for the samples fermented
with 0.005 g broth/g seed inoculum
concentration and the least was 6.32 at 72-
hour fermentation for the batch fermented
with 0.0075 g broth/g seed inoculum
concentration. The 24-hour sample had the
highest value for texture, 7.14 at 24-hour
fermentation and the least was 1.83 at 96
hours for the 0.005 g broth/g seed
inoculum concentration fermented
samples while for the sample batch
fermented with 0.0075 g broth/g seed
inoculum concentration, the 24-hour
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sample was mostly preferred with values

6.82 and the least preferred had values T,
6.18 at 120-hour fermentation. The o fa 2 ZEZ g8
samples with the highest values for aroma g 3 o4 gdg A
from the 0.005 g broth/g seed inoculum g Y02 E3E¥ 40
concentration fermented batch were % |&
samples from 0 and 24-hour fermentation, 2R 4 A 2ra Ho
both values were 6.78 and the least was = E g5 3 FFa a-
6.10 at 120 hours fermentation while for s SEs G
the batch fermented with 0.0075 g broth/g § D
seed inoculum concentration, the highest E . e
value was also 6.78 from the O-hour 5 g~ 5 282 23
sample and the least was 6.28 from 24- 8 Es 4 ade L4
hour fermentation. The samples that were BB [ ° Yee GF
generally accepted for both concentrations R b e e -
were samples from 0 and 24 hours of e | I b
controlled fermentation. The values were 3 Ee & L4 L
7.32 and 7.22 for the batch fermented with £ s @ Gan or
0.005 g Dbroth/g seed inoculum B 2 8 ead m
concentration and 7.32 and 7.04 for the ﬁ | i %%? %%
samples fermented with 0.0075 g broth/g B, B L onxE oas
seed inoculum concentration. This showed mE [© ¢ €¢e °n g
that even at the different levels of Z2F LS 3 sag a2z
concentration of B. amyloliquefacein in =l ET T OTIT SN g
the samples, 0 and 24 hours were more g Ag T o3eh 3% 8
preferred in terms of appearance, color, g e moEEm an ;
texture, and aroma. - oo 5.7 ezl d
. I I IR
4. Conclusion gl A % A% L% g
Ak ~ - Sww oG
Fermented condiments form an important g | . L L.l
nutrient-enhancing component of the diet g f . o % X = X = §
in most African countries. The main effect g &l 8 sS40 44 4
of the fermentation time and inoculum £ H 2 See ce giwg
concentration as well as their interaction g Jde m oeoz oold 8
effects on the physicochemical and s E5 F Syq gwbé
proximate properties of the fermented sy Ea oz 9%% Lota
African yam bean seed condiment shows = § e eew e ;ﬁ
that the physicochemical properties of SlE L 7 ore. coled
fermented condiment were affected by < 50 - =02 —lgd
inoculum concentration and fermentation Eg £ % % é % é 2y
time. The proximate composition of ~ = wen e~ Eg
fermented AYB was lower than the raw e i
seed which may be as a result of the low g ; o awa §._
concentration of microorganisms added to BF |8 2 282 2%
the samples. 8 3 298 28§
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The inoculum concentration had a
significant effect on the mineral and
antinutrient factors of the fermented
condiment. The mineral content was
increased, and anti-nutritional factors were
reduced.
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