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Abstract Breakfast cereals was formulated from blends of
acha and fermented okara (soybean residue). Acha grains
were cleaned, winnowed, washed, dried (at 50 °C for 4 h)
and milled into flour. Okara was processed from soybean seed
through the stepwise procedure of cleaning, soaking, washing,
milling and sieving. The residue was divided into five por-
tions, fermented differently for 0, 12, 24, 36, and 48 h and then
dried at 50 °C for 6 h. Acha flour (UFAC) was milled and
blended at 50, 60, 70, 80, 90, 100 % ratio with milled okara
flour. Functional properties (bulk density, water absorption
capacity, swelling capacity, wettability, viscosity and particle
size distribution, microbial load, and proximate composition
were carried out on the individual flour samples. The blended
flours were conditioned, partially heat treated (for 10 min),
aged (4 °C for 6 h), cut, toasted (120 °C for 1 h), cooled and
packaged. The different toasted breakfast cereals, TBFC, were
subjected to sensory evaluation, proximate composition, mi-
cronutrient composition (vitamin A, B1, B2, B3, calcium, iron,
phosphorus, and zinc) and microbial analyses (mould count
and total viable count). The proximate composition of the
unfermented okara (UFOK) and fermented okara (FEOK 1,
2, 3, and 4 fermented at 12, 24, 36, 48 h respectively) flour
samples showed that fermentation increased moisture from
4.71±0.06 to 6.11±0.05, crude fibre from 36.62±0.01 to
46.18±0.55, and carbohydrate from 2.50±0.18 to 2.71±0.34
contents. There was a decrease in the fat content from 16.29±
0.04 to 13.27±0.22, ash from 1.41±0.17 to 6.36±0.17 and

crude protein from 30.32±0.21 to 33.53±0.11 contents. From
the sensory evaluation, the result showed that 70:30 acha-
unfermented okara TBFC, FEOK 1D 60:40 acha-12 h FEOK
TBFC, 70:30 acha-24 h FEOKTBFC, 50:50 acha-36 h FEOK
TBFC, and 70:30 acha-48 h FEOK TBFC had the best overall
acceptability for the different fermentation times. The func-
tional properties, proximate and sensory evaluation were the
basis for selection of the best products which were UFAC
(control), UFOK C (70:30 acha UFOK TBFC) and FEOK
4C (70:30 acha 48 h FEOK TBFC) which were further sub-
jected to proximate, micronutrient, and microbial analyses.
There was an increase in the protein, fat, ash, crude fibre
content whereas the moisture and carbohydrate contents de-
creased. A considerable decrease was found in vitamin A and
B1 contents of the products, whereas vitamin B2 and B3 in-
creased. Also the mineral contents of all the products were
improved as indicated in the increase in ash content.
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Introduction

Breakfast in simple term means Bbreaking the fast^ of the
night. It is the most important meal of the day because it is
the meal which is used to break the fast of the long night
usually 10–12 h. Breakfast is regarded by many nutritionists
as the most important meal of the day because food consumed
at breakfast seem to be more utilized than the same amount
eaten at night. Most researchers who have studied the effect of
eating breakfast have suggested that the benefits are due main-
ly to the protein that is eaten from the meal because high
protein breakfast were found to be better than low protein
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breakfast in helping to maintain a normal blood sugar level
betweenmid-morning and lunch (Ensminger 1994). Breakfast
is basically produced from cereals which are the dry seeds of
those members of the grass family grown for their grains and
are by far the most important plants eaten by man. Cereal is
typically a low-fat, nutrient-dense food with many essential
vitamins and minerals such as zinc, phosphorus, calcium
among others. In addition to delivering important nutrients
and essential vitamins such as iron, B-vitamins and zinc, ce-
reals also provide the important benefits of grains.

Breakfast cereal was defined to include ready-to-eat break-
fast cereal (RTEC), oats/porridge, and muesli (Williams
2014). Exclusions were breakfast bars, muesli bars, liquid
breakfast products, milk drinks, and yogurt products. Break-
fast cereal was also defined as dry cereal eaten at breakfast
which has been processed into different forms by soaking,
swelling, roasting, grinding, rolling or flaking, shredding or
puffing of any cereal and is eaten as breakfast. Breakfast cereal
consisting of vegetable protein foods (bread, cereals and soy
bean milk) were reported to be as effective as those consisting
chiefly of animal protein foods (eggs, meat and milk) in keep-
ing the blood at a normal level The level of protein eaten as
breakfast cereal may depend partly upon the amount supplied
by a cereal.

Breakfast cereal products were originally sold as milled
grains of wheat and oats that required further cooking in the
home prior to consumption. In this century, due to efforts to
reduce the amount of in-home preparation time, breakfast ce-
real technology has evolved from the simple procedure of
milling grains for cereal products that require cooking to the
manufacturing of highly sophisticated ready-to-eat products
that are convenient and quickly prepared (Tribelhorn 1991).

Cereals have been used over the years as industrial raw
material because of the high carbohydrate, low fat and protein
contents. Cereals such as maize and sorghum are rich in
sulphur-containing essential amino acids such as methionine,
cysteine and tryptophan, while the storage proteins of most oil
seeds and legumes are relatively low in sulphur containing
amino acids, but very high in another essential amino acid,
lysine compared to cereals (Kanu et al. 2009). Meanwhile,
proximate composition of a food material would not give in-
dication of limited use because sorghum, millet, fonio (acha)
among others, are under-utilized. These under-utilized cereals
lack some essential nutrients thereby reducing their uses. Al-
so, their uses had been relegated to household preparation of
local dishes. Their potentials could be brought to limelight
when the under-utilized cereals are processed technologically
into industrial or commercial products. Though, the cereal
grains provide the bulk of the energy requirement in local
meals because of their low cost, they are surplus in the essen-
tial sulphur-containing amino acid, methionine and cystine
but poor in lysine. Relative to lysine and sulphur amino acid
contents, legume and cereal proteins are nutritionally

complementary, depending on the contents of the second lim-
iting amino acids, i.e., threonine in cereals and tryptophan in
legumes (Duranti 2006).

Hence, the call for blending legumes with cereals in food
product development (Okafor and Usman 2015). Therefore, a
combination of such food stuffs will improve the nutritional
value of the resulting blend compared to the individual com-
ponents alone. Animal products such as meat, eggs, milk, and
cheese are known to contain the essential amino acids that
could complement this deficiency in cereal foods. However,
consumption of proteins from plant sources (legumes) is en-
couraged (Ofuya and Akhidue 2005), since combination of
legumes and grains provide high quality cheaper protein that
contains all essential amino acids in proper proportion, be-
cause their amino acids complement each other (Okaka
2005). This deficiency could be complemented by others con-
stituents, structure and colour, qualities which are locally
available, under-exploited legumes that incidentally are high
in protein, mainly lysine but limited in cystine and methionine
and probably tryptophan. Cereals and legumes, therefore,
complement each other in both traditional food preparation
and for industrial uses (Nkama 1990). The relatively lower
cost of vegetable protein in comparison with animal protein
and preference of some people for protein of plant origin to
that of animal sources has led to this increasing industrial
demand for legume proteins (Arogundade et al. 2011).

However, the practice of producing flaked breakfast cereal
from blends of acha, and fermented okara is a way of improv-
ing the nutritional composition of breakfast cereal. Acha
(Digitaria exilis), is a cereal with very tiny seeds which poses
difficulty in processing but is absolutely rich in amino acids
(Vodouhè et al. 2012) and needs to be supplemented with a
legume for higher nutrient-dense product. Acha (Digitaria
exilis), a traditional cereal crop from West Africa, is popular
because it is well adapted to local conditions and has good
nutritional and culinary properties (Cruz 2012). Acha, one of
the oldest and richest cereals of West Africa, is unknown to
many people and neglected by research and extension ser-
vices. Adapted to poor soils and limited water supply, acha
is an excellent dry areas crop which grows and produces
where other crops fail (Vodouhè et al. 2012). Like other mil-
lets, fonio is widely reported to be rich in amino acids but
particularly in the amino acids methionine and cystine
(Belton and Nuttall 2002) which supply sulphur and other
compounds required by the body for normal metabolism and
growth. It has potential to improve nutrition, boost food secu-
rity, foster rural development and support sustainable use of
the land (Anon 2012). The grains are used in porridge and
couscous, for bread, and for beer. For a long time, research
activities in the region have been oriented towards major ce-
reals such as maize, rice and sorghum. The interest in fonio is
relatively recent (Vodouhè et al. 2012). Fonio is also regarded
as a grain with medicinal and healing properties. It is
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recommended for lactating women and diabetic people and is
often used in diets of sick people (Vodouhè et al. 2012).

BOkara^ is the residue obtained from ground soybean (Gly-
cine max) after removing the water-extractable fraction used
to produce tofu or soymilk. After soymilk extraction, much of
that fat, fibre and protein remains in okara (O’Toole 1999;
Riaz 2006). It contains most of the carbohydrates, some of
the protein and a small portion of the oil from soybeans. It
also contains minerals like calcium, iron, copper and zinc.
Generally, okara contains about 50 % dietary fibre, 25 % pro-
tein, 10 % lipid, 4 % low molecular weight carbohydrates and
4 % ash (Li et al. 2008). It is well known that dietary fibre
plays an important role in many physiological processes and
in the prevention of diseases of different origin. Furthermore,
okara contains much protein and considerable isoflavone and
mineral elements, so it possesses high nutritional value and
various prebiotic effects. This is consistent with the findings
from other researchers.

Okara has the potential to be used as a fermentation sub-
strate for ethanol and methane production. It can be utilized
for animal feed, fertilizer and pet food among others. Okara
can also be used for food products either wet, dried or as a
paste in food products ranging from meat to baked products.
Overall, the use of okara in foods is not prevalent anywhere in
the world. Anecdotal evidence suggests that commercial soy
beverage producers are interested in, and actively investigat-
ing, the potential to better utilize and add value to okara, but
few details exist on these confidential, strategic planning ef-
forts. Little okara is being used in the food industry today,
either as baked soy products (in Ontario), fresh or freeze-
dried for shipping to a production facility. Given the cost
and technology required to process okara and the relatively
low value of the product, no large scale primary processing of
okara is occurring commercially in Canada (Anon 2005).
However, certain barriers exist in the use of okara in food
which include rapid degradation, high costs of drying, feasi-
bility of freezing and alternative protein sources among others.
Also, possible barriers to the use okara in food include process
or use of okara as soon as it is produced, drying, develop
entirely new market channels for premium priced products
that add enough value to make okara economically food fea-
sible and lastly, develop strategic alliances among companies
(soy beverage producers, food processors, farmers) to reduce
costs, hare expenditure and maximize value (Anon 2005).
Fermentation of okara could be sterilized and dried (Rashad
et al. 2011) or lyophilized (Aoki et al. 2003).

Meanwhile, the amount (yield) of cereals grown in Nigeria
is high compared to its utilization. This is due to postharvest
losses incurred from cereals, thus there is need to diversify the
use of cereals into producing packaged foods such as breakfast
cereals which can bemade available all year round. The intake
of unhealthy or very low quality breakfast cereal can result in
the following, inability to focus on tasks, less memory

capacity, decreased alertness throughout the day among
others. Also, health-related effects include high risk of devel-
oping diabetes, increased cholesterol and high blood pressure
among others. Therefore, it is necessary to eat a balanced
breakfast cereals that can help ameliorate these health prob-
lems and this can be provided from breakfast cereals formu-
lated from acha and fermented okara. Since acha is reported to
be rich in amino acids, particularly methionine and cystine
(Belton and Nuttall 2002) which supply sulphur and other
compounds required for normal metabolism and growth, it is
important to blend acha, a cereal and fermented okara, a le-
gume as a way of improving the carbohydrate, proteins, vita-
mins and beta-carotene contents of the breakfast cereals. The
composite flour produced from a combination of acha and
okara is regarded as composite flour. For developing and
under-developed countries, the use of composite flours has
the following advantages; better supply of protein for human
nutrition; saving of hard currency; Promotion of high yielding,
native plant species and better overall use of domestic agricul-
ture production (Bugusu et al. 2001).

Protein deficiency has become a dietary problem facing the
world especially the underdeveloped and developing coun-
tries (Enweremadu et al. 2008). Animal protein is expensive
in developing countries like Nigeria; therefore it becomes nec-
essary to find an alternative means of compensating for low
protein availability and also to fortify the staple foods with
vitamins and minerals. Huge quantities of okara are produced
worldwide. In Japan about 800,000 t, in Korea approximately
310,000 t and in China about 2,800,000 t of okara are pro-
duced from the tofu industry every year (Ohno et al. 1993;
Ahn et al. 2010). These huge quantities of okara produced
annually pose a significant disposal problem. Okara is some-
times used as animal feed but most is dumped and burned as
waste. However, its nutritive composition makes it suitable for
producing different fermentable edible products, like single
cell protein for human food and feed. The high moisture con-
tent of okara makes it unfavorable to be utilized alone and so is
incorporated into other food raw materials to produce a more
shelf stable foods products.

Therefore, the major thrust of the study is to develop and
evaluate nutritionally, microbiologically and organoleptically
the nutrient-dense breakfast cereal produced by blending acha
and fermented okara.

Materials and methods

Raw materials

The raw materials used in this work include: acha grains,
soybean seeds, sugar, and salt. Acha grains were purchased
from Nyanya market, Abuja whereas other ingredients were
purchased from Ogige main market, Nsukka, Enugu state,
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Nigeria. Okara (fermented soybean residue) was produced
from the processing of soybean into residue and acha flour
was produced from acha grains.

Processing of acha grains to flour

The processing of acha grains to flour is illustrated with the
flowchart below (Fig. 1). Cleaning was done for the removal
of unwanted particles from the grains which is done by
sorting. Winnowing was done by removing the chaff from
the grains. The acha grains were washed with clean water
for about four (4) times. Then grains were dried with the oven
trays in batches at 50 °C for six (6)hour each. The samples
were then allowed to cool and milled with a hammer mill (I.G.
Jurgens, Bremmer, Germany) and packaged in air-tight con-
tainers as shown in Fig. 1.

Okara production from processing of soymilk

The various steps involved in okara production from soybeans
are shown in Fig. 2. Soybean seeds were destoned for the
removal of dirt which are present. The cleaned seeds are
soaked in clean water for about six (6)hours or more to soften
the outer coating. Washing of the beans after soaking was
done as to ameliorate the unpleasant odour. The soybeans
are then grinded into slurry by addition of water. The soybean
slurry was sieved using a muslin cloth by constant addition of
water until a residue is obtained. This residue is known as
okara. The okara was then fermented by in a clean bowl by
natural means under room temperature (25±2 °C) for the dif-
ferent fermentation time (0, 12, 24, 36, 48 h). The fermented
okara was then dried in an oven at a temperature of 50 °C for
about six (6)hours after which it was milled into flour using
hammer mill (I.G. Jurgens, Bremmer, Germany) and pack-
aged in an airtight container for storage and used for analysis.

Formulation and processing of breakfast cereals

The stepwise process involved in the formulation of the
toasted breakfast cereals is shown below (Fig. 3). The acha
flour and okara flours were mixed together. Small quantity of
water added to the flour mixtures as to have a binding effect;
sugar and salt were added to taste. The mixture was heat
treated by steaming for 10 min and then allowed to age at a
temperature of 4 °C for about six (6)hours. The dough was cut
into very small shapes in baking pans and flaked or toasted in
an oven (Gallenkamp oven, size one, England) at a tempera-
ture of 120 °C for one (1)hour after which the flaked/ toasted
breakfast cereals was allowed to cool under room temperature
and packaged in rigid plastic containers for analysis.

Functional properties of the flour

Determination of bulk density

Bulk density was determined by placing 20 g of each sample
flour into a 100ml-graduated cylinder. The cylinder was taped
gently about 10 times against the palm and the final volume as
expressed was g/ml as described by Onimawo and Egbekun
(1998). The volume of sample was recorded. All analysis was
done in triplicate.

Bulk density g=cm3
� � ¼ Weight of sample

Volume of sample often tapping

Determination of water absorption capacity

The procedure of Sathe et al. (1982) was used. Ten milliliters
(10 ml) of water was added to 1.0 g of each blend samples, the
suspension was then stirred usingmagnetic stirrer for 5 min. The
suspension was transferred into centrifuge tubes and centrifuged
at 3,500 rpm for 30min. The supernatant obtainedwasmeasured
using a 10 ml measuring cylinder. The density of the water was
assumed to be 1 g/ml. The water absorbed was calculated as the
difference between the initial water used and the volume of the
supernatant obtain after centrifuging. The result was expressed
as a percentage of water absorbed by the blends on %g/g basis.

Determination of swelling capacity

The method described by Leach et al. (1959) was used
with slight modifications. Flour blends (1 g) was weighed
and transferred into a clean dry test tube and weighed
(W1). The mix was then dispersed in 50 cm3of distilled
water using a magnetic stirrer. The resulting slurry was
heated at desired temperatures – 40, 50, 60, 70, 80,
90 °C for 30 min in a thermo stated water bath. The
mixture was cooled to room temperature and centrifuged

Acha grains

Winnowing

Washing (in cold water for 1 hour)

Drying (at 50°C for 4 hours)

Milling

Flour 
Fig. 1 Modified flowchart for processing of acha grains to flour. Source:
Ibrahim (2001)
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at 2,200 rpm for 15 min. Also, 5 ml of aliquot of the
supernatant was dried to a constant weight at 120 °C.
The residue obtained after drying represented the amount
of starch solubilized in water. The residue obtained after
centrifugation with the water it retained was transferred to
the clean dried test earlier and re-weighed (W2).

Swellingof starch ¼ W2–W1x100

Weight of flour

Determination of wettability

Wettability was determined using ISO (2011) procedure
A. Two hundred fifty millilitres (250 ml) of water was
measured into a dry glass beaker ensuring that the inside
the beaker above the final water level remained dry. The

sample (10 g) was measured into a membrane which
allowed only water to penetrate into sample without the
sample particles falling and was placed on top of the bea-
ker. The stop watch was set immediately the membrane
was withdrawn in a gentle continuous movement such
that the test portion progressively fell onto the surface of
the water. The beaker was removed immediately but gent-
ly from below the membrane (glass tubing) and allowed
to stand. As the particles of the test portion was complete-
ly wetted, the stop watch was stopped and the time is in
seconds was recorded (ISO 2011). Each triplicate value
for the wetting time was calculated using the formula
given below:

W ¼ w‐60

Where; W=wetting time in seconds; w=time recorded (in
seconds)

Determination of viscosity

The method of Sathe and Salunkhe (1981) was used. An
appropriate sample (2.5 g) was dispended in distilled/
deionized water and magnetically stirred for 2 h at room
temperature (28 °C) prior to viscosity measurements.
Each sample was prepared at concentration of 10, 20,
30, 40, 50, 70 and 100 g/l and viscosity measured at
100 m temperature using universal Torsion viscometer
(Gallenkamp Technico Compenstat, England) having
corehead of 30 (standard) gauge 15/8 in. index and an
approximate constant=0.1 cP per second. All measure-
ment was performed in triplicate and means, relative to
distilled water were reported.

Whole soybean seeds

Cleaning

Soaking (for 6 hours)

Washing (2 times)

Milling/Grinding beans using hammer mill

Sieving

Fermentation No fermentation Filtering
(0, 12, 24, 36, 48 hrs)

Drying Drying Heating

Milling Milling Soymilk

OKARA

Dried Fermented 
Okara

Dried Unfermented 
Okara

Fig. 2 Flowchart for the
production of okara

Blending of composite flour 

Conditioning (water, sugar and salt)

Partial heat treating of the blends for 10 minutes (to gelatinize the starch)

Ageing (4ºC for 6 hours)

Cutting into smaller sizes

Flaked/ Toasting (temperature of 120°C for 1hr)

Cooling

Packaging

FLAKED/ TOASTED BREAKFAST 

Fig. 3 Flow diagram for production of breakfast cereal
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Determination of particle size distribution (PSD)

The sieve analysis method was used to determine the particle
size distribution of acha. This methodwas used byUkpabi and
Ndimele (1990) to determine the particle size distribution of
okara and acha flour. The upper sieve was provided with a
cover and the bottom sieve with a receiver. A 25 g sample of
the product was put in the top sieve, covered with the lid and
the nest of sieves placed in a suitable mechanical sieve shaker
(Endecott test sieve shaker, Britain). The sample was sieved
continuously for 10 min after which sieving was stopped, the
nest removed and the residue on each sieve transferred to a
tarred weighing dish using a brush. Each dish was weighed
and the percentage of the product retained on each sieve was
calculated as:

PSD ¼ Mass of material retained on specific sievex100

Total mass of sample

Proximate analyses

Moisture, crude protein, ash, crude fibre and fat contents were
determined according to the methods outline in AOAC
(2010). Carbohydrates were calculated by difference accord-
ing to the following equation:

% Carbohydrate N FEð Þ
¼ 100 %− proteinþ fat þ fibreþ ashþ moistureð Þ

Determination of micronutrients

Determination of vitamin A

The vitamin A content was determined using Kirk and Saw-
yer’s (1998) method. One gram (1 g) of the sample was
weighed into a conical flask. Then, 2.5 ml of ethanol and
10 ml of n-heptane was added. The mixture was allowed to
stand for 45min. It was then filtered and the reading was taken
using a colorimeter.

Determination of vitamin B1

Five (5) gram of sample was homogenized in 50 ml ethanoic
sodium hydroxide. Then, 10 ml filtrate was added to 10 ml
potassium dichromate and absorbance was recorded at
360 nm after development of color (Barkat et al. 1973).

Determination of vitamin B2

Five (5) gram of sample was extracted with 100 ml ethanol for
1 h. Then, 10 ml of this filtered extract added 10 ml 5 %
potassium permanganate and 10 ml 30 % H2O2 and allowed
to stand on hot water bath for 30 min. To this, 2 ml of 40 %
sodium sulphate was added. The volume was made up to
50 ml and absorbance was recorded at 510 nm which was
used to calculate the vitamin B2 content (Bhandange 2010).

Determination of vitamin B3

Five (5) gram of sample was treated with 50 ml of 1 N
sulphuric acid for 30 min and 0.5 ml of ammonia solution
was added to it. It was filtered and 10 ml of the filtrate was
taken. To that 10 ml of the filtrate, 5 ml of potassium cyanide
was added and the acidified with 5 ml 0.02 N H2SO4. The
absorbance of the resulting solution was recorded at 420 nm
(Baser et al. 2000).

Determination of calcium

Calcium was determined by titration method according to
Kirk and Sawyer (1998). About 2 ml of the ash solution was
diluted with 3 ml of distilled water and 1 ml of 50 % ammo-
nium oxalate. One drop of methyl red indicator was made
alkaline with ammonia drops and drops of glacial acetic acid
until colour changes to pink. It was allowed to stand for 4 h
and centrifuged for 5 min, followed by decantation of the
supernatant. About 1 ml of hydrogen sulphate was added to
the residue which was diluted with 4 ml of distilled water. The
solution was boiled and titrated with 0.02 N potassium per-
manganate which is given as an equivalent to calcium content
in the sample.

Preparation of ash solution Five (5) gram of the ground
sample was put into porcelain dish and allowed to ignite
in furnace to carbon free ash. The residue was boiled in
40 ml HCl and few drops HNO3. It was transferred to
250 ml volumetric flask, cooled, diluted to volume and
mixed thoroughly (AOAC 2010). This is known as the
ash solution.

Determination of iron

An aliquot of ash solution (10 ml) was pipette into 250 ml
volumetric flask, and 1 ml hydroxylamine hydrochloride was
added. After 5 min, 5 ml buffer solution and 1 ml o-
phenanthroline solution or 2 ml of dipyridyl solution was
added and diluted to volume. The absorbance of solution at
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510 nm was determined. The iron (Fe) content present in
aliquot of ash solution was determined from absorbance

reading by taking reference to standard curve (AOAC 2010).
The iron content was calculated thus:

Iron content of sample mg Fe=100g sampleð Þ ¼ Quantity of Fe in aliquot of ash solution From calibration curveð Þ
Aliquot of ash solution taken
For determinationð Þ

�
Total volume of
ash solution

Weight of the sample
taken for ashing

� 100

Determination of phosphorus

The already prepared ash solution was boiled with 10 ml HCl
and the solution was washed into a flask with water. It was
neutralised by drop wise addition of 0.88 ammonia (the vol-
ume of the solution at this stage was 50 ml). Dilute nitric acid,
and 25 ml of vanadate-molybdate solution was added and the
volume was made up, thereafter optical density was measured
after 10 min that it was allowed to stand (Kirk and Sawyer
1998).

Determination of zinc

Two (2) drops of methyl red indicator was added aliquot of
ash solution already prepared and 1 ml of CuSO4 solution and
neutralised with NH4OH. Then, 5 ml HCl was added to make
the solution about 0.15 N with respect to HCl. The pH of the
solution was adjusted as measured with glass electrode (from
1.9 to 2.1). Stream of H2S was passed into solution until pre-
cipitation was complete. It was then filtered through fine filter
paper (Whatman No. 42 or equivalent). The filtrate was col-
lected in a beaker, washed and filtered with 3 or 4 portions of
water. The filtrate was boiled until odour of H2S was no longer
detected. Then, 5 ml of saturated bromine-water was added
and boiling continued until Br-free. It was then cooled,
neutralised to phenol red with NH4OH and made slightly acid
with HCl. The resultant solution was diluted to a definite
volume. To 20 ml aliquot of this prepared solution, 15 ml of
ammonium citrate solution, 2 ml dimethylglyoxime solution
and 10 ml of α-nitroso-β-naphthol solution were added and
shaken for 2 min. Solvent layer and extract were discarded
with 10 ml of CHCl3 (this procedure eliminates nickel and
cobalt).

To aqueous phase following removal of nickel and cobalt,
which at this point has pH 8.0 to 8.2, 2 ml of dithizone solu-
tion and 10 ml of CCl4 was added and then shaken for 2 min.

The phases were allowed to separate and aqueous layer was
removed as completely as possible, withdrawing liquid with
pipette attached to vacuum line. About 25 ml water was used
to wash down the sides of separator and without shaking again
the aqueous layer drawn off. 25 ml of 0.04 N HCl was added
and shaken for 1 min. The solvent was drained and discarded
with care to dislodge and remove drop of solvent that floated
on surface.

To acid solution, 5.0 ml of ammonium citrate solution and
10 ml of CCl4 (pH of solution at this point should be 8.8 to
9.0). At this stage, the volume of dithizone solution is deter-
mined and shaken for 2 min. Exactly 5 ml of solvent layer was
pipette into clean dry test tube, and diluted with 10ml of CCl4,
well mixed and the absorbance at 540 nm was determined.
The absorbance was converted to microgram of Zinc from
standard curve and the Zn content of the sample was
calculated.

Microbial analysis

Media preparation

Nutrient Agar powder (7 g) was dissolved in distilled water
(250 ml). Sabouraud Dextrose Agar (13 g) was dissolved in
distilled water (200 ml). The mixtures were homogenized by
bringing them to boiling while homogenizing by shaking in a
whorl motion. The mixtures were sterilized by autoclaving for
15 min at a temperature of 121 °C according to Harrigan and
McCance (1981). The medium was allowed to cool after ster-
ilization to about 40–47 °C in a desiccator.

Preparation of ringer solution

One Ringer tablet was dissolved in distilled water (500 ml).
The clear solution formed was sterilized by autoclaving for
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15 min at the temperature of 121 °C. The Ringer solution was
allowed to cool completely to a temperature of about 28 °C.

Determination of total viable count

The Total Viable Count was determined by the method Pour
Plate Count as described by Prescott et al. (2005). The method
involved weighing sample (1 g) into a sterile test tube. A ¼.
strength Ringer`s solution (9 ml) was poured into it and also
into other test tube arranged for serial dilution. The sample
with the solution was homogenised by shaking. Pipette (1 ml)
was used for the serial dilution into the test tube containing
Ringer`s solution (9 ml). Then, 1 ml solution at different di-
lution factor was transferred into the sterile Petri dishes and
sterile nutrient agar (20 ml) was poured into the same Petri
dish and was mixed by rocking. When they solidified, they
were turned upside down and cultured by incubation for 24 h
at the temperature of 37 °C. At the end of the incubation
period, the colonies were counted using the colony counter
(Gallenkamp colony counter, CNW 330-010X) and the num-
ber of colonies recorded appropriately.

Determination of mould count

Serial dilutions of sample were cultured by pour plate method
as described by Harrigan and McCance (1981) on acidified
malt extract agar for mould count and the media was prepared.
Samples were plated in triplicates and incubated for 1 week
for mould growth. Enumeration of the discrete colonies was
carried out using a Digital electronic colony counter
(Gallenkamp colony counter, CNW 330-010X).

Sensory evaluation

Sensory properties of the samples were evaluated by 20 semi-
trained panelists from the Department of Food Science and
Technology for various sensory qualities (appearance, taste,
flavor, texture, after taste and overall acceptability). A 9-point
Hedonic scale questionnaire was used where B9^ represents
extremely like and B1^ represents extremely dislike
(Ihekoronye and Ngoddy 1985).

Statistical analysis

Mean values were subjected to analysis of variance (ANOVA)
using Duncan’s Multiple Range test (DMRT) and SPSS (Sta-
tistical Package for Social Science) version 20 computer was
used. Significance was accepted at p<0.05 according to Steel
and Torrie (1980).

Results and discussion

Functional Properties of acha, fermented
and unfermented okara flour

Table 1 shows the functional properties of acha, fermented
and unfermented okara flour. The bulk density of the unfer-
mented okara (UFOK) sample was 0.59 g/cm3 while that of
the fermented okara, FEOK 1 to FEOK 4 samples ranged from
0.60 to 0.63 g/cm3 in which sample FEOK 4 had the highest
value (0.63 g/cm3) and sample FEOK 1 was 0.60 g/cm3

(Table 1). There was no significant (p>0.05) difference be-
tween the fermented samples. However, fermentation in-
creased the bulk density slightly. This could possibly be that
fermentation increased the mass of the sample. The bulk den-
sity of acha was 0.97 g/cm3. Thus, acha when compared to
okara was found to be denser. This is probably due to the high
starch content of acha flour more than that of legume (okara)
which agreed with the results of Chukwu and Abdul-kadir
(2008). The low values of bulk densities make the flour suit-
able for high nutrient density formulation of foods. Bulk den-
sity is generally affected by the particle size and density of the
flour and it is very important in determining the packaging
requirement, material handling and application in wet process-
ing in food industry (Karuna et al. 1996). The lower the bulk
density, the higher the amount of flour particles that can bind
together leading to higher energy values (Onimawo and
Egbekun 1998). However, a weaning food should have
low water absorption capacity and bulk density in order
to produce a more nutritious and suitable weaning food
(Mbata et al. 2009). This could be achieved by reducing
the viscosity of the starchy components by malting
(Malleshi and Desikachar 1982).

The water absorption capacity (WAC) of the unfermented
okara, UFAC, was 314.17 % and that of the fermented okara
samples, FEOK 1 to 4 ranged from 301.20 to 250.33 %
(Table 3). Sample FEOK1 had the highest value which was
301.20 % and FEOK 4 had the lowest value 250.33 %. Sam-
ple UFAC had a WAC value of 119.36 %. There was signif-
icant (p<0.05) difference between the samples. The difference
in water absorption is mainly caused by the greater number of
hydroxyl group which exists in the fiber structure and allows
more water interaction through hydrogen bonding (Nassar
et al. 2008). As fermentation increased the rate at which the
samples absorbed water decreased. Thus, the difference in the
water absorption capacities may be explained by their respec-
tive content of hydrophilic constituent such as carbohydrates
which bind more water than either protein or lipids. Both
carbohydrates and protein are more soluble in water probably
due to the fact that water (as a medium) aids in the breakdown
of complexes of starch and protein to their simpler forms (that
is simple sugars and amino acids). Similarly, high water ab-
sorption had been attributed to either high protein content or
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more hydrophilic polysaccharides during the course of fer-
mentation (Onweluzo and Nnabuchi 2009). However, fermen-
tation increases the acidity of a sample which then increases
the water absorption capacity of okara. Also, the water absorp-
tion capacity of the breakfast cereals may equally be associat-
ed with the nature of starch granules after toasting (Okafor and
Usman 2015). Considering the temperature of toasting that
was 120 °C for 1 h (Fig. 3) and variation of starch content
of each formulation with increasing addition of okara, dam-
aged starch is likely to increase and will require more fluid
such as water or milk on reconstitution. Similar values were
recorded from treated and untreated sorghum and pigeon pea
breakfast cereals (Mbaeyi 2005).

Sample UFAC had a water absorption capacity of
119.36 % which was the lower than that of all the okara sam-
ples. The difference in water absorption might be due to the
quantity of damaged and undamaged starch present with the
flour sample (Asiedu 1989). Water absorption in flour corre-
late positively with the amylase content and also particle size
of the okara flour (Adeyemi and Beckley 1986). Water

absorption capacity is an indication of the extent to which
protein can be incorporated into food formulation. Increase
in water absorption capacity implies high digestibility of the
starch. The water absorption characteristic represent the ability
of a product to associate with water under condition where
water is limiting, in order to improve its handling characteris-
tics and dough making potentials (Iwe and Onalope 2001).
The lower water absorption capacity of the wheat and other
flours could be attributed to the presence of lower amount of
hydrophilic constituents in wheat (Akubor and Badifu 2001).
Thus, the flour would be useful in food systems that need
water in preparation such as bakery foods (Igbabul et al.
2014).

Swelling capacity is an indication of the water absorption
index of the granules during heating (Loos et al. 1981). The
swelling capacity of the samples ranged from 399.51 to
131.32 % with sample UFOK having the highest value of
399.51 % and sample UFAC with the lowest value of
131.32 % as shown in Table 3. There was significant
(p<0.05) difference in the samples. Fermentation decreased

Table 1 Functional properties of
acha, fermented and unfermented
okara flour

Samples Bulk Density
(g/cm3)

WAC (%) Swelling Capacity
(%)

Wettability
(secs)

Viscosity
(Cp.)

UFOK 0.59c±0.00 314.17a±1.04 399.51a±0.50 312.68e±0.60 1.00a±0.04

FEOK 1 0.60c±0.02 301.20b±0.81 390.00b±0.21 319.53d±0.74 1.03a±0.09

FEOK 2 0.61c±0.00 277.93c±0.53 375.68c±0.27 326.67c±0.91 1.04a±0.02

FEOK 3 0.63b±0.00 260.33d±0.77 366.89d±0.74 335.11b±0.93 1.02a±0.08

FEOK 4 0.63b±0.00 250.33e±0.77 352.10e±0.98 341.26a±0.66 1.08a±0.06

UFAC 0.97a±0.01 119.36f±0.74 131.32f±0.87 290.28f±0.58 1.06a±0.08

Values are means±standard deviation of triplicate readings. Values with the same superscripts within the same
column are not significantly (p>0.05) different from each other

UFOK→Unfermented okara flour; FEOK 1→12 hrs fermented okara flour; FEOK 2→24 hrs fermented okara
flou; FEOK 3→36 h fermented okara flour; FEOK 4→48 h fermented okara flour; UFAC→Acha flour;
WAC→Water Absorption capacity; Cp. → Centipoises

Table 2 Particle size distribution (PSD) of okara and acha flour samples

Sample
number

Diameter of sieve
opening (mm)

UFOK FEOK 1 FEOK 2 FEOK 3 FEOK 4 UFAC

WR (g) PR (%) WR (g) PR (%) WR (g) PR (%) WR (g) PR (%) WR (g) PR (%) WR (g) PR (%)

7 8 APT Nil APT Nil APT Nil APT Nil APT Nil APT Nil

6 6 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

5 4 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

4 2 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

3 0.5 0.5800 2.3166 0.5735 2.2909 0.4606 1.8400 0.4471 1.7860 0.3729 1.4896 0.1000 0.3994

2 0.1 1.2151 4.8533 1.2007 4.7963 1.1248 4.4934 1.0450 4.1744 1.0009 3.9982 0.4100 1.6377

1 0.01 23.2336 92.7985 23.2527 92.8841 23.4400 93.6386 23.5320 94.0024 23.6522 94.4803 24.5220 97.9528

Total 99.9684 99.9713 99.9720 99.9628 99.9681 99.9681 99.9899

Values are means of duplicate determinations

UFOK→Unfermented okara flour; FEOK 1→12 h fermented okara flour; FEOK 2→24 h fermented okara flour; FEOK 3→36 h fermented okara
flour; FEOK 4→48 h fermented okara flour; UFAC→Acha flour;WR (g)→Weight retained; PR (%)→Percentage retained; APT→All passed through
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the swelling capacity of okara. Acha had less swelling capac-
ity to okara possibly because protein which is more abundant
in okara is hydrophilic.

Table 1 showed that wettability ranged from 290.28 to
341.26 % where sample FEOK 4 had a highest wettability
of 341.26 % and sample UFAC had the lowest wettability of
290.28 %. Wettability is the relating to the ability of a solid to
absorb a liquid, such as water, as it spreads over the surface of
the solid (Merryweather et al. 2005). Therefore, it took a lesser
time for the particles of a more dense food sample (acha) to
completely wet in water to the time of wetting of okara. This
could probably be attributed to the particle size of the samples
in which the acha has larger surface area that allowed easy
wetting.

The viscosity of the samples ranged from 1.00 to 1.08 Cp
where sample UFOK had the least value of 1.00 Cp and sam-
ple UFOK 4 had the highest viscosity value of 1.08 Cp as
presented in Table 1. There was no significant (p>0.05) dif-
ference between the samples. The fermented okara samples,
FEOK 1 to 4 had a higher viscosity value to the unfermented
samples. This could possibly be attributed to the enzymic
breakdown of the higher molecular weight polysaccharide
and polypeptide to lower molecular weight dextrins and
peptides during fermentation. This similar enzymic
breakdown was observed by Onweluzo and Nnabuchi
(2009) and was attributed to the inherent starch in acha
possessing its viscofying properties since it was modified dur-
ing fermentation. The difference in viscosity might also be due
to the weakness of intermolecular network which may cause
the flour granules to fall apart when gelatinized in hot water
forming a paste of relativity low viscosity. Swelling of the
granules was observed to be slight in cold water, compared
to when placed in hot water. The breakfast cereals would be
consumed depending on preferences or situations in various
ways such as in cold water, hot water, cold and hot milk
(Okafor and Usman 2015).

The results of the sieve analysis for particle size distribution
of okara and acha flour samples are presented in Table 2. The
sieves were ranked from seven to one: the largest sieve was
ranked as number seven while the sieve with the smallest
aperture was ranked as number one as suggested by Hender-
son and Perry (1976). From the data shown in the Table 2, all
the samples passed through the sieves with diameter sizes of 8,
6, 4, and 2 which was evidence as no particle was retained in
the sieve. The sieve with pore size 0.5 mm had lesser fine
particles to that of 0.1 and 0.01 mm which were finer. This
was evident in the increase of their BPR, percentage retained^
particles. The different okara flour samples had PR values
ranging from 1.4896 to 2.3166 % whereas the acha flour
had less PR value of 0.3994 %, probably due to the nature
of the samples. Similar trend was found in the sieve with pore
size 0.1 mm but the sieve with pore size 0.01 mm showed that
the percentage retained of acha (97.9528 %) was higher than
that of the okara samples which ranged from 92.7985 to
94.4803 %. Thus, the smaller the pore sizes of the sieves,
the larger the proportion of the Bvery fine^ particles. The fine
fractions are responsible for most of the water uptake and
viscosity development during mixing or blending while the
major functions of the coarse particles is to disrupt the mixture
which reduces the extent of pillowing or the formation of large
pockets during baking or drying (Mbaeyi-Nwaoha and
Onweluzo 2013).

Microbial Count of acha flour, fermented
and unfermented okara flour

The microbial count of acha flour, fermented and unfermented
okara flour samples is shown in the Table 3. The total viable
count for the unfermented okara sample was 8.9×104 cfu/g
and the fermented okara samples ranged from 3.8×104 to
7.7×104 cfu/g as shown in Table 3. Sample UFAC had the
lowest microbial load, (3.8×104 cfu/g). This result differed
from that obtained by Samadrita et al. (2012) who compared
themicrobial load of different okara samples based on process-
ing (drying methods). From the research, it could be inferred
that cereals (acha) have lesser microbial load to legumes (soy-
bean residue, okara) which are given the same treatment. The
results from the study suggest that the dried okara should be
used in further applications as soon as possible since prolonged
storage may negatively impact on their proximate composition
(the feature that made them to be highly valued for food and
feed formulations in the first place). This informationwould be
valuable especially where these okara powders are being con-
sumed as protein supplements. High bacterial and fungal
counts might also be attributed to the fact that the food han-
dling must have been done held the foods at temperatures
lower than 46 °C for more than 4 h. There were few microbial
counts in the samples which could be because the processing
of the samples were carried out in a clean environment, they

Table 3 Microbial count of acha flour, fermented and unfermented
okara flour

Samples TVC (cfu/g) Mould Count (cfu/g)

UFOK 8.9×104 1.0×10

FEOK 1 7.7×104 NG

FEOK 2 7.0×104 NG

FEOK 3 4.9×104 NG

FEOK 4 3.8×104 NG

UFAC 3.0×104 NG

Values are means of duplicate determination

UFOK→Unfermented okara flour; FEOK 1→12 h fermented okara
flour; FEOK 2→24 h fermented okara flour; FEOK 3→36 h fermented
okara flour; FEOK 4→48 h fermented okara flour; UFAC→Acha flour;
Cfu/g→Colony forming unit per gram; NG→No growth
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were dried in an oven drier and clean containers were used to
package the flour samples after processing.

In the mould count, only the sample UFOK was identified
to have a growth of 1.0×10 cfu/g which is quiet low as to be
cause harm to consumers whereas there was no detection of
microorganisms in all other samples. The acceptable level for
mould in breakfast cereals is 10 cfu/g whereas the level which
when exceeded in one or more samples would cause the lot to
be rejected as this indicate potential health hazard or imminent
spoilage is 103 cfu/g (FDA 2013). The acceptable level for
mould in soy flour is 103 cfu/g whereas the level which when
exceeded in one or more samples would cause the lot to be
rejected as this indicate potential health hazard or imminent
spoilage is 105 cfu/g (FDA 2013).

Proximate Composition of the flours prepared from acha
and fermented okara

The proximate composition of the flours prepared from acha
and fermented okara is shown in Table 4.

The fat content ranged from 1.57 to 16.29 % where sample
UFOK, unfermented or freshly prepared okara was 16.29 %

and sample UFAC, unfermented acha was 1.57 % (Table 6).
The fat content of sample UFOK was lower than that of
Vishwanathan et al. (2011) which was 23.2 %. The fat content
of fermented okara ranged from 13.72 to 14.82 % where sam-
ple FEOK 1 (14.82%) had the highest mean value and sample
FEOK 4 (13.27 %) had the lowest mean value. This revealed
that as fermentation increased the fat content decreased. This
agreed to the research of Rashad et al. (2011) which revealed
that fermentation of okara decreased the fat content. Previous
studies have shown reduction in the lipid content of different
substrates fermented with different microorganisms (Das and
Weeks 1979; Iluyemi et al. 2006; Lateef et al. 2008). They
attributed that to the accumulation of lipids by the fungal
strains and during fungal processing, some lipolytic strains
assimilate lipids from substrates for biomass production
leading to a general reduction of the overall lipid content of
the substrate. Perhaps, this was not in agreement with the
result provided by Ugwuona et al. (2012) which showed that
fermentation increased the fat content of soybean flour. The
fat content of unfermented acha, UFAC, was 1.57 % and was
in agreement to that the result given by FAO (1998) which
was 1.8 %.

Table 4 Proximate composition
of the flours prepared from blends
of acha and fermented okara

Samples Fat
(%)

Ash
(%)

Crude Protein
(%)

Moisture
(%)

Crude Fibre
(%)

Carbohydrate
(%)

UFOK 16.29a±0.04 6.36a±0.17 33.53a±0.11 4.71c±0.06 36.62f±0.01 2.50a±0.18

FEOK 1 14.82b±0.01 6.03b±0.05 32.34b±0.33 5.31b±0.03 38.95e±0.132. 55a±0.23

FEOK 2 14.59b±0.08 4.00c±0.01 32.16b±0.09 5.54b±0.24 41.03d±0.402. 64a±0.24

FEOK 3 14.21c±0.15 2.06d±0.07 30.83c±0.63 5.92a±0.01 44.59c±0.582. 65a±0.24

FEOK 4 13.27d±0.22 1.41e±0.17 30.32c±0.21 6.11a±0.05 46.18b±0.552. 71a±0.34

UFAC 1.57e±0.21 4.04c±0.01 9.00d±0.61 9.88c±0.24 2.49a±0.2373 08a±0.47

Values are means±standard deviation of duplicate determination. Values bearing the same superscripts within the
same column are not significantly (p<0.05) different from each other

UFOK→Unfermented okara flour; FEOK 1→12 h fermented okara flour; FEOK 2-→24 h fermented okara
flour; FEOK 3 -→36 h fermented okara flour; FEOK 4→48 h fermented okara flour; UFAC - Acha flour

Table 5 Sensory scores of toasted breakfast cereals produced from blends of acha and 0 h fermented Bokara^ flours

Samples Colour Flavour Mouthfeel Texture Taste Aftertaste Overall acceptability

UFAC 7.80a±1.00 7.55b±1.64 7.20a±1.36 6.95b±1.23 7.00b±1.12 7.90a±1.12 6.70c±1.38

UFAC: UFOK A 7.80a±0.83 7.55b±0.94 7.40a±1.64 6.85b±0.81 7.35ab±1.63 7.75a±0.91 6.80bc±1.24

UFAC: UFOK B 7.75a±0.97 7.75ab±0.97 7.55a±1.39 6.90b±1.07 8.10a±1.37 7.85a±1.04 7.40abc±1.19

UFAC: UFOK C 7.40ab±0.94 8.35a±0.81 8.05a±0.89 7.85a±0.75 8.10a±0.72 7.75a±0.97 8.05a±0.76

UFAC: UFOK D 7.00b±0.97 8.10ab±0.85 7.80a±1.20 6.55b±0.60 7.80a±0.83 7.45a±0.83 7.30bc±0.86

UFAC: UFOK E 6.90b±1.17 8.10ab±0.91 7.85a±1.23 6.75b±1.07 8.05a±0.76 7.35a±0.93 7.50ab±0.89

Values are means±standard deviation of 20 panelists. Values bearing the same superscripts within the same column are not significantly (p<0.05)
different from each other

UFAC→100 % acha; UFAC: UFOK A→90:10 acha:unfermented okara blend; UFAC: UFOK B→80:20 acha:unfermented okara blend; UFAC:
UFOKC→70:30 acha:unfermented okara blend; UFAC: UFOKD→60:40 acha:unfermented okara blend; UFAC: UFOKE→50:50 acha:unfermented
okara blend
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The ash content of unfermented okara was 6.36 % which
was higher than the result given by Mateos-Aparicio et al.
(2010) which is 4 % and also higher than the result provided
by Fei et al. (2013) which was 3.9 %. This could be as a result
of the processing method in which Mateos-Aparicio et al.
(2010) cooked the rehydrated soybeans before grinding and
filtering which was different from the processing method
used. The ash content of samples FEOK 1 to FEOK 4 de-
creased as fermentation increased and was significantly
(p<0.05) different. This was not in agreement to the finding
of Ugwuona et al. (2012) which stated that fermentation in-
creased the ash content of soybean. This could probably be
due to the difference in the processing methods where
Ugwuona et al. (2012) hot-blanched soybeans seeds before
processing into flour. Ugwuona et al. (2012) processed by
boiling the raw soybean seeds whereas there was boiling
adopted. The ash content of acha was 4.04 % which was close
to the result of FAO (1998) which gave 3.4 %.

Protein content of the samples ranged from 9.00 to
33.53 %. Sample UFOK had a protein content of 33.53 %
which agreed to the result of Vishwanathan et al. (2011) which
was 34.7 % and was higher than the findings of Lescano et al.
(2005) which was 25 %. The protein content of samples
FEOK 1–4 ranged from 32.34 to 30.32 % where sample
FEOK 1 had the highest value (32.34 %) and sample FEOK
4 (30.32%) had the lowest value. This showed that as fermen-
tation increased, the protein content decreased. There was a
significant (p<0.05) difference between the unfermented
okara (UFOK), fermented okara samples, (FEOK 1 to 4) and
unfermented acha (UFAC) flours. This could be due to the
high percentage of fat in dry okara which agreed with the
result of Vishwanathan et al. (2011). The protein content of
UFAC was 9.0 % which agreed to the result given by FAO
(1998) and close to the result of Temple and Bassa (1991)
which was 7 % in acha flour.

Table 4 showed that moisture content ranged from 9.88 to
4.71 % where sample UFAC had the highest moisture content
and sample UFOK had the lowest value. The moisture content
of sample UFOKwas 4.71%which was lower than the results

obtained by Matsumoto et al. (2007) that was 8.9 %. This
could be from the difference in processing (drying time). This
moisture content obtained was very much below the maxi-
mum 12.5 % water content for shelf-stable storage and viabil-
ity of food grains (Chakraverty 2004) thus, a more shelf stable
product will be produced. The samples FEOK 1 and 2 had no
significant (p<0.05) difference as well as sample FEOK 3 and
4. This implied that fermentation did not have much influence
on moisture. Sample UFAC had a moisture content of 9.88 %
and corresponded to the result obtained by other researchers
(FAO 1998; Ugwuona et al. 2012) which revealed 10 % and
10.04 % in acha flour.

The crude fibre content ranged from 2.49 to 46.18 %where
sample UFOK had the highest value and sample UFAC had
the lowest value as presented in Table 4. There was significant
(p<0.05) difference between the samples. This could be due
to the high fibre content of okara which agreed to the findings
of Jiménez- Escrig et al. (2008) which ranged from 14.5 to
55.4 %. As fermentation of okara increased, the fibre content
increased. This was not in agreement to the findings of Lateef
et al. (2008) which showed that fermentation of okara with
yeast decreased its crude fibre content. Sample UFAC had a
fibre content of 2.49 % which was close to the findings of
FAO (1998) and Ugwuona et al. (2012) which was 3.3 and
1.86 % respectively.

This ranged from 2.50 to 73.08 % and revealed that
sample UFAC had the highest value whereas sample
UFOK had the lowest the lowest value as shown in
Table 4. There was a significant (p<0.05) difference be-
tween the samples. This could be due to the high starch
content of acha than that of okara. Sample UFOK had a
carbohydrate content of 2.50 % which corresponded to the
result given by Recundo-Cuenca et al. (2008) which was
2.56 %. Samples FEOK 1 to 4 had a carbohydrate content
that increased as the fermentation increased. The 73.08 %
of sample UFAC agreed with the findings of Chukwu and
Abdul-kadir (2008) and also the result of FAO (1998)
which stated that acha has a high carbohydrate content of
between 70 and 89.5 %.

Table 6 Sensory scores of toasted breakfast cereals formulated from blends of acha and 12 h fermented Bokara^ flours

Samples Colour Flavour Mouthfeel Texture Taste Aftertaste Overall acceptability

UFAC: FEOK 1A 7.40a±1.10 8.00a±0.86 7.40a±1.23 7.05a±0.94 6.55a±1.10 7.25ab±0.79 7.10ab±0.85

UFAC: FEOK 1B 7.25a±0.97 7.15b±1.35 7.50a±1.15 7.40a±1.50 6.55a±0.76 6.90b±0.79 6.75b±1.02

UFAC: FEOK 1C 7.40a±1.10 7.70ab±1.17 7.60a±1.54 7.25a±1.02 6.70a±1.34 7.45a±0.83 6.90b±1.25

UFAC: FEOK 1D 7.90a±1.25 8.10a±0.79 8.15a±1.04 7.60a±1.05 6.80a±1.06 7.50a±0.61 7.70a±0.66

UFAC: FEOK 1E 7.95a±1.15 8.15a±0.88 7.90a±1.17 7.50a±1.05 7.30a±1.13 7.30ab±0.86 7.35ab±0.93

Values are means±standard deviation of 20 panelists. Values bearing the same superscripts within the same column are not significantly (p<0.05)
different from each other

UFAC: FEOK 1A→90:10 acha:okara blend; UFAC: FEOK 1B→80:20 acha:okara blend; UFAC: FEOK 1C→70:30 acha:okara blend; UFAC: FEOK
1D→60:40 acha:okara blend; UFAC: FEOK 1E→50:50 acha:okara blend
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Sensory Scores of toasted breakfast cereals
from acha-okara blends fermented at 0, 12, 24, 36, 48 h

The sensory scores of the toasted breakfast cereals are shown
in the Tables 5 to 9. Fermentation causes changes in food
quality including texture, flavour, appearance, nutrition and
safety. The benefits of fermentation may include improvement
in palatability and acceptability by developing improved fla-
vours and textures (Sahana and Hafiz 2003).

Colour

The values for colour toasted breakfast cereals produced from
blends of acha and fermented Bokara^(0-h) flours ranged from
6.90 to 7.80 where samples UFAC (7.80), UFAC: UFOK A
(7.80), and UFAC: UFOK B (7.75) had the highest values
followed by sample UFAC: UFOK C (7.40), UFAC: UFOK
D (7.00) and UFAC: UFOK E (6.90) which were least as
shown in Table 7. There was no significant (p<0.05) differ-
ence in samples UFAC, UFAC: UFOK A, UFAC: UFOK B
and UFAC: UFOK C which had highest addition of acha.
However, as the addition of acha decreased the colour of the
toasted breakfast cereals decreased. This is in agreement to the
findings of Chukwu and Abdul-kadir (2008) which showed
that acha flour has smooth and bright colour, thus increased
addition acha caused an increase in the acceptability of the
colour of the breakfast cereals.

Table 8 shows the sensory scores of toasted breakfast ce-
reals formulated from blends of acha and 12 h-fermented
Bokara^ flours. The values ranged from 7.25 to 7.95 in which
sample UFAC: FEOK 1E (7.95) had the highest value and
sample UFAC: FEOK 1B (7.25) had the lowest value. As
the addition of acha increase the color also increased
(Table 8). This agreed with the findings of Chukwu and
Abdul-kadir (2008) which showed that acha flour has smooth
and bright colour, thus increased addition acha caused an in-
crease in the acceptability of the colour of the breakfast ce-
reals. There was no significant (p<0.05) difference between
the samples probably because addition of the 12 h fermented
okara flour did not have much effect on the colour of the
product.

Table 9 shows the sensory scores of toasted breakfast ce-
reals formulated from blends of acha and 24 h-fermented
Bokara^ flours. It hat the colour values ranged from 7.00 to
8.25 where sample UFAC: FEOK 2C (8.25) has the highest
value and sample UFAC: FEOK 2A (7.00) has the lowest
value. There was no significant (p<0.05) difference in sam-
ples UFAC: FEOK 2A, UFAC: FEOK 2B, UFAC: FEOK 2D,
and UFAC: FEOK 2E but there was significant difference
between sample UFAC: FEOK 2C and UFAC: FEOK 2A,
UFAC: FEOK 2B, UFAC: FEOK 2D and UFAC: FEOK 2E.
This could be due to the inability of the panelists to difference
in the colour variation.

Table 10 shows the sensory scores of toasted breakfast
cereals formulated from blends of acha and 36 h-fermented
Bokara^ flours. There was no significant (p<0.05) differ-
ence for all the samples as regards the colour as shown.
The value for all the sample UFAC: FEOK 3A are (7.60),
sample UFAC: FEOK 3B (7.95), samples UFAC: FEOK
3C (7.60), samples UFAC: FEOK 3D (7.90) and samples
UFAC: FEOK 3E (8.00). The samples had acceptable col-
our. This could be that the panelists liked the products in
terms of these sensory evaluations or inability of the pan-
elists to observe the difference in the sensory parameters.
This result is similar to that of Chukwu and Abdul-kadir
(2008) which revealed that acha contributed to good col-
our, appearance taste, mouthfeel and after taste to breakfast
cereals, Fermentation improved the sensory (organoleptic),
functionality and nutritional properties of food products
(Hutkins 2006).

The colour was not significantly (p<0.05) different as
shown in Table 11. This could be that the panelists liked the
products in terms of these sensory evaluations or inability of
the panelists to observe the difference in the different propor-
tions of acha:48 h FEOK product.

Flavour

Table 7 showed that flavour values ranged from 7.55 to 8.35.
Sample UFAC: UFOK C (8.35) had the highest the value,
whereas samples UFAC: UFOK D (8.10), UFAC: UFOK E
(8.10) and UFAC: UFOK B (7.75), were the second highest,
and samples UFAC (7.55) and UFAC: UFOK A (7.55) were
the least. There was no significant (p<0.05) in samples UFAC
and UFAC: UFOKA, and UFAC: UFOKB, UFAC: UFOKD
and UFAC: UFOK E. The products were highly rated, thus
signifies that they had good flavour. The higher the addition of
okara, the greater the acceptability of the products. This could
possibly be due to the soy flavor of the product which has
good aroma.

The flavor values ranged from 7.15 to 8.15. Sample UFAC:
FEOK 1E (8.15) as shown in Table 8 had the highest value
whereas sample UFAC: FEOK 1A (7.15) had the lowest val-
ue. Although there was significant difference between the
samples, an increase in the quantity of fermented okara added
caused an evident increase in the acceptability of the products.
This could be attributed to the flavour component of
fermented okara which agreed to the findings of Fei et al.
(2013) who stated that increased addition of okara to noodles
improved the flavour component of the product. Thus, fer-
mentation improved the flavour of the products.

The range of values for flavour was 8.10 to 8.45 where the
value of the samples are UFAC: FEOK 2A (8.30), UFAC:
FEOK 2B (8.10), UFAC: FEOK 2C (8.45), UFAC: FEOK
2D (8.20), and UFAC: FEOK 2E (8.20) as shown in
Table 8. These values were quiet high. There was no
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significant difference (p<0.05) in all the samples possibly
because the panelists liked the products or the inability of
the panelists to observe the differences.

There was no significant (p<0.05) difference for all the
samples as regards the flavour as shown in Table 10. The
value for all the samples; UFAC: FEOK 3A are (7.30), sample
UFAC: FEOK 3B (7.65), samples UFAC: FEOK 3C (7.60),
sample UFAC: FEOK 3D (7.65) and samples UFAC: FEOK
3E (7.95). The samples had acceptable flavour. This could be
that the panelists liked the products in terms of these sensory
evaluations or inability of the panelists to observe the differ-
ence in the sensory parameters. This result is similar to that of
Chukwu and Abdul-kadir (2008) which revealed that acha
contributed to good flavour of the breakfast cereals, Fermen-
tation improved the sensory (organoleptic), functionality and
nutritional properties of food products (Hutkins 2006).

The value for flavor ranged from 7.55 to 8.60 where the
highest value was sample UFAC: FEOK 4D (8.60) and the
lowest value was sample UFAC: FEOK 4E (7.55) as shown in
Table 11. There was significant (p 0.05) difference between
samples UFAC: FEOK 4B, UFAC: FEOK 4C, UFAC: FEOK
4E and UFAC: FEOK 4A, and UFAC: FEOK 4D. This could
probably be due to the different proportion of acha and okara
incorporated into the different products and the perception of
the panelists.

Mouthfeel and aftertaste

Table 7 shows the sensory scores for both mouthfeel and af-
tertaste. There was no significant (p<0.05) difference in
mouthfeel and after taste for all the samples. The values for
mouthfeel ranged from 7.20 to 8.05 where sample UFAC was
7.20, UFAC: UFOK A (7.40), UFAC: UFOK B (7.55),
UFAC: UFOK C (8.05), UFAC: UFOK D (7.80) and UFAC:
UFOKE (7.85), whereas the values for after taste ranged from
7.35 to 7.90 where sample UFAC was 7.90, UFAC: UFOK A
(7.75), UFAC: UFOK B (7.85), UFAC: UFOK C (7.75),
UFAC: UFOK D (7.45) and UFAC: UFOK E (7.35). This

could possibly be that the panelists liked the products or there
was no much effect of okara on the mouthfeel and aftertaste.

The mouthfeel had range of values from 7.40 to 8.15 where
sample UFAC: FEOK 1Awas 7.40, UFAC: FEOK 1B (7.50),
UFAC: FEOK 1C (7.60), UFAC: FEOK 1D (8.15), and
UFAC: FEOK 1E (7.90) as shown in Table 8. There was no
significant (p<0.05) difference in all the samples as regards
mouthfeel. This could be due to inability of the panelists to
differentiate the proportion of acha:fermented okara added as
regards mouthfeel. The range of values for the after taste was
6.90 to 7.50 where sample UFAC: FEOK 1D (7.50) had the
highest value and sample UFAC: FEOK 1B (6.90) had the
lowest value. There was significant (p<0.05) difference be-
tween the samples. Increased addition of fermented okara in-
creased the acceptability of the products and gave a well after
taste to the products. This was in agreement with the result
obtained by Fei et al. (2013) which stated that addition of
okara to noodles influenced its taste and quality. Due to this
positive influence, he stated that Boptimum addition of okara
should be selected^.

Table 9 showed that the scores for mouthfeel ranged from
6.65 to 8.10 where sample UFAC: FEOK 2B (6.55) was the
lowest and sample UFAC: FEOK 2A (8.10) was the highest.
There was significant difference between samples UFAC:
FEOK 2A, UFAC: FEOK 2C, UFAC: FEOK 2D and samples
UFAC: FEOK 2B, UFAC: FEOK 2E. The sample with
highest value (70:30 acha:fermented okara) had higher
amount of acha and this agreed to the findings of Chukwu
and Abdul-kadir (2008) which showed that acha has a good
mouthfeel. The after taste ranged from 7.20 to 8.10. Sample
UFAC: FEOK 2E (8.10) had the highest value whereas sam-
ple UFAC: FEOK 2C (7.20) had the lowest value (table 9).
There was significant (p 0.05) difference between samples
UFAC: FEOK 2C and UFAC: FEOK 2D and samples UFAC:
FEOK 2A, UFAC: FEOK 2B, UFAC: FEOK 2E. This could
have been in the ability of the consumers to detect the after
taste. The after taste was liked in the increase of okara.

There was no significant (p<0.05) difference for all the
samples as regards the mouthfeel as shown in Table 10. The

Table 7 Sensory scores of toasted breakfast cereals formulated from blends of acha and 24 h fermented Bokara^ flours

Samples Colour Flavour Mouthfeel Texture Taste Aftertaste Overall acceptability

UFAC: FEOK 2A 7.00b±1.03 8.30a±0.86 8.10a±1.02 7.10ab±1.12 7.40a±0.99 7.45ab±1.05 7.40b±1.05

UFAC: FEOK 2B 7.30b±1.26 8.10a±1.25 6.55b±1.54 6.65b±0.88 7.40a±1.14 7.80ab±0.89 7.35b±1.18

UFAC: FEOK 2C 8.25a±0.72 8.45a±0.69 7.55a±1.43 7.60a±1.23 7.55a±1.00 8.10a±0.85 8.15a±0.75

UFAC: FEOK 2D 7.15b±1.09 8.20a±0.77 7.80a±1.11 6.95ab±0.89 7.90a±1.07 7.45ab±0.89 7.30b±1.13

UFAC: FEOK 2E 7.35b±0.93 8.20a±1.06 7.25ab±1.16 7.15ab±0.93 7.35a±0.81 7.20b±1.15 7.45b±1.00

Values are means±standard deviation of 20 panelists. Values bearing the same superscripts within the same column are not significantly (p<0.05)
different from each other

UFAC: FEOK 2A→90:10 acha:okara blend; UFAC: FEOK 2B→80:20 acha:okara blend; UFAC: FEOK 2C→70:30 acha:okara blend; UFAC: FEOK
2D→60:40 acha:okara blend; UFAC: FEOK 2E→50:50 acha:okara blend
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value for all the sample UFAC: FEOK 3A are (7.45), sample
UFAC: FEOK 3B (7.80), sample UFAC: FEOK 3C (8.20),
sample UFAC: FEOK 3D (8.10) and sample UFAC: FEOK
3E (8.25). The samples had acceptable mouthfeel. This could
be that the panelists liked the products in terms of these sen-
sory evaluations or inability of the panelists to observe the
difference in the sensory parameters. This result is similar to
that of Chukwu and Abdul-kadir (2008) which revealed that
acha contributed to good flavor, texture, colour, appearance
taste, and after taste to breakfast cereals, Fermentation im-
proved the sensory (organoleptic), functionality and nutrition-
al properties of food products (Hutkins 2006).

The values for aftertaste ranged from 6.70 to 7.55 where
sample UFAC: FEOK 3E had the highest value and sample
UFAC: FEOK 3D had the lowest value (Table 10). Although
there was significant (p<0.05) difference between the sam-
ples, they were above the mean value (4.5) for a 9-point He-
donic scale used for sensory evaluation. Therefore, all the
products are acceptable in their after taste.

The mouthfeel ranged from 7.35 to 8.40 as presented in
Table 11. Sample UFAC: FEOK 4D had the highest value
whereas sample UFAC: FEOK 4B was the lowest. This was
similar to the result obtained by Fei et al. (2013) who stated
that increased addition of okara increased the hardness and
chewiness of noodles produced with okara powder and wheat
flour. Although there was significant difference between the
samples, they were highly rated probably the consumer liked
the mouthfeel of the product. Table 11 showed that the after
taste scores ranged from 7.50 to 8.20. Sample UFAC: FEOK
4D had the highest value whereas sample UFAC: FEOK 4E
had the lowest value. Although there was significant (p<0.05)
difference between the samples, they were highly rated and
this suggests that the products had acceptable after taste.

Texture

The texture of the products ranged from 6.55 to 7.85 where
sample UFAC: UFOK C had the highest value (7.85) and
sample UFAC: UFOKD had the lowest value (6.55) as shown
in Table 7. There was no significant difference in samples
UFAC (6.95), UFAC: UFOK A (6.85), UFAC: UFOK B
(6.90), UFAC: UFOK D (6.55) and UFAC: UFOK E (6.75).
The texture of the products was highly rated for samples that
had more of acha to okara protein. This could be due the
smooth or fine texture of acha. Similar result was obtained
by Chukwu and Abdul-kadir (2008) which showed that acha
flour had a smooth texture when used to produce breakfast
cereals.

The values for texture ranged from 7.05 to 7.60 where
sample UFAC: FEOK 1A had a value of 7.05, UFAC: FEOK
1B (7.40), UFAC: FEOK 1C (7.25), UFAC: FEOK 1D (7.60),
and UFAC: FEOK 1E (7.50) as shown in Table 8. There was
no significant (p<0.05) difference in all the samples as regards

texture. This could be due to inability of the panelists to dif-
ferentiate the proportion of acha:fermented okara.

The texture had a range of values 7.25 to 8.10. Sample
UFAC: FEOK 3E (8.10) had the highest value whereas sam-
ple UFAC: FEOK 3B (7.25) had the lowest value (Table 10).
There was no significant (p>0.05) difference in samples
UFAC: FEOK 3A, UFAC: FEOK 3B, and UFAC: FEOK
3C, but there was significant (p<0.05) difference in samples
UFAC: FEOK 3A, UFAC: FEOK 3B, UFAC: FEOK 3C and
UFAC: FEOK 3D, and UFAC: FEOK 3E. Increase in addition
of acha, increased the acceptability of the product.

The texture ranged from 6.75 to 7.40 where sample UFAC:
FEOK 4A had the highest value and sample UFAC: FEOK 4E
was the lowest (Table 11). There was significant (p 0.05)
difference between the samples. It was discovered that sample
UFAC: FEOK 4A which had 90 % acha was most preferred
and the preference decreased as the addition of acha decrease.
This agreed to the findings of Chukwu and Abdul-kadir
(2008) which showed that acha has good texture.

Taste

The values for taste ranged from 7.00 to 8.10 where samples
UFAC: UFOK B (8.10) and UFAC: UFOK C (8.10) have the
highest values and sample UFAC: UFAC (7.00) with the low-
est value (Table 7). There was no significant difference
(p<0.05) in sample UFAC: UFOK B, UFAC: UFOK C,
UFAC: UFOK D and UFAC: UFOK E but this differed from
sample UFAC: UFAC and UFAC: UFOK A. The samples
with increased addition of okara were highly rated. This could
be attributed to increase in the soy flavor of okara which
impart a desirable taste to breakfast cereals.

Table 8 showed that the taste had values ranging from 6.55
to 7.30 where sample UFAC: FEOK 1A was 6.55, UFAC:
FEOK 1B (6.55), UFAC: FEOK 1C (6.70), UFAC: FEOK
1D (6.80) and UFAC: FEOK 1E (7.30). There was no signif-
icant (p<0.05) difference in all the samples as regards taste.
This could be due to inability of the panelists to differentiate
the proportion of acha:fermented okara with respect to taste.

The taste ranged from 7.35 to 7.90 where sample UFAC:
FEOK 2Awas 7.40, UFAC: FEOK 2B (7.40), UFAC: FEOK
2C (7.55), UFAC: FEOK 2D (7.90), and sample UFAC:
FEOK 2E was 7.35 as shown in Table 9. There was no signif-
icant difference (p<0.05) in all the samples possibly because
the panelists liked the products or the inability of the panelists
to observe the differences.

The value for all the samples UFAC: FEOK 3A are 7.60,
7.30, 7.45, 7.20, samples UFAC: FEOK 3B (7.95), (7.65),
(7.80), (6.75), samples UFAC: FEOK 3C (7.60), (7.60),
(8.20), (6.65), samples UFAC: FEOK 3D (7.90), (7.65),
(8.10), (6.75) and samples UFAC: FEOK 3E (8.00), (7.95),
(8.25) and (7.25). There was no significant (p<0.05) differ-
ence for all the samples as regards the taste as shown in
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Table 10. The samples had acceptable taste. This could be that
the panelists liked the products in terms of these sensory eval-
uations or inability of the panelists to observe the difference in
the taste. This result is similar to that of Chukwu and Abdul-
Kadir (2008) which revealed that acha contributed to a good
taste to breakfast cereals. Fermentation improved the sensory
(organoleptic), functionality and nutritional properties of food
products (Hutkins 2006).

Overall acceptability

The overall acceptability of the products ranged from 6.70 to
8.05 where sample UFAC was 6.70 and sample UFAC:
UFOK C (8.05) as seen in Table 7. There was significant
difference (p<0.05) in all the samples. All the samples had
good rating for all the sensory attributes since they were high
than the mean of 4.5 for a 9-point hedonic scale used for the
sensory. Therefore, this agreed with the research of Chukwu
and Abdul-kadir (2008) which showed that acha as a cereal
crop impart good flavor, texture, color, appearance, taste,
mouthfeel and after tate to the breakfast cereal products. Sam-
ple UFAC, (control, containing 100 % acha) had the least
acceptability whereas sample UFAC: UFOK C (70:30
acha:okara) was most preferred. This signifies that breakfast
cereals formulated with 70:30 acha:okara is highly preferred
by consumers and agrees to the fact that cereals and legumes
complement each other in both traditional food preparation
and for industrial uses (Oke, 1975; Nkama 1990).

The overall acceptability (Table 8) of the products had a
range of values from 6.75 to 7.70. Sample UFAC: FEOK 1B
(6.75) had the lowest value whereas sample UFAC: FEOK 1D
(7.70) had the highest values (Table 8). Sample UFAC: FEOK
1D (60:40 acha:fermented okara) was most preferred. This
probably may be due to the higher quantity of acha to okara
which imparted a smooth texture to the product. Although
there was significant (p<0.05) difference between the sam-
ples, they all passed the mean value (4.5) for a 9-point Hedon-
ic scale used for sensory evaluation. Therefore, all the prod-
ucts are acceptable.

The overall acceptability values ranged from 7.30 to 8.15
where sample UFAC: FEOK 2C (8.15) was the highest and
sample UFAC: FEOK 2D (7.30) was the lowest as shown in
Table 9. There was no significant (p>0.05) difference in sam-
ples UFAC: FEOK 2A, UFAC: FEOK 2B and UFAC: FEOK
2D, UFAC: FEOK 2E. This showed that almost all the sam-
ples are liked. Although all the samples were highly rated,
sample UFAC: FEOK 2C (70:30 acha:fermented okara) was
most preferred.

The range of values for overall acceptability was 6.70 to
7.85. Sample UFAC: FEOK 3E had the highest value and
sample UFAC: FEOK 3A had the lowest value as shown in
Table 10. There was significant (p<0.05) difference among
the samples. This could be in the difference in consumers’
choice or preference. The rate of acceptability increased as
fermented okara (36 hrs) increased, probably due to the influ-
ence of the okara. Sample UFAC: FEOK 3C (50:50)
acha:fermented okara blend was highly rated, thus mostly
accepted.

The values for overall acceptability ranged from 6.85 to
7.90 where sample UFAC: FEOK 4C (70:30 acha:fermented
okara) had the highest value and sample UFAC: FEOK 4E
(50:50) was the least rated (Table 11). This implies that sample
UFAC: FEOK 4C (70:30) acha:48 h fermented okara was
most preferred. From the sensory evaluation of the toasted
breakfast cereals with blends of acha:unfermented okara,
and acha:fermented okara (12, 24, 36 and 48 h), the result
showed that all the products were highly rated (Table 11).
Thus formulation of breakfast cereals can be made with pro-
portion of 100 % acha, 70:30, 60:40, or 50:50 blends of
acha:fermented or unfermented okara. Fermentation improved
the texture, flavour, appearance, nutrition and safety, palatabil-
ity and acceptability according to Sahana and Hafiz (2003).

Micronutrient Compositions of toasted breakfast cereals
formulated for blends of acha and fermented okara

Table 10 shows the micronutrient compositions of toasted
breakfast cereals formulated from blends of acha and

Table 8 Sensory scores of toasted breakfast cereals formulated from blends of acha and 36 h fermented Bokara^ flours

Samples Colour Flavour Mouthfeel Texture Taste Aftertaste Overall acceptability

UFAC: FEOK 3A 7.60a±1.05 7.30a±1.17 7.45a±1.10 7.30b±0.98 7.20a±1.01 7.30a±0.73 6.70c±0.80

UFAC: FEOK 3B 7.95a±1.05 7.65a±1.14 7.80a±1.51 7.25b±1.48 6.75a±1.07 7.15ab±0.88 7.05bc±1.05

UFAC: FEOK 3C 7.60a±1.10 7.60a±0.99 8.20a±1.01 7.35b±1.14 6.65a±1.14 7.15ab±0.93 7.10bc±0.79

UFAC: FEOK 3D 7.90a±0.91 7.65a±1.18 8.10a±0.97 7.75ab±0.79 6.75a±1.02 6.70b±0.66 7.40ab±0.68

UFAC: FEOK 3E 8.00a±1.03 7.95a±1.19 8.25a±1.16 8.10a±0.91 7.25a±1.12 7.55a±0.76 7.85a±0.75

Values are means±standard deviation of 20 panelists. Values bearing the same superscripts within the same column are not significantly (p<0.05)
different from each other

UFAC: FEOK 3A→90:10 acha:okara blend; UFAC: FEOK 3B→80:20 acha:okara blend; UFAC: FEOK 3C→70:30 acha:okara blend; UFAC: FEOK
3D→60:40 acha:okara blend; UFAC: FEOK 3E→50:50 acha:okara blend
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fermented okara. The vitamin B2 and B3 composition of the
products increased whereas the vitamin A and B1 decreased.
The values for the vitamin A ranged from 11.13 to 83.05 IU
where sample UFAC, (83.05 IU) had the highest value,
followed by sample UFAC: FEOK 1C (34.55 IU) and then
sample UFAC: FEOK 4C (11.13 IU). There was significant
difference in the samples. This could possibly be due to the
different treatment given to the raw materials used in formu-
lating the products. Vitamin B1 content ranged from 8.00 to
10.04 mg/100 g where sample UFAC, 100 % acha (10.04)
was the highest, sample UFAC: FEOK 1C was 8.03 mg/
100 g and sample UFAC: FEOK 4C was 8.00 mg/100 g.
There was significant (p<0.05) difference between samples
UFAC: FEOK 1C, UFAC: FEOK 4C and UFAC but there
was no significant (p<0.05) difference in samples UFAC:
FEOK 1C and UFAC: FEOK 4C. The result showed that acha
is likely to contain more vitamin B1 to okara.

Vitamin B2 increased from 0.04 to 0.55 where sample
UFAC: FEOK 4C (0.55 mg/100 g) was the highest, followed
by sample UFAC: FEOK 1C (0.40 mg/100 g) and sample
UFAC (0.04 mg/100 g) was the least. This showed that
fermented okara is more abundant in vitamin B2 to acha. Thus,
fermentation improved the vitamin B2 content of the products.
Also, there was an increase in the vitamin B3 content of the
product. This ranged from 0.53 to 2.85 mg/100 g where sam-
ple UFAC: FEOK 4C (2.85 mg/100 g) was the highest,

sample UFAC: FEOK 1C was 1.72 mg/100 g and sample
UFAC (0.53 mg/100 g) was the lowest. This might be attrib-
uted to the presence of phytochemicals, such as isoflavones
(Wang and Wixon 1999) which are significantly enhanced
after fermentation. The highly fermented okara had the highest
vitamin B3 content, thus fermentation improved the vitamin
B3 content of the products. Incorporating legumes to cereals
helps to improve the vitamin content of foods.

The mineral contents of all the products were improved
(Table 10). Sample UFAC was 0.45 mg/100 g, UFAC: FEOK
1C was 0.65 mg/100 g while sample UFAC: FEOK 4C was
1.10 mg/100 g for the iron content. The calcium content
ranged from 1.97 to 3.23 mg/100 g where sample A was
1.97 mg/100 g, UFAC: FEOK 1C was 1.99 mg/100 g and
sample UFAC: FEOK 4C was 3.23 mg/100 g. There was also
an increase in the phosphorus content of the products and Zinc
content of the products. The phosphorus content ranged from
188.30 to 289.75 mg/100 g where sample UFAC: FEOK 4C
(289.75 mg/100 g) was the highest, followed by UFAC:
FEOK 1C (192.80 mg/100 g) and lastly sample UFAC which
was 188.30 mg/100 g. The zinc content was relatively mini-
mal in its amount contained in the product. Sample UFAC:
FEOK 4C (0.29 mg/100 g) was the highest, followed by sam-
ple UFAC: FEOK 1C (0.14 mg/100 g) and finally sample
UFAC (0.09 mg/100 g) which was the lowest. The result
showed that fermentation improved the nutritional

Table 9 Sensory scores of toasted breakfast cereals formulated from blends of acha and 48 h fermented Bokara^ flours

Samples Colour Flavour Mouthfeel Texture Taste Aftertaste Overall acceptability

UFAC: FEOK 4A 7.10a±1.17 8.15ab±0.93 7.90ab±1.37 7.30ab±0.73 7.65a±0.93 7.55b±0.94 7.10b±1.07

UFAC: FEOK 4B 7.45a±1.15 7.60b±0.94 7.35b±1.50 7.20ab±0.83 7.45a±0.94 7.55b±0.76 7.10b±0.72

UFAC: FEOK 4C 7.55a±1.19 7.90b±1.21 7.75ab±1.07 7.40a±1.14 7.65a±0.88 7.60b±0.82 7.90a±0.79

UFAC: FEOK 4D 7.90a±1.17 8.60a±0.50 8.40a±0.75 6.95ab±0.69 7.85a±0.93 8.20a±0.62 7.70a±0.98

UFAC: FEOK 4E 7.40a±1.10 7.55b±1.05 7.70ab±1.22 6.75b±0.85 7.20a±1.24 7.50b±0.83 6.85b±0.93

Values are means±standard deviation of 20 panelists. Values bearing the same superscripts within the same column are not significantly (p<0.05)
different from each other

UFAC: FEOK 4A→90:10 acha:okara blend; UFAC: FEOK 4B→80:20 acha:okara blend; UFAC: FEOK 4C→70:30 acha:okara blend; UFAC: FEOK
4D→60:40 acha:okara blend; UFAC: FEOK 4E→50:50 acha:okara blend

Table 10 Micronutrient (vitamin and mineral in mg/100 g) compositions of toasted breakfast cereals formulated from blends of acha and fermented
okara

Products Vitamin A Vitamin B1 Vitamin B2 Vitamin B3 IronCalcium Phosphorus Zinc

UFAC 83.05a±0.04 10.04a±0.05 0.04b±0.00 0.53c±0.03 0.45c±0.06 1.97b±0.01 88.30c±0.42 0.07b±.042

UFAC: FEOK 1C 34.55b±0.06 8.03b±0.18 0.40b±0.00 1.72b±0.03 0.65b±0.03 1.99b±0.01 192.80b±0.28 0.14b±.021

UFAC: FEOK 4C 11.13c±0.04 8.00b±0.00 0.55a±0.00 2.85a±0.01 1.10a±0.00 3.23a±0.02 289.75a±1.06 0.29a±.014

Values are means±standard deviation of duplicate determination. Values bearing the same superscripts within the same column are not significantly
(p<0.05) different from each other

Product UFAC→100 % acha (control); Product UFAC: FEOK 1C→70:30 acha:unfermented okara breakfast cereals; Product UFAC: FEOK 4C→
70:30 acha:fermented okara breakfast cereals
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composition (mineral composition) of the toasted breakfast
cereals when compared to the control (100 % acha) or sample
UFAC: FEOK 1C (70:30 acha:unfermented okara breakfast
cereals). Also, since the ash content determination is a mea-
sure of mineral levels in the substrates, it can be inferred that
fermentation contributed to the higher levels of the minerals
obtained. Similar improved levels of ash content, following
fermentation have been reported by O’Toole (1999) using
okara as a substrate and Rashad et al. (2011). Calcium and
phosphorus are important for the development of strong bones
and teeth while iron is important for heme iron in red blood
formation and healthy living of the children Ugwuona et al.
(2012).

Proximate Composition of toasted breakfast cereals
formulated for blends of acha and fermented okara (48-h)

Table 11 shows the proximate composition of toasted breakfast
cereals formulated from blends of acha, acha:unfermented and
acha:fermented okara (48 h). The random selection of these
products was based on proximate analysis of okara (unferment-
ed and fermented) flour, acha flour, functional properties of the
different flour, and sensory evaluation of products and were
found to be of highest quality and consumers’ rating. The op-
timal fermentation time was 48 h whereas the minimal fermen-
tation time was 0 h which served as the basis for selection.

The protein content of the products ranged from 17.16 to
21.30 % where sample UFAC which was the control had a
protein content of 17.16 % whereas sample UFAC: FEOK 1C
had a protein content of 17.86 % (Table 11). Sample UFAC:
FEOK 4C had a protein value of 21.86 %. There was signif-
icant (p<0.05) difference between the samples. This is due to
fermentation and was in agreement to the findings of
Ugwuona et al. (2012) who stated that fermentation increased
the protein content of okara which was incorporated into acha
for infant feeding. The protein content of the acha toasted
breakfast cereals was significantly (p<0.05) lower than those
of other samples which had either unfermented okara or
fermented okara. Also the increase in protein could possibly
be due addition of okara (legume) and was in agreement with

the report of Temple and Bassa (1991) which revealed that
addition of legume to cereals improves the level of protein.

The fat content of the toasted breakfast cereals ranged from
0.70 to 2.21 % (Table 11). Sample UFAC had a fat content of
0.70%, sampleUFAC: FEOK 1Cwas 0.83%whereas sample
UFAC: FEOK 4C was 2.21 %. There was significant differ-
ence between the products possibly due to the different treat-
ment given to them during processing of flour used in the
formulation. There was an increase in the fat content of the
products probably fermentation increased the fat content. This
was similar to the result obtained by Ugwuona et al. (2012).
This trend of increase in fat is in line with the report of Temple
and Bassa (1991) which revealed that addition of legume to
cereals improves the level of protein.

Table 11 showed that the ash content ranged from 1.80 to
2.21 % where sample UFAC (1.80 %) had the least value and
sample UFAC: FEOK 4C (2.21 %) had the highest value.
There was significant (p<0.05) difference between the sam-
ples probably due to processing technique, heat treatment, and
difference in cultivar. The ash contents of all the samples were
improved probably due to fermentation. This agreed with the
result obtained by Ugwuona et al. (2012) which showed that
fermentation increased the fat content of infant food formulat-
ed from fermented soybean flour and acha.

The values for the crude fibre ranged from 3.55 to 4.24 %
with sample UFAC: FEOK 1C (4.24 %) having the highest
value and sample UFAC (3.55 %) with the lowest value as
presented in Table 11. Addition of fermented okara to the
cereals (acha) increased the fibre content of the toasted break-
fast cereals. This was probably due the fact that okara has high
fibre content and also when fermented increases its fibre con-
tent. This increase was expected due to the complementation
of acha flour with okara (unfermented or fermented) that con-
tain higher amount of most nutrients.

The moisture content 7.62 to 10.25 %. Sample UFAC
(10.25) was the highest, sample UFAC: FEOK 1C (11.99 %)
whereas sample UFAC: FEOK 4C (7.62 %) as shown in
Table 11. The 70:30 acha:unfermented okara toasted breakfast
cereal had the highest moisture content whereas the 70:30
acha:fermented okara toasted breakfast cereal had the lowest
moisture content. This implied that highly fermented sample

Table 11 Proximate composition of toasted breakfast cereals formulated from blends of acha, acha:unfermented and acha:fermented okara (48 h)

Products Crude Protein (%) Fat (%) Ash (%) Crude Fibre (%) Moisture (%) Carbohydrate (%)

UFAC 17.16c±0.07 0.70c ±0.03 1.86a±0.04 3.55b ±0.01 0.25b ±0.03 66.48c ±0.04

UFAC: FEOK 1C 17.86b±0.01 0.83b ±0.04 2.02ab ±0.11 4.16a ±0.06 11.99a ±0.05 63.16b ±0.16

UFAC: FEOK 4C 21.30a±0.09 2.21a ±0.02 2.21a±0.01 4.24a±0.03 7.62c ±0.06 62.44a ±0.22

Values are mean±standard deviation of duplicate readings. Values with the same superscripts within the same column are not significantly (p>0.05)
different from each other

Product UFAC→100 % acha (control); Product UFAC: FEOK 1C→70:30 acha-unfermented okara breakfast cereals; Product UFAC: FEOK 4C→
70:30 acha-fermented okara breakfast cereals
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has decreased moisture content and was more nutrient-dense
since it contains less moisture.

Carbohydrate content ranged from 62.44 to 66.48 % where
sample UFAC (66.44 %) had the highest value, followed by
sample UFAC: FEOK 1C (63.16 %) and then sample UFAC:
FEOK 4C (62.44 %) as shown in Table 11. There was signif-
icant difference between the samples. The carbohydrate con-
tent decreased as okara was added. This agreed with the find-
ings of Ugwuona et al. (2012) which stated that carbohydrate
decreased as fermented soy flour was added to acha. Also,
Rashad et al. (2011) reported that there was a significant de-
crease in the carbohydrate contents of all the fermented okara
samples by microorganisms. This however was expected to
lower the carbohydrate content of the toasted breakfast
cereals.

Microbial count of toasted breakfast cereals formulated
for blends of acha and fermented okara (48-h)

Table 12 shows the total viable and mould counts of the
toasted breakfast cereals formulated from blends of acha and
fermented okara (48 h). The total viable count of the product
ranged from 0 to 1.4×10 cfu/g, where sample UFAC which
was unfermented okara had the highest value and sample
FEOK 4C which was 48 h fermented had the lowest value.
As fermentation increased, the microbial load increased. This
could be that the relative humidity of the environment used for
storage which was transparent plastic container was favorable
for the micro-organisms to have gained entry and thrived at
the first few weeks and probably due to improper handling.
The total viable counts of microorganisms in the food samples
was not high when assessed using the guidelines for microbi-
ological quality of ready-to-eat foods (Anon 2001) which in-
dicates (104 cfu/g) for satisfactory, (104 to 105 cfu/g) accept-
able and unsatisfactory quality being (105). The total bacterial
and fungal counts in a food product may be a consequence of
the low level of hygiene maintained after post processing
preservation, storage of the products and formulation. Previ-
ous studies had revealed that viable counts of foods prepared

in advance and kept at ambient temperatures (20 to 46 °C) for
a long period of time (4 h or more) reach critical levels
(Abdulla and Nick 1995; Francina and Von Alexander 1999).

Microorganisms play significant role in the determination
of shelf life of food products. They are usually responsible for
spoilage of many food items. A high aerobic plate count
(APC) could indicate the presence mixed population of mi-
croorganisms, whichmay consist of spoilage types. There was
no mould growth detected. Limits of microbial counts have
been recommended in most foods to keep them safe for con-
sumption (Porter 1978). Thus, there is need to properly store
product with packaging best suitable for it and in the best
environment in order to prevent contamination and more mi-
crobes from gaining entrance. However, it is preferable to
utilize these flours as soon as possible especially okara flour
because of the high protein content which may cause easy
spoilage.

Conclusion

Fermentation of okara increased the nutritional composition
of the products. The mineral contents (calcium, iron, phospho-
rus and zinc) increased significantly (p<0.05) as a result of the
increase in the ash content which is a measure of mineral
levels in the products. Thus, it can be inferred that fermenta-
tion contributed to the higher levels of the mineral obtained.
Fermentation increased the functional properties, proximate
composition and particle size distribution of the products.
The high nutrient density and low bulk of the flours could
serve as good base ingredients to be used especially in com-
plementary foods, for young children feeding breakfast ce-
reals to enhance dietary diversification. The study showed that
fermentation increased moisture (4.71 to 6.11 %), crude fibre
(36.62 to 46.18 %), and carbohydrate (2.50 to 2.71 %) con-
tents of the flour samples, whereas there was a decrease in the
fat (16.29 to 13.27 %), ash (6.36 to 1.41 %) and crude protein
(33.53 to 30.32 %) contents. The proximate composition of
the selected products revealed that protein (17.86 to 21.30 %),
fat (0.83 to 2.21%), ash (2.02 to 2.21%) and crude fibre (4.16
to 4.24 %) contents increased, whereas the moisture (11.99 to
7.62 %) and carbohydrate (63.16 to 62.44 %) content de-
creased. There were few microbial counts in the flour samples
owing to the processing which was carried out in a clean
environment, the oven drying and packaging. Fermentation
also influenced the vitamin content. Vitamin A and B1 content
of the products decreased while the vitamin B2 and B3 con-
tents increased. At the end of the research, the consumer’s
preferred sample 70:30 UFAC: UFOK TBFC and 70:30
UFAC: FEOK 4C TBFC. Thus, breakfast cereal formulated
from unfermented and fermented okara (0 to 48 h fermenta-
tion) would serve as a good dietary nutrient-dense breakfast
cereals for both children and adults. Fermentation caused

Table 12 Microbial count on toasted breakfast cereals formulated from
blends of acha and fermented okara

Products TVC (cfu/g) Mould Count (cfu/g)

UFAC NG NG

UFAC: FEOK 1C 1.0×10 NG

UFAC: FEOK 4C 1.4×10 NG

Values are means of duplicate determinations

UFAC→100:0 acha-okara flour (0 h fermented okara), UFAC: FEOK
1C→70:30 acha-okara flour (0 h fermented okara), UFAC: FEOK 4C→
70:30 acha-okara flour (48 h fermented okara), Cfu/g→Colony forming
unit per gram, NG→No grow
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appreciable changes in texture, flavour, appearance, nutrition,
safety, palatability and acceptability by developing improved
flavours and textures.

It is recommended that further study should be carried out
on the health benefits of consuming acha and okara. It is also
recommended that consumers should be introduced to acha
and okara as they are both not popularly known, especially in
the eastern part of Nigeria where this work was carried out. It
is recommended that further study be carried out on the fol-
lowing: Nutritional composition of other fermented products;
Shelf-stability studies on acha and okara (fermented and un-
fermented); Isolation and characterization of the fermenting
microflora in the products; Feeding trials using bioassay.
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