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ABSTRACT

Aims: The aim was to produce and evaluate the properties (proximate and functional) of pasta
from blends of local rice (Oryza sativa), white cowpea beans (Vigna unguiculata) and orange-
fleshed sweet potato [Ipomoea batatas (L) Lam.] (umusco/3 variety) flours as well as to evaluate
the cooking characteristics, microbiological quality and sensory attribute of the formulated pasta.
Study Design: The experimental design that was used is Completely Randomized Design.
Place and Duration of Study: The study took place at the Department of Food Science and
Technology, University of Nigeria, Nsukka between December 2016 and September 2017.
Methodology: The study investigated the applicability of local rice, cowpea beans and orange-
fleshed sweet potato flour to develop pasta rich in proteins and pro-vitamin A. The local rice and
cowpea flours were blended in the ratio of 90:10, 80:20, 70:30, 60:40 and 50:50 to produce pasta
which was subjected to sensory evaluation to isolate the best blend (80:20). Following this
preliminary study, pastas were formulated from a combination of rice-cowpea flour blend and
OFSP flour in the ratio of 90:10, 80:20, 70:30, 60:40 and 50:50 for samples RC/Pa, RC/Pb, RC/Pc,
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RC/Pd and RC/Pe respectively, while unblended rice (100%) was used as the control. The pasta
products were subjected to physical, proximate, pro-vitamin A, cooking, microbiological and
sensory analysis using standard methods.
Results: The width, height and length of the samples ranged from 0.57 to 0.82 cm, 0.88 to 1.78
cm and 2.24 to 3.48 cm respectively. The protein content, fat, ash, crude fibre and moisture,
carbohydrate and caloric contents ranged from 10.91 to 18.80%, 1.95 to 2.24%, 1.74 to 3.43%,
1.52 to 3.29%, 11.09 to 14.63%, 60.95 to 80.47% and 323.85 to 339.91 kcal/g respectively. The
protein, fat, ash, fibre and moisture contents of the blends were significantly (p<0.05) higher than
the control but their carbohydrate and caloric content were lower than the control. The pro-vitamin
A content of the samples varied from 0.93 to 4.07 mg/100 g. There was an increase in the pro-
vitamin A content as the ratio of orange-fleshed sweet potato increased in the blend. The cooking
analysis showed that sample RC/Pa (90:10) had the highest cooking time and cooking loss while
sample RC/Pe (50:50) had the highest cooking yield. The total viable count ranged from 2.0 × 104

to 6.2 × 104cfu/g while mould was not detected except on sample RC/Pd (60:40) which had 4.0 ×
101 cfu/g. The microbial content of the samples was not high when assessed using the guideline
for microbiological quality of pasta products. The sensory scores showed that all the samples had
high ratings.

Keywords: Rice; Pasta (Noodles); Mung beans or cowpea beans; Orange-fleshed sweet potato.

1. INTRODUCTION

Pasta is one of the most ancient nourishments
which are considered to be versatile both in
nutritive and the gastronomic point of view. Pasta
is a staple food of traditional Italian cuisine, with
the first reference dating to 1154 in Sicily [1]. It is
also commonly used to refer to the variety of
pasta dishes. Typically, pasta is a noodle made
from unleavened dough of durum wheat flour
mixed with water and eggs and formed into
sheets or various shapes, then cooked by boiling
or baking [2]. It can also be made with flour from
other cereals or grains. During the last 20 years,
the annual consumption of pasta product has
increased because of consumer perception of
pasta [3]. According to a 2008 survey, it was
reported that the annual consumption of instant
noodles in the world averaged about 94 billion
cups [4].  Instant noodles are normally consumed
by people of all socio - economic status. Several
kinds of pasta are present in Brazilian cuisine
and served as a main dish or additional in the
main meals. They have high acceptability due to
its great convenience, fast preparation as well as
the satiety they provide.

Pasta may be divided into two broad categories,
dried and fresh pasta. Dry pasta is a traditional
cereal-based food that has become increasingly
accepted worldwide for the reason of its
convenience, palatability and nutritional
superiority. It also provides significant quantities
of complex carbohydrates, protein, B-vitamins
and iron. However, wheat which is the principal
raw material for noodle production is being
imported. Also, the traditional pasta prepared

with wheat flour cannot be consumed by the
entire population, because some individuals are
intolerant to gluten present in this flour. Gluten
intolerance is an autoimmune disease that can
potentially affect any organ, not merely the
gastrointestinal tract [5]. In addition, pasta
products are low in sodium, amino acids and
total fat. Noodles produced from wheat flour
contain 11 - 15% protein (dry basis) but deficient
in lysine and threonine (the first and second
limiting amino acid), common to most cereal
products [6]. The absence of lysine makes the
body difficult to synthesize protein, hormones,
enzymes and antibodies which are needed for
growth and other functions [7].

Processed wheat which is used for noodles
production is also discovered to be deficient in
certain essential nutrients such as vitamins A, C,
E, K, and β-carotene [8] unless blended with
other food materials such as orange
-fleshed sweet potatoes. A growing demand
for functional plant proteins has been identified,
and their properties customized for
specific applications and formulations as
food ingredients [9].  Consequently, legumes
and cereals are nutritionally complementary
[10]. Cereals and legumes are an
excellent sources of energy due to their relatively
high content of carbohydrates and proteins [11].

The only satisfactory treatment for gluten
intolerance is a complete avoidance of wheat,
rye, barley, oatmeal and their derivatives in the
diet [12]. The substitution of these cereals can be
done with soy, rice, corn, potatoes, cassava and
yams, and among these, rice is the least allergic
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[13]. Rice (Oryza sativa) is a staple food that is
widely consumed in the South-East and South-
South geopolitical zones in Nigeria, and also
Nigeria as a whole. It is believed to provide more
health benefits than other carbohydrate-based
foods since it contains several nutrients and anti-
oxidative compounds [14]. Rice is rich in many
nutrient components including carbohydrate,
proteins, certain fatty acids and micronutrients
(vitamins and trace minerals). They are also
sources of many bioactive non-nutrient
compounds, known as an antioxidant, including
phenolic compounds [15]. Rice, due to its
nutritional properties, hypoallegenicity, pleasant
taste and not interference in the colour of the
final product, has been used industrially in the
production of rice flour which is subsequently
used as an additive in puddings, ice cream and
similar products [16]. Cereals are generally low in
protein quality and are limiting in some essential
amino-acids, notably lysine and tryptophan,
supplementation of cereals with locally available
legumes such as cowpea beans (Vigna
unguiculata) that are high in protein and lysine
improves the protein content of cereal-legume
blends and their protein quality through
complementation of their individual amino acids.
Cowpea (Vigna unguiculata) is a legume that is
grown throughout the world as annual crop. This
inexpensive crop, packed with nutrition is a
widely cultivated especially in the developing
countries. The different varieties of cowpea are
available in a range of sizes and colours. These
protein rich peas have high amino acid content,
making them ideal as a nutritional supplement to
cereals.

Sweet potato [Ipomoea batatas (L) Lam.], on the
other hand, is one of the major staple crops and
most important food security promoting root
crops in the world, especially in sub-Saharan
Africa (Low et al. 2009). Well adapted to the
tropical and subtropical regions, sweet potato
has nutritional advantage for the rural and urban
dwellers [17]. Sweet potato is an excellent
source of energy (438 kg/ 100 g edible portion)
and can produce more edible energy per hectare
per day than cereals, such as wheat and rice,
and has other advantages, and wide ecological
adaptability [18].  Sweet potato roots are rich in
starch, sugar, vitamin C, β-carotene, iron, and
several other minerals [18,19]. Despite its high
carbohydrate content, sweet potato has a low
glycemic index due to low digestibility of starch,
making it suitable for diabetic or overweighed
people [20,21]. The root is reported to usually
have higher protein content than other roots and
tuber, such as cassava and yams [19]. In

addition, some varieties of sweet potato contain
coloured pigments, such as β-carotene,
anthocyanin, and phenolic compounds. These
pigments form the basis for classifying the foods
as nutraceuticals [19]. Sweet potato leaves are
recognised to be rich in essential amino acids
such as lysine and tryptophan which are
always limited in cereals. Hence, sweet potato
can easily complement cereal based diets
[22,19]. Moreover, sweet potatoes have high
technological potential and it is reported that it
can be used for various products, such as drinks
(wine, liquor and vinegar), sugar production,
biscuits, flour, pasta, alcohol among others [20].
Nowadays, several research programmes are
focusing on orange-fleshed or vitamin A sweet
potato with great potential to prevent and combat
vitamin A deficiency for the sub-region [17].

Meanwhile, wheat, which is the principal raw
material for noodle production is imported since it
is produced in small quantity in Nigeria. This
results to an immerse drain on the economy
while also suppressing and displacing indigenous
cereals, with a resultant detrimental effect on the
agricultural and technological development and
course of poverty in Nigeria [8]. Also, the
traditional pasta prepared with wheat flour cannot
be consumed by the entire population, because
some individuals are intolerant to gluten present
in this flour [5]. In addition, noodles prepared
from wheat are deficient in essential amino acids
and other essential nutrients. Vitamin A
deficiency (VAD) contributes to significant rates
of blindness, disease and premature death in
sub-Sahara Africa (SSA) [23]. However, this
problem could be solved by incorporation of food
materials which are high in protein, vitamin,
minerals and fibre into noodles.

The development of gluten-free pasta (noodles)
should encourage the manufacture of products
originated from mixed flours, attending a special
portion of consumers and reducing the severity
of celiac disease caused by consumption of
gluten obtained in wheat. Rice is believed to
provide more health benefits than other
carbohydrate based foods, since it contains
several nutrients and anti-oxidative compounds
[15]. Cowpea beans are protein rich peas that
have high amino acid content, making them
ideal as a nutritional supplement to
cereals. Sweet potatoes are rich in starch, sugar,
vitamin C, β-carotene, iron, and several
other minerals. Orange-fleshed or vitamin
A sweet potato has great potential to prevent
and combat vitamin A deficiency [17]. The
use of local rice, orange-fleshed sweet
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potato and cowpea beans composite flour in
noodles would reduce wheat importation and
enhance the use of indigenous crops in value
added products.

Therefore, the broad objective of this study
was to produce and evaluate the
properties (proximate and functional) of pasta
from blends of local rice, cowpea beans and
orange-fleshed sweet potato flour as well as to
evaluate the cooking characteristics,
microbiological quality and sensory attribute of
the formulated pasta.

2. MATERIALS AND METHODS

2.1 Raw Materials

Parboiled seeds of Rice (Oryza
sativa) were obtained from Adani Rice Mill in
Uzouwani Local Government Area, Enugu
State. The seeds of white cowpea Vigna
uguiculata) “akidi charamanya” was obtained
from Ogige market in Nsukka Local Government

Area, Enugu State and authenticated at the
Department of Crop Science, University of
Nigeria, Nsukka, while mature orange-fleshed
sweet potato (Ipomeo batatas L.) (umusco/3)
was obtained from National Root Crop Research
Institute, Umudike, Abia state (Plates 1 – 3).

2.2 Production of Raw Materials

2.2.1 Production of rice flour

Rice flour was processed by modifying the
method [24] as shown in Fig. 1. Parboiled rice
grains were cleaned, sorted and washed, then
steeped in water for 12 h, drained and dried in a
hot air laboratory oven (LABE 1201, Divine
International, Delhi). Milling of the dried rice
grains was done using hammer mill (I. G.
Jurgens, Bremmer, Germany) and the
milled grains was sieved using a 300 µm mesh
size sieve to obtain fine flour which is designated
as DM/PRF (Dried or Milled Parboiled Rice
Flour).

Plate 1. Picture of the white cowpea Plate 2. Picture of Adani rice (Faro 54)
“akidi charamanya”

Plate 3. Picture of the orange-fleshed sweet potato tubers (umusco/3 variety)
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Fig. 1. Production of rice flour

2.2.2 Production of fermented white cowpea
flour (Vigna unguiculate) (akidi
charamanya)

Fermented white cowpea flour was produced by
modifying the method described by [25] as
shown in Fig. 2. White cowpea (akidi
charamanya) grains were cleaned by sorting to
remove extraneous materials, washed under
running water and shade-dried. The seeds were
put in a container and subjected to natural lactic
acid fermentation in deionised water in the ratio
of 1:3 (w/v) at 28 ± 2°C for 24 h.  The fermented
samples were decorticated / de-hulled  and dried
at 55 ± 2°C  in a hot air laboratory oven
(LABE 1201, Divine International, Delhi),
and milled in a hammer mill (I. G.
Jurgens, Bremmer, Germany) into fine flour (500
µm mesh screen) and stored in a refrigerator (5 ±
2°C, 50% RH) until used for the production of
noodles.

2.2.3 Production of orange-fleshed sweet
potato (Ipomoea batatas L.) flour

Orange-fleshed sweet potato flour was
processed by modifying the method described by
[26] as shown in Fig. 3. The orange-fleshed
sweet potato tuber (Ipomeoa batatas) was
cleaned and trimmed to remove soil and other
extraneous materials from the surface of the
tuber. The cleaned tuber was thoroughly washed
and brushed to remove adhering soil and other
debris materials. After washing, the orange-
fleshed sweet potato tuber was then sliced into
smaller sizes and dried in a hot air laboratory
oven (LABE 1201, Divine International, Delhi).
The dried orange-fleshed sweet potato chips was
then milled using a hammer mill (I. G. Jurgens,
Bremmer, Germany) and the milled product
sieved using a 300 µm mesh size sieve to obtain
fine flour. The flour was packaged, sealed and
stored until used for noodle production.
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Fig. 2. Production of fermented white cowpea (akidi charamanya) flour

2.3 Formulation of the Flour Blends for
Noodles Production

The flours obtained from local rice and fermented
white cowpea bean was blended in different
percentage as shown in Table 1 to produce
noodles. The noodles produced from the blended
flour were subjected to sensory analysis in order
to obtain the best blend. Based on the sensory
evaluation of the noodles, the blend of RF + CF
(80:20) was chosen as the best blend. The best
blend was then blended with different
percentages of orange-fleshed sweet potato
flours as shown in Table 2 to produce the final
product.

2.3.1 Production of noodles

Noodles were produced according to the
method [27]. Two hundred grams (200 g)
of the blended flour was be mixed with
60 g of water and  2 g of salt and kneaded
until the flour forms dough sheets of about

3 mm thickness. The dough was rested for 30
minutes before extrusion using a pasta cutter.
The extruded noodles were steamed for 90
seconds. The noodles were then placed in a wire
basket fitted with a lid and the basket dipped in
hot palm olein at 150°C for 1 minute and cooled
at room temperature before packaging. The flow
diagram for the preparation of noodles is given in
Fig. 4.

2.4 Analysis of Raw Materials and
Noodles from Blends of Local Rice,
Fermented White Cowpea “Akidi
Charamanya” and Orange-Fleshed
Sweet Potato

The flour blends were analysed for
their proximate composition and
functional properties, while the noodles
were analysed for their physical properties,
proximate composition, sensory and cooking
properties.
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Fig. 3. Production of orange – fleshed sweet potato flour

Raw materials

Weighing

Mixing/conditioning

Extrusion

Frying

Cooling/Packaging and storage

Fig. 4. Production of noodles

Table 1. Blending ratios of local rice and fermented white cowpea

Sample code Local rice flour (%) Fermented white cowpea flour (%)
RF + CF (100:0) 100 0
RF + CF (0:100) 0 100
RF + CF (90:10) 90 10
RF + CF (80:20) 80 20
RF + CF (70:30) 70 30
RF + CF (60:40) 60 40
RF + CF (50:50) 50 50
Key: RF + CF (100:0) = 100% Local rice flour and 0% cowpea flour; RF + CF (0:100) = 0% Local rice flour and

100% Fermented white cowpea flour; RF + CF (90:10) = 90%  of local rice flour and 10% fermented white
cowpea flour; RF + CF (80:20)  = 80% Local rice flour and 20% fermented white cowpea flour; RF + CF (70:30)
= 70% Local rice flour and  30% fermented white cowpea flour; RF + CF (60:40) = 60% Local rice flour and 40%
fermented white cowpea flour; while RF + CF (50:50) = 50% Local rice flour and 50% Fermented white cowpea

flour
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Table 2. Blending ratios of local rice/fermented white cowpea flour and orange-fleshed
sweet potato flour

Sample code Local rice/fermented white cowpea flour
blend (80:20 best blend) (%)

Orange-fleshed sweet potato
flour (%)

RF (Control)
RC/Pa (90:10)

100
90

0
10

RC/Pb (80:20) 80 20
RC/Pc (70:30) 70 30
RC/Pd (60:40) 60 40
RC/Pe (50:50) 50 50

Key: RF = Rice flour; RC = Rice + Cowpea blend; Pa – Pe =Orange-fleshed sweet potato in different ratios.
RC/Pa (90:10) = 90% of the best blend flour and 10% of orange-fleshed sweet potato flour; RC/Pb (80:20) = 80%
of the best blend flour and 20% of orange-fleshed sweet potato flour;  RC/Pc (70:30) 70% of the best blend flour
and 30% of orange-fleshed sweet potato flour; RC/Pd(60:40) = 60% of the best blend and 40% of orange-fleshed

sweet potato flour; while RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet potato
flour

2.4.1 Physical evaluation

2.4.1.1 Noodle width and height

The width and height of the noodles were
analysed using a micrometre screw gauge.

2.4.1.2 Noodle length

The lengths of the noodles were measured using
a measuring rule.

2.4.2 Proximate composition

2.4.2.1 Determination of moisture content

Moisture content was determined according to
the methods of Association of Official Analytical
Chemists [28]. The Samples were dried at 105°C
for 3 h using the preset oven mechanized
convection air oven (Phoenix furnace, model
534, SN: 524-85, Chapel town, Sheffield).

2.4.2.2 Determination of crude protein

The protein content (% nitrogen x 6.25) of the
sample was determined using the Kjeldahl
method [28].

2.4.2.3 Determination of crude protein

The crucible containing the pre-weighed samples
were placed in a heated furnace mechanized
convection air oven (Phoenix furnace, model
534, SN: 524-85, Chapel town, Shefffield). at
600°C for  6 h after which they were cooled to
room temperature in desiccators and weighed.

2.4.2.4 Determination of crude fibre content

The crude fibre content of the samples was
determined using the standard method [29]. N-
Hexane was used to de-fat 2 g of sample, added
in oiled 200 ml of 1.25% H2SO4 and boiled for 30

minutes, filtered, washed with 1% HCl and
boiling water. The residues were returned into
200 ml boiling NaOH and allowed for 30 minutes.
The final residues were drained and transferred
to the silica ash crucible (porcelain crucible),
dried in an oven at 100°C for 2 hours and cooled
until a constant weight obtained. and incinerated
(ashed) in a muffle furnace at 600°C for 5 hours,
cooled in a desiccator and weighed.

2.4.2.5 Determination of fat content

The fat content of the samples content (1g was
extracted for ether extract determination using
petroleum ether as solvent) was determined
using the standard Soxhlet method [28].

2.4.2.6 Determination of carbohydrate content

The carbohydrate content of the sample was
determined as nitrogen free extraction calculation
by difference [28].using the formula below:

% Carbohydrate = 100 – (% moisture + % protein
+ % ash + % crude fibre + % fat)

2.4.2.7 Determination of energy value / caloric
content

The caloric content was calculated using the
standard method [28]. as follows:

Calorie (kcal / 100 g) = (4 × % carbohydrate) + (4
× % protein) + (9 × % fat)

2.4.3 Determination of micronutrient

2.4.3.1 Determination of β-carotene content

The β – carotene content of the samples was
determined using the method [30]. The samples
were weighed, W1 and homogenized in methanol
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in the ratio of 1:10 (%) using a laboratory
blender. The homogenate was filtered using a
filter paper of measured weight, W2 to obtain the
initial crude extract, washed with 20 ml of distilled
water in separating funnel. The other layer was
recovered and evaporated to dryness at a low
temperature (35 – 50°C) in vacuum desiccator.
The dry extract was saponified with 20 ml of
ethanoic potassium hydroxide and was left
overnight in a dark cupboard. After a day, the β –
carotene was taken up in 20 ml of ether and then
washed with two portions of 20 ml distilled water.
The β – carotene content extract (ether layer)
was dried in a desiccator and treated with
petroleum (petroleum spurt) and allowed to stand
overnight in a freezer. The next day, the
precipitated steroid was removed by
centrifugation and β – carotene extract was
evaporated to dryness in a desiccator and
weighed, W3. The weight of the β – carotene was
determined and expressed as a percentage of
the sample weight.

β – Carotene content (%) = W3 – W2 × 100
W1 1

Where W1 = Weight of sample; W2 = Weight of
empty filter paper and W3 = Weight of filter paper
+ Weight of precipitate.

2.4.4 Determination of functional properties

2.4.4.1 Determination of water absorption
capacities

Water absorption capacity was determined by
modifying the method [31]. One gram (dry weight
basis) of the sample was dispersed in 10 ml
distilled water, vortexed intermittently for 10
minutes and centrifuged at 4500 rpm for 20
minutes. The aqueous supernatant obtained after
centrifuging was decanted and the test tubes
inserted and allowed to drain for 5 minutes on a
towel. By weighing the residue, water absorption
capacity was calculated as a percentage of a
gram of water absorbed per gram of sample.

2.4.4.2 Determination of oil absorption capacities

The oil absorption capacity was determined by
modifying the method [32]. Powdered samples
were weighed 0.5 g each and mixed with 5 ml of
oil (pure olive oil) for 30 seconds. The samples
were allowed to stand at room temperature (30 ±
2°C) for 30 minutes after which the samples
were centrifuged at 500 rpm for 30 minutes. The
supernatant, mainly oil was decanted and the
test tubes inverted and allowed to drain for 15

minutes on a towel. By weighing the residue, oil
absorption capacity was calculated as oil
absorbed per weight of samples.

2.4.4.3 Determination of bulk density

The bulk density was determined according to
the method [33]. A graduated measuring cylinder
of 10 ml capacity was weighed and gently filled
with the sample, followed by gently tapping the
bottom until there was no further diminution of
the sample level after filling to the 10 cm3 mark.
The bulk density was calculated as:

Bulk density (g / cm3) = Weight of sample (g)/
The weight of sample after tapping (cm3)

2.4.4.4 Determination of swelling capacity

The swelling capacity was determined by
modifying the method [33]. The flour sample (0.1
g) was weighed into a test tube and 10 ml of
distilled water added. The mixture was heated in
a water bath at a temperature of 50°C for 30
minutes with continuous shaking. In the end, the
test tube was centrifuged at 1500 rpm for 20
minutes in order to facilitate the removal of the
supernatant which was carefully decanted and
the weight of the starch paste taken. This was
carried out over a temperature range of 50 –
100°C.

The swelling power was calculated as follows:

Swelling power = Weight of starch paste/ The
weight of dry starch sample

2.4.5 Cooking characteristics of noodles

Cooking quality of pasta was the most important
aspect from the consumer’s point of view,
including optimal cooking time, swelling or water
uptake during cooking, the texture of the cooked
product, stickiness, aroma and taste. These
cooking factors of pasta were related to the
gelatinization rates and chemical composition of
the pasta used. Cooking time, cooking quality,
solid loss and water absorption were studied as
per the methods described by American
Association of Cereal Chemists [29].

2.4.5.1 Optimum cooking time

The optimum cooking time of the noodles was
evaluated according to the modified method of
Schoenlechner et al. [34]. One hundred grams of
pasta was put into a beaker containing 1 L of
boiling water (without salt addition). Every
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minute, some pieces were taken out and
pressed between two glass plates (2.5 cm × 2.5
cm). The optimal cooking time (OCT)
corresponded to the disappearance of the white
centre core

2.4.5.2 Cooking yield and cooking loss

Cooking yield and cooking loss was determined
according to the method of American Association
of Cereal Chemists ([29].

2.4.6 Total Viable and Mould Count (TVC)

The total viable count was determined
according to the method [35].  The samples were
inoculated using nutrient agar after the
serial dilution of the sample had been obtained.
Pour plate method was used. The colony count
was done after 24 hours of incubation at 37 oC
using a colony counter (Gallenkamp
colony counter, CNW 330 – 010X) and the
number of colonies calculated using the following
formula:

TVC (CFU / g) = (Number of colonies × Original
concentration) / (Dilution factor × Volume of
inoculums)

CFU = Colony Forming Unit

For the mould count, after the serial dilution of
the samples, they were inoculated using
Sabauroud dextrose agar (SDA). Pour plate
method was used. The colony count was done
after 72 hours on incubation at 37 oC,
using a colony counter (Gallenkamp
colony counter, CNW 330 – 010X) and the
number of colonies calculated using the following
method:

Mould count (CFU / g) = (Number of colonies ×
Original concentration)/ (Dilution factor × Volume
of inoculums)

CFU = colony forming unit

2.4.7 Sensory evaluation

The noodles were cooked and assessed by a 20
– man semi- trained panel consisting of  students
of Department of Food Science and Technology,
University of Nigeria, Nsukka, for colour, flavour,
taste, texture, after taste and general
acceptability on a 9 - point Hedonic scale [36].
where 9 signifies like extremely and 1 signifies
dislike extremely. Based on the sensory score,
the best noodle from the composite flour was
compared with 100% rice noodle. The samples
were presented in coded plastic plates. The
order of presentation of samples to the judges
was randomised. Clean water was presented for
the panelists to rinse their mouth in between
evaluation.

2.5 Data Analysis and Experimental
Design

The experimental design that was used
is Completely Randomized Design and the
mean values were subjected to analysis of
variance (ANOVA) using Duncan’s Multiple
Range Test (DMRT) and SPSS (Statistical
Product for Service Solution) version 20
computer was used. Significance was accepted
at p < 0.05 [37].

3. RESULTS AND DISCUSSION

Plates 4 to 6 show the processed flours from rice
(plate 4), cowpea (plate 5) and orange-fleshed
sweet potato (Plate 6).

Plate 4. Picture of rice flour
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Plate 5. Picture of cowpea flour

Plate 6. Picture of orange-fleshed sweet potato flour

3.1 Proximate Composition (%) and the
Caloric Content (Kcal/G) of the Local
Rice, White Cowpea Beans and
Orange-fleshed Sweet Potato Flours

The proximate composition (%) and the caloric
content (kcal/g) of the raw materials (local rice,
fermented white cowpea beans and orange-
fleshed sweet potato flours are shown in Table 3.

The protein content of the fermented white
cowpea beans “akidi charamanya” flour (26.98%)
was higher than that of local rice flour (8.73%)
and orange-fleshed sweet potato flour (3.33%)
which makes it a good protein supplement. The
protein content of the cowpea flour compared
well with 28% obtained by Khalid et al. [38].
Fermented white cowpea beans flour had the
highest fat content (0.98%) which was higher
than that of local rice flour (0.75%) and orange-
fleshed sweet potato flour (0.49%). Fat plays a
role in the texture and sensory quality of food
product. It also determines the processing
temperatures as well as auto-oxidation which
could lead to rancidity. The low fat content of
orange-fleshed sweet potato flour showed that

the orange-fleshed sweet potato flour would not
be easily susceptible to rancidity.  Local rice flour
contains the highest ash content (2.49%) which
is higher than that of white cowpea beans flour
(2.19%) and orange-fleshed sweet potato flour
(1.79%). This would probably increase the
mineral and vitamin content of the blend since
ash is an index of mineral content. Also, the
addition of orange-fleshed sweet potato, which is
genetically modified with a high amount of ß-
carotene in the blend, would increase the vitamin
and mineral content of the blend. The ß-carotene
in the orange-fleshed sweet potato flour would
help to solve the problem of poor sight in
developing countries like Nigeria.

It was observed that orange-fleshed sweet potato
flour had the highest crude fibre (2.58%) which
was higher than that of white cowpea beans flour
(2.39%) and local rice flour (1.04%), although the
crude fibre content of orange-fleshed sweet
potato flour and that of white cowpea beans flour
were not significantly (p<0.05) different. The
crude fibre content was similar to 3.0% reported
by Mohammad et al. [39]. The fibre content
would be effective in the delay of gastric



Mbaeyi-Nwaoha and Ugwu; AFSJ, 4(1): 1-25, 2018; Article no.AFSJ.43115

12

Table 3. Proximate composition of local rice, white cowpea beans and orange-fleshed sweet
potato flours

Composition (%) Local rice flour White cowpea flour Orange-fleshed
sweet potato flour

Protein 8.73b ±  0.04 26.98a ± 0.04 3.33c ± 0.01
Fat 0.75b ±  0.01 0.98a ± 0.03 0.49c ± 0.01
Ash 2.49a ±  0.01 2.19b ± 0.02 1.79c ± 0.01
Fibre 1.04a ±  0.01 2.39a ± 0.02 2.58a ± 2.16
Moisture 6.85b ±  0.01 6.15c ± 0.01 8.09a ± 0.02
Carbohydrate 80.14b ± 0.01 61.31c ± 0.04 83.72a ± 0.04
Calorie (kcal/g) 358.45a ± 0.01 357.25b ± 0.01 344.23c ± 0.04
Values are means ± standard deviation of 2 replications. Means within a row with the same superscript were not

significantly (p<0.05) different

emptying [39]. and a reduction in serum
cholesterol [40]. The moisture contents of local
rice flour (6.85%), white cowpea beans flour
(6.15%) and orange-fleshed sweet potato flour
(8.09%) was within the 10% stipulated standard
for foods [41]. The high moisture content of food
is an index of spoilage since moisture enhances
chemical and biochemical reactions that could
lead to spoilage. The carbohydrate content of the
flours was 80.11, 67.43 and 82.28% for local
rice, white cowpea and orange-fleshed sweet
potato flours respectively. Orange-fleshed sweet
potato flour had the highest carbohydrate content
while white cowpea beans had the lowest. The
solar drying technique employed during the
processing of the flour helped in the retention of
the nutrients present in the flour. The proximate
composition of the flours compared favourably
well with the values reported by other
researchers [42,43].on the chemical composition
of rice, cowpea and sweet potato.

3.2 Functional Properties of Local Rice
Flour, White Cowpea Beans Flour and
Orange-fleshed Sweet Potato Flour

Table 4 shows the functional properties of local
rice flour, white cowpea beans flour and orange-
fleshed sweet potato flour.

Functional properties are those characteristics
that govern the behaviour of nutrients in food
during processing, storage and preparation as
they affect food quality and acceptability [44].

The water absorption capacity is the ability of a
product (such as flour) to absorb water. Orange-
fleshed sweet potato flour had the highest water
absorption capacity (253.90%) and was followed
by local rice flour (181.70%). White cowpea flour
had the least water absorption capacity
(148.00%) among the flour samples. Water

absorption capacities of flours depend on several
factors such as the size of granules, amylose/
amylopectin ratio, and intra and inter molecular
forces [45]. Water absorption capacity gives the
indication of the amount of water available for
gelatinization. The relatively high water
absorption capacity of orange-fleshed sweet
potato flour could be attributed to its high
amylose to amylopectin ratio (21:79) which gives
it a higher affinity for water. The relatively low
water absorption capacity of rice and white
cowpea beans flour could be attributed to the
presence of low amount of hydrophilic
constituents in these flours [45].

Oil absorption capacity is the ability of the flour
protein to physically bind fat by capillary action.
This property is of great importance since fat acts
as a flavour retainer and also increases the
mouth feel of foods especially bread and other
baked foods [46]. The orange-fleshed sweet
potato had the highest oil absorption capacity of
143.61% while local rice flour had had the least
oil absorption capacity (69.88%). The higher oil
absorption capacity of orange-fleshed sweet
potato indicated the presence of polar amino
acids in the flour [47].

Bulk density is the weight per unit volume of a
material. Bulk density is important for
determining packaging food requirements,
material handling and application in the food
industry [48]. The bulk densities of local rice,
white cowpea beans and orange-fleshed sweet
potato flours were 0.76, 0.59 and 0.62 g/cm3

respectively. The differences in the bulk
densities of the flours may probably be due to
their different particle sizes (300, 500 and 300
µm for local rice, white cowpea beans and
orange-fleshed sweet potato, respectively
[49,50,51,52]. It was observed that the bulk
density of local rice flour was the highest,
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Table 4. Functional properties of local rice, white cowpea beans and orange-fleshed sweet
potato flours

Property Rice flour White cowpea flour Orange-fleshed
sweet potato flour

Water Absorption capacity (%) 181.70b ± 0.35 148.00c ± 0.35 253.90a ± 0.01
Oil Absorption capacity (%) 69.88c ± 0.04 130.01b ± 0.01 143.2a ± 0.02
Bulk density (g/cm3) 0.76a ± 0.01 0.59c ±  0.01 0.62b ± 0.01
Swelling capacity (ml) 8.53b ± 0.04 9.05a ± 0.07 4.26c ± 0.01

Values are means ± standard deviation of 2 replications. Means within a row with the same superscript are not
significantly (p<0.05) different

followed by that of orange-fleshed sweet potato
flour. White cowpea flour had the least bulk
density which could be attributed to the fineness
of the flour particle (500 µm). The low values of
bulk densities make the flours suitable for high
nutrient density food formulations.

Swelling capacity is an indication of the water
absorption index of the granules during heating
[53]. The swelling capacity of local rice flour,
white cowpea beans flour and orange-fleshed
sweet potato flour was 8.53, 9.05 and 4.26 ml,
respectively. This shows that white cowpea
beans flour had the highest swelling capacity
(9.05 ml) which is significantly (p<0.05) different
from local rice and orange-fleshed sweet potato
flours. The values obtained for all the functional
properties evaluated on the flours compared
favourably well with the values reported by
Khalid et al. [37].using cowpea flour (Vigna
ungiculata (L) Walp), [38], different varieties of
orange-fleshed sweet potato flours and Aromatic
rice flour [54].

3.3 Sensory Scores of the Pasta
Formulated from Local Rice and
Fermented White Cowpea Beans
Flour Blends

The results of the sensory scores of the pasta
formulated from the blends of local rice flour and
fermented white cowpea beans flour for
preliminary studies are shown in Table 5.

The colour of the formulated samples was
yellow. According to Garsa [55], traditional pasta
consumers prefer cooked pasta to have a bright
yellow colour. The sensory scores for colour
varied from 5.80 to 6.85 with sample RF + CF
(0:100) having the lowest score while sample RF
+ CF (100:0) and RF + CF (70:30) had the
highest score. There was no significant (p <
0.05) difference in colour of all the samples.

The flavour score ranges from 5.65 to 6.90 with
sample RC + CF (0:100) having the least score
while sample RF + CF (70:30) had the highest
score. There were no significant (p < 0.05)
different among samples RF + CF (100:0), RF +
CF (90:10), RF + CF (80:20), RF + CF (60:40)
and RF + CF (50:50), Samples RF + CF (100:0),
RF + CF (0:100),  RF + CF (80:20), RF + CF
(60:40) and RF + CF (50:50) showed no
significant (p < 0.05) difference in flavour.

The sensory score for taste varies from 5.60 to
6.90 with sample RF + CF (100:0) and RF + CF
(0:100) having the least score while sample RF +
CF (70:30) had the highest score. There were no
significant (p < 0.05) difference among samples
RF + CF (90:10), RF + CF (80:20), RF + CF
(70:30), RF + CF (60:40) and RF + CF (50:50). It
was also observed that there were no significant
(p < 0.05) difference among samples RF + CF
(100:0), RF + CF (0:100), RF+ CF (90:10), RF +
CF (60:40) and RF +CF (50:50).

The texture score ranged from 5.50 to 6.40 with
sample RF + CF (0:100) having the least score
while sample RF + CF (90:10) had the highest
value. There was no significant (p < 0.05)
difference in the texture scores of the sample.

The score for the overall acceptability varied from
5.75 to 6.60 with sample RF + CF (0:100) having
the least score while sample RF + CF (80:20)
had the highest score. There were no significant
(p < 0.05) difference among all the samples but
based on the overall acceptability, the sample
containing 80% rice and 20% cowpea flour had
the highest mean value It was chosen as the
most preferred blend and used for the
formulation of the main product by replacing 10 -
50% of the composite flour (consisting of 80%
rice and 20% cowpea flours) with orange-fleshed
sweet potato flour. The panellists preferred pasta
sample obtained by blending 90% of rice/cowpea
flour blend and 10% orange-fleshed sweet potato
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Table 5. Sensory scores of pasta produced from blends of local rice and fermented white cowpea beans flour blends

Sensory attributes RC + CF
(100:0)

RF + CF
(0:100)

RF + CF
(90:10)

RF + CF
(80:20)

RF + CF
(70:30)

RF + CF
(60:40

RF + CF
(50:50)

Colour 6.85a±2.03 5.80a±1.36 6.30a±1.17 6.75a±1.65 6.85a±1.04 6.55a±1.43 6.65a±1.42
Flavour 5.85ab±1.81 5.65b±2.45 6.20ab±1.61 6.50ab±1.28 6.90a±1.67 6.15ab±1.39 6.10ab±1.83
Taste 5.60b±1.82 5.60b±1.61 6.25ab±2.05 6.80a±1.51 6.90a±1.21 6.20ab±1.54 6.15ab±1.73
Texture 5.75a±1.71 5.50a±1.93 6.40a±1.50 6.10a±1.21 6.10±1.21 5.90a±1.71 5.85a±1.42
Overall acceptability 5.90a±1.80 5.75a±1.74 6.50a±1.47 6.60a±1.81 6.45a±0.69 6.40a±1.64 6.15a±1.79

Values are mean ± standard deviation of 20 panellists. Means within a row with the same superscript were not significantly (p < 0.05) different.
Key: RF + CF (100:0) = 100 % Local rice flour and 0% cowpea flour; RF + CF (0:100) = 0% Local rice flour and 100% Fermented white cowpea flour; RF + CF (90:10) = 90%
of local rice flour and 10% fermented white cowpea flour; RF + CF (80:20)  = 80% Local rice flour and 20% fermented white cowpea flour; RF + CF (70:30)  = 70% Local rice

flour and  30% fermented white cowpea flour; RF + CF (60:40) = 60% Local rice flour and 40% fermented white cowpea flour; RF + CF (50:50) = 50% Local rice flour and 50%
Fermented white cowpea flour

Plate 7. Pictures of the pasta samples formulated with rice and white cowpea beans flour at different ratios



Mbaeyi-Nwaoha and Ugwu; AFSJ, 4(1): 1-25, 2018; Article no.AFSJ.43115

15

Table 6. Physical characteristics of pasta formulated from local rice, white cowpea beans and
orange-fleshed sweet potato flour blends

Property Control
100% rice

RC/Pa
(90:10)

RC/Pb
(80:20)

RC/Pc
(70:30)

RC/Pd
(60:40)

RC/Pe
(50:50)

Width (cm) 0.83a±0.35 0.63c±0.01 0.74b±0.02 0.57d±0.01 0.79a±0.14 0.82a±0.01
Height (cm) 1.58c±0.04 1.71ab±0.01 1.78a±0.04 1.64bc±0.01 0.95d±0.07 0.88d±0.28
Length (cm) 2.35c±0.21 2.59b±0.21 3.48a±0.35 2.78b±0.04 2.28c±0.04 2.24c±0.01

Values are means ± standard deviation of 2 replications. Means within a row with the same superscript were not
significantly (p<0.05) different.

Key: RC/Pa (90:10) = 90% of the best blend flour and 10% of orange-fleshed sweet potato flour; RC/Pb (80:20) =
80% of the best blend flour and 20% of orange-fleshed sweet potato flour;  RC/Pc (70:30) 70% of the best blend
flour and 30% of orange-fleshed sweet potato flour; RC/Pd (60:40) = 60% of the best blend and 40% of orange-
fleshed sweet potato flour; RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet potato

flour.

in terms of colour, texture and overall
acceptability. The result of the sensory scores
was different from the values reported by
Akubeze [56] which showed sample wheat-
maize/cowpea (70:30) as the best blend.

3.4 Physical Characteristics of Pasta
Formulated from Local Rice,
Fermented White Cowpea Beans
and Orange-fleshed Sweet Potato
Flour Blends

The physical characteristics of pasta formulated
from local rice flour, fermented white cowpea
flour and orange-fleshed sweet potato flour
blends at different ratios were shown in Table 6.

The width of the pasta produced from blends of
local rice, white cowpea beans and orange-
fleshed sweet potato flour varies from 0.57 to
0.82 cm with sample RC/Pe (50:50) having the
highest value while sample RC/Pc (70:30) had
the least value. The width of samples RC/Pd
(60:40) and RC/Pe (50:50) were not significantly
(p<0.05) different from the control (100% rice
noodle) while samples RC/Pa (90:10),
RC/Pb (80:20) and RC/Pc (70:30) were
significantly (p<0.05) different from the control
(100% rice).

The height of the pasta varied from 0.88 to 1.78
cm with sample RC/Pe (50:50) having the lowest
value while sample RC/Pb (80:20) having the
highest value. There were no significant (p<0.05)
different between sample RC/Pa (90:10) and
RC/Pc (80:20). The heights of samples RC/Pa
(90:10) and RC/Pc (70:30) were not significantly
(p<0.05) different, samples RC/Pd (60:40) and
RC/Pe (50:50) were also not significantly
(p<0.05) different. Sample RC/Pc (70:30)
showed no significant (p<0.05) difference from
the control (100% rice).

The length of the pasta varied from 2.24 to
3.48 cm with sample RC/Pb (80:20)
having the highest value while sample
RC/Pe (50:50) had the least value. Sample
RC/Pa (90:10) and RC/Pc (70:30) were not
significantly (p<0.05) different. Also, samples
RC/Pd (60:40) and RC/Pe (50:50) were not
significantly (p<0.05) different from the control
(100% rice) while sample RC/Pb (80:20) differed
significantly (p<0.05) from other samples
including the control (100% rice). The widths of
the samples were similar to that reported by
Akubeze [56] whereas the values for the length
and height of the samples were found to be
different.

3.5 Proximate Composition of Pasta
Formulated from Local Rice,
Fermented White Cowpea Beans and
Orange-fleshed Sweet Potato Flour
Blends

The proximate composition of pasta produced
from local rice, fermented white cowpea beans
and orange-fleshed sweet potato flour blends are
shown in Table 7.

The protein content of pasta formulated from the
blend of local rice, fermented white cowpea
beans and orange-fleshed sweet potato flour
varies from 10.91 to 18.80% with sample RC/Pe
(50:50) having the lowest value and sample
RC/Pa (90:10) had the highest protein content.
The results showed that the blending ratios
influence the protein content of the pasta. It was
observed that the protein contents of all the
samples were significantly (p<0.05) different from
the control (100% rice). The increase in protein
content of the products was due to the high
protein content of the white cowpea beans flour
in the blends. It could be deduced that
fermentation increased the nutritional properties
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Plate 8. Pictures of pasta formulated from local rice, fermented white cowpea and orange-fleshed sweet potato flour blends

Table 7. Proximate composition of pasta formulated from local rice, fermented white cowpea beans and orange-fleshed sweet potato flour blends

Composition (%) Control (100% rice) RC/Pa (90:10) RC/Pb (80:20) RC/Pc (70:30) RC/Pd (60:40) RC/Pe (50:50)
Protein 8.68e±     0.25 18.80a±   0.28 11.90c±   0.14 15.30b± 0.28 12.19c±   0.16 10.91d±   0.13
Fat 1.21d±     0.78 2.70a±     0.28 2.23bc±    0.35 2.23bc±    0.35 1.95c±     0.64 2.51ab±    0.51
Ash 2.73b±     0.35 2.48c±     0.35 1.74e±     0.14 1.82d±     0.21 1.81d±     0.01 3.43a±     0.64
Fibre 1.59c± 0.41 3.29a±     0.21 2.70b±     0.38 1.53c±     0.35 2.58b±     0.35 1.52c±     0.21
Moisture 5.03e±     0.35 11.63c±    0.18 14.32b±   0.02 11.67c±   0.03 14.63a±    0.01 11.09d±   0.02
Carbohydrate 80.47a±   0.03 60.95f±   0.01 67.01d±   0.01 67.69c± 0.01 66.89e±   0.01 70.61b±   0.01
Calorie (kcal/g) 362.43a±  0.04 329.78d±  0.03 339.91e±  0.01 324.09b±  0.01 323.85f±  0.01 335.81c± 0.01

Values are means ± standard deviation of 2 replications. Means within a row with the same superscript were not significantly (p<0.05) different.
Key: RC/Pa (90:10) = 90% of the best blend flour and 10% of orange-fleshed sweet potato flour; RC/Pb (80:20) = 80% of the best blend flour and 20% of orange-fleshed sweet
potato flour;  RC/Pc (70:30) 70% of the best blend flour and 30% of orange-fleshed sweet potato flour; RC/Pd(60:40) = 60% of the best blend and 40% of orange-fleshed sweet

potato flour; RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet potato flour
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of food products [57]. The high protein content
could be used to eradicate the protein-energy
malnutrition especially in the developing country
like Nigeria [58].

The fat content of the pasta formulated from the
blends of local rice, white cowpea beans and
orange-fleshed sweet potato flour varied from
1.95 to 2.70% with sample RC/Pa (90:10) having
the highest value and RC/Pd (60:40) having the
least fat content. The fat contents of samples
RC/Pa (90:10) and RC/Pe (50:50) were not
significantly (p<0.05) different. There were no
significant (p<0.05) difference among samples
RC/Pb (80:20), RC/Pc (70:30) and RC/Pe
(50:50). Samples RC/Pb (80:20), RC/Pc (70:30)
and RC/Pd (60:40) were also not significantly
(p<0.05) difference but the fat content of all the
samples were significantly (p<0.05) different from
the control (100% rice). The fat contents of all the
samples were found to be generally low. This
result was not in agreement with the findings of
Umego [59]. Using wheat-sweet potato-soybean
flour blends. The results of the fat content
obtained by Umego [59]. Showed the relative
high-fat content of the products. The relatively
low-fat content of the food blends could
contribute to the extension of the shelf-life of
noodles by retarding the onset of rancidity. The
low-fat content of all the blends could also make
the product an excellent food for diabetic and
obese patients [60].

The ash content of the pasta varied from 1.74 to
3.43% with sample RC/Pe (50:50) having the
highest ash content while sample RC/Pc (80:20)
had the lowest value. The ash content is an
index of the mineral content of a food sample

which is necessary for growth and development
[60]. This result showed that sample RC/Pe
(50:50) contained highest mineral element than
other samples including the control (100% rice)
due to the increase in the ratio of the orange-
fleshed sweet potato flour in the blend. It was
observed that samples RC/Pc (70:30) and RC/Pd
(60:40) were not significantly (p<0.05) different.
The ash content of all the blends was found to be
significantly (p<0.05) different from the control
(100% rice).

The crude fibre content of the pasta varied from
1.52 to 3.29% with sample RC/Pa (90:10) having
the highest fibre content and sample RC/Pe
(50:50) having the lowest value. The fibre
contents of the blends were observed to be
higher than that of the control (100% rice) which
was not significantly (p<0.05) different from the
fibre contents of samples RC/Pc (70:30) and
RC/Pe (50:50). The fibre contents of samples
RC/Pc (80:20) and RC/Pd (60:40) were not
significantly (p<0.05) different. The increase in
the fibre contents of the blends was due to the
high contents of fibre in white cowpea beans and
orange-fleshed sweet potato flours. Fibre is
important for the removal of waste from the body,
thereby preventing constipation and other health
disorders [60].

The moisture content of the pasta ranged
between 11.09 to 14.63% with sample RC/Pd
(60:40) having the highest value and RC/Pe
(50:50) having the lowest moisture content. The
moisture contents of sample RC/Pa (90:10) and
RC/Pc (70:30) were not significantly (p<0.05)
different. The moisture content of all the blends
was shown to be significantly (p< 05) different

Table 8. The pro-vitamin-A content of pasta formulated from local rice, fermented white
cowpea beans and orange-fleshed sweet potato flour blends

Samples code Pro-vitamin A compositions (mg/100g)
Control (100% rice) ND
RC/Pa (90:10) 0.93e±0.01
RC/Pb (80:20) 1.72d±0.01
RC/Pc (70:30) 2.50c±0.35
RC/Pd (60:40) 3.29b±0.01
RC/Pe (50:50) 4.07a±0.01
Values are means ± standard deviation of 2 replications. Means within a column with the same superscript were

not significantly (p<0.05) different. ND = Not detected
Key: RC/Pa (90:10) = 90% of the best blend flour and 10% of orange-fleshed sweet potato  flour; RC/Pb (80:20)

= 80% of the best blend flour and 20% of orange-fleshed sweet potato flour;  RC/Pc (70:30) 70% of the best
blend flour and 30% of orange-fleshed sweet potato flour; RC/Pd(60:40) = 60% of the best blend and 40% of

orange-fleshed sweet potato flour; RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet
potato flour.
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from the control (100% rice). The relatively high
moisture contents of the blends could be
attributed to their relatively high fibre content.
Fibrous food products have the ability to trap
more moisture than their less fibrous
counterparts [60]. Low moisture content
enhances the storage stability of foods. This is
because moisture enhances the biochemical
reactions that would lead to food spoilage. A
similar result was reported by David [61].using
maize and cowpea flour blends.

The carbohydrate content of the control (100%
rice) was higher (80.47%) than that of the blends
while sample RC/Pa (90:10) had the least
carbohydrate content. The carbohydrate contents
of all the samples were significantly (p<0.05)
different from the control (100% rice). The
decrease in the carbohydrate contents could be
due to the fact that carbohydrate by difference
depended on the other nutrients.

The calorie content for the pasta varied from
323.85 to 339.91 kcal/100g with sample RC/Pd
(60:40) having the least calorie value while
sample RC/Pc (70:30) had the highest calorie
value. The caloric values of all the samples were
significantly (p<0.05) different from the control
(100% rice). The high calorie content of the
control (100% rice) could be attributed to the high
carbohydrate content of the pasta.

The values obtained for the proximate
compositions compared favourably well with the
values reported by David [61].using maize and
cowpea flour blends and that of Akubeze [56].
using wheat/maize and mungbean flour blends.

3.6 Pro-Vitamin a Content of Pasta
Formulated from Local Rice,
Fermented White Cowpea Beans and
Orange-fleshed Sweet Potato Flour
Blends

The Vitamin A contents of pasta produced from
the blends of local rice, white cowpea beans and
orange-fleshed sweet potato flours were shown
in Table 8.

The pro-vitamin A content (mg/100 g) of
pasta formulated from local rice, white cowpea
beans and orange-fleshed sweet potato flour
blends varied from 0.93 to 4.07 mg/100 g with
sample RC/Pa (90:10) having the least pro-
vitamin A content while sample RC/Pe (50:50)
had the highest pro-vitamin A content. The
control (100% rice) was found to contain no

amount of pro- vitamin A. The pro-vitamin A
content of the samples were significantly
(p<0.05) different from each other. This was due
to the variation in the quantity of orange-fleshed
sweet potato in the samples. The amount of pro-
vitamin A in the pasta increased with an increase
in the blending ratio of orange-fleshed sweet
potato. This makes the product a good source of
vitamin A for people suffering from poor sight.
The products could, therefore, aid in reducing
blindness, disease and death caused by Vitamin
A Deficiency (VAD) [17]. The use of solar dryer in
the drying of the orange-fleshed sweet potato
flour prevented the loss of the pro-vitamin A
component of the flour. The values obtained for
the pro-vitamin A content compared favourably
well with the values reported by Mohammad [38].
using different varieties of orange-fleshed sweet
potato.

3.7 Cooking Characteristics of Pasta
Formulated from Local Rice,
Fermented White Cowpea Beans and
Orange-fleshed Sweet Potato Flour
Blends

The results of the cooking characteristics of the
pasta produced from blends of local rice, white
cowpea beans and orange-fleshed sweet potato
flours were shown in Table 9.

The cooking time of the pasta formulated from
blends of local rice, white cowpea beans and
orange-fleshed sweet potato flours varied from
7.55 to 15.05 min with sample RC/Pe (50:50)
having the lowest cooking time while sample
RC/Pa (90:10) having the highest cooking time.
The control (100% rice) had significantly (p<0.05)
higher cooking time than other samples. The
longer cooking time of the control could probably
be attributed to its relatively low moisture
content.

The cooking yield varied from 70.13 to 95.15%
with sample RC/Pa (90:10) having the least
cooking yield while sample RC/Pe (50:50) had
the highest cooking yield. The cooking yield of
the blends was significantly (p<0.05) different
from the control (100% rice) There was an
increase in the cooking yield as the ratio of
orange-fleshed sweet potato in the blend
increases. This could probably be because the
orange-fleshed sweet potato flour had the
highest water absorption capacity than the local
rice and white cowpea beans flours. Also, the low
cooking loss would give rise to high cooking
yield.
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Table 9. Cooking characteristics of pasta formulated from local rice, white cowpea beans and orange-fleshed sweet potato flour blends

Cooking characteristics Control (100% rice) RC/Pa (90:10) RC/Pb (80:20) RC/Pc (70:30) RC/Pd (60:40) RC/Pe (50:50)
Cooking time (min) 20.51a±0.01 15.05b± 0.07 9.31d±0.01 10.51c±0.01 8.28e±0.04 7.55f±0.07
Cooking yield (%) 60.51f±0.01 70.13e± 0.04 80.96d±0.14 85.31c±0.01 90.48b±0.04 95.15a±0.21
Cooking loss (%) 39.25a±0.35 29.80b± 0.14 19.04c±0.01 14.58d±0.04 9.48e±0.28 4.68f±0.35

Values are means ± standard deviation of 2 replications. Means within a row with the same superscript were not significantly (p<0.05) different.
Key: RC/Pa (90:10) = 90% of the best blend flour and 10% of orange-fleshed sweet potato flour; RC/Pb (80:20) = 80% of the best blend flour and 20% of orange-fleshed sweet
potato flour;  RC/Pc (70:30) 70% of the best blend flour and 30% of orange-fleshed sweet potato flour; RC/Pd(60:40) = 60% of the best blend and 40% of orange-fleshed sweet

potato flour; RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet potato flour.

Table 10. Total viable and mould counts of pasta formulated from local rice, white cowpea beans and orange-fleshed sweet potato flours

Samples Total viable count (CFU/g) Mould count (CFU/g)
Control (100% rice) 2.0 × 104 ND
RC/Pa (90:10) 4.8 × 104 ND
RC/Pb (80:20) 4.2 × 104 ND
RC/Pc (70:30) 3.3 × 104 ND
RC/Pd (60:40) 6.2 × 104 4.0 × 101

RC/Pe (50:50) 2.2 × 105 ND
Key: RC/Pa (90:10) = 90% of the best blend flour and 10% of orange-fleshed sweet potato  flour; RC/Pb (80:20) = 80% of the best blend flour and 20% of orange-fleshed

sweet potato flour;  RC/Pc (70:30) 70% of the best blend flour and 30% of orange-fleshed sweet potato flour; RC/Pd(60:40) = 60% of the best blend and 40% of orange-fleshed
sweet potato flour; RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet potato flour. ND = Not detected.

Table 11. Sensory score of pasta formulated from local rice, fermented white cowpea beans and orange-fleshed sweet potato flour blends

Sensory attributes 100% Rice (control) RC/Pa (90:10) RC/Pb (80:20) RC/Pc (70:30) RC/Pd (60:40) RC/Pe (50:50)
Colour 6.75a± 1.89 6.35a ±1.27 5.70ab±1.17 4.90bc±1.12 4.80bc±1.85 4.10c±2.22
Flavour 6.45a± 1.43 6.10ab±0.91 5.70ab±1.26 5.45ab±1.39 5.40b±1.57 5.25b±2.15
Taste 6.50a±1.47 5.95a±1.43 5.70a±1.45 5.30a±1.45 5.35a±1.79 5.45a±2.48
Texture 6.40a± 1.27 5.75ab±1.25 4.90bc±1.21 4.95bc±1.90 4.15c±2.13 4.35c±2.18
Aftertaste 6.40a± 1.08 5.75ab±1.07 5.00ab±1.29 4.85ab±2.06 4.60c±2.26 4.60c±2.19
Overall Acceptability 6.57a±1.07 6.45ab±1.28 5.15bc±1.27 5.60c±1.69 4.85c±1.89 4.75c±2.24

Values are means ± standard deviation of 20 panellists. Means within a row with the same superscript were not significantly (p<0.05) different.
Key: RC/Pa (90:10) = 90% of the best blend flour and 10% of orange – fleshed sweet potato flour; RC/Pb (80:20) = 80% of the best blend flour and 20% of orange-fleshed

sweet potato flour;  RC/Pc (70:30) 70% of the best blend flour and 30% of orange-fleshed sweet potato flour; RC/Pd(60:40) = 60% of the best blend and 40% of orange-fleshed
sweet potato flour; RC/Pe (50:50) = 50% of the best blend flour and 50% of orange-fleshed sweet potato flour.
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The cooking loss varied from 4.68 to 29.80% with
sample RC/Pe (50:50) having the least cooking
loss while sample RC/Pa (90:10) had the highest
cooking loss. The cooking loss of the blends was
not significantly (p<0.05) different from the
control (100% rice). The blends had the lowest
cooking loss than the control (100% rice). This
could be attributed to the low solubility of the rice,
cowpea and orange-fleshed sweet potato flour
blends. The overall network that holds the noodle
structure might consist primarily of protein and
starch matrices [62].

The values obtained for the cooking time and
cooking loss of the pasta was higher than that
reported by Akubeze [56] using wheat/maize and
mungbean flour blends, but the cooking yield
was similar.

3.8 Microbiological Content of Pasta
Formulated from Local Rice, White
Cowpea Beans and Orange-fleshed
Sweet Potato Flour Blends

The total viable count and mould count of pasta
formulated from blends of local rice, white
cowpea beans and orange-fleshed sweet potato
flours are shown in Table 10.

The total viable count of the pasta ranged from
3.3 × 104 to 2.2 × 105 CFU/g  with sample RC/Pc
(70:30) having the least value and sample RC/Pe
(50:50) had the highest value. The mould count
was not detected on other samples except
sample RC/Pe (60:40) which had the 4.0 × 101.
This could be because of its high moisture
content. Microorganisms play a significant role in
the determination of the shelf life of products.
Microorganisms are usually responsible for
spoilage of many food items. A high total viable
count could indicate the presence of a mixed
population of microorganisms, which may consist
of spoilage types. The total viable count and
mould count of the samples were not high when
assessed using the guidelines for microbiological
quality of pasta products [63] which indicated 104

CFU/g for satisfactory, 104 to 105 CFU/g
acceptable and 106 CFU/g and above as being of
unsatisfactory quality. The total bacterial and
fungal counts in the food product may be a
consequence of fermentation of the white
cowpea flour and low level of hygiene maintained
during processing of the product. Limits of
microbial counts have been recommended in
most foods to keep them safe for consumption
[64]. Thus, it is preferable to utilize these flours
as soon as possible especially the fermented

white cowpea beans flour because of the high
protein content which might cause spoilage.

3.9 Sensory Scores of Pasta Formulated
from Local Rice, Fermented White
Cowpea Beans and Orange-fleshed
Sweet Potato Flour Blends

The sensory scores of the pasta formulated from
local rice, fermented white cowpea beans and
orange-fleshed sweet potato flour blends are
shown in Table 11.

The sensory scores for colour varied from 4.10 to
6.35 with sample RC/Pa (50:50) having the least
score while sample RC/Pa (90:10) had the
highest score. There were no significant (p<0.05)
difference in colour between samples RC/Pa
(90:10), RC/Pb (80:20) and the control (100%
rice). Also, there was no significant (p<0.05)
difference among samples RC/Pb (80:20), RC/Pc
(70:30) and RC/Pd (60:40). It was also observed
that there was no significant (p<0.05) difference
in colour among samples RC/Pc (70:30), RC/Pd
(60:40) and RC/Pe (50:50), while the control
(100% rice) were significantly (p<0.05) different
from samples RC/Pc (70:30), RC/Pd (60:40) and
RC/Pe (50:50). Transparency in colour has also
used an indicator in assessing the quality of
pasta [65]. The appearance/colour of the noodles
became darker (from light brown to dark brown)
with increasing level of orange-fleshed sweet
potato in the blend. The increasing substitution
level of the orange-fleshed sweet potato may be
caused a significant decrease in scores. This
could probably be because potatoes were more
apt to scotch or discolour during dehydration or
darken during product storage when they have
high reducing sugar content. Orange-fleshed
sweet potato used to formulate the pasta
products contained a high amount of reducing
sugar. This discolouration could be due to the
reactions involving amino acids and reducing
sugars [66]. A similar result was obtained by
Umego [59] using wheat-sweet potato-soy bean
flour blends and wheat pasta substituted with
hull-less barley [55].

The sensory score for flavour ranged from 5.25
to 6.10 with sample RC/Pe (50:50) having the
least score and sample RC/Pa (90:10) having the
highest score. There were no significant (p<0.05)
different in flavour among samples RC/Pa
(90:10), RC/Pb (80:20) and RC/Pc (70:30) and
the control (100% rice). Also, there was no
significant (p<0.05)difference in flavour among
samples RC/Pa (90:10), RC/Pb (80:20), RC/Pc
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(70:30), RC/Pd (60:40) and RC/Pe (50:50), while
the control (100% rice) was significantly (p<0.05)
different in flavour  from samples RC/Pd (60:40)
and RC/Pe (50:50). The desirable flavour
attributes of the samples could be due to the
effect of fermentation on the organoleptic
properties of foods [57].

The sensory scores for taste varied from 5.30 to
5.95 with sample RC/Pc (70:30) having the
lowest score and sample RC/Pa (90:10) having
the highest score. There was no significant
(p<0.05) difference in the taste of the blends and
the control (100% rice). The samples were found
to have a good taste which could be attributed to
the high reducing sugar content of the orange-
fleshed sweet potato flour and the effect of
fermentation on the organoleptic properties of the
fermented white cowpea beans flour [57, 65]. A
similar result was obtained by Umego [59].

The sensory scores for texture varied from 4.15
to 5.75 with sample RC/Pd (60:40) having the
least score and sample RC/Pa (90:10) having the
highest score. The low texture score of sample
RC/Pd (60:40) could be attributed to the increase
in the amount of orange-fleshed sweet potato
flour in the blend. This was because; the orange-
fleshed sweet potato had a coarse particle size
(300 µm). Also, the smooth texture of sample
RC/Pa (90:10) could be due to the high amount
of fermented cowpea beans flour in the sample
which had the finest particle size (500 µm), and
low amount of orange-fleshed sweet potato flour.
There were no significant (p<0.05) difference
between the control (100% rice) and sample
RC/Pa (90:10). Also, there were no significant
(p<0.05) difference among samples RC/Pa
(90:10), RC/Pb (80:20) and RC/Pc (70:30).
Samples RC/Pb (80:20), RC/Pc (70:30), RC/Pd
(60:40) and RC/Pe (50:50) were not significantly
(p<0.05) different, while samples RC/Pb (80:20),
RC/Pc (70:30), RC/Pd (60:40) and RC/Pe
(50:50) were significantly (p<0.05) different from
the control (100% rice).

The sensory score for the aftertaste varied from
4.60 to 5.75 with sample RC/Pd (60:40) and
RC/Pe (50:50) having the lowest score while
sample RC/Pa (90:10) had the highest score.
There were no significant (p<0.05) different
among samples RC/Pa (90:10), RC/Pb (80:20)
and RC/Pc (70:30) and the control (100% rice).
Samples RC/Pd (60:40) and RC/Pe (50:50) were
also not significantly (p<0.05) different from each
other but significantly (p<0.05) different from the
control (100% rice).

Based on the overall acceptability, the control
(100% rice) had the highest score (6.57) followed
by sample RC/Pa (90:10) which scored 6.45,
while sample RC/Pe (50:50) had the least score
(4.75). There were no significant (p<0.05)
difference between the control (100% rice) and
sample RC/Pa (90:10). Also, there was no
significant (p<0.05) difference between samples
RC/Pa (90:10) and RC/Pb (80:20). Samples
RC/Pb (80:20), RC/Pc (70:30), RC/Pd (60:40)
and RC/Pe (50:50) were not significantly
(p<0.05) different from each other but
significantly (p<0.05) different from the control
(100% rice). All the samples had a good rating
for all the sensory attributes since their scores
were higher than the mean 4.5 for a 9 – point
Hedonic scale used for the sensory. The sensory
scores compared favourably well with the data
[59] using wheat-sweet potato-soy bean flour
blends and orange-fleshed sweet potato and
rice-field bean gluten-free pasta improved by the
addition of hydrothermally treated rice flour [67].
From the sensory scores, it showed no
significant difference (p>0.05) in taste, colour
and flavour between the control and the optimum
pasta. The obtained results showed that the
optimal formulation of pasta was significantly
better with the highest scores for all the
attributes. Moreover, the selected optimum pasta
gathered superior scores (values above 5 on a 9-
point Hedonic scale) in the overall acceptability in
comparison with the control sample without the
addition of orange-fleshed sweet potato.

4. CONCLUSION AND RECOMMENDA-
TION

From the study, it has shown that acceptable
pasta could be produced from blends of local
rice, white cowpea beans and orange-fleshed
sweet potato flour. The result showed that the
addition of white cowpea beans and orange-
fleshed sweet potato in the pasta formulation
affected the chemical, cooking and sensory
properties of the pasta. Addition of white cowpea
beans improved the protein content of the rice
pasta. The use of orange-fleshed sweet potato
improved the pro- vitamin A content of the pasta,
thereby making the product a good source of
vitamin A which could aid in reducing blindness,
disease and death caused by vitamin A
deficiency. The use of rice-cowpea-orange-
fleshed sweet potato pasta would help to
alleviate problems of protein-energy malnutrition
and micro-nutrient deficiency in Nigeria and other
developing countries. Also, the sample obtained
by blending 90% of rice/cowpea flour blend and
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10% orange-fleshed sweet potato was most
preferred among all the samples formulated. The
sample had the highest mean score on all the
sensory attributes evaluated.

Based on the result of the study, it is
recommended that the use of underutilized
agricultural produce such as local rice (Adani rice
“Faro 54”) and white cowpea beans “akidi
charamanya” should be encouraged in food
product formulations and development because it
reduced nutritional imbalance and would help in
boosting of rural dwellers income. Consumers
should be enlightened on the nutritional and
health benefits of orange-fleshed sweet potato as
a strategy for food diversification. Further studies
should also be carried out on the shelf stability
and colour of the pasta formulated from the flour
blends.
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