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Abstract Plantain flour is gradually finding applications in weaning food supplementation and composite flour
preparations in Cote d’Ivoire. This study therefore aimed at evaluating the effect of cassava flour fortification on
physicochemical and sensory properties consumer acceptability of plantain flour. The plantain-cassava mixes were
prepared from green plantain and cassava. Substituted plantain flour with cassava flour at varying proportions (100:0;
90:10; 80:20; 70:30; 60:40; 50:50) was evaluated for physicochemical and properties. Reconstituted thick paste
konkonde” prepared from all the flour samples were evaluated for consumer acceptability. Substitution of unripe
plantain flour with cassava flour up to a level of 20% had no significant (p>0.05) effect on the colour, texture and
overall acceptability of the konkonde samples. The swelling power and solubility of the flour samples decreased
while the water absorption capacity and bulk density increased on cassava substitution. The pasting viscosity
analysis showed that cassava flour addition increased the peak viscosity and breakdown of the flour while the peak
time and pasting temperature decreased. The sensory evaluation of the reconstituted plantain thick paste indicated a
sharp difference at 5 % probability level in all quality attributes between 30 to 40% substitution, while that 30%
cassava flour reconstituted “konkonde” was more preferred.
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1. Introduction
Plantain (Musa AAB) is one of the most important food
crops in tropical regions of the world and constitute a
valued source of income through local and international
trade [1]. The plantain is mainly cultivated for its fruits,
which enter the daily diet of many populations, especially
African, in many forms. Traditionally produced in forest
zone of Côte d'Ivoire, plantain is a dynamic staple food
and its consumption increases regularly in various forms,
and has been extended to the completely Ivorian people
(120 kg/capita/year) both in rural and urban areas [2,3].
Nutritionally, plantains constitute a rich energy source,
with carbohydrates accounting for 22 and 32 % of fruit
weight for banana and plantain, respectively. It is also rich
in vitamins A, B6, C, minerals and dietary fiber [4]. The
dense caloric content coupled with nutritional quality

makes plantain one of the most important and regularly
consumed staple food in Côte d’Ivoire [5]. Plantain
production is seasonal and is harvested from October to
March. Post-harvest losses estimated at 30 % are recorded
during this period [6]. Because of this seasonal production
and its perishability, dried plantain flour is then converted
for its best use and conservation [7]. Like cassava flour,
unripe plantain flour is used in the preparation of a large
variety of traditional dishes that include the konkonde
[8,9,10]. Konkonde also known as amala in Nigeria and
Benin [11] or konkonte in Ghana [12] is prepared from
fermented cassava flour or from plantain flour or again
yam flour. According to Amani and Kamenan [13],
Coulibaly [9] surveys, the konkonde (made from plantain)
is less popular in Côte d'Ivoire with an appreciation rate of
5 % against 96.5 % for plantain futu (pounded plantain
banana) and 91.4 % for alloco. It is also little-known
Ivorian population (70 % of the population) in these same
studies. These facts remain a constraint to the promotion
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and consumption of this dish. An incorporation of cassava
flour into plantain flour could improve the plantain
konkonde in terms of texture, colour and taste in order to
increase its acceptability to consumption. Thus, plantain
can fully play its role in food security in Cote d'Ivoire.
This study aims to evaluate the effects of cassava
(Manihot esculenta Crantz) flour supplementation on
physicochemical and sensory properties of plantain konkonde.

water (10.ml) and was heated in water bath (MEMMERT)
at 60°C for 30 minutes with intermittent mixing.
After heating, the suspension was centrifuged (ALRESA
DITACEN II) at 16 rpm for 30 minutes. The sediment
was weighted. The swelling power (SP) was calculated
as:

2. Material and Methods

The solubility was determined by the method described
by Kainuma (1967) [17]. 0.5 g of the sample was mixed
with 10 ml distilled and was heated in a water bath at
60°C for 30 minutes without stirring. After heating, the
suspension was centrifuged with the same centrifuge at 16
rpm for 10 minutes. The supernatant was separated and
weighted.
The solubility (S) was calculated using the formula:

2.1. Raw Materials
The plant materials used for this work were unripe
plantain (variety afoto) and cassava sweet variety (variety
bonoua) roots purchased from a local market in Ouragahio
town in Cote d’Ivoire and processed into plantain flours
and cassava flour respectively.

2.2. Raw Materials
Processing

Swelling power =

weight of sedimental paste (g)
. (1)
weight of the sample (dry basis) (g)

% Solubility
(2)
weight of Soluble starch (g)
=
× 2 × 100%.
Preparation and Flour
weight of the sample (dry basis) (g)

Cassava and unripe plantain flours were processed,
according to Heny et al. [14]. Fresh cassava roots were
washed with tap water to remove dirt and soil. These
tubers were peeled and kept in tap wate11r to prevent
enzymatic darkening for 30 minutes. Peeled samples were
then cut into slices (1 mm thickness) using a slicing
machine. The slices were dried using a tray dryer at 45°C
for 12 h. The flour was obtained by milling the dried
slices using a grinder, and sieved through an 80-mesh
screen to obtain cassava flour. The same principle is
applied to plantain flour production.

2.3. Proportions of Plantain and Cassava
Flour in Konkonde Making
To prepare composite flours, the plantain and cassava flours
were blended together on percent dry weight basis into five
ratios of 90:10; 80:20; 70:30; 60: 40 and 50:50 % corresponding
to sample codes PC1, PC2, PC3, PC4, PC5 and PF
respectively, with 100:0 whole cassava flour (CF) serving
as the control. A moulinex mixer was used to achieve uniform
blending. The blend formulations in this study were produced
using the methods described by Babajide and Olowe [15].

2.4. Cassava-Plantain Processing into
Konkonde
To prepare konkonde meals, 50 g of Konkonde powder
is mixed with 150 ml boiling water. The mixture stirred
repeatedly on the fire until it thickens and then it is
kneaded against the pot until the water mixes it well, until
it is cooked. The konkonde for each sample was then packaged
in polyethylene film respectively before sensory evaluation.

2.5. Physico-chemical and Functional
Properties Analysis
The swelling power was evaluated according to Leach
et al. [16]. 0.1 g of the sample was suspended in distilled

The method described by Philips et al. [18] and
Anderson et al. [19] was employed in determining the
water absorption capacity of the samples. The bulk density
was evaluated using the method of Oladele and Aina [20].
The titratable acidity and the pH of all the samples
were determined using the methods described by AOAC
[21].

2.6. Determination of Pasting Properties
Pasting properties (peak, holding strength, breakdown,
setback, final viscosity, pasting time and pasting
temperature) were carried out on the samples using Rapid
Visco-Analyzer (RVA model 3D for windows) [22].
Flour suspension was prepared by addition of equivalent
weight of 3.0 g dry flour to distilled water to make
a total of 28.0 g suspension in the RVA sample canister.
This was placed centrally into the paddle coupling and
was inserted into the RVA machine. The 12 min profile
used was seen as it ran on the monitor of a computer to the
instrument. The starting temperature was 50 °C for 1 min
and later heated from 50 °C to 95 °C for 3 min. It was held
at 95°C for 3 min before the sample was subsequently
cooled to 50°C over a period of 4 min. This was followed
by a period of 1 min where the temperature was kept
constant at 50°C. Pasting properties were carried out in
duplicate.

2.7. Sensory Evaluation of the Konkonde
30 g of each konkonde was carried out in a well-lit
sensory laboratory for consumer’s acceptance and
preference using 20-member semi-trained panellist. They
were evaluated for palatability, texture, colour, taste and
overall acceptability using nine-point hedonic scale (9 =
like extremely and 1 = dislike extremely) [23]. The scores
obtained were subjected to analysis of variance at 5 %
level of significance and means separated using Duncan
Multiple Range Test. The panellists were provided with
water to rinse their mouths before and after tasting each
sample.
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absorption capacity of the unripe plantain flour. The water
absorption capacity showed an increase within the range
121.5 - 154.3 % for plantain flour and 50 % substitution,
while that of cassava flour alone was 162.2 %. Water
absorption capacity is the ability of flour to absorb water
and swell for improved consistency during food
preparation. The increase in water absorption capacity
implies the higher digestibility of the starch. Its
characteristics the ability of the product to associate with
water under condition where it is limiting in order to
improve handling [26]. The solubility values of the flour
ranged from 7.3 to 6.2 % for plantain flour and 50 %
substitution respectively. It was observed that the values
decreased with cassava flour substitution. The cassava
flour had the lowest value (5.2 %). The swelling power
(6.9 to 6.5 g/g) also decreased with cassava flour
substitution. Moorthy [27] was reported that swelling
power of starch depends on the ability of certain
component of starch, especially amylose to solubilize in
water, hence, allowing water to attack starch molecules.
Thus, this decrease observed in the swelling power could
be due to a decrease solubility.
The pH of all the samples was more acidic. This low
acidic pH might minimize maillard reactions as opposed
to the alkaline pH, which encourages maillard reactions in
thermally processed according to Okaka and Okechukwu
[28].
Totatal titratable acidity (TTA) of the substituted
flours and plantain flour was lower than that cassava
flour.

2.8. Data Analysis
All data obtained were subjected to one-way analysis of
variance (ANOVA) except for sensory analysis which
were subjected to two-way ANOVA and means were
separated by Duncan Multiple Range Test using SPSS
(16.0 version) (SPSS Inc., USA).

3. Results and Discussion
3.1. Functional Properties
The functional properties determine the application and
use of food material for various food products. Density of
the flour increased with increase in cassava flour
substitution. The bulk density values were found to be
between 0.49 to 0.69 g/cm3 (Table 1). These results were
similar with the Bulk density values of 0.50-0.62 g/cm3,
which were reported for the flour samples of
D. cayenensis, D. bulbifera and D. rotundata [24].
Increase in bulk density increased the sink ability of
powdered particles, which aids wetting by aiding their
ability to disperse. The bulk density is generally affected
by the particle size and the density of the flour and it is
very important in determining the packaging requirement,
material handling and application in wet processing in the
food industry, indicating a lesser package requirement
with increase in cassava flour substitution [25].
Substitution significantly (p < 0.05) affected the water

Table 1. Functional properties of cassava plantain mixes
3

BD (g/cm )

SAMPLE

WAC (%°)

a

7.3 c

0.51 b

123.4 a

5.5 a

0.6 a

6.7 a

7.1c

PC2

0.53

b

a

a

a

a

6.8 b

PC3

0.55 c

133.1 b

5.3 a

0.8 a

7.6 b

6.5 b

PC4

0.56 c

145.1 c

5.1 a

0.7 a

7.8 b

6.3 b

PC5

0.56 c

154.3 d

5.1 a

0.9 b

8.7 c

6.2 b

d

e

a

c

d

5.2 a

0.69

162.2

5.5

0.7

2.5

6.9

S (%)

a

PC1

5.2

0.5

SP (g/g)

a

0.49

126.2

5.7

TT A (%°)

b

PF

CF

121.5

pH

a

6.5

9.1

Mean values followed by the same letter down the column were not significantly different (p ≤ 0.05). Sample: PF: 100 % plantain flour, PC1: 90 %
plantain flour and 10 % cassava flour; PC2: 80 % plantain flour and 20 % cassava flour, PC3: 70 % plantain flour and 30 % cassava flour, PC4: 60 %
plantain flour and 40 % cassava flour; CF: 100 % cassava flour; BD: Bulk density; TA: titratable acidity; WAC: water absorption capacity; SP, swelling
power; S: solubility.
Table 2. Effect of cassava starch substitution on the pasting properties of plantain flour
Sample

Peak viscosity
(RVU)

PF

144.03a

Holding
Strength
(RVU)
119.01a

PC1

148.82b

PC2
PC3

163.61

PC4

168.92c

125.76c

PC5

188.33

d

c

CF

351.22e

Breakdown value
(RVU)

Final viscosity
(RVU)

Setback value
(RVU)

Peak time
(min)

Pasting temperature
(oC)

65.36 a

129.34a

92.24 e

5.24c

81.88 d

115.85 b

69.95 b

136.46b

89.67 d

5.18c

79.16 c

147.06b

111.73 b

75.33 c

139.23 b

85.47 d

5.00c

77.07 b

c

a

d

b

c

b

76.54 b

106.13

122.39

127.17 d

86.48

141.20

91.16 e
113.94

f

209.15 g

74.21

4.85

155.25 c

73.46 c

4.79b

75.90 b

c

b

b

75.42 b

3.80 a

64.20 a

153.65

160.42d

69.08

36.08 a

4.34

Mean values followed by the same letter down the column were not significantly different (p ≤ 0.05). Sample: PF: 100 % plantain flour, PC1: 90 %
plantain flour and 10 % cassava flour; PC2: 80 % plantain flour and 20 % cassava flour, PC3: 70 % plantain flour and 30 % cassava flour, PC4: 60 %
plantain flour and 40 % cassava flour; CF: 100 % cassava flour
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3.2. Effect of Cassava Flour Substitution
on the Pasting Properties of Plantain
Flour
The results of pasting properties of plantain-cassava
flour blends are shown in Table 2. The sample with
cassava flour alone had the highest peak viscosity (351.22
RVU), holding strength (127.17 RVU), final viscosity
(160.42d RVU) and breakdown (209.15 RVU). These
were significantly different (p ≤ 0.05) from all the samples.
Peak viscosity, which is the maximum viscosity,
developed during or soon after the heating portion of the
pasting test ranged between 144.03 to 188.33 RVU for
plantain flour (PF) and substituted flour samples. Peak
viscosity values increased with increase in cassava flour
substitution. This increase may be attributed to different
rates of water absorption and swelling of starch granules
of these flours during heating according to Ragaee and
Addel-Aal [29]. There exists a linear logarithmic
correlation between maximum viscosity and starch
concentration as observed by Mepha et al. [30]. In
addition, the peak viscosity is often correlated with final
products quality and it provides of viscous load likely to
be encountered during mixing [31]. The Breakdown
values ranged between 65.36 to 113.94 RVU for PF and
50 % substitution. For the cassava flour, the value was
higher (209.15 g). Therefore the gradually addition of this
flour in the plantain flour increased the breakdown.
Breakdown is a measure of susceptibility of cooked starch
of the flour products [32]. A low breakdown value
indicated that the flour products were more stable under
hot condition (81.88 °C). This result indicated that the
sample PF was more stable than the samples substituted
flour samples. The holding strength ranged between to
111.73 and 122.39 R.VU while for the cassava flour, it
was 127.17 RVU. The holding strength of sample PF was
not significantly different (p > 0.05) in values obtained
from samples TC1 and TC2 substituted of 10 % and 20 %
cassava flour respectively. This could be due to the lowest
rate substitution of the cassava flour. The holding strength
is the minimum viscosity value in the constant
temperature phase of the RVA profile and measures the
ability of paste to withstand breakdown during cooling
[33]. It is also an indication of breakdown or stability of
starch during cooking [34]. The lower value indicated the
more stable of the starch gel [35], while the higher holding
strength value was generally represented low cooking loss
and superior eating quality according to Bhattacharya et al.
[36]. The setback or viscosity of cooked is the viscosity
after cooling to 50°C and it is a stage where retrogradation
or reordering of starch molecules occur. Starch will have
tendency to become firmer with increasing resistance
enzymatic attack [37]. Setback viscosity increased from
69.08 RVU for 10 % to 89.67 RVU for 50 % substitution
with increasing level of substitution, while the values of
cassava flour and plantain flour were 92.24 RVU, 36.08
RVU respectively. The higher the setback value means a
lower the retrogradation during the cooling and the lower
staling rate of the product made from the flour according
to Adeyemi and Idowu [38]. The higher setback also
means reduced dough digestibility [39]. Final viscosity is
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the most commonly used parameter to define the quality
of a particular starch-based sample, as it indicates the
ability of the material to form a viscous paste or gel after
cooking and cooling [38]. It ranged between to 129.34a
and 160.42d RVU with plantain flour having the lowest
value, while the cassava flour having the highest value.
Peak time is the measure of cooking time [40]. The peak
time decreased from 5.18 min for 10 % to 4.34 min for
50 % substitution. Sample CF had the least value (3.80
min) which was significantly different (p ≤ 0.05) from
plantain (5.24 min) and blended flour samples. Pasting
temperature decreased gradually from 79.16 °C for 10 %
to 75.42 °C for 50 % substitution; while for plantain, flour
alone was 81.88 °C and cassava flour alone was 64.24°C.
Pasting temperature is a measure of the minimum
temperature required to cook a given food sample (Sandhu
et al., 2005) [41]. It affects the stability of other
components in the food formula and indicates energy costs
[23]. Flour from the plantain was characterized by highly
gelatinization due to higher pasting temperature (81.88°C)
and its peak time compared to pasting temperature and
peak time of the other samples. This reveals lower
gelatinization temperature of cassava starch granules,
which translates into shorter cooking time and lower paste
stability of cassava flour as opposed to the plantain flour
[42,43].

3.3. Sensory Evaluation
The results showed how an increased concentration of
cassava flour within the same variety affected the rating of
the sensory attributes. The samples with 0, 10 and 20 %
cassava flour substitution had no significant difference at
5 % probability level while the mixes with 30, 40 and
50 % cassava flour substitution levels had significant
difference in all the qualities evaluated but there was a
sharp difference between those with 0 to 20 % substitution
and 30 to 50 % with 30 % cassava flour yielding product
with acceptable sensory characteristics. As shown in this
Figure 1, the significant differences (p < 0.05) between the
samples were on palatability, taste, texture, colour and
overall acceptability. Low scores were recorded for
palatability, taste, texture, colour and overall acceptability
of sample PC1 and PC2 containing 10 % and 20 %
cassava flour respectively. Thus, konkonde prepared from
unripe plantain-cassava flour was diversely appreciated. It
is a clear indication that reconstitution proportion (flour to
water ratio) affects all the hedonic appreciations evaluated.
The texture of konkonde is one of the main parameters
that guide consumer choice as reported by Chilaka et al.
[44]. In this study, sample PC3 and sample PC4 have the
most appreciated texture. Then, these samples, which
differed only on the taste, were satisfactory by the
panellists. However, PC3 sample was best preferred.
Babajide and Olowe [15] conducted a consumer sensory
evaluation of mixed water yam (D. alata) and cassava (M.
esculenta) flour. They reported that konkonde (amala)
prepared from water yam flour with 30 % cassava flour
was highly considered by the consumers in colour, aroma
and overall acceptability. It was rated as "like very much"
for the colour and "like moderately" for aroma and overall
acceptability.
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Mean values followed by the same letter down the column were not significantly different (p ≤ 0.05). Sample:
PF: 100% plantain flour, PC1: 90% plantain flour and 10% cassava flour; PC2: 80% plantain flour and 20%
cassava flour, PC3: 70% plantain flour and 30% cassava flour, PC4: 60% plantain flour and 40% cassava flour;
CF: 100% cassava flour;
Figure 1. Effect of cassava starch substitution on the sensory quality attributes of plantain flour

4. Conclusion
[5]

The study has shown substitution of plantain flour with
cassava flour at levels of 10 to 50 %. Some of the
functional pasting properties of the plantain-cassava mixes
obtained could be an advantage in industrial uses, such as
the bulk density and water holding capacity. In terms of
sensory analysis, the hedonic evaluation indicated that the
composite plantain/cassava obtained with 30% of plantain
flour as partial substitute of cassava is highly appreciated
by consumers. The utilization of cassava flour to improve
konkonde plantain could help to use plantain in dried form.
This dish could generate more income and contribute to
food security in developing countries.

[6]

[7]

[8]

Acknowledgements
We thank our laboratory (LBTPT) and Food Science
and Technology Department (STA) for the reception and
the provision of the material.

[9]

[10]

References
[1]

[2]

[3]
[4]

Adegunwa, M. O, Adelekan, E. O., Adebowale, A. A., Bakare, H.
A and Alamu, E. O. Evaluation of nutritional and functional
properties of plantain (Musa paradisiaca L.) and tigernut (Cyperus
esculentus L.) flour blends for food formulations, Cogent
Chemistry, 3:1383707. 2017.
CNRA. Programme Plantain, Bananes, Ananas. Actualité de
recherche. [Online]. Available:
«http://www.cnra.ci/descprog.php?id=13&prog=Plantain,%20Ban
anes,%20Ananas&act=present»./.[Accessed Jan. 2, 2013].
N’Guessan, A, Yao, N. and Kehe, M. La culture du bananier
plantain en Côte d’Ivoire. Fruit Spécial Banane II, 48 (2)133-143.
1993.
Honfo, F.G., Kayodé, A.P.P., Coulibaly, O., Tenkouano, A.
Relative contribution of banana and plantain nutritional

[11]

[12]
[13]

requirements for iron, zinc and vitamin A of infants and mothers
in Cameroon. Fruits, 62(5): 267-277. 2007.
Kouamé, G.K. and Enoh, G.M. Dynamique de la consommation
alimentaire en Côte d’Ivoire: principales tendances. Programme de
Renforcement et de Recherche sur la Sécurité Alimentaire en
Afrique de l’Ouest West Africa Food Security Capacity
Strengthening and Research Program. Composante SRAI
Strengthening Regional Agricultural Integration in West Africa
Résumé (INS, Côte d’Ivoire). N°3-2011-08. [Online]. Available:
http://www.aec.msu.edu/fs2/presao.htm. »./.[Accessed 2011].
Yao, K.A., Koffi, D.M., IRIE, B.Z. and Niamke, L.S. Conservation
de la banane plantain (Musa AAB) à l’état vert par l’utilisation de
films de polyéthylène de différentes épaisseurs. Journal of Animal
and Plant Sciences 28 (3): 3677-3690. 2014.
Eleazu, C.O., Okafor, P.N., Amajor,J. Awa E, Ikpeama AI, Eleazu
K.C. Chemical composition, antioxidant activity, functional
properties and inhibitory action of unripe plantain (M Paradisiacae)
flour. African Journal Biotechnology 10 (74): 16937-16947. 2013.
Mosso, K., Kouadio, N. and Nimlin, G.J. Transformations
traditionnelles de la banana, du manioc, et de l’igname dans les
régions du centre et du sud de la Cote d’Ivoire. Industries.
Alimentaires et Agricoles 113ème p91-96. 1996.
Coulibaly S. Caractérisation physico-chimique, rhélogique et
analyse sensorielle des fruits de quelques cultivars de bananier
(Musa AAB, AAAA et AAAB). Thèse de Doctorat de l’Université
de Nangui Abrogoua (Abidjan Côte d’Ivoire), pp 140-145. 2008.
Amani N. G., Coulibaly, S., Nindjin, C., Tetchi, A.F. Répertoire
de Technologies de Conservation et de Transformation de
l’Igname et de la Banane plantain. 2010, Fonds Interprofessionnel
pour la Recherche et le Conseil Agricoles (FIRCA). 161p.
2010.
Abiodun, O. and Akinoso, R Textural and sensory properties of
trifoliate yam (Dioscorea dumetorum) flour and stiff dough
‟amala”. Journal of Food Science and Technology, 52 (5)
2894-2901. 2014.
Jimoh K. and Olatidoye O. Evaluation of physicochemical and
rheological characteristics of soybean fortified yam four. Journal
of Applied and Biosciences 13: 703-706. 2009.
Amani NG, Kamenan A. Potentialités nutritionnelles et
technologie traditionnelle de transformation des denrées
amylacées en Côte d’Ivoire. In Transformation des aliments au
niveau des ménages et des communautés en vue d’améliorer la
(bio) disponibilité des (micro) nutriments. 2ème Atelier
international. Voies alimentaires d’amélioration des situations
nutritionnelles. Ouagadougou, 23-28 / 11 / 2003, 383-392. 2003.

American Journal of Food and Nutrition
[14] Heny. K., Noer, A.H., Herry, S. Swelling power and water
[15]
[16]
[17]
[18]

[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]
[28]

[29]

solubility of cassava and sweet potatoes. Procedia Science
Environment 23: 164-167. 2015.
Babajide, J. M. and Olowe, S. Chemical, functional and sensory
properties of water yam – cassava flour and its paste. International
Food Research Journal, 20(2): 903-909. 2013.
Leach, H. W., Cowen, Mc., and Schoch, L.D. Structure of the
starch granules. In: swelling and solubility patterns of various
starches, Cereal Chemistry, 36, 534-544. 1959.
Kainuma, K., Odat, T., Cuzuki, S. Study of starch phosphates
monoesters. Journal of Society and Technology Starch 14: 24-28.
1967.
Phillips, R.D., Chinnan, M.S., Branch, A. L., Miller, J. and
Mcwatters KH. Effet of pre-treatment on functional and nutritional
properties of cowpea meal. Journal of Food Sciences 53:805-809.
1988.
Anderson, R.A., Conway, H.F., Pfeifer, V. F., Griffin, E. L. Roll
and extrusion cooking of grain sorghum grits. Certificate Sciences
Today 14: 372-380. 1969.
Oladele, A.K. and Aina, J.O. Chemical composition and
functional properties of flour produced from of two varietes of
tergenut (cyperus esculentus). African Journal of Biotechnology 6:
2473-2476. 2007.
AOAC, Hydrocyanic Acid in beans, alkaline titration method. In:
Official Methods of Analysis; 15th Ed AOAC, Inc, Arlington, Va,
USA, 1213. 1990.
Newport Scientific, Applications Manual for the Rapid Visco
Analyser using thermocline. For windows. Newport Scientific Pty.
Ltd., ½ Appolo Street warriewood NSW 2102, Australia, PP. 2-26.
1998.
Watts, B.M., Yumaki, C.L., Jeffery, L.E., Elais, L.G. Basic
sensory methods for food evaluation. The International
Development Research Centre, Ottawa, Canada, 159p. 1989.
Igyo,r M.A., Ikyo, S. M., Gernah, D. I, The food potential of
potato yam (Dioscorea bulbifera). Nigerian Food Journal, 22:
209-215. 2004.
Adebowale, A.R.A., Sanni, S.A. and Oladapo, F.O. Chemical,
functional and sensory properties of instants yam-breadfruit flour.
Niger Food Journal, 26: 2-12. 2008.
Giami, S.Y. Effects of the processing on the proximate
composition and functional properties of cowpea (Vigna unquinata)
four, Food Chemistry, 47: 153-158. 1993.
Moorthy S, Tuber crop starches, Tech Bulletin No 18. CTCRI,
TrIvandrum. 2001.
Okaka, J. C., Okechukwu, P. E. Yam processing Problems and
prospects. In: Advances in Yam Research: Production and
post-harvest Technologies of the Yam Tubers. GO Osuji (editors),
Prairie View & M University, Prairie View, Texas. P.78-90.
1993.
Ragaee S. and Addel-Aal EM. Pasting properties of starch and
protein in selected cereals and quality of their food products, Food
Chemistry, 95: 9-18. 2006.

141

[30] Mepah, H. D., Eboh, L., Aron, A.A.N., Ukpabi, J.U. Rheological,

[31]

[32]
[33]
[34]

[35]
[36]
[37]
[38]
[39]

[40]

[41]

[42]

[43]

[44]

baking and sensory characteristics of fermented cassava starchwheat-cowpea blends. Nigerian Food Journal, 27 (1): 172-186.
2009.
Maziya-Dixon, B, Dixon, A.G.O. and Adebowale, A.A., Targeting
different end uses of cassava: Genotypic for cynogenic potentialy
and pasting properties. International journal of Food Science and
Technologies .42(8): 969-976. 2007.
Beta, T., Harold, C., Lioyd, W.R., John, R.N.T. Starch properties
as affected by sorghum grain chemistry. Journal of Science and
Agriculture. 81:245-251. 2000.
Zaidhul, I.S.M., Hiroaki, Y., Sun-Ju, K., Naoto, H., Takahiro, N.
RVA study of mixtures of wheat flour and potato starches with
different phosphorus contents. Food Chemistry. 2006 06.056.
Oluwalana, I.B. and Oluwamukomi, M. O. Proximate composition,
rheological and sensory properties of plantain (Musa paradisiaca)
flour blanched under three temperature. African Journal of Food
Science 5 (14): 769-774. 2011.
Ihekoronye, A.I., Ngoddy, P.O. Integrated Food Science and
Technology for the tropics. Macmillan. Publishers Ltd. London
and oxford. PP. 262-276. 1985.
Bhattacharya M, Zee SY and Corke H. Physicochemical properties
related to quality of rice noodles. Cereal Chemistry 76: 861-867.
1999.
Ihekoronye, A. I. and Ngoddy, P.O. Integrated Food Science and
Technology for the tropics. Macmillan Publishers Ltd. London
and Oxford. pp. 262-276. 1985.
Adeyemi IA and Idowu MA, The evaluation of pregelatinized
maize flour in the development Maissa, a baked produc. Nigerian
Food Journal. 8: 63-73. 1990.
Shittu, T. A., Lasekan, O. O., Sanni, L. O. and Oladosu, M. O. The
effect of drying methods on the functional and sensory
characteristics of pukuru-a fermented cassava product. ASSET-an
International Journal 1(2) 9-16. 2001.
Adebowale, A.A., Sanni, L. O., Awonorin, S. O.. Effect of texture
modifiers on the physicochemical and sensory proprieties of dried
fufu. International Food Science and Technology, 11 (5) 373-382.
2005.
Sandhu, K. S., Singh, N., Malhi, N.S. Some properties of
corn grains and their flours I. Physicochemical, Functional and
chapati-making properties of flours. Food Chemistry. 101 938-948.
2007.
Afoakwa, E.O., Adjonu, R. and Asomaning, J. B. Viscoelastic
properties and pasting characteristics of fermented maize:
influence of the addition of malted cereals. International Journal
of Food Science and Technology; 45: 380-386. 2010.
Baah FD. 2009. Characterization of water yam (Dioscorea alata)
for existing and potential food products. PhD thesis submitted
to Faculty of Biosciences. Kumasi-Ghana: Kwame Nkrumah
University of Science and Technology.
Chilaka, F. C., Eze, S., Anyadiegwu, C. and Uvere, P. Browning
in processed yams: Peroxidase polyphenol oxidase? Journal of the
Science of Food and Agriculture, 82: 899-903. 2002.

© The Author(s) 2019. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

