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ABSTRACT

Traditional processing of fermented maize (“ogi”), a popular weaning food in the West African sub-region, results in
considerable nutrient losses. Several attempts at improving its nutritional and sensory properties have focused on forti-
fication with plant and animal products. Banana flour, rich in micronutrients and vitamins, could increase the micronu-
trient and vitamin contents of ogi. This study aimed at evaluating the physicochemical properties and sensory attributes
of ogi as influenced by banana flour supplementation. Fermented maize flour was substituted with ripe Cardaba banana
flour at levels of 10% - 50% and the flour mixes subjected to chemical, rheological and sensory evaluation. Crude pro-
tein decreased from 1.59% to 1.43% as banana flour substitution increased, while ash, total sugar (3.64% to 4.97%)),
carbohydrate and acidity increased. However, diastatic activity, crude fibre and fat were not significantly (p < 0.05)
affected. Results of functional properties revealed the following: 86.49 - 83.63 g/ml, 0.41 - 0.44 g/cm’, 6.44 - 7.46 g/ml,
3.30 - 4.50 g/ml, and 10.40 - 10.80 g/ml for water absorption capacity, bulk density, gel consistency, syneresis and
swelling capacity, respectively. Significant (p < 0.05) variations were observed in the pasting viscosities of the flours.
The 50:50 maize-banana flour mix was the most preferred in terms of aroma, taste, colour and general acceptability.
The addition of Cardaba banana flour to ogi may enhance its micronutrient content as evidenced by increased ash con-
tent, sensory, functional and pasting properties, thereby making it a potential substitute for complementary feeding of
infants.
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1. Introduction jor benefit to the consumers of ogi, who are majorly in-
fants, children and convalescent adults with weak diges-
tive systems. Due to poor state of technological ad-
vancement in traditional food processing, the processing
methods of ogi are usually susceptible to problems of
food loss, labour-intensive operations and possible poor
quality end-products. Hence, Several attempts have been
made to improve the nutritional status of ogi by fortifica-
tion with protein-rich substrates including soya beans,
groundnuts, melon seeds and cowpea. However, nutri-
tional improvements of these fermented cereal gruels
with protein-rich substrates lowered their pasting viscosi-
ties and sometimes affected their sensory attributes ad-
versely. These factors are likely to influence consumer
acceptability [2]. Much more recently, fruits such as ripe
"Corresponding author. dessert banana flour [3], baobab [4] and pawpaw [5]

Ogi is an acid-fermented cereal gruel or porridge made
from maize, sorghum, or millet; the choice of cereal de-
pending on preference and ethnicity. It is popular in Ni-
geria and in most West African countries, where it is
mainly used for complementary feeding of infants; al-
though it is also consumed by adults. Ogi porridges are
smooth in texture, perhaps similar to hot blancmange and
a sour taste reminiscent of that of yoghurt [1]. During
fermentation, enzymes elaborated by the fermenting mi-
croorganisms break down many complex substances
such as starch, oligosaccharides, protein and phytic acid
complexes thus increasing the quantities and qualities of
easily-digestible nutrients in foods. This feature is a ma-
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among others, have been incorporated into ogi for quality
improvement. These fruits are able to significantly im-
prove the sensory properties and increase ash, ascorbic
acid, sugars and mineral contents of ogi since fruits are
rich in minerals, vitamins and sugars.

Cardaba banana (Musa ABB) is an under-utilized
cooking banana variety which is though available year
round in Southern Nigeria, is highly restricted in utiliza-
tion to production of flour and fried chips, thereby pre-
disposing it to rapid post harvest spoilage contributed by
its physiological metabolic activities and high moisture
content. It is relatively cheaper as compared to dessert
bananas and plantains and has been reported to be rich in
minerals, ash and ascorbic acid [6]. There are extensive
reports on the processing and utilization of dessert ba-
nana and its flour for various food industrial purposes in
Nigeria; therefore the need arises to fully harness the
potentials in cooking bananas which are highly available,
relatively cheaper and much more hardy. Hence, this
study has investigated the effect of Cardaba banana sup-
plementation on the physiochemical and sensory attrib-
utes of ogi.

2. Materialsand M ethods
2.1. Materials

Quality Protein Maize (QPM) was obtained from IAR &
T, Ibadan, Nigeria while green mature Cardaba banana
fruits (Musa ABB) were obtained from the Teaching and
Research Farm of the Federal University of Technology
Akure, Nigeria. The bananas were ripened naturally to
stage 3 ripeness (more yellow than green). This was se-
lected because after this stage of ripening (from stages 4
- 7), flour from Cardaba banana becomes increasingly
discoloured and dark-brown [6].

2.2. Preparation and Blending of Ogi and
Banana Flours

Fermented maize (ogi) was prepared using the traditional
method described by Adeyemi and Soluade [5] which
involved steeping of clean maize grains for 24 h, wet
milling, wet sieving, decanting, drying at 50°C for 24 h
in a cabinet dryer, cooling to ambient temperature, mill-
ing in an attrition mill and packaging in polythene bags.
Cardaba banana flour was produced by washing of the
fingers, peeling, slicing into 10mm chips, soaking in
0.05% sodium metabisulphite solution for 5 min and
dried using a Gallenkamp hot air oven (Model 320;
Gallenkamp, England) at 50°C for 24 h. The dried chips
were milled using a hammer mill (Armfield), sieved to
pass through a 250 pm sieve and packaged in polythene
bags. Blending of the flours was done by supplementing
ogi flour with Cardaba banana flour at levels ranging
from 10% - 50%.

Copyright © 2013 SciRes.

2.3. Analyses

2.3.1. Deter mination of Chemical Composition of the
Mixes

Triplicate samples were analyzed for proximate compo-

sition, total sugars, diastatic activity and titratable acidity

(expressed as percent lactic acid) using standard official

methods [7].

2.3.2. Evaluation of Functional and Pasting Properties
of theFloursand Their Blends

The samples were evaluated for water absorption capac-
ity [8], bulk density [9] and pasting viscosity using Rapid
Visco Analyzer (Model: RVA-4, Newport Scientific Pty.
Ltd., Sydney, Australia) [10]. Syneresis was determined
by preparing a gel from each mix at 16% concentration
(dry basis) in a total weight of 600 g. This was achieved
by heating the slurry obtained after addition of water,
with constant stirring to form a thick paste, which was
then poured into size cans. The gel obtained (about 5 cm
in diameter and 2 cm in height) was placed on a sheet of
filter paper in a place free from draft and at a uniform
temperature. After an interval of 1 h, distance travelled
by the water of syneresis along the filter was determined
[3]. Consistency was determined by preparing a slurry of
10% total solids (dry basis), one-third of the water was
mixed with the flour, while the remaining two-thirds was
boiled, poured into the slurry, cooked for 2 - 3 min and
later cooled to 50°C. The cooled paste was then poured
into Adam’s consistometer cup, which was then raised,
and the extent of flow was read after 30 s [3]. Swelling
capacity was determined by adding 150 ml of cold water
into 25 g of each sample in a 210 ml measuring cylinder,
allowed to stand for 4 h before observing the level of
swelling and thereafter calculated as [11]:

Swelling capacity

_ volume after soaking — volume before soaking

Weight of sample

2.3.3. Sensory Evaluation

Gruel was prepared from each of the samples by boiling
10% (w/v) slurry for 15 min and assessed for colour,
aroma, taste, mouth feel and overall acceptability by a
team of 20 panelists familiar with ogi gruel. A Nine (9)
point hedonic scale, where 9 represented “like ex-
tremely” and 1 “dislike extremely”, was employed. Each
treatment was evaluated three times by each panelist.
Samples were served immediately after preparation. Each
judge was presented with a glass of water after each test-
ing session to rinse his mouth so as to prevent a carry-
over effect.

2.3.4. Statistical Analysis
Triplicate results were subjected to statistical analysis

FNS



846 Assessment of Chemical, Rheological and Sensory Properties of Fermented Maize-Cardaba Banana Complementary Food

using Statistical Package for Social Scientists (SPSS)
software version 15.0. The mean values and standard
deviation were calculated while Analysis of Variance
(ANOVA) was performed and means separated by the
Duncan’s Multiple Range Test at p <0.05.

3. Resultsand Discussion
3.1. Chemical Composition of the Mixes

Variations in the chemical composition of ogi as affected
by banana flour addition are presented in Table 1. The
low moisture content of the mixes which ranged from
10.56% to 10.31% for 10% and 50% substitution levels
respectively, signify good storability of the products be-
cause milled food products with moisture content less
than 13% are stable from moisture dependent deteriora-
tion [12]. Protein content decreased from 1.63% in the
control (100% fermented maize flour) to 1.43 at 50%
banana substitution. Similar decreases have been re-
ported in maize flour substituted with banana flours and
pawpaw [3,5]. This may be due to dilution, since banana
is a poor source of protein. Hence, complementary diets
formulated from maize-banana blends need to be sup-
plemented with animal proteins such as milk or crayfish
as is being practiced in traditional Nigerian setting. Fat
content also reduced on banana flour addition. This is
expected because banana has low fat content and con-
tributes very little of lipid material to foods [13]. There
were significant improvements in the ash contents of the
blends from 1.34% to 1.46% as substitution increased.
This increase could be due to the minerals in banana
since Cardaba banana has been shown to be a good
source of minerals, particularly potassium, magnesium

and phosphorus [6].

There was, however, no significant difference in the
crude fibre content of the ogi flour. Carbohydrate and
total sugar of the blends which ranged from 85.16% to
85.34% and 3.64% to 4.97% respectively, increased as
banana substitution levels increased. This may be due to
the high sugar and starch content of banana [14]. Titrat-
able acidity of the samples increased significantly (p <
0.05) from 0.12 to 0.24 lactic acid (Table 1). This indi-
cates that the banana flour significantly contributed to the
acidity of the mixes, a feature which is beneficial for
gastrointestinal health of ogi consumers. Diastatic activ-
ity which was low did not show any significant (p < 0.05)
difference on addition of banana flour. Although diastatic
activity is important in baking, it is however relevant in
this study because high diastatic activity imparts heavi-
ness and stickiness to the fermenting dough, thereby
making the resultant loaves dense, of low volume and
poor waxy texture [15]. Therefore the low diastatic activ-
ity recorded in this study is an indication that the result-
ing weaning food will not be heavy, sticky or have a poor
waxy texture which may make it unacceptable to con-
sumers. It also shows the suitability of these flour mixes
for baking purposes.

3.2. Functional Properties of the Floursand
Mixes

Results of functional properties of fermented maize flour
and the blends are presented in Table 2. Water absorp-
tion capacity of banana flour (90.44 g/ml) was lower than
that of fermented maize flour (93.63 g/ml). On addition
of 10% banana flour to fermented maize flour, water

Table 1. Chemical composition of fer mented maize and maize-Car daba banana flour blends.

Level of substitution

Composition 0% 10%
Moisture (%) 10.63* 10.56°
Crude protein (%) 1.63% 1.59°
Fat (%) 0.38" 0.31°
Ash (%) 1.27° 1.34°
Crude Fibre (%) 1.15° 1.04°
Carbohydrate (%) 84.94° 85.16%
Total sugar (g/100g) 3.64¢ 434"
Diastatic activity (maltose/100g) 0.74° 0.71°
Total Titratable Acid (% lactic acid) 0.12% 0.14¢

20% 30% 40% 50% 100%
10.45° 10.42% 10.36° 10.31° 10.38%
1.53¢ 1.52¢ 1.47¢ 1.43° 1.26
0.36™ 0.36™ 0.35% 0.34® 0.29°
1.38¢ 1.39¢ 1.42¢ 1.46° 2.95°
1.10° 1.13% 1.12% 112 1.05¢
85.18° 85.19° 85.28" 85.34" 84.07°
4.84° 4,97 5.00" 5.06* 5.02%
0.73%* 0.71¢ 0.72" 0.74* 0.73%°
0.15¢ 0.17° 0.22% 0.24° 0.17°

Each value is a mean of triplicate determination. Values in the same row with same letters are not significantly different (p < 0.05). 0% = 100% fermented
maize flour, 10% = 90% fermented maize flour +10% Cardaba banana; 20% = 80% fermented maize flour +20% Cardaba banana; 30% = 70% fermented maize
flour +30% Cardaba banana; 40% = 60% fermented maize flour +40% Cardaba banana; 50% = 50% fermented maize flour +50% Cardaba banana; and 100% =

100% Cardaba banana flour.

Copyright © 2013 SciRes.
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Table 2. Functional propertiesof maizeflour, Cardaba banana flour and the blends.

Level of substitution with Cardaba banana ~ Water absorption capacity Bulk der;sity Consistency Syneresis (g/ml) Swelling capacity

(%) (g/ml) (g/em’) (g/ml) (g/ml)

0 93.63° 0.43* 7.28° 3.70° 10.80°

10 86.49¢ 0.42% 7.46* 3.90¢ 10.63°

20 88.80¢ 0.44° 6.92¢ 4.00 10.52°

30 88.60° 0.43* 6.79° 3.30° 10.51°

40 89.19° 0.42% 6.74° 4.50° 10.45¢

50 87.49° 0.41° 6.44° 3.70° 10.40°
100 90.44° 0.41¢ 6.95° 3.60¢ 10.30

Each value is a mean of triplicate determination. Values in the same row with same letters are not significantly different (p < 0.05). 0% = 100% fermented
maize flour, 10% = 90% fermented maize flour +10% Cardaba banana; 20% = 80% fermented maize flour +20% Cardaba banana; 30% = 70% fermented maize
flour +30% Cardaba banana; 40% = 60% fermented maize flour +40% Cardaba banana; 50% = 50% fermented maize flour +50% Cardaba banana; and 100% =

100% Cardaba banana flour.

absorption initially reduced to 86.49 g/ml and increased
at substitution levels of 20% - 40% but finally reduced
with 50% banana flour to 87.49 g/ml. This may be attrib-
uted to the coarse nature of banana flour since flours with
bigger or coarse particle sizes have been reported to re-
tain less water as compared to flours with smaller or finer
particle size [16]. Secondly, the increase in the sugar
content of ogi flour as banana flour substitution increased
may also be responsible for the reduced water absorption.
This is because sugars are known to inhibit the hydration
of starch [17,18]. This reduction may, however, be an
advantage since low water absorption capacity is desir-
able for formulation of low viscous, less bulky and more
nutritious weaning foods [19].

Bulk density of the flours ranged from 0.41 - 0.44
g/em’. Addition of Cardaba banana flour to ogi flour in
most cases reduced its bulk density, although this reduc-
tion was not significant (p < 0.05) except at 50% substi-
tution level. The reduction may be attributed to the high
content of sugar of the banana [6]. Although high bulk
density is important due to the packaging advantage it
offers flour products [20], low bulk density could be an
advantage in the formulation of baby foods where high
nutrient density to low bulk is desired. This is because
the lower the BD value, the higher the amount of flour
particles that can stay together and thus increasing the
energy content that could be derivable from such diets
[21].

Consistency of the flours which ranged from 6.44 to
7.46 g/ml; initially increased at 10% banana flour inclu-
sion from 7.28 g/ml to 7.46 g/ml, but reduced thereafter
to 6.44 g/ml at 50% banana substitution. This is consis-
tent with the report of Okezie et al. [3] in weaning food
formulation using Cavendish banana and fermented
maize flour. It also shows the relationship between the
consistency and pasting viscosities of the flours which
reduced in most cases in this study as Cardaba banana

Copyright © 2013 SciRes.

flour substitution increased. Syneresis however, gener-
ally increased with increasing banana substitution, except
at the 40% substitution. This could be due to increase in
sugar levels that retard gelatinization and swelling of
starch [18]. Also water separation due to starch crystalli-
zation could occur during storage of the gels. As a result
of this it could lead to hydrogen bond disruption between
the starch and water. Reduced water absorption values
obtained in this study could also be linked with the in-
creased syneresis values, since banana flour substitution
caused a reduction in the ability of the fermented maize
flour to hold water; hence on storage of the gel, water
separation (or weeping) occurred in the gel and appeared
as a separate phase.

Swelling capacity consistently reduced from 10.80
g/ml in 100% ogi flour to 10.40 g/ml on substitution of
banana flour up to 50%. Swelling and water absorption
capacities are important parameters which ultimately
determine sample consistency (that is solid, semi-solid,
or liquid) and are dependent on the compositional struc-
ture of the sample. Flours with both high water absorp-
tion and swelling capacities hold large amounts of water
during their preparation into gruels and thus become vo-
luminous with a low energy and nutrient density, while
those with low capacities would provide a more nutri-
ent-dense infant formula [22]. Hence, banana flour sub-
stitution would provide more nutrient-dense comple-
mentary food because of the reduced swelling capacity.
Swelling causes changes in hydrodynamic properties of
the food thus impacting characteristics such as body,
thickening and increase in viscosity to foods. This im-
plies that among the samples, 100% ogi flour with the
highest swelling capacity will produce a thick viscous
gruel compared to others. This is probably due to the
increase in sugar which reduces swelling of starch gran-
ules, hence complementary food made from the flour
mixes will have reduced swelling and viscosity and
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higher nutrient density as compared to 100% ogi flour.

3.3. Pasting Properties of the Flour Blends

Pasting properties of the flours varied significantly (p <
0.05) as banana substitution level increased (Table 3).
Peak viscosity which ranged from 110.00 to 345.30 RVU
reduced inconsistently with banana flour substitution.
The difference in the peak viscosity may be attributed to
different rates of water absorption and swelling of starch
granules of the flours during heating which would have
been influenced by the increase in sugar content which
may result in high solubility whereby the sucrose present
ties up water molecules making them unavailable for
starch, hence inhibiting normal swelling of starch [18].
The 50:50 flour blend had the highest peak viscosity,
hence the highest water binding potential. Breakdown
viscosity also reduced, except in the 50:50 flour mix
which increased significantly (p < 0.05). Breakdown
viscosity is regarded as a measure of the degree of disin-
tegration of starch granules or paste stability during
heating [22]. The implication of this observation is that
the 10:90 flour blend with the lowest breakdown value
(11.0 RVU) was more resistant to heat and shear force
during heating and that there was less starch granule
rupture which could therefore guarantee a more stable
cooked paste [23]. Final and setback viscosities reduced
in most cases. Since setback viscosity is an indication of
the stability of cooked paste against retrogradation and
can be used to predict the storage life of a product pre-
pared from the flour [24], the lowest setback observed in
10:90 substitution (38.50 RVU) therefore indicates the
lowest rate of starch retrogadation and syneresis tenden-
cies, hence products from this blend will have the longest
storage life; whereas the highest value in 30:70 flour
(174.59 RVU) the highest retrogradation tendencies and
the shortest storage life. Low viscosities observed in the

flour blends are nutritionally beneficial in infant formulas.
The pasting temperatures which ranged from 73.82°C to
81.60°C reduced significantly (p < 0.05). The narrow
temperature range in the blends indicates that the addi-
tion of the Cardaba banana had little effect on the initial
pasting temperature of the ogi.

3.4. Sensory Attributes of Fermented
M aize-Car daba Banana Mixes

The sensory attributes of ogi and the flour blends as pre-
sented in Table 4 were significantly (p < 0.05) different,
indicating that samples with varying Cardaba banana
substitution levels had higher scores for in most cases
than the ogi control. While substitution with Cardaba
banana flour significantly improved aroma, colour and
mouth feel (smoothness); the taste of 50:50 blend was
most preferred, followed by 100% ogi flour. The highest
preference in terms of aroma and taste for 50:50 flour
blend shows that addition of banana flour to ogi signifi-
cantly enhanced its flavour. Similar observation has been
reported in a study on breakfast cereal made from maize
flour and pawpaw blends [25].

Taste scores were not significantly different for sam-
ples containing 10% and 20% Cardaba banana; but at
50% substitution level, the taste significantly improved.
This might be due to the high sugar content of Cardaba
banana. Among the mixes, flour containing Cardaba ba-
nana up to 50% was rated the highest in terms of colour
(4.55), as compared to the ogi control which had the
lowest (4.00); however, the 100% Cardaba banana flour
was the most preferred. Values obtained for mouth-feel
desirability and smoothness ranged from 6.10 - 6.50 and
5.65 - 5.90 respectively. There was significant difference
between the sample both in smoothness (texture) and
desirability. The sample containing 50% banana substitu-
tion was the most desirable than the ogi control, although

Table 3. Effect of banana substitution on pasting properties (rvu) of fermented maize flour.

Level of substitution with . . . . . . . . . Peak time Pasting Temp
Cardaba banana (%) Peak viscosity Trough Breakdown viscosity Final viscosity Setback viscosity (min) ¢C)

0 357.58° 168.16° 189.40° 228.38° 59.17° 4.26° 81.62°
10 110.0° 99.0" 11.08 199.1¢ 38.50" 420° 75.20¢

20 240.12¢ 102.17° 137.08¢ 144.13¢8 40.41° 4.26° 75.20¢

30 301.54° 213.0° 88.54° 390.63° 174.58° 4.80° 75.20¢

40 302.56° 131.66° 170.9° 177.15° 43.81° 4.06 73.82°

50 345.3° 18.41" 326.89° 230.67° 48.54¢ 4.65° 79.60°
100 168.31¢ 128.67¢ 39.64" 207.63¢ 77.92° 5.06" 84.60°

Each value is a mean of triplicate determination. Values in the same row with same letters are not significantly different (p<0.05). 0% = 100% fermented maize
flour, 10% = 90% fermented maize flour +10% Cardaba banana; 20% = 80% fermented maize flour +20% Cardaba banana; 30% = 70% fermented maize flour
+30% Cardaba banana; 40% = 60% fermented maize flour +40% Cardaba banana; 50% = 50% fermented maize flour +50% Cardaba banana; and 100% =

100% Cardaba banana flour.

Copyright © 2013 SciRes.
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Table 4. Effect of banana substitution on sensory properties of fermented maize-extract.

Level of substitution with Mouth-feel Mouth-feel .
Cardaba banana (%) Aroma Taste Colour (smoothness) (desirability) Overall Acceptability

0 5.57" 6.14° 4.00¢ 5.05° 6.00° 6.12°

10 5.67¢ 6.05° 4.44¢ 5.65° 6.10° 6.09°

20 5.92¢ 6.00° 4.44¢ 5.59° 5.99° 5.97°

30 6.67° 5.52¢ 4.47° 5.82° 5.90° 5.97°

40 6.73° 6.52° 4.50° 5.85° 5.524 5.99%

50 7.70° 7.00° 4,55 5.90° 6.50° 7.70°

100 7.02° 7.00* 5.00° 4.05" 5.40° 5.00¢

Each value is a mean of triplicate determination. Values in the same row with same letters are not significantly different (p < 0.05). 0% = 100% fermented
maize flour, 10% = 90% fermented maize flour +10% Cardaba banana; 20% = 80% fermented maize flour +20% Cardaba banana; 30% = 70% fermented maize
flour +30% Cardaba banana; 40% = 60% fermented maize flour +40% Cardaba banana; 50% = 50% fermented maize flour +50% Cardaba banana; and 100% =

100% Cardaba banana flour.

the difference was not significant. Scores for overall ac-
ceptability showed that the 50:50 ogi-banana blend was
the most preferred. Generally, the 50:50 ogi-banana flour
blend was the most preferred in terms of aroma, mouth
feel, taste and overall acceptability and hence the most
accepted.

4. Conclusion

The results of the study showed that maize-banana flour
mixes had lower amounts of protein, fat and moisture.
The lower fat and moisture content are advantageous
because they guarantee storability of the flours. Although
the incorporation of banana flour to ogi caused signifi-
cant reduction in its protein content, micronutrients con-
tent, functional and pasting properties and sensory attrib-
utes were significantly improved. There is, however, the
need to enrich the protein content with the use of other
plant or animal sources.
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