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Three infant complementary formulas were developed from three levels of combinations of soybean, maize
and plantain flours. The combinations (protein basis) were (A) soybean 30% + maize 54.8%, (B) soybean
40% + plantain 44.8% and (C). Soybean 35% + maize 29.8% + plantain 4.8%. The developed formulas were
fortified with premixed minerals (Ca, P and Mg) were comparatively evaluated with a proprietary formula
(Nutrend) in terms of proximate nutrient compositions, functional properties and sensory qualities. Two of
the developed formular (A) and (C) had higher protein contents (17.50% and 19.69% respectively) than the
control (16.0%); and (B) had 15.31%. The formulated food had higher moisture and fat contents than the
proprietary formula. The developed formulas were evaluated by 20 panelists on a 9-point hedonic scale, and
statistically analyzed were found to be acceptable (P < 0.05) and compared favourably with the commercial
(Nutrend). In conclusion, the study revealed that it is possible to prepare nutritionally adequate and acceptable
complementary food from readily available and affordable local food items, maize, plantain and soybean.
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INTRODUCTION

For the first six months of life, the human infants depend
solely onits mother to provide and select itsfood. Thefirst
nine months in uterus is spent abstracting from the mother’s
blood stream what ever materials are required. While an
adult’s food is continuous, that of a baby is selective. This,
according to Tebat (1989), is because of up to six months
the mother’s breast milk serves the baby, as it contains all
nutrients and sufficient energy needed at that age.

Aninfant is regarded as a child during the first year
of itslife. The growth of an infant within one year isvery
rapid, and breast feeding alone will not meet the child’s
nutritional requirementsafter six months. Breast milk from
awell-nourished mother isinadequate to meet nutritional
needs of an infant after the first six months of life;
therefore, thereisneed for complementary food (UNICFF,
1999).

According to (Saskiaand Annoek, 1997; and Iggor et al.,
2011), weaning is a process whereby a baby is gradually
trained to become accustomed to a normal adult’s diet for the
purpose of adequate nutrition. The period of weaning is the
most critical period inthelife of ayoung child. The necessity
for weaning is evident asthe infant grows because there will
bean increased demand for various new activitieslike sitting,
crawling, walking, teething and other physica developments.
Failuretointroduce complementary food at therequired time
or deficient complementary food will lead to malnutrition
(Bogert et al., 1993; and Joan et al., 2013). Theincidence of
malnutrition rises sharply during the period from 6-18 months
of age in most countries Nigeria inclusive, and the deficits
acquired at this age are difficult to compensate for later in
childhood (Martonel and Habich, 1994).

A wide range of complementary foods and infant
formulae has been reported (Calvi and Mwalongo and
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Anigo et al., 2010). However, some of these foods though
every nutrious are either not readily availablein the market
or unaffordable especialy to the rural dwellers. Thereis
need to develop nutritious (adequate supply of amino
acids), cheap and acceptable complementary foods from
the local cheap and readily available food stuff such as
cerealsand legumes using simpl e but adequate processing
techniques that can be easily adopted by many families.
The product that is chap for the rural dwellers and readily
available.

MATERIALS AND METHODS

The new materials which were maize soybean, unripe
plantain and horney were purchased from Rivers State main
market at Port Harcourt, Rivers State Nigeria. The chemical
and reagents used in the analyses were of analytical grade
and sourced from the department of food science and
technology, Rivers State University of Science and
Technology, Port Harcourt, Nigeria.

SAMPLE PREPARATION

The production of malted soybean flour was done
according ot themethod of Nzerem (2002). The seedswere
carefully sorted to separate dirts, stones and other
extraneous matters and contaminants. The clean seeds
were steeped in water in a dark room for 10 hours in the
ratio of seedsto water of 1:3. The seeds were subsequently
drained and thereafter spread thinly on wet jute bags and
covered with muslin cheese cloth. The seeds were left to
germinate at room temperature (28-32 °C) for 72 hours.
They were dehulled manually and air oven dried at 50 °C
for 24 hours, and later at 65 °C for one hour to both reduce
the moisture content and prevent microbial activity. They
were then ground to flour using, an attribution mill and
sieved through a 500 pun mash. Figure 1 present a flow
chart of the process steps.

Maize Flour

The maize grainswere sorted to rid them of all extraneous
matter. They were washed and soaked in water at aseed to
water ratio of 1:3 for 18 hours. The seedswere drained and
spread on wet jute bags, covered with muslin cloth and
allowed to sprout at room temperature for 48 hours. The
germinated grains were dried at 50 °C for 24 hours, and
subsequently at 65 °C for 30 minutes in an oven. They
werethen milled to fine flour, and the flour sieved through
amesh of aperture 500 pum. Figure 2 shows the flow chart
for the production of matted maizeflour.

Figurel: Flow Chart for theProduction of M alted
Soybean Flour (Nzerem, 2002)
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Formulation of Composite Flours

Threelevelsof mixturewereempirically designed to realize
three infant complementary foods.

A: 30% soybean + 54.8% mai ze, based on the formulation
of complementary foods have been based on legume cereal
ratio of 30%: 70% (Ossai and Malomo, 1988).

B: 40% soybean + 44.8% plantain based on Ogazi (1996)
recommended studies on the application of unripe plantain
flour inthe formul ation of complementary foods.

C: 35% soybean + 29.8% maize + 4.8% plantain. Thethree
developed formulae were then analysed for their proximate
nutrient compositions. The premix of calcium, phosphorus
and magnesium formulated by bio-organic nutrient
systems, Lagos, Nigeria, was added and uniformly mixed
with each of the formulasto fortify them according to the
recommended rate as shown in Table 1.
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Figure2: Flow Chart for the Production
of Malted M aizeFlour

Figure 3: Sagesin Plantain Flour Production
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Source: Ogazi and Adeyemi (1985)

Proximate analysi sof formulated complementary foods,
moisture content, crude protein, crude fat, and ash content
were all determined by the method of AOAC (2000); while
carbohydrate was determined by difference (Ihekoronye
and Patrick, 1985). Calorie value was calculated using
standard factors according to Marero et al. (1988).

Functional Properties

The functional properties, water and oil absorption
capacity, gelatinization and boiling temperature capacity,
bulk density, of the formulated complementary foodswere
analysed according to the methods as described by
Onwuka (2005).

Sensory Evaluation

Gruels of the formulated complementary foods and the
controls (commercial nutrend) were saved to 20 panelists

Table1: Formulation of the Complementary Foods

Components FormulaA | FormulaB | Formular C
% % %
Soybean flour * 30 40 35
Maize flour * 54.8 - 208
Plantain flour * - 448 48
** Mineral mix 329 329 329
Honey 129 129 12g
Vegetable oil 10m 10m 10m
Vanilla 04m 04m 04m

Note: * The flour of component in each formulation is as per
100 g of composite; ** Mineral mix: content per 100 g
serving (50% RDI) calcium 500 mg Phosphorus 500 mg
Magnesium 200 mg
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(mothers consisting of workers, university students and
house wives between the age of 27 and 42 years) for
evaluation of colour, flavour, mouthfeel, and overall
acceptability. The four gruels which were appropriately
coded (XY Z, BBC, JKI, and ACB were presented to each of
the judges in different transparent tea cups of evaluation.
Each panelist evaluated the gruels using a 9-point hedonic
scale which was coded to correspond with the codesin the
sampl es. The 9-point hedonic scale of scoringisasfollows:

9-likeextremey

8 - likemoderately
7-likedlightly

6-like

5- neither likenor didlike
4 -didike
3-didikedightly

2 -didikemoderately
1-didikeextremely

Statistical Analysis

The results of the sensory evaluation were computed into
means and subjected to analysis of variance based on all
the sensory attributes fisher’s Least Significant Difference
(LSD) test was used to separate the means. All data were
determined in triplicate and averaged.

RESULTS

Chemical Composition

Table 1 shows the proximate chemical composition of the
formulated complementary foods and the control (Nutrient).
The moisture content of the formulations were fairly high
ranging from 6.40% (B) to 7.25% (A) and differ signifncantly
(P<0.05) fromthecontrol D (4%).

The total ash content of formulations without the
mineral premixevaried from 2.33% (A) t02.61% (B). The
ash content of the formulations fortified with mineral
premixes were much higher, varying from 6.51% (A) to
6.74% (B), and not differing significant (P>0.05). The protein
contents of the formulated foods ranged from 15.31% (B)
to 19.69 (C). The values of two of the formulation, A
(17.50%) and C (19.69%) were significantly higher (P>0.05)
thanthe control, D (16%), while B (15.31%) was |ower than
the control. The fibre contents of the formulated foods
ranged from 1.75% (B) t0 2.85% (C) and all were significantly
lower (P<0.05) than the control, D (5%). Thefat content of
the formulated foods was lowest in A (10.8%) and highest
in B(12.13%) and were both significantly higher (P<0.05)
than the control D (9.0%), The carbohydrate contents of
the formulated bleds were not very high ranging from
52.92% (C) to 57.67% (B) they were all dlightly lower than
the control, D (63.7%). Thefood energy value ranged from
38887 kcal (A) to 401.09 kcal (B) whilethe control, D was
400kcal/100g.

Table2: Chemical Composition of For mulated and Control Complementary Foods
Sample
Component
A B C D
Moisture Total ash wilt 7.24+0.14° 6.3+0.1° 7.04+0.1° 39.00°
Mineral per mix% Total ash (with mineral) 7.32+0.10° 2.60+0.10° 2.60+0.4° 249
Premix % 6.50+0.12% 6.74+0.00° 6.70+0.1 -
Crude protein 17.50+0.50" 15.31+0.5° 19.69+0.1° 16.00°
Crude fibre 2.20+0.30° 1.75+0.26" 2.85+0.20° 5.00%
Ether extract 10.80+0.20° 12.13+0.312 11.39+0.3° 9.00"
Carbohydrate 55.41+0.70° 57.67+0.60° 52.91+0.41° 63.70°
Calorific value kcal/100 g) 388.84+0.35 401.09+1.35% 392.91+0.78° 400.00*
Note: * Mean + standard deviation of the mean for three determinant of each of the samples on dry basis; ®¢ means with different
superscripts in the same vow are significantly different (P< 0.05). A - Soybean flour (30%) + maize (54.8%); B - Soybean flour (40%)
+ plantain flour (44.8%); C - Soybean flour (35%) + maize flour (45%) + plantain flow (4.8%); D - Commercial nutrient.
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Physical Characteristics

Table 3 showsthewater and oil absorption capacities of the
formulationsand the control. The water absorption capacity
of the diets ranged from 2.21 g/g (b) to 4.50 g/g/ (A). The
developed formula (A0 which had the highest water
absorption capacity did not differ significantly (P>0.05) from
the control (DO (3.98/g).

The bulk density, swelling index, gellation and boiling
temperatures of the formulation and control are shown in
Table 4. The bulk densities of the formulation were low
ranging from0.43 g/m (B) t0 0.46 g/ml (A); and did not differ
sgnificantly (P<0.05) fromthecontrol, D (0.45 g/ml).

Table3: Water and Fat Absor ption Capacities
of Formulated Complementary Foods

Sample Water Absor ption Fat Ab;or ption
Capacity (9/9) Capacity (9/9)

A 450+0.6* 2.26+0.02

B 2.21+0.006° 2.64+0.02

C 2.65+0.02° 2.42+0.01%

D 3.98+0.01* 255+0.03°

Note: * Mean + standard deviation of the mean for duplicate
determinations of each of the samples; # means of different
superscripts within the same column do not significantly
differ (P<0.05). A - Soybean flour (30%) + maize flow
(54.8%); B - Soybean flour (40%) + plantain flour (44.8%);
C - Soybean flour (35%) + maize flour (45%) + plantain
flour (4.8%); D - Control commercial nutrient.

Table4: Bulk Density Swelling Index, Gelation
and Bailing Pointsof For mulated Complementary

Foods*
Bulk Swelling | Gelation| Boailing
Sample ) . )
Density Index Point | pPoint (°C)
A | 046+0.02 | 2.90+0.0072| 76+0.7% | 90+2.0°
B | 043+0007| 3.49+007 | 74+0.7% | 82+0.7°
C 0.44+0.01% | 3.30+0.006* | 73+1.3* | 92+15%
D 045+0.0% |2.95+0.00%%| 7.5¢15% | 9.0+1.3°

Note: * Mean + standard deviation of the mean for duplication
determination of each of the samples; ** Means with
different superscripts within the same column significantly
differ (P<0.05). A - Soybean flour (30%) + maize flour
(54.8%); B - Soybean flour (40%) plantain flour (44.8%);
C - Soybean flour (35%) + maize flour (45%) + plantain
flour (4.8%); D - Control: commercial nutrient.

The swelling index of both the formulations which
ranged from 2.90 ml (A) to 3.49 ml (B) and the control (D)
(2.95ml) did not differ sgnificantly (P<.0.05). The samewas
true of the gellation temperatures of theformulations, 73°C
(C)to 76 °C (A) and the control (75 °C). Theboiling point of
theformulationsranged from 82 °C (B) to 92 °C (C). while
formula (C) differed significantly. However they differed
significantly (P<0.05) fromB.

Sensory Characteristics

The mean scores resulting from the sensory panelists scors
of the colour mouthfeel, flavour and overall acceptability as
shown in Table 5. The mean scores on colour of the
formulated foods ranged from 5.15 (B) to 7.15 (A), and all
differed dightly (P<0.05) fromthe control (D) 8.7. Thescores
for mouthfed varied from4.05 (B) t06.85 (C) for theformulated
diets, and all were significantly lower (P<0.05) than the

Table5: Water and Fat Absor ption Capacitiesof
For mulated Complementary Foods

Sample Water Absorption Fat Abgor ption
Capacity (9/9) Capacity (9/9)

A 450+0.6* 2.26+0.02°

B 2.21+0.6* 2.64+0.02

c 2.65+0.02° 2.42+0.01%

D 398+0.01° 2.55+0.08

Note: * Mean + standard deviation of the mean for duplicate
determinations of each of the samples; ® means of different
superscripts within the same column do not significantly
differ (P<0.05). A - Soybean flour (30%) + maize flour
54.8%; B - Soybean flour (40%) + plantain flour 48.8%; C
- Soybean flour (35%) + maize flour (45%) + plantain flour
4.8%; D - Control commercial nutrient.

Table6: M ean Scoresof Sensory Evaluation
of Formulationsand Control

Bulk Swelling | Gelation | Boiling Paint
Sample ) .
Density Index Point (°C)
A 715" 5.60° 6.60° 6.25°
B 5.15° 4.05° 6.10° 5.65°
c 7.11° 6.85” 6.75° 6.45°
D 8.70% 7.70° 8.90° 8.75

Note: * Mean scores with different superscripts within the same

column differ significantly (P<0.05).
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control (D) 7.70. The rest of the scores are shown in the
Table®6.

DISCUSSION

Table 1 showed the proximate composition of the developed
complementary foodsand the control (commercial Nutrient).
The disparity in the moisture content between the
formulated complementary foods (high) and the control
(much lower) may be attributed to differences in the
efficiency of drying method employed in the formulations
(over drying) and control (spray-drying). Moisture content
is one of the outstanding qualities and widely used
parameters in the processing and testing of foods. The
moi sture content of any foodsisan index of itswater activity
(a,) asreported by Frazier and Wesl hoff (1978) and Desai
and Salunkleet al. (1992). Thisimpliesthat the formul ated
complementary blends may have a short shelf-life due to
the high moisture content.

The protein contents of the formulations (not fortified
with mineral premixes) compare favourably with many
commercia complementary formulas, even though thewere
below (approximated, 50% shortfall) the requirements
according to the protein Advisory Group which recommend
at least 5% total ash. However, the formulation fortified
with the mineral premixes (calcium, phosphorus and
magnesium) increased their contents both quantitatively
and qualitative making them better suited for children than
the control and said proprietary formulas in term of bone
calcification. The minerals, calcium phosphorus and
magnesium are known to be very essential requirementsfor
bone calcification blood clothing and energy release in
children (Macreaet al., 1993).

The protein content to the two formulation—A (17.50%)
and C (19.69%) are al significantly high (P>0.05) than the
control D (16.0%). This shows that the two formulation s
are capable of meeting the dietary protein requirements of
weanling age children fed on them (Hofrander and
Underwood (1987). The results of the protein anaysis of
the formulation showed that the highest qualitiesin levels
of combinations of the malted soybean, malted maize, and
plantain flour were achieved.

Thehigh level of fat in the different formulations coved
be due to the supplementation effect of soybean which is
anoil seed with highlipid level. Accordingly, to formula, B
with the highest percentage of soybean (40%) had the
highest fact content (12.13%) C with 35% soybean had

11.39% fat A with 33% soybean had 10.80% fat. Expectedly,
the high levels of fat have contributed to the higher caloric
value.

The carbohydrate content of the formulations could be
due mainly to the percentages of maize and plantain flours
inthe various composites. However, the carbohydrate yield
of these complementary formulation are complemented by
their high fats contents making themideal for babies since
they required high every for rapid growth. The carbohydrate
also contribute to the bulk of the energy of each of the
formulationsand still contain fibre. According to Lazsakan
(1996) sprouting decreasesthe carbohydrate levelsof flours
due to increase in alpha-amylase activity resulting in the
breakdown of complex carbohydrates to simpler and more
absorbable sugars.

In Table 3, the appreciable quantity of total mineralsin
the complementary formulas could be described to thelow
level of phytate which chelate minerals and also the
fortification with the premixes of calcium, phosphorus and
magnesium. The percentage of some of the HCl-extractable
mineralswerefaily high in someof theformulaswhiteit was
low in others. Thismight be dueto theresidual phytate and
presence of some other antinutritional factors that reduce
their bioavailability.

Tables 4 and 5 showed the functional properties of the
complementary formulae. The functional properties
determine the application and use of food for various food
products. The formulations, B and C differed significantly
(P<0.05) from each other in water absorption capacity
Narayanaand Narasinga (1982) attributed increasein water
absorption capacity of heat-pressed flours to thermal
dissociation of the proteins, gelatinization of carbohydrates
inthe flour and swelling of thefibre.

The vary dight differences in the bulk density of the
complementary formulations may be due to the proportion
of the component floursin the blends. Bulk density isfound
to be afunction of flour wet-ability (Sasulki, 1962). Itisa
reflection of theload the sample can carry if allowed to rest
directly on one another.

The slight differences in the bulk density of the
complementary formulations may be due to the proportion
of the component floursin the blends. Bulk density isfound
to be afunction of flour wet-ability (Sasulki, 1982). Itisa
reflection of theload the sample can carry if allowed to rest
directly on one another. The lower the bulk density value,
the higher theamount of flour particlesthat can stay together
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thus increasing the energy content that could be drivable
from such formulas (Onimawo and Eghekin, 1998).

The swelling index of both the formulations and the
control did not differ significantly (P>0.05). Swelling power
is an indication of the water absorption index of the
gramulas during heating (June et al., 1991) stated that as
the temperature of aqueous suspension of starch is raised
above the gelatinization range, hydrogen bonds continue
to be disrupted water molecules become attached to
liberated hydroxyl groups and the granules continue to
swell. Swelling index and water absorption capacity are
important properties which ultimately determine cooking
times.

Variation in gelling properties of different flour may be
dueto variations in the ratio of different constituents such
ascarbohydrates, lipidsand proteinsthat make up the flours
(Abbey and I beh, 1998).

Scores on mouth feel showed significant difference
between all the formulations and the control. The control, D
had the highest value of 7.70 whileA and C which followed
the control inthe order of preference were liked; B was not
liked there was no significant difference a (P>0.05) with
respect to flour of theformulationsand all were acceptable.
However, the control was the most acceptabl e and different
significantly (P<0.05) fromtheformulations.

The score showed that all the formulations were
acceptable overall. There was no significant difference
(P>0.05) inthe overall acceptability of the formulations, C
and A. However, they differed significantly from B of lower
score.

CONCLUSION

In conclusion, the study which used local produced product,
can be used to subgtitute the more expensive proprietary
formula products. The researcher believe that
complementary foods formul ated fromlocally availablefood
commodities, havegreat potential in thisaspect potential in
this aspect. The results from this study suggest that proper
reformulation and fortification of these local diets can
provide nutritious foods that are suitable for weaning of
infantsin Nigeria and other developing countries.
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