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Abstract

In this work, ready-to-eat complementary foods were formulated from cereal (maize), oilseed
(sesame) and animal polypeptide (crayfish). Proximate, physicochemical, functional, amino
acid composition, sensory and economic evaluations were carried out on the formulated
food blends. The results showed that protein content ranged from 20.78-28.09%, moisture
(3.60-5.55%), fat (13.26-17.97%), fibre (6.30-8.24%), and carbohydrate (33.89-50.54%).
The physicochemical and functional analyses showed that packed bulk density ranged from
Keywords
0.61-0.69, water absorption capacity (39-96%), oil absorption capacity (8.81-23.13%), pH
(6.06-6.09), gelling temperature (65-71oC), swelling index (129-131.75%). The amino acid
Physicochemical Functional
compositions showed that all the essential amino acids were present in the three formulated
Economic analysis
diets and appreciable number of them met the Food and Agricultural Organization reference
Animal polypeptide
values. The sensory evaluations showed mean scores range: taste (6.01-7.02), aroma (6.51-7.11),
Oilseed
colour (6.51-7.53), Mouth feel (4.91-7.31), consistency (7.61-7.72) and overall acceptance
(6.81-7.22). Economic analyses showed that the total cost of the formulated food blends ranged
from N62.40 to N70.20 per 100 g, which resulted into 49.86%-55.43% cost reduction when
compared to the commercial product (cerelac). The research indicated that complementary
food products formulated from cereal, oilseed and animal polypeptide can meet the macro
nutritional needs of infants and young children. Formulated diets had nutritional superiority
over the control cerelac in terms of protein, ash, fat and total energy (kCal) composition. The
formulated complementary food can be used to substitute the more expensive proprietary
formula product (cerelac), which can be used to combat the problem of malnutrition among
infants and children in Nigeria and other developing countries.
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Introduction
Breast milk provides all the nourishment a baby
needs for the first six months of life. However,
once an infant reaches 6 months, there is need to
introduce semi-solid or solid foods into the infant
diet both for the infant nutrition and development.
A complementary food is any suitable food given to
older infants and young children once breast-milk or
infant formula alone can no longer meet a growing
child’s nutritional needs corresponding to a healthy
development. Complementary foods are generally
introduced between the ages of six months to three
years old as breast feeding is discontinued (Ojinnaka
et al., 2013). Most infants suffer from malnutrition,
not mainly because of the economic status but also
due to inability to utilize the available raw materials
to meet their daily requirements (Annan and Plahar,
1995; Ojinnaka et al., 2013). Complementary
*Corresponding author.
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Tel: +2348060100009

feeding period is the period when malnutrition starts
in many infants contributing significantly to the high
prevalence of malnutrition in children less than 5
years of age worldwide (Daelmans and Saadeh, 2003;
Ojinnaka et al., 2013). Infant feeding and rearing
practices have a major effect on short term and long
term nutritional status of children as most of under
nutrition is associated with faltering practices that
occur in weaning period. Faulty feeding practices as
well as lack of suitable weaning foods are responsible
for under nutrition (Huffman and Martin, 1994).
Maize and sesame, the cereal and oilseed of
choice in this study have the potential of giving
a nutritious complementary food when blended.
Malting could improve the nutrient availability as
well as reduce antinutritional factors that may affect
the utilization of their nutrients and the health of the
consumers (Oluwamukomi et al., 2003). Crayfish
is classified as an animal polypeptide, accounts for
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36-45% of crude protein, is a freshwater crustacean
resembling small lobster, was reported to have high
nutritive value with a superior biological value, true
digestibility, net protein utilization, high content
of amino acid, and protein efficiency is favourable
compared to casein (WHO, 2002; Ibironke et al.,
2012; Ibironke et al., 2014). This study investigated
formulation of complimentary diet from maize,
sesame and crayfish flours at different substitution
levels as well as evaluated the properties of the food
blends.
Materials and Methods
Raw materials
Yellow maize grains (cereal), sesame seeds
(oilseed) and crayfish (animal polypeptide) were
purchased from Eke Market in Okposi, Ebonyi State,
Nigeria. Also Nestle cerelac (a product of Nestle
Nigeria PLC) was obtained from the same market.
Preparation of malted maize flour
The maize grains was sorted and malted. Malting
was carried out using the method described by
Ariahu et al. (1995). Maize grains were washed
in 5% (w/v) sodium chloride (NaCl) solution to
disinfect the grains. The grains were then soaked in
potable water at ambient temperature using a ratio
of 1:3 (w/v, grain: water), in a plastic container. The
steep water was changed every 4 h for a total steeping
period of 12 h, followed by draining and the grains
were spread in a single layer moistened jute bag and
allowed to germinate at ambient temperature for 72
h while spraying with water at intervals of 12 h. The
germinated grains were removed, washed and dried.
Preparation of sesame and crayfish flours
Sesame seeds were sorted and soaked in salt
solution (3% sodium chloride) for 18 h. After soaking,
the grains were dehulled, washed and dried. The dried
seeds were roasted at 700C for 30min and was milled.
The obtained flour was sieved and packaged in an
air – tight container for further processing. Crayfish
was also cleaned, sorted and all extraneous materials
carefully removed, washed and dried.
Formulation of complementary food
Maize, sesame and crayfish flours were mixed
homogenously to make complementary blends
of ratios (maize: sesame: crayfish): 55:30:15;
60:27.5:12.5; and 65:25:10, which were labeled
blend 1, blend 2 and blend 3, respectively.

Proximate analysis
Protein, moisture, fat, crude fibre, ash and
carbohydrate were determined using AOAC (2000).
Physicochemical and functional analyses
Packed bulk density was determined by the
method of Okezie and Bello (1988). Loose bulk
density was determined according to the method
described by Yusuf (2013). The water absorption
capacity (WAC) was determined at room temperature
and at temperatures ranged between 60OC and 90OC
using a combination of methods (Sosulski , 1962;
Rutkowski and Kozlowka, 1981; AACC, 1995). Oil
absorption capacity of the formulated samples was
determined by the centrifugal method elicited by
Beuchat (1977) with slight modifications. One gram
of sample was mixed with 50 ml of pure edible palm
olein oil for 60s; the mixture was allowed to stand
for 10min at room temperature, centrifuged (0502 – 1
Hospibrand , USA) at 4000 x g for 30 min. The oil that
separated was carefully decanted and the tubes were
allowed to drain at a 45O angle for 10 min and then
weighed. Oil absorption was express as percentage
increase of the sample weight. Emulsifying capacity
was determined using the method elicited by Onwuka
(2005). Swelling index was done using the method of
Ukpabi and Ndimele(1996) with slight modifications.
A 10 g of the sample was transferred into a clean,
dried, calibrated measuring cylinder. The sample
was gently leveled by tapping and the initial volume
recorded. A 50 ml of distilled water was added to the
tube containing the sample and allowed to stand for
4h before observing the level of swelling. The value
of swelling index (SI) was taken as the multiple of
the original volume. Gelatinization temperature
was determined using the method of Attama et
al. (2003). The pH of the sample was determined
using the method of AOAC (2000). Foam capacity
was determined using the method of Omojola et al.
(2010) with modifications. Sample (1g) was weighed
and homogenized in 100 ml distilled water using a
blender (master chef, MC-BL-2999) for 5 min. The
homogenate was poured into a 500 ml measuring
cylinder and the volume recorded after 30 s. The
foam capacity was expressed as the per cent increase
in volume.
Amino acid determination
Amino acid composition was determined using
S433 Amino Acid Analyzer (SYKEM, Germany).
Samples were freeze- dried and then hydrolyzed for
24 h at 110ºC with 6N HCl (Blackburn, 1978). After
hydrolysis, the samples were stored frozen in sodium
citrate buffer at pH 2.2. When ready for analysis a
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50 μl of the hydrolysate was injected for analysis.
Tryptophan was determined separately by hydrolysis
of the sample with sodium hydroxide. Cysteine
and methionine were determined after performic
acid oxidation prior to hydrolysis in 6N HCl, and
measured as cysteic acid and methionine sulphone
respectively (Blackburn, 1978).
Sensory evaluation
Sensory evaluation was conducted for the
complementary food sample by a 20 member semitrained panelists consisting of staff and student
of Akanu Ibiam Federal Polytechnic Unwana
Ebonyi State Nigeria, among whom were nursing
mothers. The method of Larmond (1977) was used
for the sensory evaluation. Fifty grams each of the
complementary food samples were reconstituted
with 250 ml of water (warm), 45 g of milk and 5 g
of sugar were added. The samples were rated using
a 9 point hedonic scale with 9 indicating “liked
extremely”, 5 indicating “neither liked nor disliked”
and 1 indicating “disliked extremely”. The samples
were evaluated for taste, aroma, colour, mouth feel,
consistency and overall acceptability. The panelists
were given water to rinse their mouth after each
sampling. The evaluation was carried out in a lit
room (Sensory Evaluation Laboratory in Department
Food Technology, Akanu Ibiam Federal Polytechnic
Unwana, Nigeria).
Economic analysis
The economic analyses of the formulated
complementary products were evaluated, which
included materials costs and production costs. The
values obtained were compared to the commercial
product (cerelac).
Data analysis
Statistical differences among samples were
determined by analysis of variance (ANOVA) using
SPSS version 16.0 (SPSS, Chicago, IL, USA). Mean
were separated using Duncan’s Multiple Range Test.
Results and Discussion
Proximate composition
The proximate compositions of the sesamemaize-crayfish food blends are presented in Table
1. The moisture content ranged from 3.60–5.55%;
the food blends are significantly different (p<0.05)
from one another. Blend 1(55% maize + 30% sesame
+ 15% crayfish) had the highest moisture content
(5.50%) and significantly different (p<0.05) from
the control, which had value of (2.50%). The low
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moisture level obtained is in agreement with the
report of Yusuf et al. (2013) for complementary food
and Igyor et al. (2011) for dried fura powder. High
moisture content in food has been shown to encourage
microbial growth (Temple et al., 1996). The values
obtained in this study were within the range reported
to have no adequate effect on the quality attributes of
the product (Kure et al., 1998). Sanni and Oladapo
(2008) reported that the lower the moisture content
of a product to be stored, the better the shelf stability
of the food product. However, low residual moisture
content in food is advantageous in that microbial
proliferation is reduced and storage life may be
prolonged, if stored inside appropriate packaging
materials under good environmental conditions. The
protein content of the formulated complementary
food ranged from 20.78–28.09%; and significantly
different (p<0.05) from the control (cerelac), which
recorded 15%. Blend 1(55% maize + 30% sesame +
12.5% crayfish) recorded the highest value (28.09%)
while blend 3 (60% maize + 27.5% sesame + 12.5%
crayfish) recorded the least value (20.78%). There
was no significant difference (p>0.05) between
blend 1 and blend 2. A significant increase in protein
quantity of the complementary food was observed as
the quantity of crayfish increased. The protein content
of all the food blends are superior to that of the control
(cerelac). The observed increase in the level of protein
was attributed to the crayfish and sesame flours added
and this is in agreement with the report that crayfish
is a good source of protein (Emovon, 1987; Oti and
Akobundu, 2008). The protein contents in this study
were higher than values reported elsewhere (Okoye
et al., 2010; Yusuf et al., 2013). The fat content
ranged from 13.26-17.97%. The cerelac (9.25%),
which is the control is significantly lower compared
to other blends. There was significant difference
(p<0.05) among the fat content of samples. The fat
content of the formulated food blends was relatively
higher than the control (cerelac) and also meet the
recommended dietary allowance. This could be
attributed to the inclusion of oil dense sesame flour in
the complementary food. This attribute tends to agree
with the recommended FAO/WHO (1998), that high
oil content in food meant for infants and children will
not only increase the energy density, but also be a
transport vehicle for fat soluble vitamins. The fat can
also provide essential fatty acids like that of n – 3 and
n - 6 Polyunsaturated Fatty Acids (PUFA’s) needed to
ensure proper neural development (Mariam, 2005).
In terms of ash content, all the three samples were
significantly (p<0.05) superior to the control. Blend 2
and blend 3 were statistically not different (p>0.05).
The ash content of a food material could be used as
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Table 1. Proximate composition and energy value of complementary food blends
per 100g

Mean with the same superscript all in the same row are significantly not different
(p>0.05)
Blend 1 = 55%maize + 30%sesame + 15%crayfish; Blend 2 = 60%maize +
27.5%sesame + 12.5%crayfish; Blend 3 = 65%maize + 25%sesame + 10%crayfish
*
Values as indicated by the manufacturer

an index of mineral constituent of the food because
ash, the inorganic residue remaining after water and
organic matter have been removed by heating in the
presence of oxidizing agent. An increase in the ash
content was noted as the quantity of crayfish flour
used increased. The crude fibre content ranged
from 6.30-8.24% with the control (2.95%) being
significantly different from other blends (p>0.05).
Fiber is part of the food that cannot be digested and
absorbed by human or produce energy. An increase in
crude fiber content was noted as the quantity of maize
flour used increased. The carbohydrate content of the
complementary blends ranged from 33.89–67.37%.
All samples are significant different (p<0.05) from
the control. The increase in total carbohydrate
content is principally due to increase in maize flour
used. The carbohydrate levels are necessary as
children require energy to carry out their rigorous
playing and other activities as growth continues. The
formulated diet were nutritional adequate to prepare
a complementary food and meet the estimated daily
nutrient requirements for complementary food (FAO/
WHO, 1998; Akubor et al., 1999; Ibironke et al.,
2012).
Physicochemical and functional properties
The results of the physicochemical and functional
properties of the complementary food blends
are presented in Table 2. Complementary foods
formulated in this study compared favourably with
the commercial formula used as control (cerelac).
There was no significant difference (p > 0.05) in the
swelling index property among samples. However,
complementary foods do not require high swelling
index as the food would absorb more water and have
less solid resulting in low nutrient density for the

infant. Samples with least swelling index are preferred
for a complementary food thus blend 1 (55% maize
+ 30% sesame +15% crayfish) and blend 3 (65%
maize + 25% sesame + 10% crayfish) with lower
swelling index values are preferred.
The loose
bulk density ranged from 0.37±0.01-0.40±0.01g/
ml. There was no significant difference (p>0.05)
in the loose bulk density value but the result for
packed bulk density showed a significant difference
(p<0.05). The packed bulk density (PBD), which
is the highest attainable density with compression
ranged between 0.61 ± 0.01 and 0.69 ± 0.01. The loose
bulk density (LBD), which is the lowest attainable
density without compression was relatively constant
among the samples. This low density values of the
complementary food samples implies that more of
the samples could be prepared using a small amount
of water yet giving the desirable energy nutrient
density and semi-solid consistency which can easily
be fed to an infant (Mosha and Lorri, 1987). The
results obtained for the bulk density were slightly
higher than one reported by Yusuf et al. (2013) for
complementary food. The lower the bulk density
value, the higher the amount of flour particles that
can stay together and thus increasing energy content
that could be derived from such diets (Onimawo and
Egbekun, 1998). According to Nnam (2000), low bulk
density has nutritional and economic significance as
more of the products can be eaten resulting in high
energy and nutritional density. The water absorption
capacity (WAC) ranged between 39±0.41% and
96±0.41%. There is significant difference (p<0.05)
in WAC among sample blends. Yusuf et al. (2013)
reported a range of 50-70.67% for complementary
food from sorghum, African yam bean and mango
blends. The WAC of the complementary food was
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Table 2. Physicochemical and functional properties of complementary food blends

Mean value with the same superscript within the same row are significantly
not different (p > 0.05).
Blend 1= 55% Maize: 30%Sesame:15% Crayfish; Blend 2= 60% Maize:
27.5%Sesame:12.5%Crayfish; Blend 3 = 65%Maize: 25%Sesame:
10%Crayfish; LBD= loose bulk density; PBD= packed bulk density; TTA=
titratable acidity; WAC= water absorption capacity; OAC= oil absorption
capacity; GT= gelling temperature; FC= foam capacity; SI= swelling index;
EC=emulsifying capacity

higher than those reported for native red (24%) and
white (26%) sweet potato flour (Osundahunsi et al.,
2003), but lower than those reported for fermented
maize flour (271.7%) by Fasasi et al. (2007) and
bambarra groundnut flour (227%) by Sirivongpaisal
(2008). The results obtained for the WAC in this
formulation is in agreement with the earlier report
by Igyor et al. (2011) that protein functions in
binding water and fat while retaining them. Thus,
the availability of sesame protein has increased its
ability to absorb water. The water absorption capacity
of the complementary food blends increased with
increasing temperature. However, all the food blends
swelled at all temperatures of investigation in this
study. The water absorption capacity as influenced by
temperature of the food blends ranged from 38-289%.
Increase in water absorption capacity of the food
blends may be as a result of increase in carbohydrate
content. The higher carbohydrate content in blend 1
may be responsible for its higher absorption capacity.
Due to protein rich components of the food blends
(Sesame and Crayfish), the high WAC may be due to
some intrinsic factors affecting water binding food
protein such as amino acid composition, protein
conformation and surface polarity /hydrophobicity
(Barbut, 1999; Kanu et al., 2007). The oil absorption
capacity (OAC) showed that there is no significant
difference (p>0.05) between blend1 and blend 2. The
foam capacity ranged from 8.81-23.13%. There was

no significant difference (p>0.05) between blend 2 and
3. The pH values of the complementary food blends
ranged from 6.06 to 6.09. There was no significant
difference (p>0.05) in the pH of blend 1 and blend 3.
The high pH values obtained show that the formulated
complementary food falls within weak acid foods.
The gelling temperatures obtained for the formulated
food blends ranged between 65oC and 71oC. Gelation
is an important functional property of food materials,
which affects its texture. The gelatinization process
is a property of the starch granule found in cereals
and tuber crops. The emulsifying capacity of the
samples ranged from 35.5-65.55%. The emulsifying
properties are influenced by many factors which
include solubility and pH. The varying emulsifying
and stabilization capacity may be due to different
compositions and stresses to which these products
are subjected (Nelson and Cox, 2000). The high
emulsion capacity reported in this study may be as
a result of high concentration of protein in the food.
Oyarekua and Adeyeye (2009) reported that high
value of emulsion capacity acts as flavor retainer and
enhances the mouth feel and taste of food.
Amino acid composition
The amino acids composition
complementary food blends are presented
3. Amino acid content of complementary
very important in infant feeding, where

of the
in Table
foods is
Protein-
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Table 3. Amino acid profile of the complimentary food blends (g/100g)

Food and Agricultural Organization (FAO/WHO, 1998)

*

Table 4. Sensory evaluation for the complimentary food blends

Mean value with the same superscript within the same row are significantly not different (p > 0.05).
Blend 1: 55% maize + 30% Sesame + 15% crayfish; Blend 2: 60% maize + 27.5% sesame + 12.5%
crayfish; Blend 3: 65% maize +25% sesame +10% crayfish; Control: Nestel cerelac

Energy-Malnutrition (PEM) has continued to pose
challenges in the research area. This is due to poor
feeding practices and low quality protein commonly
associated with plant-based single diets (Badamosi
et al., 1995; Temple et al., 1996; Mariam, 2005).
All the essential amino acids were present in the
three formulated diets and appreciable number of
them meet the FAO reference values (Table 3).
Tyrosine (Blend 1), valine (Blend 1), phenylalanine
(all blends), tryptophan (all blends), lysine (Blend
1), isoleucine (Blend 1) met FAO reference values.
Other amino acids such as cystine, methionine and
leucine met over 50% of the FAO reference values.
According to FAO/WHO (1998), diets composed
of cereals/legumes mixed with some animal protein
source (10-20%) have been reported to be sufficiently
high in amino acids to meet nutrient intakes. This
was observed in blend 1, which contained about 20%

crayfish and showed highest amino acid contents
than the other two blends.
Sensory evaluation of the complementary food blends
The results for the organoleptic properties of
the complementary food are shown in Table 4.
The data show average likeness of the formulated
complementary foods with respect to taste,
aroma, colour, mouthfeel, consistency and overall
acceptability. The mean scores ranges of attributes
evaluated were: taste (6.01-7.02), aroma (6.517.11), colour (6.51-7.53), Mouth feel (4.91-7.31),
consistency (7.61-7.72) and overall acceptance
(6.81-7.22). Taste is an important parameter when
evaluating sensory attribute of food. The product
might be appealing and having high energy density
but without good taste, such a product is likely to be
unacceptable. Appearance is important attribute in
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Table 5. Economic analysis of complementary food blends per 100 g

Blend 1: 55% maize + 30% Sesame + 15% crayfish; Blend 2: 60% maize + 27.5% sesame
+ 12.5% crayfish; Blend 3: 65% maize +25% sesame +10% crayfish; Control: Nestel
cerelac

food choice and acceptance. Aroma is an integral part
of taste and general acceptance of the food before
it is put in the mouth. It is therefore an important
parameter when testing acceptability of formulated
foods (Muhimbula et al., 2011). According to
Muhimbula et al. (2011), in addition to a sufficient
energy density, sensory qualities of complementary
food formulations correspond to food preferences
for infants and young children are of the highest
importance. Sensory evaluation is easy in its
principle but its implementation in the field is often
complicated because of low literacy among the rural
mothers’ and the difficulty for them to understand
some sensory testing methods. Roasting of the
oilseed had an important improvement on the aroma
of the formulations.

believed to be easily affordable. The cost analysis
showed that the percentage cost reduction for
the formulated diets ranged between 49.86% and
55.43%, which indicated that all the three food blends
are cheaper when compared to the control (cerelac).
The low swelling index, low WAC, low loose and
bulk density values in this work indicated that higher
amount of the flour particles can stay together and
thus increasing energy content that could be derived
from these diets. More also, the complementary food
blends can be used to substitute the more expensive
proprietary formula product (cerelac), which can
be used to combat the problem of malnutrition
among infants and children in Nigeria and other
developing countries. This complementary diet is
also recommended for adult consumers.

Economic analysis
The results of the economic analysis carried out
on the complementary food blends were presented
in Table 5. The results showed that material cost per
100g ranged from N48 to N54 per 100 g. The Total
cost ranged from N62.4 to N70.2 per 100 g. The
market price for cerelac as at the time of this work
was N140 per 100 g. The percentage cost reduction
for the formulated complementary food blends
ranged between 49.86% and 55.43%. Blend 3 had
the highest % cost reduction (55.43%) while blend 1
had the least % cost reduction (49.86%). The results
obtained indicated that all the three food blends are
cheaper compared to the control (cerelac).
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