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ABSTRACT

Low-cost, nutritive but bulk-reduced complementary foods using sorghum, sesame, carrot and crayfish
flour were evaluated for proximate compositions (energy, protein, fats, fibre, ash), minerals (Fe, Zn,
Ca, Cu, Se), total carotenoids, vitamin C, organoleptic attributes, and functional characteristics with
respect to bulk density, dispersibility, water absorption capacity, swelling power, solubility and pasting
properties. The composite flours contained higher moisture, protein, fat, fiber, ash, Fe, Zn, Cu, Se,
carotenoids, vitamin C than the control. There were significant differences (p<0.05) in the chemical,
functional and pasting properties of the different blends and the control. The Sensory panelists ratings
showed that porridge from the control was preferred over the others because it possessed good sen-
sory qualities. With the satisfactory nutritive value and functional characteristics of the composite
flours, they can be recommended to infants and young children.
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INTRODUCTION
Scientifically, it has been proven that breast
milk is the perfect food for the growing in-
fant during the first six months of life
(Lutter and Rivera, 2003). It contains all
the nutrient and immunological factors an
infant’s requires to maintain optimal health
and growth. At this formative period, the
supply of energy and protein and some nu-
trients from breast milk is no longer ade-
quate to meet an infant’s needs. Malnutri-
tion during this period of life leads to per-
manent stunting in growth (Onis and Bloss-
ner, 1997) and there may also be irreversible
sequence from micronutrient deficiencies
that affect brain development and other
functional outcomes (Martorell et al., 1995).
Children in most developing countries are

introduced directly to the regular household
diet made of cereal or starchy root crops.
Inadequate complementary food is a major
cause for the high incidence of child malnu-
trition, morbidity and mortality in many de-
veloping countries (WHO/UNICEF, 1998).
The weaning period is the most critical pe-
riod in a child’s life (WHO/UNICEF, 1998;
Dewey and Brown, 2002; Lutter and Rivera,
2003).

As in most other developing countries, the
high cost of fortified, nutritious, proprietary
complementary foods is always, if not pro-
hibitive, beyond the reach of most Nigerian
families. Such families often depend on in-
adequately processed traditional foods con-
sisting mainly of un-supplemented cereal
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porridges made from maize, sorghum and
millet. In view of this, there is a need for
low-cost weaning foods which can be pre-
pared easily in home and community kitch-
ens from locally available raw materials such
as sorghum and sesame seed, using simple
technology that is within the reach of the
general public in developing countries and
does not require sophisticated equipment,
and which can be served quickly and con-
veniently. Such foods can be more nutri-
tious than most of the commercial brands
that abounds in major markets. This ap-
proach would require knowledge about the
nutritive values of a variety of local food
commodities, indigenous to the affected
communities.

Sorghum (Sorghum bicolor), sesame (Sesamum
indicum), carrot (Daucus carota) and crayfish
(Euastacus spp) are food materials that are
readily available in Nigeria and they have
nutritional attributes. Whole sorghum grain
is an important source of complex vitamins
and some minerals like phosphorus, magne-
sium, calcium and iron (Osagie and Eka,
1998). The protein content of sorghum is
similar to that of wheat and maize, with ly-
sine as the most limiting amino acid (Osagie
and Eka, 1998). Sesame is an oilseed that is
popularly known as ‘beniseed’ because it
contains better quality protein than most
legumes, a large amount of vitamin E which
is an antioxidant, calcium, potassium, phos-
phorus, vitamin B, iron and it has no cho-
lesterol. Carrot is an herbaceous plant con-
taining about 87% water, rich in mineral
salts and vitamins (B, C, D, and E). Raw
carrots are excellent source of pro-vitamin
A and potassium; they contain vitamin C,
vitamin Bs, thiamine, folic acid, and magne-
sium. The beta-carotene in carrots is an anti
-oxidant scavenging the free radicals that
contribute to conditions like cancer, heart

disease, and muscular degeneration. The
high level of beta-carotene is very important
and gives carrots their distinctive orange col-
our. Crayfish is one of the cheapest sources
of animal protein. Generally, fish flesh con-
tains mainly water, protein and fat with
traces of carbohydrates, amino acids and
other non-protein nitrogenous extractives,
various minerals and vitamins (Onimawo
and Egbekun, 1998). The fibers of crayfish
are shorter than those of other meat, so are
easier to digest. The nutrient potentials of
the multimixes (Sorghum, Sesame, Carrot
and Crayfish) as composite for use as com-
plementary food can be of relevance in nutri-
tion security of young children. Then the
objectives of this study were to develop four
complementary foods supplemented with
legume and carrots with improved protein
and vitamin A contents and to determine
acceptability of the supplemented foods for
use by mothers and their children.

MATERIALS AND METHODS

Source of Materials

The white Sorghum grains (Sorghum bicolor),
sesame seeds (Sesamum indicum), carrot
(Daucus carota) and Cray fish (Euastacus spp)
were purchased from a local market in Abeo-
kuta, Ogun State, Nigeria. A popular com-
mercial brand of weaning food (Nestle
Cerelac as control) was used for comparison
with the experimental formulations.

Processing Methods

Sorghum grains were separately washed and
cleaned with distilled water and air-dried for
12 hours. The grains were then milled into
flours with a hammer mill. Sesame seed was
cleaned and parboiled to de-bitter and
dehull. The seeds were washed to sieve out
the hulls and were drained out using a muslin
cloth, sun dried to reduce the moisture con-
tent after which they were roasted to aid di-
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gestion and enhance the flavor of the seeds.
The seeds were then milled with a Hammer
mill into a paste after which the paste was
pounded in a mortar and squeezed manually
to remove the oil. Carrot powder was ob-
tained by washing carrot roots with water
and then slicing and drying them at 40 °C
for 12hrs, and milling them into flour with a
stainless steel milling machine. The Crayfish
was cleaned and de-shelled to reduce the
fiber content; sundried and milled with a
hammer mill. The flour was then sieved and
packaged in an air tight container and
stored in a cool place. Lastly, the processed
foods were analyzed for their chemical
proximate, mineral, vitamin composition,
and their functional properties.

Formulation of Composite Flours

The processed foodstuffs were mixed on
protein basis as follows:

Sample A: Sorghum 70%: Sesame 17%: car-
rot, 8%: Cray fish, 5% (w/w)

Sample B: Sorghum 70%: Sesame 15%.: car-
rot, 10%: Cray fish, 5% (w/w)

Sample C: Sorghum 67%: Sesame 18%: car-
rot, 10%: Cray fish, 5% (w/w)

Sample D: Sorghum 65%: Sesame, 20%:
carrot, 8%: Cray fish, 7% (w/w)

Control: Nestle Cerelac

Chemical Analysis

The composite flours were analyzed for
their proximate composition, minerals, vita-
mins and functional properties to ascertain
their conformity with the standards. Proxi-
mate chemical analysis was carried out using
standard procedures (AOAC, 2005). The
crude protein was determined by the Mi-
crokjeldahl method using 6.25 as a conver-
sion factor. Fat and ash content were deter-
mined by soxhlet extraction and dry ashing
method respectively. Minerals (calcium,
iron, copper, zinc and selenium were deter-

mined by atomic absorption spectropho-
tometer. Carotenoids was extracted with pe-
troleum ether and quantified colorimetrically
as described in the HarvestPlus Handbook
for Carotenoid Analysis (2004). Vitamin C
was determined colorimetrically by the stan-
dard method of AOAC (2005). Total carbo-
hydrate was calculated from the summation
of total starch and sugar determined by
method of (Dubois et al., 1956). Energy val-
ues were calculated based on the Atwater’s
conversion factors, protein and carbohydrate
(4kcal/g) and fat (9kcal/g) (Passmore and
Eastwood, 1986). All assays were performed
in triplicates.

Methods validation

The accuracy of the concentrations deter-
mined in this study was checked by measure-
ments of the reference materials SRM no.
2383 Baby Food Composite from the Na-
tional Institute of Standards and Technology
of the Department of Commerce, NY,
United States of America.

Determination of Functional Properties

Particle size distribution was evaluated by
passing the ingredients and formulations
through an automatic standard sieve shaker.
The percentage fraction of the sample re-
tained on each sieve was measured by weigh-
ing. Bulk density was determined by measur-
ing the packed volume of a known weight of
sample (Wondimu and Malleshi, 1996). Past-
ing properties were determined with a Rapid
Visco Analyser 3 C (RVA, model 3C, New-
port Scientific PTY Ltd, Sydney, Australia)
(Ross et al., 1987; Walker et al., 1988). Dis-
persibility was measured by placing 10 g of
the sample in a 100-ml stoppered measuring
cylinder, adding distilled water to reach a
volume of 100 ml, stirring vigorously, and
allowing it to settle for three hours. The vol-
ume of settled particles was subtracted from
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100 and the difference reported as percent-
age dispersibility (Kulkarni et al., 1991). Wa-
ter absorption capacity, measured as grams
of water absorbed by 100 g of solid matter,
was determined using the method described
by Sosulski (1962). Swelling power and
solubility were determined by the Leach et
at. (1959) method.

Preparation of porridges

Porridges were prepared from both the
composite flours and Cerelac. One hundred
grams of each flour were mixed with 550 ml
of deionized water. The slurry was heated in
a thermostatically controlled water bath
(Thermo stirrer 95, Gallenkamp, England)
set at 750 C for 15 min. Two grams of
granulated sugar were added to the por-
ridge. The samples were allowed to cool at
room temperature (28+20C) to 400C
(serving temperature). The porridges were
kept separate in thermos flasks to maintain
the serving temperature of 400C.

Sensory Evaluation

Sensory evaluation of the porridges was
conducted at the Federal Medical Centre,
Idi- Aba, Abeokuta, Ogun State. Fifty nurs-
ing mothers were randomly selected and
trained. Each of the panelists was seated in
an individual compartment with fluorescent
lighting and free from distraction. The
judges evaluated the samples for flavour,
taste, colour, texture and overall acceptabil-
ity using a nine point hedonic scale, where 9
was the highest score and 1 the lowest
(Watts et al., 1989). The degree to which a
product was liked was expressed as like ex-
tremely (9 points), like very much (8
points), like moderately (7 points), like
slightly (6 points), neither like nor dislike (5
points), dislike slightly (4 points), dislike
moderately (3 points), dislike very much (2
points), and dislike extremely (1 point). The

panelists were presented with five coded
samples presented in a Thermos flask (20 ml
of sample), coded as in the hedonic scale.
Each panelist was given five white plastic
cups and teaspoons for use in the sensory
test. Clean water was provided to the judges
to rinse their mouth in-between testing of
the porridges to avoid carry over effect.
Room temperature of 28 +200C was main-
tained throughout the testing sessions.

Statistical Analysis

Data obtained from the study were analyzed
using means and standard variation for tripli-
cate values. Analysis of variance was used to
establish any significant difference between
the multimix blends and control. Amounts
of nutrients present in 65 g (dry weight esti-
mate of the daily intake of local weaning
foods were calculated and compared with
some recommended daily allowance to see
whether the local blends can meet the rec-
ommendations.

RESULTS
The nutrient composition of the sorghum,
sesame, carrot and crayfish composite flours
and the proprietary formula are presented in
Table 1. The moisture content, ash, crude
protein, crude fiber, and fats values were sig-
nificantly higher (p<0.05) in the composite
than in the control (Cerelac). The energy val-
ues in two of the formulated blends were
higher than that in the control with signifi-
cant (p<0.05) difference in the energy values
among the composite blends and the con-
trol. The total carbohydrates comprising of
the free sugars and starch were significantly
(p<0.05) higher in the control than the com-
posites. Table 1 also revealed significant dif-
ferences (p<0.05) in the minerals and vita-
min content of the different blends. The cal-
cium, iron, and zinc content were higher in
the control diet than in the different blends,
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but significantly (p<0.05) lower in copper
and selenium compared to the composites.
The vitamin C and total carotenoids con-
tents were lower in the control sample than
in the different blends.

Amounts of nutrients in 65g of blends are
shown in Table 2. From this table, the
amounts of protein, fat, fiber that can be
provided by 65g of the composite blends
are 11.11-12.19g, 7.73-9.60g, 2.38-2.67g re-
spectively, was close to the RDA for pro-
tein, fat and fiber while the control sample
was far below the RDA. The energy, iron,
calcium and zinc in 659 of the diets were
below their RDAs. Table 3 shows the func-
tional properties of the complementary
blends. There were no significant differ-
ences (p>0.05) in the bulk density (0.49 —
0.66 g/ml), swelling power (6.87 — 8.66 %),
solubility (15.98 -17.32 %) and dispersibility
(72.11 — 79.36 %) of the composite blends
and the control. There were significant dif-
ferences (p<0.05) in the water absorption
capacity (120 - 130 mL/100g) among the
blends and the control.

The pasting properties of the complemen-
tary blends are shown in Table 4. The past-
ing properties of the formulated blends and
the control sample showed significant dif-
ferences (p<0.05) in some of the parame-
ters. Peak viscosity during heating ranged
from 65.75 RVU for sample B to 79.50
RVU for sample D, the trough viscosity
ranged from 34.03 RVU for sample B to
46.01 RVU for sample D, and the break-
down viscosity ranged from 28.54 RVU to
33.50 RVU for A and D, respectively. The
final viscosity ranged from 42.33 RVU to
59.58 RVU, the set back ranged from 8.33
RVU to 13.83 RVU in sample B and C, re-
spectively. The peak time ranged from 3.87
minutes for sample B to 4.23 minutes for

sample C. The pasting temperature ranged
between 73.76 to 75.10°C with sample C re-
cording the highest gelatinization tempera-
ture with the control sample having the low-
est pasting temperature.

Table 5 shows the sensory scores associated
with porridges made from the composite
flours and Cerelac a commercial comple-
mentary food. The mean sensory scores of
the control porridge and those of the com-
posite flours differed significantly (p<0.05)
in their sensory parameters. The values ob-
tained for colour ranged from 4.33 to 4.90,
which was lower than the panelists score
(7.21) for the control sample. The taste of
sample D was least preferred by the panelists
compared to the control sample. In terms of
flavor, there was significant difference
(p<0.05) between the control sample and the
formulated complementary porridges. Tex-
ture of all samples except the control had no
significant difference (p>0.05).  Control
sample was most generally accepted by the
panelists.

DISCUSSION
Complementary foods formulated in this
study compared favourably with the com-
mercial formula used as control (Cerelac)
and the proximate composition showed that
the moisture values compared well with val-
ues obtained by Alabi (1999); Solomon
(2005); Asma et al. (2006); Onabanjo et al.
(2008). The similarity could be attributed to
the choice of food components or materials
and the preparation methods adopted. High
moisture content in foods has been shown
to encourage microbial growth (Temple et al.,
1996). The low residual moisture content of
the blend is advantageous in that microbial
load is reduced and storage life is enhanced
and prolonged. The exceptionally high levels
of protein noticed in the composite blends
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Table 3: Functional Properties of complementary foods prepared from sorghum,
sesame, carrot and crayfish flours per 100 g dry weight

Functional properties A B C D Control
Bulk density (g/ml) 0.62a 0.66a 0.65a 0.56a 0.49a
Water absorption capacity  130a  126a 132a 129a 120b
(mL/100g)

Swelling power (%) 8.66a 7.99a 7.87a 8.09a 6.87a
Solubility (%) 17.32a 16.02a 16.34a 15.98a 16.67a
Dispersibility (%) 74332 78.32a 74.38a 79.36a 72.11a

Means with the same letter (superscripts) in the same row are not significantly different at p>0.05.

Table 4: Pasting Properties of complementary foods prepared from sorghum,
sesame, carrot and crayfish flours per 100 g dry weight

Sample Peak Trough  Breakdown  Final viscosity — Setback Peaktime  Pasting

P (RVU) (RVU (RVU) (RVU) (RVU) (mins) Temp (0C)
A 68.54b  39.96a 28.54a 50.17b 10.21b 3.90b 75.03a
B 65.75b  34.03b  31.75a 42.33c 8.33b 3.87b 74.23a
C 74.38a 45.66a 28.70a 59.50a 13.83a 4.23a 75.10a
D 79.50a 46.0l1a 33.50a 59.58a 13.58a 4.07ab 75.08a
Control  67.89b  41.84a 26.05a 47.60b 15.65a 3.88b 73.76a

Means with the same letter (superscripts) in the same column are not significantly different at p>0.05.

Table 5: Mean sensory scores of porridges made from sorghum, sesame, carrot and
crayfish flour blends and Cerelac (a commercial complementary food as control)

samples Colour Flavour Texture Taste Overall Acceptability
A 490+1.9b  387+20b 6.03+x1.8b  555*+2.1c  6.33x2.2b
B 467170  401x16b 598+1.1b  581+22b  5.65+2.1c
C 483+1.1b  380x19p 6.07x1.3b  588+21b  6.05+1.6b
D 433+1.0bc  4.02+0.7b 5.87+13b  6.17+18b  531xl.1c
Cerelac 721+21a  6.14+11a 7.82+1.0a 7.66x23a  7.77+2.0a

Means with the same letter (superscripts) in the same column are not significantly different at p>0.05.
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could be as a result of the supplementation
by both sesame and crayfish. Similar obser-
vations were noted by other researchers
when sorghum was supplemented with
bambara groundnut and sweet potatoes
(Nnam, 2001), and when sorghum was sup-
plemented with groundnut and crayfish
(Nzeagwu and Nwaejike, 2008). The signifi-
cant difference (p<0.05) between the fiber
content of the control and that of the
blends could be because of the low fibre
content of sorghum which formed the ma-
jor ingredient of the composite flours. The
fat contents of the blends are higher than
the recommended 10% for complementary
food (FAO/WHO, 1991). This could be
due to the addition of sesame, which is an
oil seed with high lipid level. The high fat
content further increased the energy density
of the blends. The significant differences in
the energy content of the blends (p<0.05)
could have resulted from the high carbohy-
drate content of the raw materials. The
Food and Agriculture Organization and the
World Health Organization (FAO/WHO,
1998) recommended that foods to be fed to
infants and children should be energy-dense
ones as low energy foods tend to limit total
energy intake and the utilization of other
nutrients. However, the total calculated en-
ergy values in 65 g of the four local blends
fell below the RDA level (FAO/WHO,
2002), thus, that infants may have to con-
sume more quantities of the formulated di-
ets to meet their energy needs.

The higher contents of the mineral noticed
in the blends could be attributed to the
presence or supplementation effects of a
protein source (crayfish) included in their
formulations. Crayfish is a good source of
iron, and sorghum (a cereal containing non-
heme iron) made the iron content of the
blends to be high. The significant differ-

ences (p<0.05) observed between the con-
trol and the composites in their calcium con-
tent could be attributed to the type of raw
materials used as a base especially the cereals.
Contrary to what was reported by Nzeagwu
and Nwaejike (2008), the calcium contents of
the formulated blends observed in the pre-
sent study were lower than that of the con-
trol. However, the total calculated mineral
values in 65 g of the four local blends fell
below the RDA level. The implication is that
these local complementary foods would have
to be further fortified with minerals to ade-
quately complement breast milk. Also, nota-
ble foods rich in minerals, like vegetables
and animal products, could be included as
base ingredients in the formulation of the
composites flours to further increase the lev-
els of the minerals. With respect to vitamin
levels, composite flours showed nutritional
superiority probably because of the inclusion
of carrot in the formulations. Carrot has
been reported as good sources of both vita-
min C and provitamin A. Thus it is beneficial
effects to use fruits as base ingredients in
infant food formulation in order to upgrade
the levels of the vitamins and some minerals.

Functional properties determine the applica-
tion and use of food material for various
food products. The bulk density of the
blends was comparable to that reported by
Asma et al. (2006). The formulated comple-
mentary blends possess low bulk density,
which is an advantage in the preparation of
complementary foods. According to Oni-
mawo and Egbekun (1998), high bulk den-
sity can limit the caloric and nutrient intake
per feed of a child which can resulting in
growth faltering. Bulk density is generally
affected by the particle size and the density
of the flour and it is very important in deter-
mining the packaging requirement, material
handling and application in the food industry
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(Karuna et al., 1996). Water absorption ca-
pacity gives an indication of the amount of
water available for gelatinization. Lower
absorption is desirable for making thinner
gruels. The composite blends had absorp-
tion capacities that are between the ranges
expected of complementary foods. Swelling
power is a factor of ratio of amylose to
amylopectin, the characteristics of each
fraction in terms of molecular weight/
distribution, degree/length of branching
and conformation (Karuna et al., 1996).

With the significant differences (p<0.05) in
the pasting profile of the different formula-
tions and the control (Cerelac), it must be
noted that when starch or starch-based
foods are heated in water beyond a critical
temperature, the granules absorb a large
amount of water and swell to many times
their original size, a process called gelatini-
zation and pasting. Peak viscosity, which is
the ability of starch to swell freely before
their physical breakdown (Sanni et al, 2004)
is less than 100. Viscosity is an important
constraining factor in weaning foods. Low
peak viscosity is desirable in infant formula-
tion for low gel strength and elasticity as
high peak viscosity is an indication of high
starch content (Osungbaro, 1990). It is also
related to the water binding capacity of the
mixture and is often correlated with the fi-
nal product quality. The trough, which 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. There is a sig-
nificant difference (p<0.05) between the
blends and the control. In this study, there
was no difference in the breakdown viscos-
ity of the samples analyzed. Breakdown vis-
cosity is an index of the stability of starch
(Fernandez and Berry, 1989), The final vis-
cosity is the most commonly used parame-

ter to define the quality of a particular starch
-based food sample as it indicates the ability
of the material to form a viscous paste or gel
after cooking and cooling as well as the resis-
tance of the paste to shear force during stir-
ring (Adeyemi and Idowu, 1990).

With respect to the sensory evaluation of
samples the control sample was more ac-
cepted by the panelists in all the parameters.
This could be due to panelist’s familiarity to
its taste, flavour and appearance. The fact
that the control sample is industrially pre-
pared with additional sweeteners and flavor-
ing could also be an advantage. The panelists
scoring in terms of taste of the samples may
be due to the similar quantity of crayfish
added to the formulations except for sample
D that recorded a different score in taste.

CONCLUSION

The use of sorghum, sesame seed, carrot and
crayfish in complementary food formula-
tions yields products with improved func-
tional characteristics and high nutritive value.
The composite flours formulated showed
nutritional superiority over the control in
terms of proteins, lipids, ash, crude fibre, Fe,
Zn, Cu, Ca, total carotenoids, and vitamin C.
There is need for further supplementation of
the composite flours with better sources of
minerals. The porridges had comparable
moderate acceptability with Cerelac. The fla-
vour, texture and colour of all the porridges
were liked by the panelists. The addition of
carrot improved the total carotenoids and
vitamin C contents of the composite flours.
Crayfish and sesame are readily available and
can be used by mothers to supplement their
traditional complementary foods in other to
reduce the problem of protein deficiency in
children.
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