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ABSTRACT

Background: Studies have shown that inadequate or lack of suitable complementary feeding is the
major cause of PEM and micronutrient deficiency that leads to growth faltering and high rates of
infection during infancy and early child hood.

Objective: To evaluate the rheology and functional properties of complementary food made from
local food blends.

Methods: One kilogram (1kg) each of maize, crayfish and carrot were purchased from Ogbete main
market Enugu, Nigeria. The maize, crayfish and carrot flours were blended and coded in the ratio of
100:0:0, 70:25:5, 70:20:10, 70:15:15, 70:10:20 and 70:5:25 respectively and used to produce
porridges. The porridges were evaluated for rheology and functional properties using standard
methods.

*Corresponding author: E-mail: nkemumerah@yahoo.com;
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Results: The pasting properties of the porridges were Peak viscosity 90.73-92.31 RVU, trough
viscosity 31.42-59.91 RVU and breakdown viscosity 42.87-67.03 RVU. The water absorption
capacity, bulk density, oil absorption capacity, swelling index, gelation temperature and swelling
capacity of the flour ranged between 33.41-120.56%, 1.02-1.11g/ml, 1.36-5.62%, 42.53-72.50%,

47.67-90.71% and 3.80-8.27% respectively.

Conclusion: The study revealed that acceptable and nutrients dense porridge can be produced
from blends of maize, crayfish and carrot flour which could be used as alternative to expensive
commercial products to improve nutritional status of infants and growing children.

Keywords: Complementary food,; maize; crayfish; carrot; rheology; pasting.

1. INTRODUCTION

Food diversification is one of the best measures
to improve the nutritional status of individual and
curb food insecurity in the society. The traditional
complementary foods normally used in Nigeria
are either made of maize or millet or sorghum
which are deficient in energy and other nutrients
[1]. The gruel may be too watery with low energy
density or too bulky, causing reduction in infant
consumption rate. Improper production and
processing of complementary food at this period
may results in infant morbidity and mortality as
well as delayed mental and motor development

2].

There is need for low cost but nutrient dense
complementary foods that can be easily
prepared by home makers and care givers from
locally available food crops using the simple
processing techniques [3,4,5].

Rheology is the deformation and flow of
materials both solids and liquids [6]. It is
concerned with the properties of matter that
determines its behavior when a mechanical force
is applied to it. It has to do with the determination
of viscosity.

There are lots of home-made complementary
foods made in Nigeria which ranges from pap
from maize, millet, sorghum or cereals with
soybeans. It is commonly known that cereals are
high in fibre but low in protein, energy and
micronutrients. This feature of cereals poses a
problem during formulation of complementary
foods. Homemade complementary foods from
cereals do not meet up with the RDI of nutrients
for infants due to viscosity of the gruel. The gruel
tends to be too watery due to consistency or too
bulky with low nutrient density. The quality of the
protein is too poor that it cannot support growth
and lead to body maintenance which is the sole
aim of complementary foods. Naismith [7] have
associated the etiology of protein energy
malnutrition in children to the frequent use of
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maize pap and millet gruel during weaning
period.

Poor combination and formulation has
contributed to the poor performance of
homemade complementary foods. Cereals are
generally low in lysine and tryptophan but fair in
methionine and cysteine [8]. Legumes are
relatively high in proteins and fat but contain
moderate quantities of tryptophan and threonine.
This foodstuff can form a good supplement to
cereals. Moreover, cereals and legumes are low
in micronutrients. Fruits and vegetables are good
sources of micronutrients. Animal source foods
like crayfish, egg and milk are source of quality
protein with high bioavailability. Studies showed
that combination of cereals and legumes or
tubers with vegetables and animal source food
rather than the single diet is a better support for
growth and development [9].

Therefore, dietary diversification and
supplementation from cereal (Maize), animal
source food (crayfish) and vegetables (carrot)
when properly processed and blended could
provide quality nutrient of high biological value
which could curb both PEM and micronutrient
malnutrition in infancy. This is the thrust of the
present work.

2. MATERIALS AND METHODS
2.1 Procurement of Raw Materials

The maize, crayfish and carrots used for the
study were purchased from Ogbete main market,
Enugu, Enugu State of Nigeria.

2.1.1 Preparation of maize

The malted maize flour was prepared according
to the method of Bolarinwa et al. [10]. One
kilogramme (1kg) of maize grains were manually
sorted to remove dirt and other extraneous
materials. These seeds were then steeped in
water at 29°C for 24hours. Changing of water at
6 hours interval was observed during steeping.
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The resultant steeped seeds were spread on jute
bag and were covered with white cotton cloth to
germinate for 72 hours. The sprouted seeds
were oven dried at a temperature of 50°C in
order to terminate enzyme activities. The plumule
was separated from the seed and the malted
seeds were dried and milled into flour with an
attrition mill and stored in a polythene bag for
further use.

2.1.2 Preparation of carrot flour

The carrot flour was prepared according to the
method of Aremu et al. [11]. One kilogram of
carrot was manually sorted to remove the dirt
and other contaminants. The sorted carrots were
cleaned with 2 liters of portable water and cut
into smaller slices with kitchen knife. The carrot
slices were placed into a stainless pot and
blanched with 2.5 liters of portable water at 80°C
for 10 mins on a hot plate. The blanched carrot
slices were drained, spread on the trays and
dried in a tray dryer (Model EU 850D, UK) at
60°C for 10 h with occasional stirring of the slices
at intervals of 30 mins to ensure uniform drying.
The dried slices were milled in a hammer mill
and sieved through a 500 micron mesh-sieve.
The flour produced was packaged in a lidded
plastic container, labeled and kept in a
refrigerator until further use.

2.1.3 Formulation of composite blends

Maize, crayfish and carrot flours were thoroughly
mixed together at varying proportions of 100:0:0,
70:25:5, 70:20:10, 70:15:15, 70:10:20 and
70:5:25 in a kenwood blender (Mini-processor,
Model A 90LD, Thom Emi Kenwood Small
Appliances Ltd, Hampshire, UK) to obtain
homogenous composite blends. The composite
blends were packaged in plastics containers,
labeled and stored in the refrigerator for further
use.

2.2 Study Design

This study was carried out using complete
randomized design (CRD).

2.2.1 Preparation of from

composite blends

porridges

The porridges were prepared according to the
method of Madukwe et al. [12]. Fifty grams (50 g)
of each sample of the composite blends were
dissolved in 40 ml of portable water at ambient
temperature to form the slurry. Hundred milliliters
(100 ml) of boiling water was added to each of
the slurry with continuous stirring until it
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developed into gel. Two grams (2 g) of
granulated sugar were added to each of the
sample and stirred repeatedly until well
distributed. The samples were allowed to cool to
40°C (serving temperature) and divided into two
lots. The first lot was kept in thermos flask to
maintain the serving temperature and used for
sensory evaluation after 6 h. The second lot was
packaged in a plastic container and kept in a
refrigerator for chemical analysis.

Functional

2.3 Determination of

Properties
2.3.1 Water absorption capacity (WAC)

Approximately (2.5 g) was suspended in 30 ml
distilled water at 30°C in a centrifuge tube, stirred
for 30 minutes intermittently and then centrifuged
at 300 rpm for 10 minutes. The supernatant is
decanted and the weight of the gel formed was
recorded. The WAC was calculated as gel weight
per gram dry sample Sosulski et al. [13]

WAC = Bound water (g) x 100

Weight of sample
2.3.2 Oil absorption capacity (OAC)

Flour samples (1 g) were suspended in 5 ml of
water in a centrifugal tube. The slurry was
shaken on a platform tube rocker for 1 minute at
room temperature and centrifuged at 3000 rpm
for 10 minutes. The supernatant was decanted
and discarded. The adhering drops of water was
removed and reweighed. OAC are expresses as
the weight of sediment/initial weight of flour
sample (g/g) [14].

2.3.3 Bulk density

Bulk density of the flour samples was determined
according to the method of Udoro et al. [15]. A 10
ml graduated cylinder, was gently filled with the
sample, the bottom of the cylinder was gently
tapped on a laboratory bench several (about 50)
times until there were no further diminution of the
sample level after filling to the 10 ml mark. Bulk
density was calculated as weight of sample per
unit volume of sample (g/cm3).

X1(g)
X2 (g)

Bulk density =

Where,

X1 = Weight of the sample, X2 = Volume of the
sample.
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2.3.4 Swelling properties

The method used was as described by Okaka
and Potter [16]. About 25 g of flour was
measured into a 100 ml measuring cylinder. The
measuring cylinder was then filled with water to
100 ml bench mark. The mixture was shaken
several times and allowed to settle. The volume
of the flour was recorded after 15 minutes. The
percentage swelling in the volume was
determined by the difference in volume divided

by the initial volume thus
B

A

% swelling properties

Where,

A = initial volume (equivalent volume of the 25 g
flour sample)

B = volume before swelling

C = Volume after swelling

2.4 Determination of Gelation Capacity

The gelation capacity was determined according
to the method of Onwuka [17]. Five percent of
the sample suspension was prepared in the test
tube with 10 ml of distilled water. The test tube
containing the sample suspension was heated in
a boiling water bath with continuous stirring for 1
h, followed by rapid cooling under running tap
water at room temperature. The gelation capacity
or the least gelation concentration of the sample
was determined when the sample from the
inverted test tube did not fall or slip.

2.5 Determination of Pasting Properties

The pasting properties of the porridges were
determined using Rapid Visco Analyzer (RVA)
(Model Newport Scientific Pty. Ltd., Warne-Wood
NSW 2012, Astralia) according to the method of
AOAC [18]. Three grams of the sample were
weighed into a dried empty canister and 30 ml of
distilled water was dispersed into each canister
containing the sample to form the slurry. The
slurry was thoroughly mixed and each canister
was filted into the RVA. The slurry was heated
from 50°C with 2 min holding time. The rate of
heating and cooling were at a constant rate of
11.25°C per min. The viscocity was expressesd
in centipoise (cP). The parameters measured in
RVA unit were Breakdown viscosity (The
difference between the peak viscosity and the
minimum viscosity at the end of the heating
stage). Final viscosity (The viscosity at the end of
the cooling stage). Peak time (The time for the
paste to reach the peak viscosity). Pasting
temperature (The temperature at the sharp
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increase in viscosity of the porridge suspension
after the commencement of the heating stage).
Set back viscosity (The difference between the
maximum viscosity during cooling and the
minimum viscosity during heating). Trough (The
minimum viscosity which measures the ability of
the paste to withstand breakdown during
cooling). Peak viscosity (The measure of the
ability of starch to form paste).

3. RESULTS AND DISCUSSION

3.1 Functional Properties of the Samples

The functional properties of the sample is
presented in table 1. The water absorption
capacity (WAC) of the samples ranged from
33.40-120.56 ml/g. WAC is an indication of a
food product to associate with water in a situation
where water is limiting [19]. The sample
substituted with 25% crayfish and 5% carrot had
the highest water absorption capacity. Our
results are in agreement with the work done by
Onabanjo et al. [20]. The major compounds that
enhance water absorption capacity are proteins
and carbohydrates owing to their hydrophilic
constituents such as polar groups and side
chains [21]. Animal source protein like crayfish is
hydrophilic due to its high content of glutamic
(12.84/100 g) and aspartic acid (11.94/100 g), in
proteins, such amino acids act as polar sites for
water interaction [22]. The result showed that the
bulk density ranged between 1.02-1.11 ml/g. The
sample substituted with 25% crayfish and 5%
carrot had the highest level of bulk density 1.11
ml/g. Bulk density is important in determining the
packaging requirement and material handling in
processing and preparation of food products [23].
The oil absorption capacity (OAC) of the samples
were between 1.36-5.62 ml/g. An increase in the
supplementation of crayfish caused an increase
in the OAC. The sample substituted with 25%
crayfish and 5% carrot had the highest OAC of
5.62 ml/g. The sample substituted with 25%
crayfish and 5% carrot had the highest OAC of
5.62 ml/lg. OAC of a sample determines the
ability of protein to bind fats [24]. The gelation
capacity of the sample ranged from 47.67-
90.71ml/g. Gelation capacity increases with
increase in the substitution with crayfish. The
sample substituted with 25% crayfish and 5%
carrot had the highest level 90.71ml/g of gelation
capacity. Gelation capacity indicates the
solubility of the native proteins in the continuous
phase (water) in the formulated sample [25]. The
high gelation capacity of the sample showed that
the samples can readily form gels when stirred
with boiling water within a short period.
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Table 1. Functional properties of the composite flour

Sample WAC Bulk OAC Swelling Gelation Swelling
density index capacity capacity
A 33.41+0.66' 1.02+0.01° 1.36+0.20° 42.53+1.03" 47.67+0.97' 3.80+0.44°
B 120.56+0.01° 1.11+0.00° 5.62+0.65° 72.50+1.08% 90.71+0.23° 8.27+0.86°
(o} 102.38+1.18° 1.07+0.05° 4.50+0.74® 68.70+0.94° 83.66+0.85° 7.4610.64°
D 96.70+0.65° 1.05+0.04° 3.28+0.66° 62.20+0.65° 78.52+0.28° 6.59+0.32°
E 72.48+0.33" 1.05+0.21° 2.34+0.11°° 53.28+0.76° 64.60+0.34° 4.60+0.13°
F 62.43+0.02° 1.04+0.06™ 1.62+0.03° 48.37+0.29° 52.29+0.94° 4.20+0.45°

Values are mean of 3 replication, mean with different superscript letters along the same column are significantly
different at P<0.05. Keys: Sample A = 100:0:0, B = 70:25:5, C = 70:20:10, D=70:15:15, E= 70:10:20 and
F=70:5:25 for Maize, crayfish and carrot respectively

Table 2. Pasting properties of the composite flour

Sample Peak Vis

(RVU) (RVU) Vis(RVU)

Trough Vis Breakdown Final
Vis(RVU)

Setback
Vis(RVU)

Peak ime Pasting
(min) Tempt.(°C)

92.51+1.04" 8.24+0.95°
92.69+1.23° 32.67+0.67" 47.30+0.97°
92.69+1.23° 36.06+1.04° 51.20+1.54°
92.79+0.53° 43.02+0.63° 56.01+1.18°
92.84+1.06° 45.37+1.11° 62.23+1.02°

MTMOOW>

41.78+1.34" 37.56+0.70' 77.30+1.08°
49.85+0.88° 80.25+0.09°
52.80+0.22% 81.45+0.03°
60.20+0.90° 81.91+0.67°
62.90+0.54° 83.44+1.05°
92.84+1.06° 49.99+0.76% 64.93+1.90a 70.16+1.01% 84.49+0.53% 71.18+0.15% 90.23+1.09°

77.30+1.08% 68.53+0.85'
64.29+0.50% 71.47+0.71°
64.67+0.04° 76.75+0.64°
67.17+0.83° 78.93+0.18°
69.74+0.55° 85.87+1.12°

Values are mean of 3 replication, mean with different superscript letters along the same column are significantly
different at P<0.05. Keys: Sample A = 100:0:0, B = 70:25:5, C = 70:20:10, D=70:15:15, E=70:10:20 and
F=70:5:25 for Maize, crayfish and carrot respectively

3.2 Pasting Properties of the Samples

The pasting characteristics of the samples is
presented in table 2. The peak viscosity of the
samples ranged from 92.51-92.90RVU. The
sample with 100% maize had the least peak
viscosity while the sample substituted with 25%
carrot and 5% crayfish had the highest peak
viscosity. Peak viscosity is the measure of the
ability of starch to form paste on cooking. The
increase in the peak viscosity of formulated
sample is not a good attribute since
gruel/porridges made from high peak viscosity
sample will easily become solid in cooking and
will not give room for more food which will
provide nutrient and energy. Onweluzo and
Nnamichi [26] observed that high peak viscosity
sample discourages the addition of more
nutrients and energy constituents which are
much needed by children and adolescent. The
trough viscosity of the sample was between
28.24- 49.99 RVU. The sample substituted with
25% carrot and 5% crayfish had the highest level
of trough viscosity 49.99 RVU while the sample
with 100% maize had the least trough viscosity of
28.24 RVU. Trough viscosity measure the ability
of the paste to withstand breakdown during
cooling [10]. Breakdown viscosity of the sample
were between 41.78-64.93RVA. The sample with
100% maize had the least breakdown viscosity
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(41.78RVU) while the sample substituted with
25% carrot and 5% crayfish had the highest
breakdown viscosity of 64.93 RVU. The
breakdown viscosity is a measure of the degree
of paste stability or starch granule disintegration
during [27]. This implies that the sample with
100% maize having low breakdown viscosity will
form a more stable paste during heating than the
sample substituted with 25% carrot and 5%
crayfish which had high breakdown viscosity.
The ability of starch to withstand heating at high
temperature and shear stress is an important
factor in food processing. Elofsson et al. [28]
noted that measurement of breakdown viscosity
is important in foods since it contributes to the
textural and rheological properties of various
food products. The final viscosity of the samples
ranged from 37.56-70.16 RVU. The sample with
100% maize flour had the least final viscosity
(37.56 RVU) while the sample substituted with
25% carrot and 5% had the highest final viscosity
(70.16 RVU). Final viscosity is an index for
determining the stability of the cooked paste [29].
The setback viscosity of the sample ranged from
77.30-84.49 RVU. The sample with 100% maize
had the least setback viscosity while the sample
substituted with 25% carrot and 5% crayfish had
the highest viscosity. There is increase in the
setback viscosity of the formulated sample.
Setback viscosity is an index for evaluating the
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retrogradation tendency of the paste prepared
from a starchy food [30]. Adeyemi and Idowu [31]
noted an increase in setback viscosity of their
formulated samples with increase in substitution
level. This increased the retrogradation level
during cooling and increase the staling of the
products. Oduro et al. [32] observed that high
setback viscosity value is associated with
cohesive paste while a low setback viscosity is
associated with a non-cohesive paste. In this
study, it was observed that the formulated
samples with high setback viscosity had an
increase in starch retrogradation, reordering of
the starch molecules and syneresis of the gel.
The peak time of the samples ranged from
60.26-71.18 mins. There is increase in the peak
time of all the formulated samples. The peak time
is the time taken by each sample to attain its
respective peak viscosity. Porridge with lower
peak viscosity will cook faster and have lower
peak time than the one with higher peak
viscosity. The sample with 100% maize had the
least peak viscosity (92.51RVU) and least peak
time (60.26 mins) while the sample substituted
with 25% carrot and 5% crayfish had the highest
peak viscosity (92.90 RVU) and highest peak
time (71.18 mins). The pasting temperature of
the samples were between 68.53-90.23°C. The
sample substituted with 25% carrot and 5%
crayfish had the highest pasting temperature
while the sample with 100% maize had the least
pasting temperature. Pasting temperature
indicates the temperature at which the porridge
form gel. The pasting temperature provides an
indication of the minimum temperature required
to cook a given sample, which can also have
implication in energy usage [29]. The ability of
protein to form gel and provide a structural matrix
for holding water, flavor, sugar and food
ingredients is useful in food application [33]. The
substituted samples  with  high  pasting
temperature will not be suitable for products that
require low gel strength and elasticity.

4. CONCLUSION

It was observed from this work that porridges
made by supplementation of maize flour with
crayfish and carrot flour had an effect on the
rheological properties of the porridge. Porridges
made by supplementing maize flour with crayfish
and carrot flour increased the water absorption
capacity, oil adsorption capacity, bulk density,
gelation properties of the porridges, it also
increased the peak visocisty, trough viscositty,
breakdown viscosity, peak time and pasting
temperature of the porridge. Further studies on
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the microbial studies of functional foods made
from blends of maize flour, crayfish flour in order
to ascertain the storage stability of these blends
is advised.
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