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The effect of cricket addition on the proximate composition, mineral compositions, functional and
sensory properties of complementary food formulated from millet was studied. The result of the
chemical composition showed significantly increase in the protein and fat level of the formulated
complementary food (9.28+0.16 - 20.20+£0.07) % and (3.65+002 - 8.12+0.08) %, respectively.
However, a significant decrease in the carbohydrate level (75.61+0.03 - 60.44+0.31) g/100g was
observed. Evaluation of functional properties showed that cricket addition did not affect the bulk
density but increased the water absorption (2.46+0.05), Emulsion (38.02+0.40%), foam
(6.00+0.00), gelation (20.00+0.00%) capacities and pH (6.20+0.02). The mineral contents including
Fe, Ca, Na, and K of the food ranged from 7.54+0.10 - 10.25+0.05 mL/100g, 30.35+0.15 -
34.98+0.10 mL/100g, 9.35+0.29 - 14.47+0.06 mL/100g and 30.92+0.03 - 56.40+010 mL/100g
respectively increasing with increased addition of cricket flour The formulated samples were rated
higher for taste, colour, flavour, texture and the overall acceptability than the control. In general
sample 513 containing 75:25 cricket: millet flour showed more improvement than other formulated
samples and most acceptable in terms of taste, flavour mouth feel and overall acceptability. Adding
cricket flour to millet flour as complementary food would help in addressing protein energy

malnutrition in children.
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Introduction

Complementary foods (plant products) are foods other
than breast milk introduced to an infant to provide nutrients
(Yusufu et al., 2013; Mohammed et al., 2020; Mohammed
et al., 2021), between the time the diet consist exclusively
of mother’s breast milk and the time when it is mostly
made of family food (WHO 2002) and may be in liquid,
semisolid and solid form (Egwujeh et al., 2016a). It can be
specially prepared for the infants or can be same food
available for the family members modified in other to meet
the eating skills and needs of the infants’ (WHO 2003;
Egwujeh et al., 2016a).

Complementary feeding starts when breast milk alone
is no longer sufficient to meet the nutritional requirements
of infants so that other foods and liquids are needed along
with breast milk in adequate quantity and nutritional
quality to meet normal healthy and development of life of
the infant (WHO 2002; Sevindik et al., 2017; Akgiil et al.,
2021). In developing country like Nigeria complementary
foods are mainly cereal based and these staple foods are
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given in the form of gruels that is either mixed with boiled
water or boiled with water (Igyor et al., 2011).

Since young children have small gastric capacities, they
are unable to consume enough of the diluted porridge to
meet their energy requirements and consequently may
become malnourished (Melese et al., 2016). Gruel is
watery and bulky thus has low energy density hence
sufficient quantities have to be consumed by infants to
meet their energy and nutritional needs (Onoja et al., 2014).
Complementary foods are often of low nutritional quantity
and given in sufficient amounts, but displaces breast milk
when given too frequently and too early (Villapando
20008; WHO 2002), resulting to poor feeding practices and
short fall in food intake. Many African mothers, mainly
those from low income class, feed their infants with
complementary foods that are inadequate in energy value;
poor swallow ability and deficient in micro nutrients such
as iron, zink, calcium vitamins A, B and C (Egwujeh et al.,
2016a). This might be a result of lack of funds to purchase
the industrially processed ones and or low knowledge of
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how to produce nutritionally adequate complementary
foods in a traditional way. For this reason they depend on
the complementary foods from sing cereals or legumes
which according Egwujeh et al., (2016a), might not meet
the nutritional needs of the infants. This is the most
important direct factor responsible for malnutrition and
illness amongst children in Nigeria (Solomon 2005).

Millets are cereals of variable small seed grasses grown
globally with different economic important across the
continents of the world (Kiprotish et al., 2015). Unlike
other cereals such as rice and wheat, millets are well
adapted to Africa semi-arid and sub-tropical agronomic
condition forming small grains cultivated in diverse
environment, mostly in the dry, semi-arid to sub-humid
drought prone agro ecosystem (Fasasi, 2009; Obilana et al.,
2002).

Nutritionally, millet has high energy, less starch, high
fiber (1.2g/100g, most of which is insoluble), 8-15 times
greater o-amylase activity as compared to wheat, low
glycemic index (55) and is gluten free (Vanisha et al.,
2011). Pearl millet is comparable and even greater to major
cereals with respect to energy value, proteins, fat and
minerals. It is rich in B vitamins, chiefly niacin, B12, Bs and
folic acid (Olaitan et al., 2014). It makes an important
contribution to human diet due to high levels of minerals,
lipids and high quality proteins and also very rich in dietary
fiber and micro nutrients (Malik et al., 2002).

The whole grain can be consume as popped, roasted or
sprouted or used in stews, soups and as cooked cereals
(Anu Sehgal and Kwatra 2006; Malik et al., 2002). In many
African countries, millet is often the main component of
many meals and is essentially consumed as steam cooked
products (couscous), thick porridges (T6), semi thick
porridge (ogi) and thin or watery liquid (gruel) which can
be used as a complementary food for infants and young
children (Fasasi 2009).

Crickets (Brachytrypes membranacous) are edible
insects related to grasshoppers (Otte et al., 2007). Most
humans in developed countries regard the consumption of
insects with some revulsion, and where exceptions occur,
insects are generally considered as food more for their
novelty than their nutrients, and for example, it is
embedded in chocolates or ice cream (Johnson 2010). In
Japan and part of Italy however, insects are eaten as part of
the traditional diet (Overstreet 2003; Nonaka 2010).

Nutritionally, insects generally contain high quantities
of important micronutrients, such as iron and zinc, while
some also contain useful amounts of certain vitamins (van
Huis 2013; van Huis et al., 2013). Vitamin By, vital for
human health, which occurs only in food of animal origin,
is found in sufficient amounts in crickets about 5.4 ug/100
g in adults and 8.7 png/100g in nymphs which meets the
recommended dietary amount of 2.4 ug daily (van Huis, et
al., 2013).

Crickets are a huge source of nutrition, providing a
great source of protein, iron, calcium, B, and are
commonly eaten as a nibble; prepared by deep frying the
soaked and sparkling insects (Bray 2010). In West and
Central Africa, insects are not used as emergency food to
strive against starvation, but are included as a normal part
of the diet throughout the year or in seasons of occurrence
(Banjo et al., 2006).

Industrial Complementary foods are always beyond the
reach of many rural mothers as well as families of low
income; hence many depend on traditionally processed
foods from single cereals such as maize, sorghum and
millet which are always sweetened with sugar that in some
cases lead to diarrhea in infants. Poor feeding practices and
short fall in food intake might be a major factor responsible
for malnutrition and illness amongst children of 6 -18
month of age in rural areas. The traditional infant foods
from cereals are usually bulky and might be low in several
nutrients (macro and micro) and may equally contain
substantial amounts of anti-nutritional factors that may
interfere with nutrient utilization.

Since cereal grains alone cannot satisfy the nutritional
requirements of infants, there is a need to supplement the
food with other sources. It is therefore necessary to
improve upon the nutritional quality of millet for the
purpose of weaning children and to, at the same time,
reduce malnutrition among infants and growing children.
The incorporation of cricket into the traditional
complementary food from millet might alleviate the
nutritional quality of the food. The objectives of this study
were to formulate complementary food from millet and
cricket flours and to determine the proximate composition,
functional, mineral and sensory properties of the
formulations.

Materials and Methods

Sources of Materials

The pearl millet (Pennisetum glaucum) was obtained
from Anyigba main market while cricket was obtained
from Emabu, in Anpka Local Government Area both of
Kogi State Nigeria. Equipment used including, drying
trays, buckets, harmer mill, weighing balance, sealer, fan
driven hot air oven and 40 mesh size sieves were provided
by the Department of Food, Nutrition and Home Sciences,
Department of Soil and Environmental Management and
Department of Biochemistry all in Kogi State University
Anyigba, Nigeria.

Preparation of Cricket Flour

Crickets were cleaned manually by removing the
wings, eviscerating and washing under tap to remove dirt.
The cleaned cricket were laid on drying trays in single layer
and dried in a locally constructed solar dryer for one week.
The dried crickets were milled, packaged and kept in the
refrigerator (Egwujeh et al., 2018) Figure 1.

Cricket

Dewinging

|

Eviscerating
Washing
Drying

Milling

|
Packaging
Figure 1. Flow chart for the production of cricket flour
Source: Egwujeh et al. (2018)
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Preparation of Millet Flour

Millet grains were processed according to the methods
described by Egwujeh et al., (2016a). The millet grains
were cleaned of dirt, stone and other extraneous materials
and then soaked in clean water for 8hours (overnight). The
soaked grains were washed, sundried, milled with hammer
(Grain Maker® Grain Mill Model No.116) and sieved. The
flour was packaged in plastic container with lid and kept in
the refrigerator Figure 2.
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Packaging

Figure 2¢ Flow chart for the production of millet flour
(Egwujeh et al., 2016a)

Formulation of Complementary Food
The complementary food was formulated by blending
wheat and cricket flours as shown in Table 1

Table 1. Formulation of complementary food from millet
and cricket flours

Sample codes Millet flour (g)  Cricket flour (g)

ABC 100 0

AAA 95 5

BCA 90 10
CBC 85 15
BAC 80 20
ACB 75 25
BBB 70 30

ABC = (100% millet flour as control), AAA = (95% millet, 5% cricket
flour) BCA = (90% millet, 10% cricket flour), CBC = (85% millet, 15%
cricket flour) BAC = (80% millet, 20% cricket flour), ACB = (75% millet,
25% cricket flour) BBB = (70% millet, 30% cricket flour)

Preparation of Gruel

Gruel (pap) was made from the blended flours
according to the traditional method. 45g of flour from each
samples formulated was weighed; 50mL of cold distilled
water was added to make paste and 250mL of boiled water
was added to cook the slurry.

Analytical Methods

Chemical analysis

The moisture, crude protein, ash, crude fibre and fat
contents of the complementary food samples were
determined following the procedures described by AOAC
(2010) while carbohydrate was calculated by difference
according to Onwuka (2005). Energy was calculated using
Atwater factors described by Yusufu et al., (2016).

Determination of moisture content

The moisture content of the gruel samples was
determined by measuring 2g of the sample into a metal
crucibles of known weights previously dried at 100°C. The
sample was dried in a hot air oven at 105°C to a fairly
constant weight.

The sample moisture content was calculated as:

Loss in weight

Moisture (%)= 100

Weight of sample -

Determination of fat

In determining the fat content of the samples, two
grams of sample were weighed into extraction thimble, and
covered with cotton wool. The recovering flask was
weighed. About 50mL of petroleum spirit (40-60°C) was
poured into the flask connected to the thimble and sample.
The extractor was connected to a heating mantle. Fat was
extracted for 18 hours. The extract obtained was dried in a
hot air oven and held in a desiccator for cooling after which
it was weighed. The fat content was calculated as:

Fat (%) Weight of fat (W2) 100
= X
arire Weight of sample(W1)

Determination of protein

The Kjedahl procedure of protein determination was
followed digesting two grams of samples with
concentrated H,SO4 in a fume hood. The digested samples
was allowed to cool and then distilled into a boric acid
containing  bromocresol indicator after  diluting
appropriately with distil water and later with sodium-
thiosulphate and sodium hydroxide solution. The solution
was then titrated against 0.1mL of hydrochloric acid (HCI).
A blank titration was similarly carried out and the
percentage protein was estimated as percentage nitrogen
multiply by 6.25(1mL of HCI = 0.014N). The proStein
content was calculated thus:

Titre X 0.0014 X dilution factor -
X
Sample Weight

% Nitrogen=

% Protein = % Nitrogen x factor (6.25).

Determination of ash content

The ash crucible was thoroughly washed dried in an
oven and weighed. Two grams of the sample were weighed
into the crucible and incinerated. The sample was then
transferred into a muffle furnace and heated at 550°C for 6
hours. The ash was cooled in a desiccator and weighed
using a Mettler top loading balance.

The ash content was calculated as:

Weight of ash

% Ash=—————x
o ns Weight of sample

100

Determination of carbohydrate
The total carbohydrate (TC) content was determined by
difference; as

TC(%)=100—(%Ash+%Fat+%moisture+% protein)
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Energy value

Energy was calculated using Atwater factors (9 x fat +
4 x protein + 4 x carbohydrates)

Functional properties

Foaming capacity, bulk density, water absorption
capacity and least gelation capacity were determined
according to methods described by Onwuka (2005).

Foaming capacity

In 10mL of distilled water, 2g of the sample was
blended for 5minutes at 1600rpm. The mixture was
transferred in to 250mL cylinder and allowed to stand for
30 seconds. Thereafter, the volume was taking and the
forming capacity was calculated thus:

Va'vb

b

%100

Foaming capacity (%)=

Where
V.= volume after whipping,
V= volume before whipping

Least gelation capacity

This was determined by making 1g suspension of each
sample in 5mL of distilled water was prepared in the test
tube. The test tubes with the samples were heated for 1hour
in a boiling water bath after which they were cooled under
cold running tap. Further cooling for 2hours at 4°C was
carried out. The test tubes were then invert and the least
gelation concentrations were taken as the sample that first
fell off the test tube.

Emulsion capacity

The emulsification capacity (EC%) of the formulated
complementary food was determined by blending 2g of the
sample in 25mL of distilled water for 30seconds at
1600rpm. Thereafter, 25mL vegetable oil was added and
blended for another 30seconds. The blended sample was
then centrifuged at 1600 rpm for 5Sminutes.

Height of emulsified layer

EC%= 100
& Height of the whole solution in centrifuged tube )

Water absorption capacity

To determine the water absorption capacity of the
samples, 1g of each sample was measured into centrifuge
tubes. 10mL of distilled water was added and mixed
thoroughly. The mixture was allowed to stand for
30minutes at room temperature after which they were
centrifuged for 30minutes at 5000rpm. Thus water
absorbed was calculated:

. Initial volume — Final volume
% Absorption= — %100
Initial volume

Bulk density

Bulk density of the samples was determined by tapping
30g of the sample in a cylinder 100 times on the laboratory
bench. The volume after tapping was noted. The bulk
density was calculated thus:

Weight of the sample

Bulk density=
u ensity: Volume of Samp]e after tappmg

Hydrogen ion concentration (pH)

The pH of the complementary food was determined
using method described by AOAC (2010). A 10% wiv
suspension of the samples in distilled water was prepared
and mix thoroughly in a warring micro blender. The pH
was taken with the pH meter.

Sensory evaluation of the gruel

The cooked complementary food was evaluated on the
attributes of colour, aroma, texture, taste, and general
acceptability using a 9 point Hedonic scale (9-like
extremely, 1-dislike extremely). The panellist consisted of
twenty (20) nursing mothers drawn from staff and students
of Kogi State University, Anyigba. The panellists were
served the coded gruel samples in a randomised order for
evaluation. The scores obtained were subjected to
statistical analysis using multiple comparisons Test
(Ihekorony and Ngoddy 1985; Iwe 2002), using one way
Analysis of variance (ANOVA) to evaluate the means and
difference established using Duncan’s new multiple range
test to separate the mean (P<0.05) using SPSS (statistical
package for social scientists), version 16.0, Windows 2006.

Results and Discussions

Proximate Composition

The proximate compositions of the complementary
food are presented in Table3. Compositional analysis
showed that differences (P<0.05) generally existed
between the control (sample ABC) and the ones containing
cricket flour. Carbohydrates decreased with increasing
amounts of cricket. Similar trend was observed in the
moisture and crude fiber contents of the formulated food.

Sample BBB (70:30millet: cricket flour) had the lowest
value of moisture which ranged from 9.02+0.16 -
11.13£0.21 %. This is an indication that the product would
have better storage stability than the control (100% millet)
which had the highest moisture. Egwujeh and Ariahu
(2014) had earlier reported that moisture content of a food
predict its stability on the shelves as it encourages
microbial activities, enzymatic and non- enzymatic
reactions leading to food spoilage. Moisture content in
food sample is an index of stability and determines the
appearance, keeping quality and yield of the product (Ejoh
et al., 2006). The significant decrease in moisture as the
quantity of cricket flour was increased was good for
stability of the product on the shelf.

The total ash content of the samples ranges from
(0.95+0.08-1.51+0.04) % indicating that the ash content of the
formulation was increasing with increase in cricket addition.
The ash content of the control sample (0.95+0.08%) was
significantly lower than the formulated samples.

Ash content represents the total mineral content in
foods (Nnamani et al., 2009). The high ash content might
be an indication of presence of minerals in the infant food
formulation. Sample CBC containing 85:15millet: cricket
was not significantly (P< 0.05) different from BAC which
contained 80:20millet: cricket in ash content. The ash
contents of complementary formula in this study compared
with reports of ljarotimi and Keshinro (2012) for infant
formula prepared from Germinated popcorn, Bambara
groundnut and African locust bean.
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Table 3. Proximate composition of the formulated complementary food

Sample codes | Moisture (%) Ash (%) Crude fiber (g) Fat (g) Protein (g) Carbohydrate (g) Energy (Kcal)
ABC 11.13%0.1  0.95%:0.08  0.95%£0.02  3.55%0.01 9.28%:0.16  75.617+0.03 30920.15
AAA 10.45°+0.15 1.32°+0.03  0.20%0.02  3.65%0.02 11.07°£0.09  73.36°+0.21 3415+0.04
BCA 10.137+0.08 1.25°+0.05 0.2284+0.01  3.72%+0.03 13.95°:0.05  69.839+0.13 369 £0.09
CBC 9.85%0.04 1.36°+0.02  0.35°+0.01  7.56"+£0.03 17.04%:0.35  63.90°+0.03 3929+0.02
BAC 9.18°+0.08 1.42°+0.08  0.39°:0.01  7.64°:0.10 18.20°:0.04  63.66°+0.14 396 +0.03
ACB 9.11%:0.10  1.51%:0.02  0.40°:0.01  8.12°+0.08 19.16™+0.06  62.26°+0.29 399%0.10
BBB 9.02°+0.16  1.51%+0.4 0.43%+0.1  7.85%0.05 20.209:0.07  60.442+0.31 393 9+0.08

Values are means + SD of 3 replications. Means in a column followed by different are significantly (p < 0.05) different. ABC = (100% millet flour as
control), AAA = (95% millet, 5% cricket flour) BCA = (90% millet, 10% cricket flour), CBC = (85% millet, 15% cricket flour) BAC = (80% millet,
20% cricket flour), ACB = (75% millet, 25% cricket flour) BBB = (70% millet, 30% cricket flour),

The crude fiber contents of the samples ranged from
0.2240.01 - 0.95+0.02 and showed that the control sample
(100% millet) was significantly (P<0.05) higher in the fiber
content than the samples containing cricket flour that
decreased with increasing cricket substitution. This could
be good for infants as research shows that dietary fiber
increases bulk and satiety but reduces nutrient digestibility
and energy density, hence be limited in diets of children
especially malnourished ones, (USAID 2011).

The crude protein content in this study was in the range
of 9.28+0.16 - 20.20+0.07, increasing significantly with
increased cricket flour addition. Sample ABC containing
100% millet flour was significantly (P<0.05) lower than all
the formulated samples.

Adebayo et al., (2011), had reported an increase in the
protein content with corresponding increase in the proportion
of Bambara flour supplementations in complementary food
produced from ofada rice flour. The protein contents of the
samples in this study were higher than those reported for
maize based complementary porridge in World Bank Infant
and Young Child Feeding projects for children ages 12 to 23
months (World Bank 2013).

The values for crude fat of the samples were from
3.65+002 - 8.12+0.08. Differences were not observed
100% millet flour and those that contained 95:5 % Millet:
cricket flours and 90:10 Millet: cricket flours. Sample ACB
containing 75: 25% millet: cricket flours had 8.12 fats
which was significantly higher (P<0.05) than the other
samples. Rancid soon after production due to lipid
oxidation would have been expected here but for low
moisture, this might not be evident. The high crude fat in
the samples might contribute to energy value of the food.
Similar increase in fat content of cereal based food had
earlier been reported for maize blended with beni-seed,
soybean on quality protein maize and cowpea on cocoyam,
(Ayinde et al., 2012).

The carbohydrate contents of complementary formula
in this study decreased with increasing cricket flour
addition. It was greater in the control than in other samples.
Despite the reduction, the samples contained more
carbohydrate than that reported for maize and quality
protein maize based products (Olayiwola et al., 2012).
Decreased carbohydrate observed here was a result of high
amounts of protein and fat in field cricket which replaced
the carbohydrate proportion.

The energy contents of the complementary food samples
ranged from 309+0.15 - 399+0.10 kcal /100g. This satisfies
the minimum energy requirement of an infant. The result
also indicated that the energy content increased with
increase quantities of cricket flour addition. The energy

content of the samples could have resulted from cricket been
a high source of fat especially oleic and linoleic acids, and
suggested, field cricket should be given some attention as a
potential oil source for food as saturated fatty acids played
important role for human health, (Wang et al., 2004). The
energy values of the formulated complementary food were
within the recommended daily allowance of energy 370 to
420Kkcal per 100gm for complementary foods in developing
countries reported by Walker (1990).

Mineral Compositions

Table 4 below shows the mineral composition of the
formulated complementary food samples.

The iron content (mg/g) samples CBC, BAC and BBB
were not significantly different (P< 0.05) but were different
from samples AAA and BCA which are equally different
from ACB that was unexpectedly higher in the mineral than
all other samples containing cricket. Although there was a
general reduction in the iron as more cricket flour was added,
these contained more iron than the control (100% millet). The
reduction might be due to low content of the mineral in cricket
(Adeyeye and Awokunmi 2010). The WHO (2013)
recommended 5.8mg/g iron in complementary foods, a
recommendation which the finding here satisfies.

The value of Ca ranges from (30.35+0.15 - 34.98+0.10)
mg/g indicating that the calcium content decreased with
increased quantities of the cricket flour. However, the
values agreed with the recommendation of CODEX
CAC/GL 08 (1991) that calcium content in cereal based
complementary food shall not be less than 20 mg/100 kJ
(80 mg/100 kcal). The presence of iron and calcium in the
formulated complementary food in the required amount
might be helpful in bone and teeth development in the
growing children (Akinjayeju 2010). There was a slight
increase in sodium as millet was been supplemented with
cricket flour. Although the all the samples containing
cricket had higher sodium than the control without cricket,
the contents were within permissible level in controlling
high sodium intake at the early stage or growth which
might condition them to lifelong salt appetite (WHO 2003).

The potassium content is shown in table 4 and ranged
from 30.92+0.03 - 56.40+010 (ml/g). The potassium
contents of the food are enough to balance up the sodium
content of the food. A low intake of dietary potassium,
especially in the presence of high sodium intake, has been
implicated in the pathogenesis of elevated blood pressure
(BP) (Institute of Medicine 2004; Moris et al., 2006). Since
potassium is required to curb HBP, detoxification of the
body and in blood clothing, weaning the infants with this
formula is ought most important.
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Table 4. Effect of substitution of millet flour with cricket flour on mean mineral contents of formulated complementary food

Sample codes Fe (mg/g) Ca (mg/g) Na (mg/qg) K (mg/g)
ABC 7.542£0.10 31.50%+4.39 9.35%£0.29 30.922+0.03
AAA 9.33%£0.15 34.989+0.10 14.219+0.02 56.40%£010
BCA 9.30%+0.10 34.62%0.08 14.08°+0.03 55.97+0.06
CBC 9.16°+0.05 33.429+£0.10 14.472+0.06 53.34%+0.05
BAC 8.86°+0.05 32.45°+0.15 12.21°+0.20 48.90°+0.10
ACB 10.25°+0.05 33.79°+0.01 13.22°+0.10 54.23%+0.15
BBB 9.07°+0.03 32.61°+0.10 13.19°+0.02 49.83%£0.06

Values are means + SD of 3 replications. Means figures in a row followed by same superscripts are not significantly (p< 0.05) different. ABC = (100%
millet flour as control), AAA = (95% millet, 5% cricket flour) BCA = (90% millet, 10% cricket flour), CBC = (85% millet, 15% cricket flour) BAC =

(80% millet, 20% cricket flour), ACB = (75% millet, 25% cricket flour) BBB = (70% millet, 30% cricket flour)

Table 5. Functional properties of mixed flours of cricket and millet as complementary food formula.

Sample | Bulk density ~ Water absorption Oil absorption Foam capacity  Emulsification Gelation
codes (g/cm?®) capacity (g/ml) capacity (g/ml) (%) capacity (%)  capacity(g/ml)

ABC 0.463+£0.08 0.942+0.02 1.092+0.00 0.95%+0.05 30.582+0.02 8.992+0.40
AAA 0.72°+0.02 1.21°+0.02 1.77°+0.02 2.00°+£0.00 35.77°+£0.00 14.00°+0.00
BCA 0.73°+0.01 1.36°+0.05 1.87¢+0.03 3.00°+0.00 34.135+0.46 16.00°+0.00
CcBC 0.73°+0.00 2.13¢+0.06 2.109+0.01 5.00%+0.00 36.06 °+£0.02 16.00°+0.00
BAC 0.73°+0.01 2.00°+0.00 1.90°+0.05 4.00%£0.00 36.889+0.00 18.009+0.00
ACB 0.74°+0.01 2.30%0.00 2.17°+£0.05 6.000.00 38.02+0.40 18.009+0.00
BBB 0.74°+0.00 2.46%+0.05 2.089+0.01 5.00%+0.00 37.424+0.03° 20.00°+0.00

Values are means =+ SD of 3 replications. Means figures in a row followed by same superscripts are not significantly (p< 0.05) different. ABC = (100%
millet flour as control), AAA = (95% millet, 5% cricket flour) BCA = (90% millet, 10% cricket flour), CBC = (85% millet, 15% cricket flour) BAC =
(80% millet, 20% cricket flour), ACB = (75% millet, 25% cricket flour) BBB = (70% millet, 30% cricket flour)

Functional Properties

The effect of cricket flour in millet flour on the
functional properties of complementary food formulation
is shown in table 3 below. Bulk density value of the control
sample was significantly (P<0.05) lower than all other
samples. High bulk density of powdered food is desirable
for packing, since it allows more weight to be contained in
a limited volume, (Hansen et al., 1989). However, high
bulk density can limit the caloric and nutrient intake per
feed of a child resulting in growth faltering (Onimawo and
Egbekun 1998). Although the bulk density of the formula
increased upon addition of cricket flour, the increments
were not so high as to affect the nutrient intake. Bulk
density is generally affected by the particle size and the
density of the flour and it is very important in determining
the packaging requirement, material handling and
application in the food industry, (Karuna et al., 1996).

The water absorption capacity gives an indication of the
amount of water available for gelatinization, (Kulkarni et
al., 1990). There were significant differences (P<0.05) in
the water absorption of the formulated samples. The values
ranged between 1.09+£0.00 - 2.46 £+ 0.05 g/ml increasing
with increased addition of cricket flours. Fermentation of
the millet grain might have accounted for the increased in
water absorption capacity (Fasasi 2009). Water absorption
capacity gives an indication of the amount of water
available for gelatinization, (Onabanjo et al., 2009) and is
important in the development of ready to-eat-food from
cereal grains, since a high-water absorption capacity may
assure product cohesiveness (Housou and Ayernor 2002).
Increased absorption here shows that more water was made
available as more cricket flour was added.

Oil absorption capacity, a critical assessment of flavor
retention and improved palatability (Kinsella, 1976) is
equally important for energy density of complementary
foods (Baruk et al., 2015). The oil absorption in this current

study increased with increasing supplementation with
cricket flour. This might have contributed to high energy
content of the formulations in this study (Table 1). The oil
absorption also shows that the complementary
formulations are laden with potentials necessary for
growing infants (lyenagbe et al., 2017).

The values of the gelation capacity of the samples were
significantly different (P<0.05) ranging from 30.58+0.02 -
38.02+0.40 %. The sample ABC containing 100% millet
flour had the lowest value while sample BBB had the
highest value. Infants formula that form gel at low
concentrations are not ideal for weaning foods because
they would require a lot of dilution in an attempt to
improve digestibility in relation to volume, (Hansen et al,
1989) as well as swallow ability.

Gelation is one of the most important functional
properties which determine the suitability of incorporation
of a particular substance into food products (Adebowale et
al., 2005). The level of gel formation observed in this study
was an indication of suitability of cricket in millet as
weaning formula.

Addition of cricket generally increased the
emulsification capacity of the samples ranging from 30.58
— 38.02% with sample ACB having the highest value and
sample ABC having the lowest. There were no significant
differences (P<0.05) between AAA and CBC but are
significantly different from other samples which are
different from one another at the same level of probability.
The emulsion formed might be due to strong protein —to —
protein interactions at oil — water interface. It might also be
due to high concentration of protein in the formulated
complementary food (Onoja et al., 2014) and could acts as
flavor retainer/enhancer, and as well as promotes mouth
feel and taste of complementary food (Oyarekua and
Adeyeye 2009).
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Table 6. Effect of cricket flour on hydrogen ion concentration of complementary foods from wheat flour

Sample codes pH
ABC 5.60%+0.06
AAA 6.15%¢+ 0.01
BCA 6.17°¢+ 0.02
CBC 6.209+0.02
BAC 6.17°+0.01
ACB 6.14%+ 0.02
BBB 6.13%+ 0.02

Values are means + SD of 3 replications. Means figures in a row followed by same superscripts are not significantly (p< 0.05) different. ABC = (100%
millet flour as control), AAA = (95% millet, 5% cricket flour) BCA = (90% millet, 10% cricket flour), CBC = (85% millet, 15% cricket flour) BAC =
(80% millet, 20% cricket flour), ACB = (75% millet, 25% cricket flour) BBB = (70% millet, 30% cricket flour).

Table 7. Sensory properties of cricket/millet blended complementary gruel.

Sample Colour Taste Aroma Texture General Acceptability
ABC 6.502+0.18 6.442+£0.21 6.002+0.17 6.342+0.12 6.472+0.00
AAA 7.552+0.26 7.90°+0.12 7.552+0.19 7.60°+0.21 7.55°+0.25
BCA 7.47°+0.21 7.30°+0.12 7.35P+40.16 7.56°+0.21 7.700+0.17
CcBC 7.350+0.23 7.00°+0.19 7.60°+0.15 7.62°+0.20 7.850+0.19
BAC 6.30°+0.26 7.02°+0.18 7.30°+0.19 7.07%£0.18 7.05% +0.18
ACB 6.32¢+0.26 7.20°+0.17 7.15% £0.20 7.10% +£0.21 7.30% £0.19
BBB 6.35°+0.32 6.75° +0.21 7.15% +£0.18 6.85% +£0.15 7.23% +0.19

Values are means + SD of 3 replications. Means in a row followed by different superscripts are significantly (p< 0.05) different. ABC = (100% millet
flour as control), AAA = (95% millet, 5% cricket flour) BCA = (90% millet, 10% cricket flour), CBC = (85% millet, 15% cricket flour) BAC = (80%
millet, 20% cricket flour), ACB = (75% millet, 25% cricket flour) BBB = (70% millet, 30% cricket flour)

There was increased foam formation with increasing
supplementation of cricket flour in millet flour. This
observation was an indication that the formulated food is
laden with protein and is evident in the protein content of the
food (Table 1). The foam might have some effect on the
texture of the food (Table 6). Akubor (2008) earlier reported
that foams are used to improve on the texture, consistency
and appearance of foods. Increased form formation (0.95 —
6.00) with increasing cricket addition could be an indication
that cricket flour led to reduced tension of protein molecules
of the flour (Egwujeh et al., 2016b).

For a protein to have superior foaming properties, it
must possess high solubility in the liquid phase as well as
the ability of quickly forming a film around the air bubbles
in the food system (Kinsella 1981).

Hydrogen lon Concentration (pH)

The pH values of the formulated complementary food
ranged from 5.40£0.06 - 6.20+0.02 and are presented in
Table 6.

The control and sample BBB showed lower pH values
than the rest of the samples, indicating they are more acidic
than other samples. However, they are not statistically
different from AAA and ACB which were equally not
different from one another. Although all the samples
tended toward neutrality, sample CBC tended more. The
low pH is important in reducing microbial growth in the
protein rich foods since cricket is a high protein food which
might support microbial growth. Porridge made from
fermented grains shows high nutritional values so much
that it reduces the risk of disease in children (Egwim et al.,
2013). The pH value tending to neutrality was an advantage
as feeding the infant with the food will have no adverse
effect on the lining of their stomach.

Sensory Properties

The sensory attributes of the complementary food
sample are presented in Table 7 below. The evaluation
showed that addition of cricket flour affected the sensory
quality of the gruel.

The colour of the samples was significantly (p< 0.05)
improved by the addition of cricket flour to 15% levels.
Samples AAA, BCA and CBC containing 5%, 10% and
15% respectively of cricket flours were not significantly
different from each other in colour but are different from the
control which contained no cricket and samples BAC, ACB
and BBB containing 20%, 25% and 30% of cricket flours
respectively. The observed drop in sensory scores as above
15% of cricket was added was an indication that more of
cricket flour in the millet resulted to unappealing colour.

The mean scores for taste of the weaning food ranged
from (6.44+0.21 - 7.90+0.12). All the samples were rated
higher than 5 indicating that the taste of infant formula was
affected negatively by the addition of cricket flour. Similar
trend was observed in aroma and texture of the formulation

The general acceptability scores of the complementary
food ranged from (6.47+£0.00 - 8.05%0.18). There was
observable effect of cricket on the overall acceptability of
the weaning food. Acceptability of the formulations
containing cricket flours was significantly (P< 0.05) higher
than the control sample.

Conclusion

Complementary food was prepared from cricket and
millet flours and analysed for chemical, functional and
sensory properties. The study finds that addition of cricket
to millet lead to improvements on the functional,
organoleptic properties and the chemical compositions of
the complementary food. The work equally showed that
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cricket flour could be used up to 20% levels in millet
without any adverse effect on the sensory attributes of the
complementary food. Utilization of such a protein and
energy dense complementary food as this would go a long
way in eradicating protein deficiency malnutrition in
children, especially in developing countries where animal
protein are insufficient. The pH values of the formulations
are within healthful levels but capable of discouraging
microbial growth in the protein rich foods since cricket is
a high protein food which might support microbial growth.

Recommendation

The authors recommend that cricket be used up to 20%
in millet for the production of complementary foods for the
enhancement of the nutritional requirements of growing
children. Further studies might be carried out to determine
the vitamins such as vitamins A and Bs contents of the
formulation.
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