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Abstract

The nutritional and economic value of Termites Macrotermes nigeriensis is often neglected and as such the
effect of substitution of wheat flour with the milled paste of edible African termite , M. nigeriensis in cake
production was studied. The M. nigeriensis paste obtained was used at different levels of substitution (0% -
20%)with wheat flour for cake production. The sensory attributes including colour, taste, texture, flavour,
aroma, appearance and general acceptance were evaluated by twenty member semi-trained panelist using a 9-
point Hedonic scale in which one represents the least score (dislike extremely) and nine the most desirable
score (liked extremely) for any attribute. The result of the organoleptic properties showed that no significant
difference (p<0.05) existed in all the attributes tested. However the sample containing 5% termite paste was
most preferred. The proximate composition of the cake samples were determined using standard methods. The
result of the proximate analysis showed the protein content of the cake samples increased as the level of
incorporation of the edible African termite paste increased. The protein contents of the cake samples ranged
from 10.04 to 19.57%. There was significant difference in the moisture content of the cake samples which
ranged from 2.44 -3.31%. There were significant difference in the magnesium, potassium and phosphorous
values of the cake samples. The antinutrients (tannins, phytate, saponins, oxalate) determined all had low values

signifying that the cake product will pose no threat to human consumption.
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INTRODUCTION

Insects constitute about 75% of all known animal
species (Yoloye, 1998). Though some insect species
are known to be poisonous (Adamolekun, 1993), a
good number of them are edible (Meyer-Rochow,
2010). Edible insects have played an important role
in the history of human nutrition (Lyon, 1991). They
are important dietary components in many
developing countries; the commonly consumed
insects being locust, termites, grasshoppers, weevil,
bee, beetle, and caterpillar. Many studies have also
shown that edible insects contain appreciable amount
of nutrients such as protein and high fibre. They have
also been found to be rich sources of fats, vitamins
and minerals, especially iron and zinc (Malaisse and
Parents, 1980). These edible insects are an excellent
source of protein, calcium, vitamins and mineral.
They even contain more healthy polyunsaturated fat
than fish or fowl. Edible insects have served as
traditionally and nutritionally important food for
Africans, Asians, Australians and Latin Americans
for many years (Allotey and Mpuchane, 2003).
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Insects are high in protein, energy (calories) and
various vitamins and minerals (Motshegwe et al.,
1998). The health situation in Africa is characterized
by high rate of malnutrition and most common of
these is protein deficiency (WHO, 1999). This has
been aggravated by prohibitive prices and excessive
dependence on conventional protein sources (Olaofe
etal., 1998).

Entomophagy (consumption of insects by human)
has gained prominence in recent years as a result of
drought and poor economic conditions. It may have
undoubtedly played an important role in reducing
kwashiorkor among young children of poor parents.
It has been earlier reported that because of the high
cost of conventional protein foods, protein energy
malnutrition is widespread in rural Nigeria. Studies
have showed that most Nigerians have had direct or
indirect experience with entomophagy, although it is
more prevalent in the rural than urbanized areas.
Large quantities of insects, especially grasshoppers,
caterpillars and termites are brought from rural areas
for sale in urban markets (Ademolekun, 1993).
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Belluco et al., (2013) have reported that increasing
world population worsens the serious problem of
food security in developing countries as well as in
industrialized countries, where the problem of food
security is of minor concern. They further stated that
health problems related to food refer to two main
factors: food safety and environmental sustainability
of food production and suggested that for these
reasons, new ways must be found to increase yields
while preserving food quality, natural habitats, and
biodiversity. Insects could be of great interest as a
possible solution due to their capability to satisfy the
two different requirements: (i) they are an important
source of protein and other nutrients; (ii) their use as
food has ecological advantages over conventional
meat and, in the long run, economic benefits
(Belluco et al., 2013). There should be an upsurge of
interest in the use of insects as food because many
are nutritionally, economically and ecologically
important.

M. nigeriensis is a favourite delicacy in many
African countries and it is a winged adult termite of
the order, Isoptera and family, Termitidae. Although
M. nigeriensis is an eusocial insects with a typical
colony containing nymphs (semi-mature young),
workers, soldiers and the reproductive individual
(alates) of both genders (Ojiako and Igwe, 2006).
The alates are the winged adults that are commonly
caught and consumed. They are the fully developed
adult stage of termites. There exist fair variations
among the winged adults, probably due to
geographical locations or developmental stages.
There are many species of termites such as M.
nigeriensis, M. notalensis, M.subhylinus or M.
belicosus. However, they are all simply termed
termites, winged termites or Macrotermes specie
(Mbah and Elekima, 2007). The winged termites are
known locally in various parts of Nigeria by different
names such as ‘aku’ in Ibo, ‘chinge’ in Hausa and
‘Esusu’ in Yoruba (Fasoranti and Ajiboye, 1993). M
nigeriensis is enjoyed in most parts of Nigeria. They
are sold in markets after being well prepared by
washing, salting to taste and mild frying or roasting.
It can be eaten raw. It has nutty flavour when
prepared. Oil is not usually needed during frying,
since their bodies are naturally oily. The delicious
taste of termite make them a good meal for all
groups. Fried termite meal is also suitable for
European palate (Ilgwe et al., 2011). The crude
protein content of 35.88% obtained from the species
was higher than the 14.2% recorded for Marotermes
subhyalinus (Defoliart, 1989), indicating that M.
nigeriensis is a good source of protein for man and
animals.

Considering the economic, nutritional and ecological
advantages of the traditional food sources, its
promotion deserves more attention both from
national government and assistance programmes.
The present study h work was undertaken to develop
a process of incorporating edible African termite
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paste into wheat cake and to study the nutritional,
anti-nutritional and organoleptic properties of the
wheat cake samples enriched with M. nigeriensis.

MATERIALS AND METHODS

The adult termites (Macrotermes nigeriensis) were
collected from the field during the early rainy season
from March — May 2014. The termites were oven
dried at 40°C to constant weight and then milled into
an oily paste at the Central Laboratory of National
Root Crops Research Institute Umudike, Abia State
Nigeria. The wheat cake samples enriched with
termite were developed with substitution of the
wheat flour with the dried milled termite at 0%, 5%,
10% and 20% substitution levels. The Wheat-termite
cake samples were prepared using the method of
Ceserani and Kinton, (2008). Below is the table for
the blend formulation.

Proximate Composition Analysis

The moisture content, crude protein content and ash
content of the cake samples were determined by the
methods of AOAC (1990). Crude fibre was assayed
by the method reported by James (1995). Crude fat
was determined using the method of Min and Boff
(2003). The nitrogen-free extract (i.e. the soluble
carbohydrate) was calculated by difference. The
parameters were determined in triplicates.

Evaluation of anti-nutritional factors

The oxalate value was determined using the
permanganate titration method described by Onwuka
(2005)

Phytate was determined using the oberlease
Spectrophotometer method described by Onwuka,
(2005)

Tannin content of the sample was determined by
Folin Denis Colometric method (Krik and Sawyer,
(1998).

Saponin was determined using the double solvent
extraction gravimetric method (Harborne, 1973.

Mineral Content Analysis

The mineral components were analyzed using an
Atomic Absorption Spectrophotometer (AAS, Model
SP9, Pychicham UK)

Statistical Analysis
The data collected from the experiment were
subjected to analysis of variance (Iwe 2002).
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RESULTS AND DISCUSSION

Proximate compositions of cake samples enriched
with M. nigeriensis.

The result of the proximate composition of wheat
cake samples enriched with M. nigeriensis is
presented in Table 1. The baked cake samples varied
significantly (p< 0.05) in its proximate composition.
The result of the proximate analysis of the cake
samples enriched with M. nigeriensis should that the
protein, fat, ash and carbohydrate contents of the
cake samples increased significantly (p<0.05) as the

37

nigeriensis increased, except for moisture content
which decreased significantly.

Moisture Content -The moisture content of the
wheat-termite cake samples ranged from 2.44% to
3.31%. The result showed that as the level of
substitution of the M. nigeriensis increased in the
baked cake samples the moisture content decreased.
The moisture content of the samples was
significantly different (P<0.05). The moisture content
is an index of water activity (Olutiola et al., 1991)

level of substitution with the milled paste of M. and is used as a measure of stability and
susceptibility to microbial contamination (Uraih and

Izuagbe, 1990).

Table 1: Blend Formulation of Cake Samples Enriched With M. nigeriensis

SAMPLE A B C D E
WHEAT FLOUR 100 95 90 85 80
M.nigeriensis paste - 5 10 15 20

Table 1: Proximate Composition of Cake Samples Enriched with M. nigeriensis

Samples
Parameters A B C D E

LS.D 2.44°+0.02
Moisture (%) 3.31%+0.05 0.06 2.48°+0.02 2.46°+021  2.44+0.02°2  2.44°+0.02 19.57%5+0.11
Protein (%) 0.36 10.04°+0.08 12.25%0.19  14.81°40.21  15.40°+0.35 19.57°#0.11  10.84%+0.02
Fat(%) 0.26 8.67%£0.04 9.26°+0.26 9.75°£0.07  10.63%#0.18 10.847#0.02  6.25°+0.06
Ash (%)0.18 4.21°40.06 4.67°+0.04 5.24°%0.07 5754010  6.25%+0.06 73.772+0.0
arbohydrate (%) 0.89  60.90°+0.12 65.78%+051  67.74°%+0.16  72.00°+0.94  73.77+0.16°  0.15+0.16°

% Level of termite paste added
Key sample A = 0% termite paste
B = 5% termite paste
C = 10% termite paste
D = 15% termite paste
E = 20% termite paste

Table 2: Mineral Composition of Cake Samples Enriched with M. nigeriensis Key sample

Samples
Parameters L.S.D A B C D E
Tannins (%) 0.109+0.0 0.103+0.0 0.098+0.0 0.092+0.0 0.092+0.0 -
Phytate (%) 0.11+0.0 0.10+0.0 0.5+0.05 0.15+0.05 0.08+0.0-
Saponins (%) 0.1310.01 0.11+0.01 0.09+0.02 0.05+0.02 0.05+0.01 -
Oxalate (%) 0.086+0.01 0.07240.01 0.072+0.01 0.072+0.01 0.052+0.01 -

* Means in the same rows with the same superscripts are not significantly different at (P < 0.05)
% Level of termite paste added
A = 0% termite paste
B = 5% termite paste
C = 10% termite paste
D = 15% termite paste

E = 20% termite paste
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Protein Content — The protein content of the wheat
cake was observed to increase progressively to the
proportion of the percentage of the milled termite
paste added. The protein content of the cake samples
ranged from 10.04% (sample A) to 19.57% (sample
E). From the result, the protein content of the cake
sample E (80% wheat flour and 20% M. nigeriensis)
was the highest when compared to the protein
content of the other samples. Sample E with the
protein content, 19.57% was higher than the other
samples. The value corresponded with Igwe (2011)
who reported that edible termite contains 20.94%
protein. Edible insects have been shown to have
higher protein content on a mass basis than other
animal and plant foods such as beef, chicken, fish,
soybeans and maize (Teffo et al., 2007). Similar
findings on increasing protein contents in foods
enriched with edible insects were reported by ldolo
(2010) who worked on the nutritional and quality
attributes of wheat buns enriched with the larvae of

Rhynchophorus phoenicis F. The larvae of
Rhychophorus phoenicis have been reported (Ande,
1991; Fasoranti, 1997) to be a rich source of
digestible proteins able to make up for the dietary
imbalance as they form real sources of food for man
and other animals. Kiin—Kabari and Ogbonda (2013)
worked on the production, proximate and sensory
evaluation of Rhynchophorus phoenicis (F) larva
paste in meat pie and sandwich and reported that the
protein content of the larva ranged from 20.45% in
the Rhynchophorus paste and decreased to 9.9% in
the commercial sandwich. Kinyuru et al., (2009)
reported 15.63% protein in wheat termite buns (5%
milled dried termite; 95% wheat flour) the result is
comparable to that obtained in sample B (5% termite
paste; 95% wheat flour) which had 12.25% protein
content. The nutritional value of food largely
depends on the quality of the protein that it contains.
This in turn is determined to a great extent, by the
amino acid composition of the samples.

Table 3: Antinutritional Properties of Cake Samples Enriched with M. nigeriensis

Samples
Parameters(mg/100g) A B C D E
L.S.D
Magnesium 8.8"+1.39 10.4* +1.39 11.27+1.39 12.87+1.39 12.82+1.39 45
Phosphorus 67.5°+0.52 67.77"+0.29 67.93"+0.67 6.8.63"+0.46 82.0°+035 0.87
Sodium 231.73%+1.22  231.2%+3.49 232.93°+1.29  232.73%+1.22  2332°+1.74 -
Calcium 13.36%2.32 14.69°+2.32 17.37%+2.32 18.70%+2.32 20.04% +401
Potassium 40.93+0.23 41.07°+0.46 42.67°+0.46 44.27°40.23 44.4°+0.69 0.81

* Means in the same rows with the same superscripts are not significantly different at (P < 0.05)

% Level of termite paste added

Key sample A = 0% termite paste
B = 5% termite paste

C = 10% termite paste

D = 15% termite paste

E = 20% termite paste

Table 4: Sensory Properties of Cake Samples Enriched with M. nigeriensis

Samples
Parameters L.S.D A B C D E
Tannins (%) 0.109+0.0 0.103+0.0 0.098+0.0 0.092+0.0 0.092+0.0 -
Phytate (%) 0.11+0.0 0.10+0.0 0.5+0.05 0.15+0.05 0.08+0.0-
Saponins (%) 0.1310.01 0.11+0.01 0.09+0.02 0.05+0.02 0.05+0.01
Oxalate (%) 0.086+0.01 0.07240.01 0.072+0.01 0.072+0.01 0.052+0.01 -

Acceptability

* Means in the same rows with the same superscripts are not significantly different at (P < 0.05)

% Level of termite paste added

Key sample A = 0% termite paste
B = 5% termite paste

C = 10% termite paste

D = 15% termite paste

E = 20% termite paste

Fat Content — The fat content of the samples ranged
from 8.67% to 10.84%. The fat content of the
samples differed significantly (P<0.05). The fat
content increased as the level of substitution with the

edible termite paste increased. Kiin-Kabari (2013)
reported fat content of 19.6% in pie enriched with R.
phoenicis and 16.3% in R. phoenicis enriched
sandwich. It has been reported that insects are good
nutritional food source of fat and protein
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(Raksakantong et al., 2010; Bednarova et al., 2013,
2014).

Ash Content — The ash content of the samples
showed that as the substitution of edible termite in
the baked cake samples increased the ash content of
the samples also increased. A relative high value of
ash (6.25%) was observed when compared to other
reported values for meat and egg products (Watt and
Merril, 2000). The ash content of the samples ranged
from 4.21% ( sample A) to 6.25% (sample E).
Similar values were obtained by Igwe (2011) who
reported ash content of 7.60% on dry basis. Ash is a
non- organic compound containing mineral content
of food and nutritionally it aids in the metabolism of
other organic compounds such as fat and
carbohydrate (Mcwilliam, 1978).

Carbohydrate Content -The carbohydrate content
of the samples increased in relation to the fat content
in the baked cake samples. Carbohydrate and fats are
important nutritive elements in the human body.
Cake with 100% wheat flour had the least energy
value. This could probably be due to the lower fat
content of the cake samples as fat have been reported
to have double amount of energy values. According
to Ihekoronye and Ngoddy (1985), the energy value
of food is much more related to fat than
carbohydrate. Messiaen (1992) reported that the
higher the protein, fat, and ash content, the lower the
carbohydrate content.

Mineral composition of cake samples enriched
with M. nigeriensis.

The result of the mineral contents of the cake
samples enriched with M. nigeriensis is presented in
Table 2. The magnesium content of the samples
ranged from 8.81 mg/100g to 12.8 mg/100g. The
result showed that as the concentration of the M.
nigeriensis increased, the magnesium content of the
samples increased. Sample A had significantly
(p<0.05) ower value (4.93mg/100g) in the potassium
content than the other samples. The result showed
that M. nigeriensis is a good source of minerals.
These minerals are known to play important
metabolic and physiological roles in the living
system as anti-oxidant enzyme co-factor (Talwar,
1989).

Magnesium is needed for many biochemical
reactions in the body. It helps to maintain normal
muscles and nerve function, keeps heart rhythm
steady, support a healthy immune blood and regulate
blood sugar levels (Saris et al., 2000). The mineral
content of calcium and sodium showed no significant
difference. The potassium content of sample A
(40.93mg/100g) and B (41.07mg/100g) did not
differ significantly but.it has been reported that
magnesium,  zinc and  selenium  prevent
cardiomyopathy, muscle degeneration, growth
retardation, impaired spermatogenesis, immunogical
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dysfunction and bleeding disorder (Igwe et al.,
2011).

Anti-nutritional composition of wheat cake
samples enriched with M. nigeriensis.

The anti- nutritional composition of cakes enriched
with M. nigeriensis. Anti-nutrients such as oxalates,
tannins, phytate and hydrogen-cyanide have been
reported in edible insects in Nigeria (Ekpo et al.,
2010, Ifie and Emeruwa, 2011). The anti-nutrients
analysed in the samples were tannin, oxalates,
phytate and saponin. The result of the anti-nutritional
composition of the samples showed that the anti-
nutrients were not significantly different (P < 0.05) in
their quantitative values. All the values obtained
from the cake samples appeared to be low and are
comparable to the values reported for commonly
consumed foods (Ezeagu, 2005).. The saponin
contents of the cake samples were very low
suggesting that they pose no threat to people who
consume them. Saponin has been reported to lower
plasma cholesterol concentration (Topping et al.,
1980). Oxalates are known to sequester and
precipitate some useful metallic elements, thus
making them unavailable for absorption in human
system (Groff et al., 1995). The lethal dose of
oxalate is between 200 and 500mg/100g (Pearson,
1963). Phytate, like oxalates limit the availability of
some notable minerals like magnesium, iron and
even calcium (Groff el al., 1995). Phytic acid has
also been implicated in the removal of phosphorus
and causing indigestion and flatulence in human
system (Ndubuakaku et al., 1989). Low levels of
tannin were also observed in the cake samples.
Onwuka (2005) reported that the presence of tannins
can cause browning or other pigmentation problems
in both fresh food and processed products. Tannins
possess both toxic and therapeutic functions. They
are as in that they coagulate protein. Tannins are
capable of lowering available protein by antagonistic
competition and can therefore elicit deficiency
syndrome (Ekpo, 2004).

The results of the anti-nutrients showed that the cake
samples enriched with M. nigeriensis were low in
toxic substances and are therefore, good for human
consumption. The values of tannins, phytates,
saponins and oxalates in the samples were negligible.

Sensory evaluation of wheat cake samples
enriched with M. nigeriensis.

The results of the sensory attributes of wheat-termite
composite cakes are presented in Table 4. The results
of the colour of the samples showed that sample A
(100% wheat flour) had the best colour with the
value of 6.50 £ 0.14. It could be as a result of high
gluten and gliadin present in the sample that helped
to increase its appearance in terms of colour. There
was no significant difference (P>0.05) in the colour
of the samples. It was also observed that the
appearance of the cake samples decreased in colour
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as the level of addition of edible termite paste
increased. This was also reported by Kinyuru et al.,
(2009) Colour is a very important parameter in
judging properly baked biscuits it does not only
reflect the suitable raw material used for the
preparation but also provides information about the
formulation and quality of the product (Abu-salem
and Abou- Arab, 2011). During baking, Maillard
reactions occur among sugar and the amino acids,
peptides or proteins from other ingredients in the
baked products, causing browning ( Rickard and
Sjodin, 1984). Intense brown color was observed
with the increase in termite concentration suggesting
an increase in protein content. The Maillard reactions
also affect the taste and aroma the baked products
(Walter et al., 2006). Similar trends were also
reported by Idolo (2010) with wheat buns enriched
with larva of palm weevil. The sample containing
15% R. Phoenicis and 85% wheat flour was less
preferred by the members of the sensory panel.

The taste of the samples showed that the
organoleptic quality of the cake samples in terms of
taste decreased as the concentration of edible termite
increased in the cake samples with sample E having
the least value (6.15 + 1.84). There was also no
significant difference (p>0.05) in the flavour of the
cake samples. The sample A was observed to have
the highest value in terms of flavour. This could be
as a result of non-addition of edible termite in the
cake samples. Flavour is the main criterion that
makes the product to be liked or disliked (Abu-Salem
and Abou-Arab, 2011). The sensations of taste and
smell are functions of flavour which is a complex of
sensations (lwe, 2007). Food flavour Ihekoronye and
Ngoddy, 1985) arises from a subtle interaction of
taste and aroma, which imparts a pleasing or
displeasing sensory experience to a consumer. It is
the flavour of a food that ultimately determines its
acceptance or rejection, even though its appearance
evokes the initial response. The texture of the
samples also showed that sample A had the best
texture when compared to the other samples. It could
be as a result of increase in milled edible termite that
affected the crispness of the cake samples.

The general acceptability of the samples
showed that sample A had the highest value for
general acceptability with a value of 7.10 while
sample E had the least value of 6.30. The higher
edible termite in sample E could be the cause of low
acceptability of the cake samples by the consumer
despite its nutritional advantage over to the other
cake samples. Kinyuru et al., (2009) also reported
low acceptability for wheat-termite buns (20%
termite; 80% wheat flour) with value of 4.2 ona7 —
point  hedonic scale  Consequently  public
enlightenment is needed on the nutritional benefits of
supplementation of wheat flour with M. nigeriensis
in the production of cake.
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