
annual animal protein consumed by certain
indigenous peoples (Defoliart, 1989).
Caterpillars are the most important

source of animal protein in some areas of
the northern province of Zambia. Larvae of
Imbrasia spp. (Saturniidae) and emperor
moth (locally called mumpa), contain 50 -
70% protein on a dry-matter basis and have
potential to remedy malnutrition due to
protein deficiency (Phelps et al., 1975).
Emperor moths are degutted, boiled, salted
and sun-dried or fried prior to storage. The
fat content of processed larvae (15%) is
approximately twice the value for cooked
beef (Redford and Dorea, 1984); the larvae
also have high contents of riboflavin and
niacin but low contents of thiamine and
pyridoxine (Redford and Dorea, 1984).
Australian Aborigines cherish larvae of

Agrotis infusa (witchetty grub) which
contain 7 - 9% protein, 14 - 38% fat, 7 -
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ABSTRACT. Four ca~tesof Macrotermes subhyalinus (Rambur): queen, worker.isoldier
and' 'alates 'were" analyzed fo~ nutrients' and the functional properties of the protein'
determined. Values' from' proximate analysis showed significant differences among
castes. The workers had the highest protein conterit (57.87%), foHowed by the queen
(SL90%); soldier' (43.05%) and alates (34.54%). The worker also had the highest
moisture arid carbohydrate but the soldier had the highest ash and crude fibre content.
The alates had the highest fat content (47.03%), followed by the queen (27.37%), worker
(5.55%) and'soIdiet'(4.80%). Mineral contents excluding zinc also differed significantly
with the worker having the highest proportion in six out of the 10 minerals analyzed.
Proteinofthealates had the highest emulsion stability on heating while the worker had
the highest emulsion capacity after centrifugation. The different termitecastes aiso had
different levels of water and oil absorbing capacity, least gelation concentration and
foaming capacity.

. "

INTRODUCTION
In many third-world countries, a high

. proportion of the populace live on
carbohydrate-based diet as balanced diet is
quite expensive. For this reason,
malnutrition has become a problem and
cheaper sources of proteins, vitamins and
minerals must be found. There are over
1000 species of insects in more than 370
genera and 90 families which are eaten in
the world, especially in Central, West and
Southern Africa, Asia, Australia and Latin
America (Defoliart, 1989). Examples of
insects eaten as food include termites,
crickets, grasshoppers, locusts, beetles,
ants, bee brood, moth larvae, and bamboo
worms. Insects have high content of
energy, various vitamins, minerals and
proteins and account for 5 - 10% of the

* Corresponding author.
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16% sugars apart from being good sources
of .iron and calcium (Defoliart, 1,989).
Several species of caterpillars with protein
contents ranging between 45 and 80% and
with highcontents of iron serve ·as food in
Zaire (Phelps et al., 1975).
Mature· larvae of Rhynchophorus spp.

(Coleoptera: Curculionidae) are eaten in
Brazil, Colombia, Paraguay, Venezuela and
Africa (Vane-Wright;' 1991). These fat,
legless grubs called palm worms provide
one of the richest sources of animal fat
with . substantial amounts of riboflavin,
thiamin, zinc and iron.
In this paper information was sought on

the proximate composition, mineral
analysis and functional properties of the
protein of four castes of M subhyalinus
with the hope of finding alternative uses for
other termite castes apart from the alates
which serve as a rich source of protein for
resource-poor populations in developing
nations.

MATERIALS AND METHODS
Insect Collection
Termite hills from various locations III

Akure, Nigeria, were excavated using
digger, hoes, cutlass and brooms to collect
queen and other castes. In addition, worker
and soldier castes were collected from
earthen pots containing sugarcane, fresh
maize cob, and coconut husk placed on the
ground, and covered with earthen pot. The
castes were dried in a Gallenkamp oven at
45°C to a constant weight according to the
procedure described by Adedire and
Aiyesanmi (1999). The dried termite castes
were pulverized with pestle in. a ceramic
mortar and the resulting powder was stored
in a brown bottle until used.
Proximate and Mineral Analyses
Proximate composition of the termite

castes was ,determined using the procedure
outlined by AOAC (1990) and the mineral
content analyzed by atomic absorption

spectrophotometer (Bulk 210 model 200).
Functional Properties
Water and oil absorption capacities of the

samples were determined as described by
Beuchat (1977).· Foaming capacity,
stability, and the least gelation properties
were obtained using the procedure of
Coffman and Garcia (1977). Emulsion.and
foaming stabilities were determined
according. to the method of Yasumatu et-.
al. (1972). All determinations were, carried
out in triplicates.
Data analysis
Data obtained were subjected to one-way

analysis of variance and where significant
differences existed between, the means,
they were separated using New Duncan's
Multiple Range Test. '

RESULTS
Nutrient Composition
Table 1 shows the nutrient composition

of four castes of M subhyalinus; there
were significant differences (P < 0.05)
among castes for all proximate nutrients
except carbohydrate. The worker caste
contained significantly higher moisture
than the other castes and significantly
higher crude protein than the. soldier and
alates. The least percent ash, moisture and
crude protein were recorded in alates but
the caste had the highest crude fat content
(47.0%). Though the queen also had high
crude fat, its crude fibre was the lowest.

\

.1
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Minerals.
The mineral profile of the castes is

presented in Table 2. Sodium, potassium,
calcium, magnesium, zinc, iron, copper,
manganese, phosphorus and traces of lead
were present in ,all the castes except the
alates where lead could not be detected.
There were significant differences (P<0.05)
among castes in mine.ral content.



alates had the highest emulsion stability
(52.0%). Foaming capacity was highest in
the soldier (12.2%). Alates had the highest
foaming stability (6.6%) and least gelation
(12.0%) values
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Table 1. Proximate analysis of four castes ofMacrotermes subhyalinus (mean % dry
wei2ht + SE)~
Proximate component Queen Worker Soldier Alate
Ash 4.490ab±0.02 9.340c±0.15 21.66d±0.0 1 3.43a±0.02
Moisture 14.750b±0.02 17.770c±0.27 13.98b±0.03 9.95a±O.l5
Crude protein 51.900c±0.85 57.87cd±0.43 43.005±0.43 34.54a±0.43
Crude fibre 0.290a±0.02 6.600c±0.23 14.64d±0.35 3.61b±0.02
Crude fat 27.370b±0.02 5.550a±0.01 4.80a±0.12 47.03c±0.16
Carbohydrate 1.200a±0.82 2.870a±0.37 1.87a±0.26 1.44a±0.08
dMeans followed by the same letter(s) along a row are not sIgmficantly dIfferent (P >
0.05) using New Duncan's Multiple Range Test.

Table 2. Mineral profile (mean mg/lOOg ± SE) of four castes of Macrotermes
subhyalinus.
Mineral Queen Worker Soldier Alate
Sodium 73.510b±0.31 84.79d±0.80 81.790c±0.1 65.80a±I.05
Potassium 66.910a±0.92 90.81d±4.39 80.50bc±0.66 76.12b±3.64
Calcium 11.820a±0.30 17.89c±0.01 13.820b±0.01 10.97a±0.01
Magnesium 42.990a±0.37 51.10b±1.17 48.980b±0.09 40.07a±0.01
Zinc 2.310a±0.11 3.55c±0.19 2.790b±0.18 2.64b±0.22
Iron 33.320b±0.15 36.35c±0.33 39.220d±0.11 29.64a±0.65
Copper 9.600c±0.04 7.48c±0.01 6.70ab±0.5 6.66a±0.38
Lead 0.380a±0.09 1.00c±0.04 0.690b±0.09 ND.
Manganese 9.87ab+ 1.26 14.90c±0.50 9.350a+ 1.41 9.56a±I.83
Phosphorus 120.430b±2.79 86.05a±5.87 80.010a±6.52 80.15a±8.64
Means followed by the same letter along a row are not significantly different. (P > 0.05)
using New Duncan's' Multiple Range Test.
*ND =Not detected.

Functional Properties
Table 3 shows significant differences (P

< 0.05) in the functional properties of the
protein of the four termite castes. The
water absorption capacity of the oil was
highest in soldier (361.3%) and lowest in
alates (126.2%). Water and oil absorption
capacities of soldier were significantly
different (P<0.05) from those of other
castes. Whilst the worker had the highest
emulsion capacity (52.3%), the soldier and

DISCUSSION
Protein analysis indicated that the worker

termite had the highest protein value of
57.9% followed by the queen (51.9%),
soldier (43.1%) and alates (34.5%). The
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higher protein content in worker may be a
direct consequence of its role as a primary
consumer thus making it a reservoir of
nutrients. It is responsible for providing
food for other castes with the digest of their
food either proctodeally or stomodeally.
The protein content of the queen may be
attributed to the accumulated eggs in the
body. The protein content of M
subhyalinus is comparable to those of : M.
falciger which ranged from 48.8% in
soldier to 58% in alates (Phelp et al, 1975);
Trinervitermes germinatus which ranged
from 37.39% in soldier to 56.24% in
reproductive (Ajakaiye and Bawo, 1990);
and Zonocerus variegates adult 53.26%
(Adedire and Aiyesanmi, 1999).
The high protein content makes termites

a good food supplement for man and
animal. The queen, which is next to worker
in protein content, however, does not occur
in abundance. The remaining castes contain
protein at a level relatively higher than that
in cowpea (23 - 30%) (Ngoddy and
Ihekoronye, 1985 . The protein content 'of
all the castes is higher than that of some
other edible insects. In the proximate
composition of Rhynchophorus phoenicis
reported by Omotoso and Adedire (2007),
the highest protein alue (10.51%) was
obtained in the late larval stage while early
larval stage and adult had 9.10% and
8.43%, respectively. Mercer (1994)
reported 6.10% for R. ferrugineus. A closer
protein value (24.40%) was reported by
White and Kendall (1993) for Euxosa
auxiliaries.
The carbohydrate contents of all the

castes were lower than the values reported
by Omotoso and Adedire (2007) for R.
phoenicis (4:93% - 15.97%).
The analysis for ash indicated that the

soldier caste had the highest value followed
by worker. The higher ash content of
'soldier may be as a result of it's highly
sclerotized head capsule 'and the mandibles.
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.The worker is the primary consumer that
feeds other castes hence the high
concentration of indigestible materials and
thus the ash content. Matsumoto (1976)
observed that soldier castes of epigeous
nest-builder termites had ash concentration
ranging between 20.0 and 24.0%. The ash
content of the alates (3.4%) in this study
compares favourably : with the value
reported by Ashiru (1988) for Anaphe
venata (3.21%). The alates had the highest
fat content of 47.0%, followed by the
queen 27.4%. The palatability of the queen
and winged castes can be attributed 'to the
high protein and fat contents.
The moisture content ranged between

9.95% in alates and 17.77% in worker.
This range was higher than what Omotoso
and Adedire (2007a) obtained for three
stages of R. phoenicis (4.79-11".94%), but
lower than the range (35.07-53.26%)
reported by Adedire and Aiyesanmi (1999)
for Z. variegatus. Moisture of alates
(9.95%) compares favourably with 11.94%
and 8.40% reported by Omotoso and
Adedire (2007) for early and late larva
stages of R. phoenicis, respectively.' .,
Moisture content is of importance . in~
storage because the lower the moistui.:~~··
contents of food material, the higher, th{·:,,:.
keeping quality. If termite is used in feedr
formulation, the rate of susceptibility to :
microbial deterioration will be very low.. _.
The worker caste contained higher

concentrations of most minerals than any
other caste (Table 2). This is due to the fact
that the worker builds their mounds from
the soil, and by so doing ingest minerals in
the soil. Soldier had the highest value of
iron (39.22mg/100g), while the alates had
the lowest value (29.64mg/100g). All the
castes were rich in essential minerals for
healthy growth and development and
normal physiological activities in the body.
Phosphorus· was the most abundant,
followed by sodium and potassium in all

./



worker had the highest propensity to form
gel with the least gelation concentration
(2%) while the soldier had the highest
foaming capacity (12.2%) (Table 3). This
indicates the suitability of the protein as
gelling and thickening agents in foods.
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the castes. Phosphorus and calcium are
important for bone and teeth formation.
Sodium, phosphorus and potassium
maintain acid-base water balance and nerve
function in the body. All the. castes also
contain the beneficial trace elements.
Copper and iron are responsible for the
formation of red blood cells and
haemoglobin in the blood, respectively
(Marshall and Hughes, 1980). Hence,
termites are a good source of minerals for
healthy formation of foetus in pregnant
women and young animals.
. Functional properties of protein are its
overall performance and interactions with
other food components, the higher value of
which is of immense importance in food
industry. High value of water absorption
(126.2% - 316.3%) and oil absorption
capacities (36.2% - 250.6%) are desirable
in baking industry. The high water
absorption capacity obtained indicates that
the proteins contain large amount of
charged amino acids which tend to bind
"large amount of water. This is of great
benefit in baking industry for the formation
of gluten from the combination of gliaden
and glutenin with water to give elastic
nature of dough (Ngoddy and Ihekoronye,
1985). Oil absorption· capacity also
enhances kneading in the preparation of
baked foods and is proportional to the
crude fat content (Tables 1 and 2). The
lowest oil absorption capacity (36.2%)
obtained in alates may be as a result of the
innate crude fat, making the sample to be
saturated with oil. The emulsion capacity
and emulsion stability obtained show that
the protein will be a good emulsifying
agent. Emulsion capacities of the queen
(48.4%) and worker (52.3%) compare
favourably with the values reported by
Omotoso and Adedire (2007b) for adult
(48.51%)and larval stages (50.25% -
50.33%) of R. phoenicis, respectively. All
the castes formed gel and foamed but the
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