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at the time of formation of leucogranite, and high Rb/Sr
ratio suggests an upper continental crustal source for the
leucogranite (Table 3). The tectono-magmatic discrimination
diagram indicates that it is a syn-collisional to late orogenic
granite'’ (Figure 4 c). The Ba—Rb-Sr discrimination diagram
also indicates that it is a collisional granite®® (Figure 4 c).
The leucogranite is related to the collision between the Indian
and Tibetan plates as evidenced by the Tertiary age.

Comparison with other leucogranites of the Higher Hima-
layas shows their similarity in mineralogy and geochemistry.
All these leucogranites are tourmaline-bearing two-mica
granites. Geochemically, these are characterized by high
silica content (>69% SiO,), high alkalis, depleted Ca, Mg
and Mn, high Rb/Sr ratio, per-aluminous nature, similar
age'92' and high initial ¥Sr/*®Sr ratios (Table 4). All
these characteristics can be related to the melting of a sedi-
mentary protolith. Radioelemental (U and Th) concentration
is higher in the leucogranites of the Higher Himalaya than in
normal granites, while radioelemental concentration in the
granites of the study area is much higher (Table 4).

The preliminary data collected on the tourmaline-bear-
ing leucogranites of the Higher Himalayas in a part of Aru-
nachal Pradesh appear to be encouraging from the point of
view of uranium mineralization and exploration.
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Dewinged termite imagoes are considered to be delicious
human food around the world. The nutrient composi-
tion may vary with respect to the species. In the present
study, imagoes of three termite species, viz. Odontoter-
mes obesus, Coptotermes heimi and Microtermes obesi
were used to compare their protein composition. Addi-
tionally, the commonest species, O. obesus was used for
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proximate and mineral composition analysis. The nutri-
tional analysis of termites indicated a higher percent-
age of protein in C. heimi, followed by O. obesus. The
proximate analysis of O. obesus imagoes revealed a
higher proportion of crude fat followed by crude protein.
Macrominerals were recorded in a higher proportion
with potassium as one of the major minerals followed
by sodium, while in microelements iron and zinc were
represented in greater quantities.

Keywords: Coptotermes heimi, crude fat, edible protein,
imagoes, Microtermes obesi, nutritional value, Odontoter-
mes obesus.

IN Africa, Asia, Australia and Latin America, edible insects
rich in protein, energy, minerals and vitamins have been
served as food (entomophagy) for many years®. Recently,
entomophagy has gained attention worldwide. Traditional-
ly, India has many ethno-entomophagous groups majorly re-
stricted to the North East, southern and central parts of the
country, but the diversity of insects consumed is less in
South and central India compared to the NE. The choice of
insect species to be used as food by ethnic people in India is
based on their availability, palatability and nutritional value
as well as on local customs and traditions®. Coleopterans
share a greater portion of edible insects; however, the small
share of termites (3%) in human entomophagy is unavoid-
able®. Dewinged termite imagoes are considered delicious
food in many parts of the world, which may be consumed as
a main dish or side dish/snack®. Around 61 species of ter-
mites are considered edible and eaten in many parts of the
world®. The imagoes that emerge during the first rainfall
after the long dry period are majorly collected for edible
purposes as they are rich in protein, minerals and fat®®.
Understanding the nutritional status of some of the com-
monly available termites in South India can encourage people
to reconsider the practice of entomophagy in wider pro-
spects.

Winged imagoes of major termite species were collected
in the swarming period during late evening hours using
sweep nets and light traps from different locations, or in the
early morning below street lights, underneath grasses and
soil sediments. Few imagoes were preserved in 80% ethanol
for taxonomic identification of the sample and identified
to species®™®. The collected unsexed samples were brought
to the laboratory and washed thoroughly with distilled water.
The washed imagoes were de-winged and oven-dried at
105°C for 30 min (ref. 11). The oven-dried termites were
ground to a fine powder using a pestle and mortar, and
stored at —20°C after labelling with species identity and date
of collection for further analysis.

Protein composition was analysed for the imagoes of three
termite species, viz. Coptotermes heimi, Microtermes obesi
and Odontotermes obesus. While the other proximate and
mineral compositions were analysed for the imagoes of O.
obesus only. The proximate and mineral compositions of the
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imagoes were analysed at the Pesticide Residue and Food
Quality Analysis Laboratory, University of Agricultural
Sciences, Raichur (National Accreditation Board for Testing
and Calibration Laboratories accredited). The moisture
content of dried imagoes was determined using the drying
method2. The crude fat was estimated by the Soxhlet extrac-
tion method, while crude protein was estimated by the semi-
micro-Kjeldahl method'®. Ash content was analysed by
incinerating the sample in a muffle furnace at 550°C (ref.
12); the enzymatic gravimetric method (Prosky method)
was used to analyse dietary fibre'®™. Analysis of minerals
was performed by atomic absorption spectrometry using
standards'.

The collected samples were morphologically identified
as C. heimi, M. obesi and O. obesus, and were used for nutri-
tional analysis. The study documented that termites are a
rich source of protein, but they vary according to the species.
Among the imagoes of the three termite species, the highest
crude protein of 54.95 + 1.7% of dry matter of termites was
recorded in C. heimi, followed by O. obesus with 41.68 £
1.80% of dry matter. The least was recorded in M. obesi
(33.21 £ 0.81% of dry matter). Similar observations are
being made worldwide among different species of termites,
which vary. Higher crude protein was recorded in Macro-
termes nigeriensis (Sjostedt) (20.94% of dry matter) in
Nigeria', Trinervitermes germinatus (Wasmann) (41.70%
of dry matter) also in Nigeria*, Macrotermes bellicosus
(Smeathman) (39.74% of dry matter), Macrotermes subha-
yalinus (Pearce) (39.74% of dry matter), Pseudocantho-
termes militaris Hagen (33.51% of dry matter) and
Pseudocanthotermes spiniger (Sjostedt) (37.54% of dry
matter) in Kenya', and Odontotermes spp. (33.67% of dry
matter) collected from Arunachal Pradesh, India®. However,
it was less compared to Syntermes aculeosus Emerson,
which recorded a higher protein of 64% of dry matter™
and Reticulitermes sp., which recorded 87.33% of dry
matter"’.

During collection, O. obesus was observed to be one of
the major termite species and was available in bulk to per-
form analysis. The proximate composition of dried O.
obesus scored a higher crude fat content of 49.71 + 2.06%,
followed by protein (41.68 = 1.80%). The total ash and
crude fibre recorded were 3.98 £ 0.00 and 9.27 £ 0.07%
respectively. The dried product had a moisture content of
5.66 £ 0.19%. Fat is one of the major proximate composi-
tions of termites. The present study recorded a greater
concentration of fat in O. obesus imagoes™®. The fat content
was higher than that of Macrotermes natalensis'®*® and M.
bellicosus'®?® with 21.35-22.5 and 28.2-36.12% respec-
tively. The fat content of O. obesus was comparable with
termites of Kenya® and M. bellicosus?. Crude fibre is attri-
butable to the amount of chitin in the termites. The quantity
of crude fibre in O. obesus was comparable to Odontotermes
spp. (6.30%) from Arunachal Pradesh®, while comparably
higher than that of M. bellicosus (2.70%), M. natalensis
(2.20%)*® and M. nigeriensis (5.71%)".
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Table 1.

Mineral composition of Odontotermes obesus

Proximate composite

Value (mg/kg*)

Aluminium
Barium
Boron
Cadmium
Calcium
Chromium
Copper
Gallium
Iron

Lead
Lithium
Magnesium
Manganese
Nickel
Potassium
Silver
Sodium
Strontium
Thallium
Zinc

465.74 £ 7.56
3.50+£0.11
2.25+0.07
0.11+£0.00

1453.55 + 7.86
0.63+0.02
17.84 £ 0.16
0.49 £0.02

308.86 +10.61
0.29+£0.01
0.47+0.01

1039.64 £ 30.92
69.34 + 3.06
0.44+0.01
5672.56 + 153.40
0.04 £0.00
2199.65 +1.98
6.12+0.17
0.01+£0.00
108.97 £4.22

*Mean of three samples.

Mineral composition of O. obesus revealed that potassium,
sodium, calcium and magnesium represented the macroele-
ments in higher quantities with 5672.56 + 153.40, 2199.65 +
1.98, 1453.55 + 7.86 and 1039.64 + 30.92 mg kg™ respec-
tively. Higher sodium, potassium, calcium and magnesium
levels in O. obesus were within the known range of these
macronutrients in other insects®3*>*22 |n microelements,
aluminium, iron and zinc were represented in greater quanti-
ties with 465.74 +7.56, 308.86 + 10.61 and 108.97 +
4.22 mg kg™ respectively in dried imagoes. Other micronu-
trients quantified were manganese (69.34 + 3.06 mg kg™),
copper (17.84 +0.16 mg kg™) and boron (2.25 + 0.07 mg kg ™).
O. obesus imagoes are rich in essential micronutrients like
iron and zinc®*. Chromium was the most significantly
represented toxic heavy metal with 0.63 + 0.02 mg kg™ of
dried imagoes. Though the comparative level was high,
the concentration was much less than the acceptable daily
intake. Other heavy metals recorded in dried O. obesus
imagoes were lead (0.29+0.01mgkg™) and cadmium
(0.11 +0.00 mg kg™) (Table 1).

Termites and ants are referred to as some of the oldest
edible insects®®. They are a source of rich nutrients with a
higher proportion of edible protein and fat. Eating insects is
considered to be taboo in many tribal communities in India®*.
However, there is a need for large-scale studies with respect
to winged imagoes, the emergence pattern of different spe-
cies, proximate composition, using them for preparing vari-
ous dishes, value-addition and consumption.

1. Igwe, C. U., Ujowundu, C. O., Nwaogu, L. A. and Okwu, G. N.,
Chemical analysis of an edible African termite, Macrotermes ni-
geriensis; a potential antidote to food security problem. Biochem.
Anal. Biochem., 2011, 1(1), 1-4.

CURRENT SCIENCE, VOL. 124, NO. 2, 25 JANUARY 2023

2. Chakravorty, J., Diversity of edible insects and practices of ento-
mophagy in India: an overview. J. Biodivers. Biopros. Dev., 2014,
1(3), 1-6; doi: http://dx.doi.org/10.4172/2376-0214.1000124.

3. Cerritos, R., Insects as food: an ecological, social and economical
approach. CAB Rev. Perspect. Agric. Vet. Sci. Nutr. Nat. Resour.,
2009, 4(27), 1-10.

4. Kinyuru, J. N., Kenji, G. M. and Njoroge, M. S., Process develop-
ment, nutrition and sensory qualities of wheat buns enriched with
edible termites (Macrotermes subhyalinus) from Lake Victoria re-
gion, Kenya. Afr. J. Food Agric. Nutr. Dev., 2009, 9(8), 1739-1750;
doi:10.4314/ajfand.v9i8.48411.

5. Ramos-Elorduy, J., Insects: a hopeful food source. In Ecological
Implications of Mini Livestock (ed. Paoletti, M. G.), Science Pub-
lishers, New Hampshire, USA, 2005, pp. 263-291.

6. Nkouka, E., Les insectes comestibles dans les societesd’ Afrique
Centrale. Rev. Sci. Cult. Cicibaasc Leiden, 1987, 6(1), 171-178.

7. Huis, V. A., Potential of insects as food and feed in assuring food
security. Annu. Rev. Entomol., 2013, 58, 563-583.

8. Chakravorty, J., Ghosh, S., Megu, K., Jung, C. and Meyer-Rochow,
V. B., Nutritional and anti-nutritional composition of Oecophyllas
margdina (Hymeonptera: Formicidae) and Odontotermes sp. (Isoptera:
Termitidae): two preferred edible insects of Arunachal Pradesh, In-
dia. J. Asia-Pac. Entomol., 2016, 19(3), 711-720; doi:https://doi.
0rg/10.1016/j.aspen.2016.07.001.

9. Roonwal, M. L. and Chhotani, O. B., The Fauna of India and the
Adjacent Countries: Isoptera (Termites) Vol. 1, Zoological Survey
of India, Calcutta, 1989, pp. 1-672.

10. Chhotani, O. B., Fauna of India and the Adjacent Countries: Isop-
tera (Termites) Vol. I, Zoological Survey of India, Calcutta, 1997,
pp. 1-801.

11. Akakpo, A. Y., Kuegah-Toyo, K. M. T., Tchaniley, L., Osseyi, E.
G. and Tchacondo, T., Assessment of the nutritional value and the
quality of the oil of Macrotermes bellicosus insect collected during
rain season in Togo. Int. J. Entomol. Res., 2020, 5(5), 104-109.

12. AOAC, Official Methods of Analysis (16th edn), Association of Of-
ficial Analytical Chemists, Washington DC, USA, 1996, p. 2000.

13. Ayieko, M. A., Ogola, H. J. and Ayieko, I. A., Introducing rearing
crickets (gryllids) at household levels: adoption, processing and nu-
tritional values. J. Insects Food Feed, 2016, 2(3), 203-211;
doi:https://doi.org/10.3920/J1FF2015.0080.

259


doi:http://dx.doi.org/10.4172/2376-0214.1000124
doi:https://doi.org/10.1016/j.aspen.2016.07.001
doi:https://doi.org/10.1016/j.aspen.2016.07.001
doi:https://doi.org/10.3920/JIFF2015.0080

RESEARCH COMMUNICATIONS

14.

15.

16.

17.

18.

19.

20.

21.

Afiukwa, J., Okereke, C. and Odo, M., Evaluation of proximate and
mineral contents of termite (Trinervitermes germinatus) from Aba-
kaliki and Ndiezelzzi, Ebonyi state, Nigeria. Am. J. Food Nutr.,
2013, 3(3), 98-104.

Kinyuru, J. N. et al., Nutrient composition of four species of
winged termites consumed in western Kenya. J. Food Compos.
Anal., 2013, 30(2), 120-124; doi: https://doi.org/10.1016/j.jfca.
2013.02.008.

Paoletti, M. G. et al., Nutrient content of termites (Syntermes sol-
diers) consumed by Makiritare Amerindians of the Altoorinoco of
Venezuela. Ecol. Food Nutr., 2003, 42(2), 177-191; doi:https://doi.
0rg/10.1080/036702403902-2255177.

Paul, D. and Dey, S., Nutrient content of sexual and worker forms
of the subterranean termite, Reticulitermes sp. Indian J. Tradit.
Knowl., 2011, 10(3), 505-507.

Banjo, A. D., Lawal, O. A. and Songonuga, E. A., The nutritional
value of fourteen species of edible insects in southwestern Nigeria.
Afr. J. Biotechnol., 2006, 5(3), 298-301.

Agbidye, F. S., Ofuya, T. I. and Akindele, S. O., Marketability and
nutritional qualities of some edible forest insects in Benue state,
Nigeria. Pak. J. Nutr., 2009, 8, 917-922.

Ekpo, K. E. and Onigbinde, A. O., Characterization of lipids in
winged reproductives. Pak. J. Nutr., 2007, 6(3), 247-251.

Ukhun, M. E. and Osasona, M. A., Aspects of the nutrition chemistry
of Macrotermes bellicosus. Nutr. Rep. Int., 1985, 32, 1121-1129.

22.

23.

24.

Bhulaidok, S., Sihamala, O., Shen, L. and Li, D., Nutritional and
fatty acid profiles of sun-dried edible black ants (Polyrhachis vicina
Roger). Maejo Int. J. Sci. Technol., 2010, 4(1), 101-112.
Bodenheimer, F. S., Insects as Human Food: A Chapter of the
Ecology of Man, Dr W. Junk Publishers, Hague, The Netherlands,
1951, pp. 352.

Meyer-Rochow, V. B., Food taboos: their origins and purposes. J.
Ethnobiol. Ethnomed., 2009, 5(1), 1-10; doi:https://doi.org/10.
1186/1746-4269-5-18.

ACKNOWLEDGEMENTS. C.M.K. thanks the Ministry of Environ-
ment, Forest and Climate Change, Government of India for financial as-
sistance under the research project (F.No. 22018-28/2019CS(Tax)) and
the Director of Research, Keladi Shivappa Nayaka University of Agri-
cultural and Horticultural Sciences, Shivamogga for providing the nec-
essary facilities. M.R. thank Indian Council of Agricultural Research
(ICAR), New Delhi for financial support through the ICAR Junior/
Senior Research Fellowship. We thank the Pesticide Residue and Food
Quality Analysis Laboratory, University of Agricultural Sciences, Rai-
chur for help.

Received 30 July 2022; re-revised 17 November 2022

doi: 10.18520/cs/v124/i2/257-260

260

CURRENT SCIENCE, VOL. 124, NO. 2, 25 JANUARY 2023


doi:https://doi.org/10.1016/j.jfca.2013.02.008
doi:https://doi.org/10.1016/j.jfca.2013.02.008
doi:https://doi.org/10.1080/036702403902-2255177
doi:https://doi.org/10.1080/036702403902-2255177
doi:https://doi.org/10.1186/1746-4269-5-18
doi:https://doi.org/10.1186/1746-4269-5-18

