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ABSTRACT 

 
Proximate and mineral content levels of whole Trinervitermes germinatus (Termite), the raw 
(fresh), fried and wings were evaluated using Standard Methods. Results obtained showed that 
the wings often removed during processing had the highest iron content (7.18 + 0.012 mg/Kg) 
with an appreciable calcium level (925.83 + 0.009 mg/Kg) as well as the highest crude fat (47.50 
+ 2.50 %), total carbohydrate (73.29 + 1.44 %) and energy value (763.70 kCal/10

2
g) compared 

with the commonly eaten fresh and fried parts. The protein contents varied significantly (p < 0.05) 
with the fried sample having the highest value of 41.70 + 2.05 % and the wings the least value of 
10.76 + 1.48 %. Total carbohydrates, crude fibre and moisture contents ranged from 32.05 – 
74.23 %, 10.30 – 16.50 % and 2.70 – 17.00 % respectively. The ash content varied in the order; 
fresh flour (7.25 + 1.25 %) > fried (4.25 + 0.25 %) > wings (0.65 + 0.15 %). Total mineral content 
distribution decreased in the order; Ca > Mg > Pb > Fe > Cu and differed significantly (p < 0.05) 
between the various parts with the lead level ranging from 1.91 – 7.53 mg/Kg).   
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INTRODUCTION: 

Inadequacy of food supply and nutritional status are 
common causes of malnutrition associated with 
complicated health problems among the rural and 
urban poor people of Africa and many developing 
countries of the World. Kent (2002) attributed the 
wide spread malnutrition prevalent among the rural 
communities in Africa to inadequate and poor quality 
food supply. A greater number of people in such 
areas, due to their poverty level commonly depend 
on one stable food usually of carbohydrate source. 
Food insecurity encompasses food directly or 
indirectly polluted with some traces of toxic mineral 
elements or those without balanced nutrients such as 
carbohydrate, protein, fat and essential trace mineral 
elements. In this sense, the rural and urban poor 
populace who are in many cases greater in number 
may be suffering, not only from food inadequacy but 
food insecurity. Reliefs for these necessary nutrients 
seem to have been provided by nature-nurtured 
insects such as Trinervitermes germinatus 
(Termites), Saturiidae (caterpillars), Rhyncophorus 
pheonicis (palm weevils), Orycles rhinoceros (palm 
beetles), Gymnogryllus lucens (crickets), Zonocerus 

varegatus (grasshopper) and locust (Anacridium 
melanorhodon) etc. because of their evaluated 
nutritional and mineral potentials. However, many 
developing regions of Africa (including Nigeria), Asia, 
Central and South America consume many of the 
insects especially termites based on seasonal 
ubiquity either as dessert, appetizer or as protein 
supplement in their diet (Ekop, Udoh and Akpan, 
2010). For instance, DeFoliart, (1992) stated that ‘‘the 
Yukpa people of Colombia and Venezuela and the 
Pedi people of South Africa prefer termite foods to 
fresh meat in some of their traditional diets’’. T. 
germinatus was recognized as valuable source of 
animal protein for Zambian’s rural poor population 
because conventional meat from domesticated and 
wild animals were scarce and beyond the economic 
level of average poor person in Zambia, (Mwizenge, 
1993).   

Different studies carried out on these listed edible 
insects including termites have shown that they 
contain dependable amounts of the nutrients as well 
as calcium (Ca), magnesium (Mg), iron (Fe), copper 
(Cu) and zinc (Zn), (Ekop et al, 2010; Osasona and 
Olaofe, 2010; Nafisa et al, 2008; Onyeike, Ayalogu 
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and Okaraonye, 2005; Umoh and Bassir, 1997 and 
DeFoliart, 1992).  

Termite is one of the highly prolific groups in the 
animal kingdom constituting about 76 % of known 
surviving animals (Yoloye, 1988). Tokuda (2007) 
reported that a female termite (queen) lay over 2000 
eggs per day and can live up to 45 years. This 
presents a good incentive for the exploitation of the 
termite fully organized colony as a supplemental 
source of food protein, carbohydrate, fat and 
minerals. 

None of the studies carried out on winged termites 
considered the wings (feather) as a source of 
nutrient. The nutrient potentials of this specie of 
insects are underutilized and not fully exploited in 
many parts of Nigeria and Ebonyi State in particular. 
Paucity of literature on the nutrient and mineral 
potentials of the wings which are often isolated and 
thrown away during processing is the focus of this 
present study. It is hoped that information revealed 
by this study shall spur interest and awareness in the 
consumption of the winged termites whole and entire 
to derive the maximum utility it offers. 

Materials and Method:  Sample Collection and 
Processing: A large quantity of the reproductive 
winged samples of T. germinatus was collected at 
random at different locations within Ndieze Enyimagu 
village in Izzi Local Government Area and Abakaliki 
Urban, Ebonyi State, South East Zone of Nigeria. 
The harvest was done during the peak of its swarm at 
night from their termiterum in the Month of April and 
May, 2012 using entomological net. As a poor flier, 
the alates are readily blown down in wind speed and 
attracted to electric or kerosene light so that some 
samples were handpicked as they fall. Rural dwellers 
also assisted for maximum harvest. The samples 
were sorted, washed in deionized water and dried 
under UV rays of sunlight for 4 hours. The sorted 
wing sample was also dried under same condition. 
Two composite samples were obtained based on the 
Monthly sampling. From each composite, the flesh 
was divided into two, one part retained as fresh (raw) 
sample and the second part was further oven fried at 
105

0
C for 30 min. to obtain the treatment fried 

sample. The three samples (fresh, fried and wing) 
were separately ground with Laboratory mortar and 
pestle, wrapped in black polyethylene bags, sealed in 
dry air-tight plastic  container and stored in air-tight 
cupboard prior to Laboratory analysis. 

Proximate Analysis: The moisture, crude ash, crude 
fat, crude fibre and crude protein profile of the fresh, 

fried and wing samples expressed as a percentage 
were determined by standard methods described in 
Onwuka, (2005) and AOAC, (1999).  

Moisture content (MC) was determined by heating 
10.0 g of each sample to constant weight in hot air-
circulating thermostatic oven at 110 

0
C, cooling in 

desiccators and obtaining a constant weight using 
Mettler P1210 Analytical Balance, Switzerland.  

 % MC = 10
2
[(wt. of crucible + sample before drying) 

– (dry wt. of crucible + sample)]/wt. of sample  

Ash was determined by charring 3.0 g of the sample 
on a hot plate in a fume cupboard and incinerating in 
a pre-heated muffle furnace, (Bamford, Sheffield 
England) at 600 

0
C for 4 h. 

% Ash = 10
2
 [(wt. of crucible + Ash) – (wt. of 

crucible)]/wt. of sample before dry ashing  

Fat content was determined by exhaustively 
extracting 2.0 g of each sample for 6 h in a Soxhlet 
extractor using petroleum ether (AOAC, 1984). 

% Fat = 10
2
 Wt. of fat/Wt. of sample 

Crude fibre was determined by method of Onwuka, 
(2005). A 2.0 g of each defatted sample was boiled, 
refluxed for 30 min with 200 cm

3 
of a 1.25 % H2SO4, 

filtered with watchman GF 45 filter paper and washed 
with boiling distilled water until the filtrate was neutral. 
The residue was also boiled for 30 min with 200cm

3
 

of carbonate free 1.25% NaOH and filtered. The 
mixture was further filtered, cooled and the residual 
was dried in an air-tight oven at 100 

o
C for 1 h, 

cooled in a desiccators and weighed (A). The residue 
was further ashed and re-weighed (B)   

% Fibre = 10
2
 (A – B)/wt. of sample 

Crude protein was estimated by the Kjeldahl method. 
Total nitrogen, N, in the sample was first determined 
and % N in the food protein was multiplied with a 
factor, 6.25 to obtain the % total protein in the 
sample. This factor was derived from 100/16 
according to Onyeike et al, (2005) and Onwuka, 
(2005) based on the assumption that the average 
protein content of most foods is 16 %N. The sample 
was digested with conc.H2SO4 and the digest was 
distilled with Markham distiller in a fume cupboard to 
liberate NH3 which was trapped into a 5cm

3
 of 2 % 

H3BO3. The resulting ammonium borate was titrated 
against 0.01 MH2SO4. 

% N = 10
2 
[(Va – Vb) x 0.01 x 0.01401]/wt. of sample 

Where Va = titre vol. of acid, Vb = titre vol. of blank 
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Total carbohydrate was estimated by difference; 100 
- (% MC + % Ash + % Protein + % Fibre). 

Energy Value: The caloric value (kcal/g) was 
calculated by multiplying the mean of crude protein 
and total carbohydrate by At Water factor of 4 each 
and that of crude fat multiplied by 9 and summing up 
the products (Onyeike et al, 1995 and Onyeike and 
Acharu, 2002).  

Total trace metals (Pb, Fe and Cu) were determined 
using UV-Vis spectronic 21D LKB, Becton England at 
430 nm, 510 nm and 620 nm wavelengths 
respectively, while Ca, Mg and Zn were by EDTA 
titration method. 

Data Analysis: Triplicate determinations were 
carried out on each sample (N = 3) and results are 
quoted as mean + standard error (SE). All reagents 
used were of analytical grade. The data were 
assessed by variance analysis (ANOVA) at 0.05 
confidence limit using SAS software system, version 
9.1, Pearson’s correlation and least significant 
difference (LSD)    

Results and Discussion: Table 1 shows the 
proximate composition and energy profile of the 
reproductive group of T. germinatus and Fig. 1 
presents the variations in the nutrient levels. 

Table 1: Proximate composition (%) of T. germinatus   

 

 
Moisture Ash Crude Fat  Crude Fibre Crude Protein CHO Caloric value  

Samples          (kCal/10
2
g) 

 
Fresh 16.50

a
  7.25

a
 14.70

c
  10.45

c
  12.13

b
  53.67

b
  395.50

c
 

SE ± 0.50  ±1.25 ±1.20  ±0.15  ±0.40  ±0.50 
 
Fried 3.90

b
  4.25

a
 26.35

b
  16.35

a
  41.70

a
  33.80

c
  539.15

b
 

SE ±0.10  ±0.25 ±0.35  ±0.15  ±2.05  ±1.75 
 
Wings 2.75

b
  0.65

b
 47.50

a
  12.55

b
  10.76

b
  73.29

a
  763.70

a 

 
SE ±0.05  ±0.15 ±2.50  ±0.15  ±1.49  ±1.44 
 
Mean 7.72  4.05 29.52  13.12  21.53  53.59               1698.35t 
SE ±4.83  ±2.17 ±10.59  ±1.89  ±11.12  ±12.53 
 
Range 2.7-17.0 0.5-8.5 13.5-50.0 10.3-16.5 9.28-43.75 32.05-74.23 

Means in each column with the same letter superscript are not significant (p > 0.05), those with different letters 
are significantly different (p < 0.05), SE = standard error. CHO = Carbohydrate  
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Fig.1: Proximate composition of winged edible Termite 
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Carbohydrates (CHO) and Fat: The CHO and fat 
contents of the samples varied significantly (p < 0.05) 
with the wings showing the highest CHO (73.29 + 
1.44 %) and crude fat (47.50 + 2.5 %) contents 
compared with the conventionally valued fried or 
fresh (raw) samples (Fig. 1). The average total CHO 
and crude fat obtained (53.59 + 12.53 %, 29.52 + 
10.59 % respectively) were significantly high (p < 
0.05) compared with those of O. rhinoceros (27.7 + 
0.5 %, 0.55 + 0.1 %), R. pheonicis (35.60 + 0.90 %, 
17.30 + 1.24 %), G. lucens (13.08 + 0.001 %, 26.47 + 
0.001 %) and Z. vaiegatus (24.94 + 0.001 %), 23.63 
+ 0.001 % (Onyeike et al, 2005 and Ekop, 2010). 

Protein: The protein content of the wing sample 
(10.76 + 1.49 %) did not differ significantly (p > 0.05) 
with that of the fresh (12.13 + 0.40 %) but is much 
lower than was obtained in the fried sample (41.70 + 
2.05 %). The mean total protein level in the whole 
samples (21.53 + 11.12 %) was higher by 1.53 % 
than the result of similar studies on T. germinatus 
(Onyeike et al, 2005) and differed significantly from 
those of cow milk (3.8 %), hen’s egg (12.4 %) and 
beef (18.0 %), (FAO, 1972). The daily protein 
requirement of 23.56 % (NRC, 1974) can be 
substantially augmented by incorporating processed 
termite meat into children, pregnant and lactating 
mother’s diets or even adults who are malnourished.      

Crude Ash: The pattern of variation in the ash content 
followed similar trend in total mineral content of the 
evaluated parts. The ash content varied in the order, 
fresh > fried > wing sample (Fig.1), while the total 
mineral content also varied in the same order. The 
ash content obtained for the fresh and fried samples 
were not significant (p > 0.05). 

Crude Fibre: Crude fibre level differed significantly (p 
< 0.05) between the parts with the fried sample 
indicating the value (16.35 + 0.15 %), followed by the 
wings (12.55 + 0.15 %) and then the fresh (10.45 + 
0.15 %). The total crude fibre ranged from 10.30 – 
16.50 %, an appreciably high value to augment fibre 
requirements in diets. Fibre in diets is believed to aid 
weight control, fat reduction and maintain the proper 
peristaltic movement of the intestinal tract to prevent 
constipation (Ekop, 2004 and Oduor et al, 2008). The 

relatively high fibre level observed may be attributed 
to low chitin content observed in insects generally 
according to Oduor (2008). Chitin is a complex 
nitrogen-containing polysaccharide responsible for 
the hardened exoskeleton of insects.  

Moisture content: The variations between the fried 
and wing samples were not significant (p < 0.05), but 
differed with the fresh sample (Table 1). However, 
MC of the whole insect was generally low (7.72 + 
4.83 %) compared with results of similar studies 
(Onyeike et al, 2005). The low MC can be of 
advantage in storage as processed samples may be 
free from microbial perturbation. 

Energy Content: The computed gross energy value of 
the wing sample (763.70 kCal/100g) differed 
significantly (p < 0.05) from those of fried (539.15 
kCal/100g) and fresh (395.50 kCal/100g) samples. 
The variation observed is evidently due to the 
remarkable difference in the CHO and fat contents in 
the wings. Cumulatively, edible termite may 
contribute up to 1698.35 kCal/100g calories in a diet 
supplemented with it. This may go a long way to 
augmenting the daily energy requirements of 2500 – 
3000 kCal recommended for adults (Bingham, 1978) 
although this amount is far greater than was 
recommended by FAO (1973), (800 – 1200kCal). No 
one insect or food source consumed independently 
as diet can meet the RDA value of 2500 – 3000 kCal. 
It is therefore reasonable and economical to 
supplement diets with edible termite or be eaten as 
dessert, delicacy or appetizer to meet up with the 
energy demand of the body. 

Pearson’s correlation matrix of the proximate 
compositions (Table 2) indicated a high negative 
relationship between ash/fat, fat/moisture, 
moisture/fibre and protein/CHO levels. Thus 
increasing trend observed in crude fat content 
suggests a decreasing trend in the values of crude 
ash content of the samples. Similarly, high positive 
correlation was observed for crude ash/moisture, 
crude fibre/protein and crude fat/CHO implying that 
both ash and moisture contents, for example, were 
increasing or decreasing correspondingly. 
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Table 2: Pearson’s Correlation Matrix of the Nutrient Profile of T. germinatus  

 

  Ash  Fat  Moisture Fibre  Protein  CHO  
Ash  1.0000 
Fat  - 0.9409

a
 1.0000 

    0.0051
b
 

Moisture   0.8325
a
 - 0.8128   1.0000 

   0.0398
b
  0.0493 

Fibre  - 0.2804
a
 0.1962  - 0.7218 1.0000 

    0.5905
b
 0.7094    0.1053  

Protein  0.0810
a
  - 0.2091 - 0.3940 0.9097  1.0000 

  0.8787
b
   0.6909    0.4395 0.0119   

Carbohydrate - 0.5233
a
  0.6319  - 0.0708 - 0.6315 - 0.8868 1.0000 

    0.2867
b
  0.1783    0.8940   0.1787    0.0185   

Upper values ‘a’ represent correlation; Lower values ‘b’ denote level of significance on each row 
 

 

Trace metal concentration: Variations in the mineral 
profile of T. germinatus are presented in Table 3, 
while Table 4 shows the Pearson’s correlation 
analysis of the minerals. It can be observed that the 
wing sample had the highest level of iron (7.18 + 
0.012 mg/kg), Fig.2b, with appreciable amount of 
calcium (925.83 + 0.009 mg/kg) more than was 
obtained for the fresh sample (801.62 + 0.012 
mg/kg), Fig. 2a. The fresh sample showed the 
highest level of magnesium (1009. 26 + 0.014 
mg/kg) and lead (7.50 + 0.014 mg/kg), while fried 
sample indicated the highest calcium content 
(957.94 + 0.017 mg/kg). Values of Ca and Mg (Fig. 
2a) were significantly high ranging from 801.62 – 
957.97 mg/kg and 367.38 – 1009.30 mg/kg 

respectively and were much higher than those of 
similar studies in hen’s egg (450 mg/kg Ca) and 
beef (130 mg/kg Ca) (FAO, 1972). Iron, lead and 
copper ranged from 1.22 – 7.20 mg/kg, 1.91 – 7.53 
mg/kg and 0.0957 – 0.1357 mg/kg respectively. 
The cumulative total mineral distribution in the 
edible termite (Table 3) decreased in the order Ca 
> Mg > Pb > Fe > Cu. These mineral elements 
except Pb are very essential for the growth and 
development of animals and plant and not a health 
risk at their trace threshold. Calcium and iron are 
recommended as nutrients to abate lead absorption 
and toxicity in humans (Barton, 1978). Zinc was not 
detected probably owing to the titration method 
used.

 
Table 3: Trace Mineral concentrations (mg/kg) in T. germinates 
 

 Ca  Mg  Fe  Cu  Pb  Zn 
Fresh 801.62

c
  1009.26

a
  1.24

c
  0.110

a
  7.50

a
  nd 

SE ±0.012  ±0.014  ±0.009  ±0.006  ±0.014   
 
Fried 957.94

a
  948.75

b 
 2.01

b
  0.137

a
  5.44

b
  nd 

SE ±0.017  ±0.017  ±0.014  ±0.006  ±0.009 
 
Wings 925.83

b
  367.40

c 
 7.18

a
  0.12

a
  1.92

c
  nd 

SE ±0.009  ±0.012  ±0.012  ±0.003  ±0.006 
 
Mean 895.13  775.13  3.47  0.12  4.95  nd 
SE ±41.28  ±17.70  ±1.62  ±0.01  ±1.41 
 
Range 801.62-  367.38-  1.22-  0.0957-  1.905-  - 

957.97  1009.30  7.20  0.1357  7.53 
 
RDA 210-800  30-130  0.27-30  200-440     nil  2-5 children 
 1000-1300 240-400  08-27  700-1000     nil  8-12 adult 

Means in each column with the same letter superscript are not significant (p > 0.05), those with different letters are significantly different (p < 
0.05), SE = standard error. RDA = Recommended daily Allowance (Wikipedia Inc., 2012)  
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Table 4: Pearson’s Correlation Matrix of the mineral Profile of T. germinates 

 

 Zn  Fe  Pb  Mg  Ca  Cu 
Zn 1.000 
  
Fe -  1.000 
 
Pb -  -0.968  1.000 
   <0.0001  
Mg -  -0.999  0.959  1.000 
   <0.0001 <0.0001 
Ca -  0.432  -0.645  -0.402  1.000 
   0.245   0.061    0.284 
Cu -  0.301  -0.465   -0.275  0.768  1.000 
    0.431      0.208  0.473  0.016      

Upper values ‘a’ represent correlation; Lower values ‘b’ denote level of significance on each row 
 
 

  
          

Part of the premium attached to consumption of the 
insect besides its high nutritional value, was the 
reduction of serum cholesterol, agent of tissue 
repairs and hastening the healing of wounds and 
burns (Goodman, 1989). This function is attributed to 
the chitin component of the insect. Excess 
cholesterol (C27H45O11) may lead to coronary 
thrombosis (heart attack). However, the high level of 
Pb observed in this study is worrisome. Lead is 
highest in the fresh meat (7.50 + 0.014 mg/kg) 
followed by the fried sample (5.44 + 0.009 mg/kg). 
Lead is a known cumulative poison not 
recommended at any threshold level because of its 
devastating health related issues. The risk factors 
include high blood pressure, infertility, brain 
derailment, abortion, miscarriage, autism in children, 
cardiovascular diseases, kidney and central nervous 
system damage among others (Ming-HO, 2001, and 

NIOSH, 2007 In: Afiukwa and Egu, 2011). The result 
of the lead concentration may not be general to 
termites from elsewhere but peculiar to most parts of 
Ebonyi State especially, Abakaliki and the Enyigba 
Areas well known for their rich Pb – Zn deposits. 
Lead is ubiquitous and pollutes the soil, water and air 
to a high degree (Afiukwa, 2011 and Oti et al, 2012).  

Conclusion: This study has revealed the great 
nutrient and energy potentials of the commonly 
disregarded edible termite wings. It has high Ca, Fe, 
CHO and fat contents with significant quantum of 
energy that is comparable with the mineral and 
nutrient levels of the often preferred fresh and fried 
termite meals. As a whole, the T. germinatus is rich in 
nutrients, Ca, Mg and Fe minerals, but the high Pb 
level observed in this case places one at the risk of 
consuming species obtained from the lead endemic 
areas of Ebonyi State.  
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Recommendations: Since termites are common 
detritivores, living on wood and other plant matter for 
food and inhabit in self-made soil termiteria, there 
may be need to culture the insect and investigate the 
chemistry of its hydrogen generation from biomass 
for bio-energy generation. 
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