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ABSTRACT

Samples of Trinervitermes gemlns tus (Wasmann) and its feed material (grass) were
collected and analysed for percentage ash content, organic matter, biomolecules,
macro- and micronutrients, using dry and wet ashing, Kjeldahl and Soxhlet extraction
methods as appropriate.

The highest percentage of ash was recorded in the feed, but the highest mineral
concentration occurred in the insects, particularly the workers. The mineral element
values, therefore, did not present a proportionality trend with reference to the ash
content. The abundance of mineral elements in descending order in the feed was K,
Ca, Mg, P, Fe, Zn whereas it was K, P, Ca, Mg, Fe, Zn, in the insects except in the
reproductives, where phosphorus was the most abundant. Generally, zinc was more
abundant in all insect castes than in the feed.

The feed showed the lowest concentrations of organic matter and the biomolecule
lipids, with the highest values of these (organic matter and lipids) occurring in the
minor .soldiers with those of the reproductives and major soldiers following in that
sequence.

Crude protein was least in the feed and highest in the reproductives, workers and
major soldiers in that order. Conversely, carbohydrate level was highest in the feed,
while the sequence in the insects was, minor soldiers, major soldiers, workers and
reproductives.

Correlation coefficients between the metabolities in the feed (grasses) and in the
different castes show that the strongest relationship occurred in the reproductives
While the weakest were in the workers.
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It is a well established fact that termites
can exist almost indefinitely on a diet of
pure cellulose. Trinervitermes
geminatus (Wasmann) feeds on grass
and fungal cultures (Krishna and
Weesner, 1970). They are known to
cause severe denudation of grasslands,
thereby causing extreme reduction in
primary productivity (Bodine, 1973;
Ohiagu, 1976b). For instance, Bodine
(1973) reported that, the desert termite,
Gna the titermestubifermes (Buckley),
removed 360kg of grass per hectare per
annum in West TeXas. Similarly, Ohiagu
(1976) put the rate of grass removal by
Trinervitermes geminatus at Mokwa,
Nigeria at approximately 81kg/ha per
annum.

Both organic and ash contents of
organisms are known to vary greatly,
depending on the species of the
organisms concerned. For example, the
percentage organic matter in legume
forages was said to range from 51-71%
while their ash contents ranged from 29
to 49% (Adams, 1975). The levels of
proteins, lipids and carbohydrates are
also known to vary considerably in
various organisms. For example, Bartha
(1970) reported protein ranging from
5.54 to 6.42% in some grass species. On
the other hand, Harris (1971) reported
a protein level of as high as 36% in the
slightly roasted reproductive of
Macrotermes sp. in Leopoldville
market.

Insect carbohydrates are present
both in free and combined forms. They
can be combined with other molecules
such as purines, pyrimidines, proteins
and lipids (Chippendale, 1978).

Furthermore, insects possess an exo-
skeleton which is rich in the
aminopolysaccharide-chitin, storage
glucose and the disaccharide, trehalose.
According to Hickin (1971), the calorific
value of termites can be quite high and
is even said to compare favourably with
well known foods of high protein
content. The author also gave the
calorific values of 100g each of cheddar-
cheese and termites as 390 and 560,
respectively.

Lipids are vital to the structure and
function of cells because they are
components of cellular and sub-cellular
membranes and constituents of lipid-
protein carrier molecules (Downer,
1978; Obodo, 1982). Like other
biomolecules, the lipid content of insects
varies greatly, although the insects
display absolute requirement for
polyunsaturated fatty acids and sterols
(House, 1958). Similarly, the fat soluble
fraction of most leaves varies between
0.2 and 1.7% although values as high as
7% have been recorded in sage brush
(Morrison, 1950). However, insects are
known to have much higher fat levels
than leaves. For instance, the fat content
of slightly roasted alates (reproductives)
of Macrotermes sp. in Leopoldville
market was put at 44.4%.

According to Beck (1972), insects do
not differ markedly from other animals
in their fundamental requirements for
ingestible biochemical nutrients. Insects
like other animals, must obtain these
nutrients by ingesting and assimilating
the foods that contain them. However,
insects are known to specifically
concentrate certain mineral elements
which play important roles in their
metabolism (Sang, 1956).
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Sampling and treatment of samples.Consequently, it is important to
study the relationship that exists
between .the nutrient status of the
termites and that of its feed. A
knowledge of this relatio nship may give
an insight into the nnetabohc efficiency
of the termite. This knowledge may help
in devising a way of eontrolling some of
the destructive species. Comparative
studies were therefore carried out to
determine the levels of the different
biomolecules in termite food (grass) and
in the insect.

MATERIALS AND METHODS

Sampling Site

The materials used for this study were
collected from the ecological plot of the
Ahmadu Bello University (ABU) Farm
belonging to the Department of
Biological Sciences along Samaru-Sokoto
Road. The area, apart from superficial
deposits, has underlying rocks of
precambrian to early paleozoic period,
composed mainly of metamorphic and
igneous rocks (basement complex)
(Wright and McCurry, 1969; McCurry,
1973). The rainy season,' with a mean
annual rainfall-of 112 to 122cm, occurs
from April to September in the area,
and the dry season extends from
October to March (Kowal and Knabe,
1972). Relative humidity ranges from
mean monthly vales of 48.4 to 81.2% in
the morning to about 29 to 70% in the
afternoon. This may decline to as low as
15% in the morning and 11% in the
afternoon, in the months of October to
March (dry season). The mean annual
temperature is about 250 C with a mean
minimum of 120C (December) and a
maximum of 370C (March - April).

A total of ten mounds were sampled as
described by Ohiagu (1976). The
different castes were separated from
each other (manually by handpicking)
and also from particles of sand and feed
material (grass).

As the insects were too small to be
analysed individually (they weighed
between 0.2 - 3.7mg each), insects of the
same caste at each sampling were
pooled together to obtain sufficient
quantities for each chemical analysis. All
laboratory analysts on each caste were
replicated. three times. Castes obtained
at each sampling were placed in
appropriately labelled envelopes and
dried to a constant weight in an oven at
700 C. The dried samples of each caste
were then ground into powder and used
for the chemical analysis. Strips of grass
stored in the mound by the insects were
also sampled, washed in deionized water
and cleaned carefully. They were then
dried and ground into powder, for
chemical analyses.

Determination of Percentage ash and
mineral element concentration

One gram sample each of powdered
grass or insect castes was placed in
crucibles of known weights and dry-
ashed for 18 hours in a muffler furnace
at 6000 C. The rest of the procedure was
carried out as described by 'the
Association of Official Analytical
Chemists (AOAC, 1975) for obtaining
the percentage ash in biological
materials.
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Determination of organic matter

This was obtained for both the insect
castes and the grass material by
subtracting the percentage ash from the
original weight of the sample ignited.

Protein and Lipid determination

Protein was determined in each caste by
the Standard Kjeldahl method, while
lipid was determined by the Soxhlet
Extraction technique, both procedures
were as described by AOAC (1975).

Mineral element determination

Half gram powdered samples of either
grass material or insect castes were wet-
ashed using the method of Jackson
(1972). The digest for each sample was
monitored for calcium, magnesium,
potassium, iron, copper, chromium and
zinc using a Perkin-Elmer atomic
absorption spectrophotometer model
290B. Phosphorus was .. determined
colorimetrically using Baush and Lamb
spectronic 20 set at 440nm.

Analysis of variance and correlation
analysis were carried out as appropriate.

RESULTS

Percentage ash and organic matter

The mean percentage ash for the feed
material and various castes from 10
mounds sampled was 26 ± 1.46% for the
feed, 13.96 ± 0.65% for the worker, 6.65
± 0.31% for the reproductives, 5.68 ±
0.18% and 5.39 ± O. 15% for the major
and minor soldiers, respectively (Table
1). The differences in the levels of ash
in the feed (grass) and in the insect
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were highly significant (P= 0.01). The
concentration of individual mineral
elements in the grass material did not
correspond directly with the percentage
ash in the. feed.

Mean percentage organic matter in
the castes and feed material showed a
reverse trend to the ash values, with the
minor soldiers having the highest (94.82
± 0.15) while the lowest (75.43% ±
2.44) was recorded in the feed (Table
1). These differences were also
significant at the 1% probability level.

The worker caste, had a significantly
lower organic matter content (86.05 ±
0.65) than any other caste. However, the
differences in tlie l~vel of organic matter
between the remaining castes were not
significant (Table 1).

Lipids, Carbohydrates and proteins

In contrast to the above trends, the
reproductives had the highest mean
percentage lipid content of 18.06 ±
0.12% followed by the major soldier
(6.41 ± 0.46%), the worker (5.26±
0.34%), with the minor soldier and feed
material having 3.63 ± 0.22% and 1.30 ±
0.23%, respectively (Table 1).

Percentage carbohydrate,showed a
reversal of the trend for lipids, with the
feed material having the highest and the
reproductives the lowest value (Table 1).
The worker caste had a significantly
lower level of carbohydrates (35.28 ±
1.76) than the major and minor soldier
castes, although the differences between
the latter two were not significant
(Table 1). On the other hand, crude
protein level was highest in the
reproductives (56.24 ± 0.43) and least
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Table 1. Mean percentage concentration of organic and inorganic matter of termites
and their feed.

MEAN ± STANDARD ERROR

Grass Worker Repro- Major Minor
Material ductive Soldier Soldier

26.38± 1.46 13.9±0.64 6.64±0.31 5.68±0.18 5.39± 0.15

75.43± 2.44 86.05±0.65 93.36±0.31 94.22±0.25 94.82±0.15

1.3± 0.23 5.26±0.34 18.06± 0.12 6.41±0.46 3.63±0.22

2.76±0.32 47.57± 1.43 56.24±0.43 37.71±0.48 37.39±0.3

71.55±9.64 35.28± 1.76 19.47±0.49 50.68± 1.22 53.62±0.31

Substance

Ash

Organic
Matter

Lipid

Protein

Carbo-
hydrate

(2.76 ± 0.32) in the grass. The worker
had a significantly higher protein level
than either major or minor soldier
castes (Table 1). Table 1 shows that
protein and lipids were more abundant
in the insects than in the feed.

Mineral elements

The ranking of the insect castes,
according to the levels of mineral
elements in them, was as follows:
workers, reproductives, major soldiers,
minor soldiers in a decreasing order
(Table 2). The feed ranked second to
workers in its concentrations of Ca, Mg
and K while it ranked fourth (i.e, ..after
major soldiers) in its concentration of P
and Fe and fifth in its concentration of
Zn.

--~

There was no significant difference
in the level of the mineral elements
between the major and minor soldiers.
In the insect castes, K was found to be
most abundant followed by P, Ca, Mg,
Fe and Zn in descending order.

For the grass material, however, the
ranking of mineral elements in
descending order was as follows:
potassium, calcium, magnesium,
phosphorus, iron and zinc.

Correlations:

The correlation coefficient for the
relationship between each of the
biomolecules in the grass material and
in the insect castes was positive. These
biomolecules in the grass material were

1

~-
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Table 2. The mean percentage concentration of mineral elements in termites and their
feed.

Elements MEANS ± S.E.

Grass Worker Repro- Major Minor
Material ductive Soldier Soldier

0.26±O.O3 O.32±0.02 0.13±0.03 0.13± 0.004 0.05± 0.006

8.2 ± 4.20 172.5±5.76 77.3± 8.42 60.2±2.62 20.9±0.71
0

0.13±0.O07 0.21± 0.01 0.U±0.013 0.09±0.005 0.03±0.001

0.27±0.01 0.83±0.03 0.19± 0.01 0.17± 0.01 0.10±O.01

0.11±0.01 0.48± 0.02 0.38± 0.01 0.15± 0.12 0.07±0.01

5.48±0.73 102.5±5.85 32.7±1.37 26.1± 3.42 1l.00± 0.56

Calcium

Iron (pprn)

Magnesium

Potassium

Phosphorus

Zinc (ppm)

however generally weakly correlated with
those in the worker but they were more
strongly correlated with those of the
reproductives (Table 3).

DISCUSSION

The occurrence of a higher percentage
ash in the grass material than in the
insects may be due to: (a) the presence
of mineral elements, like chlorine and
sulphur known to be abundant in plant
materials (Salisbury and Ross, 1969) but
which were not monitored in this study:
or (b) the occurrence of elements such
as silicon (which are particularly
abundant in monocotyledonous plants,
especially the Gramineae), carbon,
carbonates and oxides of certain
elements, which persist during ashing

(Obodo, 1982).

The distribution pattern and relative
content of the mineral elements in the
grass corroborate the findings of
Cunningham (1964.), Gauch (1972) and
Adams (1975) for forage. That
potassium was the most abundant
element in both the grass and insect
castes. supports the findings of Black
(1968) and Bartha (1970). This element,
though not a constituent of any
important organic substance in the
protoplasm, is necessary for the
synthesis of proteins and acts as co-
enzyme for many enzymes (Epstein,
1972). The order of abundance in both
the insects and grass material of other
important macromolecules was calcium,
magnesium and phosphorus III
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Table 3. Computed r-values showing the relationship between the various metabolite
in the feed and those in each of the castes.

Metabolite r-values

Worker Reproductive Major
Soldier

Minor
Soldier

Ash 0.22

0.21

0.27

0.28

0.00

Organic Matter

Proteins

Lipid

Carbohydrate

0.73

0.21

0.82

0.54

0.22

0.36

0.55

0.16

0.36

0.37

\

0.80

0.08

0.46

0.63

0.34

descending order. This ranking is
probably linked with the various roles of
the element in the metabolism of both
the grasses and the insects. For instance,
calcium is known to be a component of
the cell wall as well as being an
essential part of a-amylase, an enzyme
for which it acts as an activator (Gauch,
1972). Magnesium, on the other hand, is
essential in photosynthesis, as it is a
crucial component of the chlorophyil
molecule. It also plays a significant role
in the catabolism of adenosine di- and
triphosphate (ADP and ATP) to release
energy. Phosphorous is also essential for
the phosphorylation of carbohydrates.
Some of the intermediate products so
obtained could be diverted into the
synthesis of lipids (Gilmour, 1961) which
(in the reproductives) are important in
gametogenesis.

Of the micro-elements, iron occurred

in higher concentrations in the food than
zinc. although the concentrations of the
two were significantly higher in the
insects (except major and minor soldiers
for iron) than in the feed. This might be
due to its importance in chlorophyl
synthesis, as well as its being a
constituent of the enzymes (of animals)
and protein synthesis might be
responsible for its higher abundance in
the insect over the feed. Zinc is also
required· for auxin activity as well as
being a prosthetic group in carbonic
anhydrance.

Among the insect castes, the workers
had highest percentage of all the
mineral elements. This may be due to
accumulation, rather than an actual need .•.••
- a commonly occurring phenomenon in
animals (Rock and Balch, 1962; Cohen,
1973). The fact that energy substrates
are mainly stored as carbohydrates in
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plants while in animals most of the
carbohydrates not immediately required
are converted into phosphorylated sugar
may explain why there was higher level
of carbohydrates in the feed. This is
because the phosphorylated sugar could
b~ an intermediate product used in the
synthesis of fatty acids and glycerol
which are essential in the production of
a fat molecule. Hence the occurrence of
higher lipid levels in the insects than in
the feed.

The reproductives contained
significantly higher concentration of
lipids than any other castes, probably
because of thein limited mobility since
other insect castes attend to their needs.
Consequently fat tends to accumulate in
their bodies. Furthermore, egg
production depends on food reserves in
the fat body which is more prominent in
females, especially in insects that do not
feed as adults (Chapman, 1969).

On the other hand, the present study
has shown that workers and soldiers
which are far more active, maintain
much lower levels of lipids. Lipids are
very important in yolk production while
other parts of the egg are predominantly
protein. In this regard, the diet of the
female reproductive insect may be
modified to provide .the required
protein. The importance of protein in
gametogenesis is further demonstrated
by the fact that a high level of nitrogen
is found in the secretions fed to the
queen by other members of the colony
(Chapman, 1969). This would account
for the high protein levels found in the
reproductive caste.

The termite food (grass) had the
least percentage organic matter
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(especially protein and lipids) but the
highest percentage ash. On the other
hand, the carbohydrate level in the grass
Was significantly higher than the levels
obtained in the insect castes. The grass
could therefore, be said to be a rich
source of carbohydrate and mineral
elements to the insects. The insects on
the other hand, could also be said to
have a high efficiency for inter-
conversion of the biomolecules
(nutrients) obtained from the grass feed.
It would appear that from the high
levels of carbohydrate ingested from the
grass, the insect castes convert the
carbohydrate through various
biochemical intermediate products such
as pyruvic acid, acetyl COA, a-
Ketoglutonic acid and others into lipids
and proteins; hence the significantly high
levels of these biomolecules in the insect
castes compared to their levels in the
grass.
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