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Abstract
Though there are reports on the nutritional and phytochemical compositions of edible mushrooms in Nigeria,
there is as yet no report on Termitomyces robustus sourced from the rainforest zone of South-Eastern Nigeria.
To fill this knowledge-gap, fresh samples of Termitomyces robustus were purchased from locals in Uzuakoli,
Abia State, Nigeria. They were sorted, cleaned up and pulverised into a fine powder. Proximate, anti-nutrient and
amino acid composition of the powder were determined using standard methods. The macro-nutrients profile in
general showed that Termitomyces robustus is a rich source of protein (33.8 ± 0.3%) with an excellent amino
acid composition. It also had high carbohydrate content (54.3 ± 0.2%) but minimal fat content (3.4 ± 0.0%). The
energy content of Termitomyces robustus was calculated to be 382.6 ± 1.4 kcal/g. The mushrooms are also good
sources of minerals such as potassium, phosphorous, magnesium and calcium. Anti-nutritional factors such as
oxalates, tannins and trypsin inhibitors were found to be present in the mushroom in small quantities. These
findings indicate that Termitomyces robustus is a low energy, health-food that may provide the relevant nutrients
without the burden of excess calories.
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Introduction
There is a growing need for food, especially those rich in protein,
to meet the demands of Nigeria’s rapidly growing population.
Given the shortfalls in protein supplies from most popular sources
(beef, poultry and fish), alternatives such as the edible macrofungi, mushrooms, have become desirable [1]. Most of the edible
mushrooms consumed in Nigeria are sourced from the wild due to
an absence of investments in mushroom farming [2]. An estimated
twenty-five species of edible mushrooms are used for nutritional and
medicinal purposes in Nigeria [3]. One of the most delicious species
is the Paleo-tropical Termitomyces robustus [4]. Species of the genus
Termitomyces are usually characterised by their association with
termites, known as “fungus growers” (Macrotermitinae; which grow
about 30 species of Termitomyces worldwide) [5]. Termitomyces
species also have pinkish sore print, prominent perforatorium
on the pileus and subterranean pseudorhiza connected to the
termite’s comb. They are however currently not cultivated due to
the difficulty in cultivation imposed by their very specific natural
growth requirement – an obligate symbiotic association with termites
[4,5]. Edible mushrooms are typically collected between the months of
August and October from the wild, early in the mornings, usually by
women and children [4,6].
Mushrooms have been studied for their nutritional and antinutritional constitution as well as their therapeutic potentials. There
are reports showing that they are rich in nutrients [4,7-10]; and that
they contain bioactives which exhibit a variety of biological properties
such as antibacterial, antiviral, anti-mutagenic and anti-tumoral
activities [11,12]. Unfortunately there are no reports on the chemical
composition of Termitomyces robustus harvested from forests in the
South-Eastern parts of Nigeria. Given the variations reported in the
composition of the mushrooms harvested from different parts of
Nigeria in particular, and the world in general, it is important to fill-in
this knowledge gap, hence this study.
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Materials and Methods
Sample collection
Fresh samples of Termitomyces robustus were purchased from a
local market in Uzuakoli, Bende Local Government Area, Abia State,
Nigeria. Abia State is in the South-Eastern part of Nigeria and the
vegetation is typical of the tropical rainforest zone of Nigeria. Most
months of the year are warm and humid, and therefore support the
growth of mushrooms (Figure 1). The samples were identified by Prof.
IC Okwulehie, a Mycologist in the Plant Science and Biotechnology
Department, Michael Okpara University of Agriculture, Umudike.

Sample preparation
The fresh samples of Termitomyces robustus were sorted, cleaned
and weighed to get the fresh weight. The samples were cut into smaller
sizes and air dried under a shade for two weeks. After air- drying,
the dry sample was weighed to get the dry weight and was thereafter
pulverised into a powder, using a laboratory blender.

Proximate analysis of Termitomyces robustus
The moisture content of the mushrooms was determined
gravimetrically. The fat content was determined using a Soxhlet
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Figure 1: Site of sample collection.

apparatus by extracting a known weight of sample with petroleum
ether as described by Pearson [13] while the total carbohydrates were
determined by the method of Jurgen and Moller [14]. Total fibre, ash
(determined by incineration at 600 ± 15°C) and crude protein (by
the macro-Kjeldahl method; N × 4.38) contents were determined as
described by AOAC [15]. Total energy was calculated according to the
following equation:
Energy (kcal)=4 × [protein (g)+carbohydrates (g)]+9 × fat (g)
Elemental analysis was performed by atomic absorption
spectrophotometry subsequent to wet ashing as described by
Harbourne et al. [16]. Anti-nutrient factors in the mushrooms were
also determined using the method described by Harbourne et al. [16].
Amino acid analysis was carried out using an amino acid analyser,
following the method described by Sparkman et al. [17]. The mushroom
powder was defatted by Soxhlet extraction with chloroform methanol
mixture (2:1). The defatted sample was acid-hydrolysed with HCl at
110°C for 22 hours. The hydrolysed sample was dried in a desiccator
containing NaOH pellets under vacuum and the residue was thereafter
Nat Prod Chem Res
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dissolved in acetate buffer (pH 2.0). The solution was then centrifuged
and the supernatant filtered through a Millipore membrane (0.22 μm
pore size) and loaded into the amino acid analyser. Norleucine (treated
with HCl) was used as an internal standard.

Results and Discussion
A moisture content of approximately 86% was found for
Termitomyces robustus in thus study. Similar high moisture contents
have been reported by previous authors for fresh mushrooms [18].
Carbohydrates constituted 54% of the dry Termitomyses robustus
matter while proteins constituted 34% (Table 1). The findings are
similar to those of Ogundana and Fagade [4] who reported that the
protein content of T. robustus was 36.4% and Aletor [8] who found that
the mushroom had 33.8% protein. Oboh and Shodehinde [9] reported
slightly lower protein content for T. robustus (28.6%). Significantly
lower protein contents of the mushroom were reported by Fasidi and
Kadiri [7] (16.6%) and Obodai et al. [10] (14.8%). The protein content
was relatively high and also compared favourably with the values
reported for most legumes except groundnut and soybeans grown in
Volume 4 • Issue 4 • 1000225
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West Africa. This high protein content is not surprising however as
Termitomyces sp. have been reported to be richer in protein content
than other edible mushrooms in Nigeria [9].
The carbohydrate content reported here is clearly lower than that
reported by Obodai et al. [10] (77.6%), but higher than the 32.3%
independently reported by Ogundana and Fagade [4] and Oboh and
Shodehinde [9]. It is also considerably higher than values reported for
other Termitomyces species such as T. microcarpus (46.53 ± 1.01) and
T. heimi (39.03 ± 0.96) [19,20]. The 3.4% fat content reported in this
study is higher than 1.4% reported by Obodai et al. [10], but lower than
values reported by previous authors who found that fats constituted
4.6% [7], 7.8% [4], and 12.5% [9] of the mushroom. The energy value
calculated from the above discussed indices was similar to that reported
by Obodai et al. [10] (382.6 ± 1.4 vs 382.3 ± 1.3, respectively). The crude
fibre content of T. robustus found in this study (6.3%) is close to the
values (5‒9%) reported by previous authors [4,7,9] with the exception
of Aletor [8] who reported a crude fibre content of 3.7%. The reported
crude fibre content is especially important due to the interesting role
fibre has been found to play in the maintenance of proper bowel
movement and the prevention of colon cancer.
The data from Table 2 shows that T. robustus is rich in potassium,
phosphorous, magnesium, calcium, sodium and iron. Zinc, copper and
manganese were also found in modest quantities while selenium was
found to be present in small quantities in the mushroom. Though many
of these mineral elements have been reported in varying degrees by
some previous authors [7,8,10], this is the first report (to the authors’
knowledge) of the presence of the anti-oxidant element, selenium, in T.
robustus. The minerals, mainly potassium, phosphorus, iron and sodium
in T. robustus was higher than those reported for T. mammiformis
and several cowpea varieties but slightly lower than those recorded
for fish, snail and broiler meat [19,21,22]. These mineral elements are
nonetheless necessary when consumed in adequate quantities as some
of them are cofactors and are essential in most enzymatic activities
while others are useful in the maintenance of osmotic balance.
The results of anti-nutritional factors are shown in Table 3.
Tannins, oxalates, cyanogenic glycosides and trypsin inhibitors were
found in low quantities in Termitomyces robustus. The presence of these
anti-nutritional factors was reported earlier by Aletor [8]. These antinutrients bind to nutrients and render them unavailable biologically.
For example, phytic acid chelates mineral elements especially calcium,
magnesium, iron and zinc and therefore can result in deficiencies of
these minerals. Though the values reported here are low, and in fact
lower than values reported for legumes [8], and there are no claims to
the authors’ knowledge of poisoning arising from the consumption of
T. robustus, proper processing of the mushrooms before consumption
is still important. Interestingly very basic processing techniques such as
boiling are known to drastically reduce the anti-nutrient composition
of foods.
The results of the amino acid analysis (Table 4) indicate that the
protein of Termitomyces robustus contains all the exogenous amino
acids even though some are present in low concentrations. The
concentrations of the different amino acids were clearly higher than
values reported for the mushroom by Alofe [23]. The said author also
noted that the amino acids found in the mushroom are better than those
reported for popularly consumed Nigerian vegetables. The copious
presence of many amino acids may lend credence to the popular use
of T. robustus traditionally as protein source in foods. Even though the
protein content is lower than that found in eggs, meat and fish, it is
adequate to be used as a substitute in the diet of the general public,
especially where more traditional protein sources are scarce.
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Nutrient

Constitution (g/100 g dry matter)

Carbohydrate

54.3 ± 0.2

Protein

33.7 ± 0.3

Ash

8.5 ± 0.1

Crude fiber

6.3 ± 0.1

Fat

3.4 ± 0.0

Energy value (kcal)

382.6 ± 1.4

Table 1: Nutrient composition and energy value of Termitomyces robustus.

Elements

Concentration (mg/100 g)

Potassium

2451.8 ± 41.3

Phosphorus

604.0 ± 8.7

Magnesium

91.3 ± 1.2

Calcium

57.0 ± 1.7

Sodium

35.4 ± 1.6

Iron

17.9 ± 1.0

Zinc

8.5 ± 0.4

Copper

3.4 ± 0.2

Manganese

2.1 ± 0.0

Selenium

0.1 ± 0.0

Table 2: Mineral composition of Termitomyces robustus.
Anti-nutrient

Constitution (%)

Cyanogenic glycosides

9.0 ± 0.1

Trypsin inhibitor

8.0 ± 1.0

Oxalate

0.3 ± 0.0

Tannins

0.2 ± 0.0

Table 3: Anti-nutritional components of Termitomyces robustus.
Amino acid

Concentration (g/100 g
protein)

WHO Ref. ( g/100 g protein)

Leucine

7.1 ± 0.3

5.5

Valine

5.2 ± 0.1

3.2

Lysine

5.0 ± 0.1

5.1

Threonine

4.8 ± 0.2

2.7

Isoleucine

4.8 ± 0.1

2.5

Histidine

2.2 ± 0.0

1.8

Meth+Cyst

2.9 ± 0.2

2.5

Tryptophan

1.4 ± 0.1

0.7

Pheny+Cyst

13.0 ± 0.1

4.7

Table 4: Essential amino acid composition of Termitomyces robustus.

In conclusion, Termitomyces robustus harvested from forests in
Uzuakoli, Abia State Nigeria were found to be rich in proteins (with
an excellent amino acid composition), carbohydrates and minerals
(especially potassium, phosphorous, magnesium and calcium). Low
concentrations of anti-nutritional factors were also found in the
mushroom. There are clear differences in the nutrient and anti-nutrient
composition of T. robustus harvested from different geographic areas,
even within Nigeria. Methodological differences however warrant a
cautious interpretation of these differences and necessarily foreclose
any comment about which source is better than the other(s).
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