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In Sub-Saharan Africa, especially, in Coéte d’Ivoire, the wild edible mushroom
Termitomyces heimii Natarajan is the most prized and widely consumed for different
reasons such as taste, flavour, attractiveness, uses as substitutes for meat or fish and
medicinal values. The present study was aimed at evaluating the proximate composition
and functional properties of T. heimii flour for further food products formulation. Fresh
mushroom T. heimii were obtained from the market of Aboisso (5° 28’ 06” N and3° 12’
25" W) in Céte d’Ivoire. The fresh mushrooms were dried and ground to obtain the crude
flour. Chemical composition and functional properties were investigated using standard
methods. The chemical composition revealed that it contains crude protein about 23.75%,
crude fat 3.58%, moisture 11.59 %, ash 7.40%, total carbohydrate 54.70% and energy
value of 345.90 kcal/ 100 g. These results suggest that T. heimii can be used in human
diet to prevent undernourishment due to protein. Furthermore, the low fat content suggest
that it would be an ideal food for obese persons and useful in preventing hypertension and
hypercholesterolemia. The functional properties showed that it has high bulk density and
water absorption capacity with values of 0.737 g/mL and 315.15 + 45.74% respectively.
This flour exhibited also good foaming properties. All these characteristics make it
suitable as good thickeners in food products, useful in foods such as bakery products
which require hydration and attractive for products like cakes or whipping topping where
foaming is important. The mushroom T. heimii could be utilized for making some low-fat
foodstuffs and snacks with considerable protein content. The mushroom flour shows good
functional characteristics for use in many food industries.

Introduction

Wild edible fungi are a distinct group of organisms
which include species with large and visible fruiting
bodies (macrofungi). The best known examples of
macrofungi are the mushrooms (Boa, 2004). Mushrooms
are an important source of food and income in both
developing and developed countries (Hosford et al., 1997;
Wong et al., 2001; Boa, 2004). In most countries of the
world, they are known and consumed in many
households. In rural areas where mushrooms are
abundant, most people collect them for home
consumption as well as for extra income (Koné et al.,
2013). Furthermore, indigenous peoples are utilizing
mushroom for the treatment of different type of diseases
and also as an aphrodisiac and tonic (Devkota, 2006).
Different types of edible mushrooms are cultivated on
large scale for commercial use and many more species of
mushrooms grow wildly in nature which has much
nutritional and medicinal value (Boa, 2004).

Mushrooms can provide balancing diet compounds in
sufficient quantities for human nutrition. They are rich in
protein and have considerable value as a source of dietary
fibre because of both their high fibre content and their

unique fibre composition (Chittaragi and Naika, 2014).
Mushrooms are low in fat and energy and make a useful
contribution to mineral and vitamin intake, particularly
the B vitamins and vitamins D and K, and in some cases
vitamins A and C (Sadler, 2003; Sanmee et al., 2003). In
terms of current dietary advice, 80 g of macrofungi
represent one portion of vegetables (De Roman et al.,
2006).

Many mushroom species of the genus Termitomyces
(Lyophyllaceae), which grow abundantly in termite nests,
have been identified as wild edible mushrooms with high
nutritive value (Chakraborty et al., 2006; Chandra et al.,
2007). Termite mushrooms, Termitomyces sp. are giant
mushrooms that emerge from the base of the termite
mounds during the rainy season. They cannot be currently
cultivated as their cultivation is difficult because of the
very specific condition under which it grows in nature
(Hildén et al., 2013). In Sub-Saharan Africa, fruit bodies
of this genus are the most appreciated edible mushrooms
and they are also valuable because they add flavour to
bland staple foods and have a delicious taste.
Termitomyces fruit bodies were found to stand alone as a
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meal and being used as supplement or alternative to meat
or fish by rural people since they are less expensive. The
big town consumers usually mixed these mushrooms with
meat or fish in their daily diet, considering it a side dish
only (Malek et al., 2012). In addition, these fungi have
potential therapeutic uses in blood pressure and blood
lipid regulation, the immune response, apoptosis and
infection (Tidke and Rai, 2006; Garcia-Lafuente et al.,
2011).

In Cote d’Ivoire, the local people call them “termite
mushrooms” meaning “mushrooms produced or
cultivated by termites”. Their vernacular names are n’glo
in Baoulé¢ and n’kokré in Abbey (Koné et al., 2013).
Especially, the species Termitomyces heimii Natarajan is
highly prized due to its unique taste unlike many other
cultivated mushrooms. The present paper focuses on the
proximate composition and the functional properties of
flour from the mushroom T. heimii harvested in Cote
d’Ivoire. It is well know that functional properties of
foods are intrinsic physicochemical characteristics, which
affect the behaviour of proteins in food systems during
processing, manufacturing, storage and preparation
(Onimawo and Akubor, 2005). Such functional properties
could be used to determine the suitability or otherwise of
this mushroom as food additive.

Materials and Methods

Mushroom Collection and Preparation of Sample

Fresh mushroom T. heimii were obtained from the
market of Aboisso (5° 28’ 06” N and3° 12’ 25" W) in
Cote d’Ivoire. After collection, mushrooms were placed
in a cooler with ice to keep their freshness and then
transported to the laboratory for flour preparation. Fresh
mushrooms were cleaned to distilled water then, sorted
and free from any kind of waste, drained, andl kg was
dried at 65°C in an oven for 72 h. Dried mushrooms were
ground using a blender to obtain the crude flour.

Proximate Composition

The moisture content was determined by drying in an
oven at 105°C during 24 h to constant weight (AOAC,
1995). The crude protein content was calculated from
nitrogen contents (N%6.25) obtained using the Kjeldahl
method by AOAC (1995). The crude fat content was
determined by continuous extraction in a Soxhlet
apparatus for 8 h using hexane as solvent (AOAC, 1995).
The total ash content was determined by incinerating in a
furnace at 550°C (AOAC, 1995). The crude fibre content
was determined by taking about 3.0 g sample as portion
of carbohydrate that resisted sulfuric acid (1.25%) and
NaOH (1.25%) digestion followed by sieving (75 pm),
washing, drying and ignition to subtract ash from fiber
(AOAC, 1995). The carbohydrate content was determined
by deference that is by deducting the mean values of other
parameters that were determined from 100. Therefore %
carbohydrate = 100- (% moisture + % crude protein + %
crude fat + crude fibre + % ash).

Functional Properties

Water absorption capacity (WAC): The water
absorption capacity was evaluated according to Phillips et
al. (1988) method. Two gram of flour was weighed into a
centrifuge tube and 50 mL distilled water added. The
content of the centrifuge tube was shaken for 30 min in a
KS 10 agitator. The mixture was kept in a water-bath
(37°C) for 30 min and centrifuged (Ditton LAB
centrifuge, UK) at 5000 rpm for 15 min. The resulting
sediment (M2) was weighed and then dried at 105°C to
constant weight (M1). The WAC was then calculated as
follows:

WAC(%) = Mz - M1 x 100
M2

Oil absorption capacity: For the oil absorption
capacity, the method of Beuchat(1977)was used. One
gram of flour sample was mixed with 10 mL of oil for 30
min in a mixer (Vari-whirl-mixing control set at fast
speed). The sample was then allowed to stand at room
temperature for 30 min. It was then centrifuged at 5000
rpm for 30 min, using a spinner (Ditton LAB centrifuge,
UK) and the volume of the supernatant noted in a 10 mL
graduated cylinder. The density of the oil was determined
too. The volume of oil absorbed was multiplied by the
density of the oil to determine the weight of oil so
absorbed.

(V1—V2)x D

0AC(%) = W

x 100

Where:

V1 = Initial volume of oil used

V2 = Volume remaining (not absorbed)
D = Density of the oil used

W = Weight of sample

Foaming capacity and foam stability: The foaming
capacity (FC) and stability (FS) of flour were studied
according the method of Coffman and Garcia (1977).
Three (3) g of flour was transferred into clean, dry and
graduated (50 mL) cylinders. The flour sample was gently
levelled and the volumes noted. Distilled water (30 mL)
was added to the sample; the cylinder was swirled and
allowed to stand for 120 min while the change in volume
was recorded every 15 min.

Vr — Vo

FC(%) = x 100

0

FC
FS(%) = ﬁ x 100
0

Where V is the original volume of sample (mL), Vt is

the total volume after different times (mL) and FC, is the
foam capacity (FC) at 0 min.
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Bulk Density Measurement

The volume and bulk density were determined
according to the modified method of Okezie and Bello
(1988), by pouring 2g of flour into a 10mL measuring
cylinder, and then holding the cylinder on a vortex
vibrator for 1 min to obtain a constant volume of the
sample. The volume of the sample was recorded against
the scale on the cylinder. The bulk density value was
calculated as the ratio of mass of the powder and the
volume occupied in the cylinder.

Determination of Wettability

The method described by Onwuka (2005) was
adopted. One gram (1g) of flour sample was measured
into a 10cm® measuring cylinder. The cylinder was
inverted at 10 cm above the water contained in 600 mL
beaker. The finger was used to close the cylinder
disallowing the flour sample from falling. By removing
the finger and giving the cylinder a gentle tap, the flour
sample was discharged into the water surface. The time
taken by the sample to get completely wet was recorded
as the time of wettability.

Results and Discussion

Proximate Composition

Table 1 presents biochemical properties of the
mushroom T. heimii. As regards these results, the
moisture content was found to be 11.59%. This value is
similar to that of mushroom Omphalotus olearius(11.1%)
reported by Aremu et al. (2009). However, it is higher
than the value of Lentinus trigrinus (9.20%) previously
reported by Adejumo and Awosanya (2005). This is an
indication that mushrooms are highly perishable because
high moisture content promotes susceptibility to
microbial growth and enzyme activity which accelerates
spoilage.

The high ash content (7.40%) of T. heimii indicates
that this fungus is good source of mineral elements.
Indeed, this value is higher compared to those of several
wild and cultivated mushrooms of Ghana such as T.
robustus (6.21%), Lentinus squarrosulus (5.60%) and
Auricularia auricula (3.05%) (Obodai et al., 2014). The
ash content of the sample is of nutritional importance as a
previous report indicated that when leaves or vegetables
are to be used as food for humans, they should contain
about 3.0% ash (Pivic and Butler, 1977).

As regards proteins, edible mushrooms have been
shown to have higher protein content, on a mass basis,
than other many plant foods such as leafy vegetables,
soybeans and maize (Teffo et al., 2007; Zoro et al., 2014).
The studied edible mushroom, with a protein content of
23.75%, can therefore be ranked as protein rich food for
both humans and livestock thus can support the protein
need of the poor peasants and solve the problem of
malnutrition. Especially in developing countries, it could
be used as good substitute proteins for malnourished
children suffering from kwashiorkor (a protein deficiency
condition).

The fat content obtained (3.58%) is very lower than
those reported by Adejumo et al. (2015) for Termitomyces
robustus (9.07%), Volvariella volvacea (10.60%),
Termitomyces microcarpus (13.81%) and Pleurotus
ostreatus (15.38%). This low fat content confirm that T.
heimii would be an ideal food for obese persons and it
would be useful in preventing hypertension and
hypercholesterolemia, as suggest by Tidke and Rai
(2006). It is obvious that edible mushrooms can be used
for making some low-fat foodstuffs and snacks, but their
lipid levels were too low to be a practical raw material for
making edible oil.

The crude protein content of T. heimii which was
23.75% is in the range of values reported for many edible
mushrooms in Nigeria (Adejumo et al., 2015).Therefore,
T. heimii can be ranked as protein-rich food for both
humans and livestock thus can support the protein need of
all fringes of the population especially vulnerable
populations such as pregnant women, children and the
poor peasants and solve the problem of malnutrition.

The carbohydrate content of the studied -edible
mushroom was relatively high, with value of 47.66%.
Similar values which ranged from 30.20 to 55% have
been reported in some edible mushrooms such as
Termitomyces sp., Russula sp. and Pleutorus tuberregium
in South-Eastern Nigeria (ljioma et al., 2015).

The low energy levels provided by the edible
mushroom T. heimii (less than 400 kcal/l00g DW) give
only about 17.30% of the daily energy intakes
recommended for a 70 kg person. It is well know that the
energy content is affected by the proportion of fat, protein
and carbohydrate in the edible mushrooms. The present
results agreed that edible mushrooms can be used as a
source of low energy diet (Wong, 2002).

Table 1 Physicochemical properties of the mushroom
T.heimii.

Parameters Values (%)
Moisture 11.59 £0.07
Proteins 23.75+0.04
Carbohydrates 47.66 £ 0.05
Crude fibre 6.02 £ 0.04
Fats 3.58+0.01
Ash 7.40 £0.06
Energy value (kcal/100 g) 345.90 =£0.07

Values are mean +standard deviation of three measurements (n= 3)

Functional Properties

The functional properties of flour from T. heimii were
summarized in table 2. The bulk density of the studied
mushroom flour was found to be 0.74 g/mL. This value is
higher than those of flours from Ganoderma spp. (0.23
g/mL), Omphalotus olearius (0.39 g/mL) and Hebeloma
mesophaeum (0.41 g/mL) (Aremu et al., 2009),
suggesting that it would serve as good thickeners in food
products. Indeed, higher bulk density is desirable for the
greater ease of dispersibility and reduction of paste
thickness which is an important factor in convalescent and
child feeding (Padmashree et al., 1987).
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Table 2 Functional properties of mushroom T.heimii flour

Parameters Values
Bulk density (g/mL) 0.74 +0.02
Wettability (s) 57.68 +2.04
Foaming capacity (%) 16.67 = 0.00

Water absorption capacity (%) 315.15+£45.74
Oil absorption capacity (%) 125.25 £30.05

Values are mean +standard deviation of three measurements (n=3)
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Figure 1 Foam stability of flour from the wild edible
mushroom T.heimii. Bars represent + SE.

The results showed that the studied flour wet very
quickly (57.68 s). This might be due to very low fat
content of this mushroom. According to Akpossan et al.
(2015), defatting greatly influences the wettability.
Moreover, wettability of proteins is affected by surface
polarity, topography, texture, area and by the size and
microstructure of the protein particles (Hagerdal and
Lofqvist, 1978).

As regards water absorption capacity (WAC) obtained
in this study (315.15%), it was higher than those reported
for the Jackfruit seed flour (25%) (Ocloo et al., 2010),
African yam bean (17%) (Eke and Akobundu, 1993) and
for Oryctes owariensis (220.33%) (Assiélou et al., 2015).
The results obtained are however similar to those of flours
from three mushrooms reported by Aremu et al. (2009).
This indicates that flour from T. heimii is highly
hydrophilic and it would be useful in foods such as bakery
products which require hydration to improve handling
characteristics (Barbut, 1999). The difference in protein
structure and the presence of different hydrophilic
carbohydrates might be responsible for variation in the
WAC of the flour. Indeed, flours with high WAC have
more hydrophilic constituents such as polysaccharides
(Aremu et al., 2009).

The oil absorption capacity (OAC) was 125.25%. This
value was found to be much lower than those reported for
flours from Ganoderma spp., O. olearius and H.
mesophaeum, ranging from 450 — 480 % (Aremu et al.,
2009). This corroborates the low fat content obtained in
this study, confirming that the studied mushroom would
be an ideal food for obese persons and useful in
preventing cardiovascular diseases.

Concerning foams, it is noteworthy that they are used
to improve the texture, consistency and appearance of

foods (Akubor and Chukwu, 1999). The flour from T.
heimii shows foaming capacity of 16.67% which is higher
than values reported for pearl millet flour and quinoa
flour (11.30 and 9% respectively) (Oshodi et al., 1999).
However, this value is lower than those reported for
eleven Pleurotus mushrooms (ranging from 32 — 64%)
(Wong, 2002). Foamability is reported to be related to the
amount of solubilised proteins (Narayana and Narasinga,
1982) and the amount of polar and non-polar lipids in a
sample (Nwokolo, 1985). Furthermore, the studied flour
showed high foaming stability of 100% (Figure 1). This
value is greater than those reported for mushroom flours
from Nigeria (about 50 %)(Aremu et al., 2009) and
Jackfruit flour (33%) (Ocloo et al., 2010). Consequently,
flour from T. heimii seems to be attractive for products
like cakes or whipping topping where foaming is
important, since it is well know that foam stability (FS)
refers to the ability of a foam to retain its maximum
volume over time and it is usually determined by
measuring the rate of leakage of fluid from the foam
(Kinsella, 1979).

Conclusion

To sum up this report, it may be concluded that the
mushroom T. heimii is a good source nutrients mainly
consist of proteins and carbohydrates indicating that T.
heimii can be wused in human diet to prevent
undernourishment due to protein. Contrarily, it was found
to be low-fat foodstuffs. This implies that T. heimii can be
used in human diet to prevent undernourishment due to
protein and to prevent obesity and cardiovascular
diseases. As far as concerned functional properties, the
studied mushroom flour showed high bulk density and
water absorption capacity and good foaming
characteristics indicating its usefulness as good thickeners
in food products, in foods such as bakery products which
require hydration and for products like cakes or whipping
topping where foaming is important.
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