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Abstract
The aim of this study was to identify some wild edible and medicine species at two states of Sudan and determine
its chemical composition and document traditional culture of wild mushrooms uses in some tribes of Sudan. The
screening provided fourteen wild species. Six selected edible and medicinal species were further subjected to
chemical analysis to determinate their moisture content, protein, fat, carbohydrate, ash, fiber and macro elements
(potassium, sodium, calcium, magnesium and phosphorus). At Khartoum state three of mushrooms classified as
edible or of medicinal value namely Agaricus bisporus, Ganoderma lucidum and Podaxis pistillaris. At sinner state
two mushrooms considered edible namely; Agaricus bisporus and Pluteus umbrosus var. albus and three considered
of medicinal value, namely Ganoderma lucidum, Podaxis pistillaris and Grifola frondosa and fungi was identified of
dual function Calvatia cyathiformis. The result show that Agaricus bisporus recorded a highest value of moisture,
fat, ash and calcium, Calvatia cyathiformis recorded a highest value of protein, Grifola frondosa recorded a highest
value of carbohydrate, Ganoderma lucidum recorded a highest value of fiber, Pluteus umbrosus var. albus recorded
a highest value of potassium, Podaxis pistillaris recorded a highest value of sodium, phosphorus and magnesium.

Keywords: Chemical composition; Edible; Medicine mushroom;
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Introduction
In many parts of the world, particularly developing countries,
people have problems in producing sufficient food. Poverty is
increasing rapidly in these areas which necessitate the introduction of
new crops to alleviate this poverty and to mitigate this food gap. One of
these interventions is the introduction and growing of mushrooms as
vegetable crop [1].
FAO reported that there are great potential of mushrooms in
African forests and other landscapes which is largely untapped [2]. The
long periods of warm weather and air moisture combine to provide
excellent conditions for the production of mushrooms in African
forest. There are several varieties, including those which grow on
decaying roots, dead wood, termite mounds or directly on cultivated
land which can play a pivotal role in transforming lively hood security
of local farmers in Africa. Wild mushrooms are required for breeding
better high yielding mushrooms with desirable traits for industry or for
research purposes [3,4].
The wild mushroom at Sudan is not clearly identified. The aim of this
study is to explore some wild edible and medicinal mushroom species
around Khartoum and sinner states. The study documents the value of
their chemical composition and traditional culture of consuming wild
mushrooms in tribal area of Sudan. The problem of this study centered
on the fact that wild mushroom in Sudan are not clearly identified. The
species that edible are not well known (Figure 1).

Material and Methods
Areas of study
The areas of study are represented in Figure 1. It include Khartoum
state and el Suki locality at Sinnar state. Greater Khartoum is located
between latitudes 15º26’ and 15º45’ N and longitudes 32º25’ and 32º40’
E. According to Eltayeb, the rainy season covers the period from July
to September; annual rainfall ranges between 110 and 200 mm [5]. The
relative humidity around Khartoum records a mean of 29 percent.
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Khartoum 1
Sinner 2
Figure 1: Areas of study.

El Suki locality is located between latitude: 12º-13º N, longitudes:
33º-34º E. Himada reported that the average rainfall is 424 mm per
annum, and the heaviest ones normally occur during period from
July to September (112.1, 148.9 and 75.9 mm, respectively) [6]. The
mean relative humidity ranged between 26% in April and reached a
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maximum of 62%, 69% and 65% during the rainy season; July, August
and September, respectively.

Sudan. Interviews with locals in areas around Sinnar state revealed
that some people eat "Abo zomo". They use it in a proverb "Abo
zomo is bridal food". People in Sinnar used to see Abo zomo grow on
"Alqantoor", dome of sand built by termite insect, some other kind of
Abo zomo grow on soil decomposed at Ronga forest at Sinnar which
can be classified as agro-forestry ecology. This clearly shows that people
recognize different edible mushroom species under one local name.
Other name of wild mushrooms in Sinnar is "Laham Al Watta" which
means the flesh of the land, other names around Sinnar State includes
"Lahm el fertit" referring to it as a food for pigs. Om Deriwa is another
locally identified edible mushroom around Sinnar state. The quality and
the value of consumption of this local mushroom are well documented
in the traditional knowledge of locals and best represented in the old
proverb (Om deriwa lele bit alheliwa); which means Om deriwa for
beautiful ladies. They use its spores for cosmetic aspect also. We can
concluded that most Sudanese know mushroom in the name of "Wad
Al-Watta" that mean "the son of the land", another famous name for
mushroom in Sudan is “Osh elgorab” which means the nest of the crow.

Samples
The survey of wild mushrooms include recording taking photos and
recording notes on phenotypic traits such as shape ,texture, smell, cap
size, cap margin, gill color, gill attachment, gill spacing, stalk size, stalk
shape, stalk interior, stalk surface, ring and volva. The researchers also
recorded notes on mushroom ecology. Fresh mushroom samples were
chemically tested for color change using KOH (Potassium Hydroxide)
4%.
Local people were interviewed about wild local mushroom culture,
consumption, collection and nutritional value. Identification of wild
mushroom species were done using different keys such as mycokey
software program, mushroom expert web site, mykoweb web site,
mycobank web site [7-9].

Chemical composition

The study assessed quantitative data on physical characteristics of
fourteen wild species found in Khartoum and Sinnar States. Six edible
and medicinal species were further subjected to chemical analysis to
determinate their moisture content, protein, fat, carbohydrate, ash,
fiber .the study also estimated the macro elements (potassium, sodium,
calcium, magnesium and phosphorus) using standard techniques.
Around Khartoum State three of mushrooms classified as edible or of
medicinal value namely; Agaricus bisporus, Ganoderma lucidum and
Podaxis pistillaris. At El Suki locality-Sinner State, two mushrooms
considered edible namely; Agaricus bisporus and Pluteus umbrosus var.
albus; and three considered of medicinal value, namely Ganoderma
lucidum, Podaxis pistillaris and Grifola frondosa) and one of dual
function Calvatia cyathiformis. Other wild species were identified at
Khartoum state: Agaricus placomyces, Aleuria aurantia, Abortiporus
biennis and Pisolithus tinctorius, at Sinnar state Lentinus tigrinus and
Entoloma cephalotrichum. Coprinus disseminates and Mutinus ravenelii
have been found at Khartoum and Sinnar states.

Analysis of moisture content was done on fresh weight basis.
Moisture content was determined following the method of A.O.A.C
(Association of Official Analytical Chemists) f Total Fat, Ash and
Protein determined according to A.O.A.C [10,11]. Crude fiber was
measured using the Pearson method. Carbohydrate determined by
subtracting [12]. Dry ash was recorded using Pearson [13]. Phosphorus
content was determined by the vanadate-molydate-yellow method [14].
The density of the colour was read at 470 nm using spectrophotometer
(Jenway 6305 UV/Vis). Potassium and Sodium: according to the AOAC
using flame photometer (Jenway pfp7) [10]. Calcium and Magnesium
determination according to Kalra [15].

Results
Mushrooms known with different names at Sudan; in Northern
Sudan mushroom is known as "Wad Al Werda" and that meaning
the agent that causes fever, in other parts of Northern Sudan such as
"Dongolla", people tend to eat mushroom with traditional local receipt
cooked using okra and they name it "Goroo". Some Nilotic tribes name
wild mushroom as "Barnoog", the name has also been noticed in some
local proverb. A proverb such as "Barnoog without root" is used to
describe or insulting those who do not have definite tribe. Some tribes
know mushroom as "Gowangy", they eat it after drying it as porridge. In
areas of Central and Eastern Sudan, some people consume mushroom
and name it as "Al-Afan" or Abo- Elefeen or "Afan Al-Watta" which is
synonymous to the meaning of mould in the English language. Some
other people in Darfur call it “Sindanet alard” which means the dowel
of the land. Some other call it Flata’s bread after the Flata tribe of west
Species

The study is presented as quantitative data on the morphological
character and chemical constituent of these six edible and medicinal
wild mushrooms (Tables 1 and 2).
The result show that Agaricus bisporus recorded a highest value
of moisture, fat, ash and calcium, Calvatia cyathiformis recorded a
highest value of protein, Grifola frondosa recorded a highest value of
carbohydrate, Ganoderma lucidum recorded a highest value of fiber,
Pluteus umbrosus var. albus recorded a highest value of sodium and
potassium, Podaxis pistillaris recorded a highest value of phosphorus
and magnesium. The standard deviation of proximate analysis recorded

M-fw

M-dw

CP
(N×4.38)

CF

CH

CFi

Ash

Agaricus bisporus

90.98

14.07

21.35

3.50

20.75

14.33

26.00

Calvatia cyathiformis

86.71

7.20

40.47

3.05

24.83

16.25

8.20

Ganoderma lucidum

81.00

8.10

9.78

1.28

35.94

40.23

4.67

Grifola frondosa

69.67

6.97

9.49

2.10

52.74

14.97

13.73

Podaxis pistillaris

83.71

8.40

24.12

2.22

34.13

13.00

18.13

Pluteus umbrosus var. albus

89.26

7.33

19.14

2.20

29.80

16.03

25.50

Mean

83.56

8.68

20.73

2.39

33.03

19.14

16.04

Standard deviation

7.04

2.46

10.41

0.71

11.19

9.50

8.05

Coefficient of Variation (%)

8.42

28.34

50.21

29.70

33.87

49.63

50.18

M-fw: Moisture of Fresh Weight; M-dw: Moisture of Dry Weight; CP: Crude Protein; CF: Crude Fat; CH: Carbohydrate; CFi: Crude Fiber; A: Ash.
Table 1: Proximate composition (g/100 g dry weight) of some edible and medicinal mushrooms in Khartoum and Sinnar states.
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Species

Na

K

P

Ca

Mg

ppm

Agaricus bisporus

1.82

20.71

8.50

34.00

0

Calvatia cyathiformis

1.04

8.74

8.09

4.00

10.00

Ganoderma lucidum

0.20

2.43

3.63

4.00

8.00

Grifola frondosa

0.35

4.35

3.35

11.00

2.00

Podaxis pistillaris

4.82

21.69

11.19

13.00

11.00

Pluteus umbrosus var. albus

3.52

32.71

10.84

5.00

0

Mean

1.96

15.11

7.60

11.83

7.75

Standard deviation

1.69

10.81

3.12

10.51

3.49

Coefficient of Variation

86.22

71.54

41.05

88.84

45.03

Table 2: Mineral constituents of some edible and medicinal mushrooms in
Khartoum and Sinnar states.

a high level for samples in carbohydrate 11.19 and recorded a low level
in crude fat 0.71.
Crude protein, ash and crude fiber, (50.21), (50.18) and (49.63),
respectively recorded the highest coefficient of variation which making
these characters the highest characters that show great variability in
proximate analysis.
The standard deviation of minerals analysis recorded a high level
for samples in potassium (10.81) and recorded a low level in sodium
(1.69).
Calcium, sodium and potassium, (88.84), (86.22) and (71.54),
respectively recorded the highest coefficient of variation which making
these characters the highest characters that show great variability in
analysis for minerals content.
These results showed that these species of mushrooms have no
morphological differences within the same species between Khartoum
and Sinnar states. These mushrooms are highly nutritive and can play
a vital role in lifting up the social and livelihood status of local people.

Discussion
The study revealed three different ecology for edible and medicinal
mushroom. Ronga forest in Sinnar can be classified as agro-forestry
ecology and mushroom relay on rich decaying and living hardwood.
El suki locality has pastoralism activity indicating the availability of
organic and manure of animal origin along with dry pastoral plants.
In Khartoum samples were collected from Nile River bank and The
National Plant Garden. This is areas with modified microclimate rich
in decaying wood and organic matter. The three ecology has limited
mushroom distribution and feeding habits. Agaricus bisporus, Calvatia
cyathiformis, Pluteus umbrosus var. albus are Saprobic. Ganoderma
lucidum, Grifola frondosa parasitic on living hardwoods and saprobic
on the deadwood. Podaxis pistillaris grow along dry roadsides of
the desert regions, mycokey online program [16]; mushroom expert
web site and Mykoweb web site. According to Kurtzmanr, the age
of the mushrooms, the growing environment and the post-harvest
environment can all have a large effect on both moisture and solid
matter [17]. The moisture content in this study ranged from 69.67%
to 90.98% in generally the moisture content in this study is rather
low than previous studies; 78.3%–90.5% of Agaricus bisporus, Crisan
and Sands [18]. 90.76% of Agaricus bisporus cap, 90.01% of Agaricus
bisporus stipe, Nasiri et al [19]. 92.47% of Grifola frondosa on Sawdust,
and 90.41% Grifola frondosa on log [20]. This may be due to that the
samples spent about 24-72 h before measuring the moisture especially
the samples orginated from Sinnar. The result showed the moisture
content of Grifola frondosa and Ganoderma lucidum 69.67-81.00%,
J Microb Biochem Technol, an open access journal
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respectively and that because they were mature enough to be tough not
fleshy. The fat content of this study according to Table 1 ranged between
1.28% in Ganoderma lucidum to 3.50% in Agaricus bisporus. Previous
studies showed low content of fat as compared to carbohydrates and
proteins. 1.7%–8.0% of fat in Agaricus bisporus, Crisan and Sands [18].
1.3%-5.8% of fat in Agaricus bisporus, OECD [21]. 0.1% of Calvatia
cyathiformis, Aletor [22]. 5.13% of fat in Ganoderma lucidum, Mau
et al [23]. 1.52% of fat in Ganoderma lucidum, Ogbe and Affiku [24].
1.46% of fat in Grifola frondosa on Sawdust, and 2.40% fat in Grifola
frondosa on log, Tabata et al [20]. Calvatia cyathiformis recorded 3.05%
of fat in this study and the same mushroom recorded 0.1% crude fat
in Aletor study, that because Aletor used fully mature washed – air
dried sample and we used small age oven-dry sample [22]. The large
amount of crude protein that has been recorded in this study found
in Calvatia cyathiformis 40.47%. Aletor found that the percentage of
crude protein in fully mature washed – air dried sample of Calvatia
cyathiformis is 13.2% but in this study crude protein of small age ovendry of the same mushroom is 40.47% and this result is closely to 46%
according to Crisan and Sands [18,22]. The coefficient 4.38 used to
multiply nitrogen value in protein in this study. The least amount
of protein at this study was found in Grifola frondosa, Ganoderma
lucidum 9.49%-9.78%, respectively. Mau et al recorded 7.92% crude
protein of Ganoderma lucidum and this is in conformity to report by
Mau et al who pointed out that medicinal mushrooms usually contains
less amounts of proteins [23]. In this study crude fiber contain average
13.00% of Podaxis pistillaris and 40.23% of Ganoderma lucidum. Mau
et al recorded 59.16% fiber of Ganoderma lucidum this high amount of
Ganoderma lucidum fiber used to obtain folk medicine in china [23].
Mau et al describe how to use G. lucidum in folk medicine: mushrooms
were usually cooked in boiling water for several hours and the
concentrate thus obtained was used as folk medicine [23]. Therefore, a
high amount of fiber, which was acid-alkali and alcohol-insoluble, was
less effective in taste than water-soluble components, which also were
taste components. Ogbe and Affiku recorded 7.77% fiber of Ganoderma
lucidum Ogbe and Affiku used red open caps mushroom were collected
from decaying logs of woods and tree stumps, this study used fully
mature mushroom collected from decaying logs [24]. The highest
amount of Carbohydrate in this study recorded in Grifola frondosa
52.74%, Tabata et al recorded 80.47% which consider a high amount
of carbohydrate of cultivated Grifola frondosa grown on sawdust and
71.95% carbohydrate of cultivated Grifola frondosa grown on log [20].
That shows Grifola frondosa is rich in carbohydrate. This study showed
that Podaxis pistillaris recorded a highest value of Na, P, and Mg and
had a good value of K and Ca. Grifola frondosa recorded a lowest
value of P and Mg. In general sodium is low for all samples. Agaricus
bisporus was very rich with Ca and Pluteus umbrosus var. albus was
very rich with K. Pluteus umbrosus var. al bus and Agaricus bisporus
had a very little amount of Mg so that they did not gave reading when
titrated with EDTA. Kurtzmanr mentioned that a number of minerals
in mushrooms are desirable [17]. Sodium is generally low, potassium is
high and iron is high. Phosphorus is good, but not outstanding. Some
minerals are controlled by the organism and others by the substrate.
Apparently, calcium is controlled by the organism and most likely
sodium is controlled by the substrate. However, if the osmotic pressure
of the substrate becomes high, it is the growth of the mushrooms
that will be reduced by the substrate. Vetter reported that sodium in
A. bisporus is the only mineral element occurring at higher levels in
the stipe than in the cap [25]. Other minerals and trace elements are
generally found in the stipe at lower or equal levels to those in the cap.
Kagawa reported that Grifola frondosa fruiting body is rich in K and
P, and contains lesser amounts of Mg, Ca, Na and Zn [26]. According
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to Elia, the daily reference nutrient intake (RNI) for human of calcium
and phosphorus is 17.5 mmol and for sodium and potassium are 70
and 90 mmol/day, respectively, and the RNI of magnesium is 12.3
mmol/day for men and 10.9 mmol/day for women [27].
This study is considered pioneer in throwing light on some kinds
of wild species which can be used as edible or medicinal mushrooms of
Sudan and it documented traditional culture of wild mushrooms uses
in some tribes of Sudan.
This study recommend to enter commercial varieties and wild
spp. to the production cycle to help farmers escape the consequence of
seasonality of income, bring new uses to largely untapped agricultural
waste and provide a model project for microfinance in Sudan. Wild
mushroom still have a wide field of research at Sudan, this study
recommend searching the area of identification, cultivation, breeding,
medicinal and industrial purposes of wild mushrooms at Sudan.
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