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Abstract 

Mushrooms are widely consumed because of their nutritional virtues. The objective of this study was to determine the 
proximate and mineral composition of Macrocybe lobayensis and Agaricus subsaharianus two wild edible mushrooms 
used in Niger. The proximate and mineral composition were determined on dry weight basis using standard method. 
The results of proximate analysis showed that the moisture content was in the range of 9.08 and 10.03%, that of ash in 
the range of 10.46 and 08.48%. They are rich in protein (20.66 and 28.09%) and carbohydrates (57.55 and 54.42%), 
poor in fat (2.45 and 3.28%). In addition, their consumption would provide energy between 267.99 and 342.36 
kcal/100g. For the chemical characterization of the ash, the results showed sodium contents ranging from 
69.67mg/100g to 72.09mg/100, Calcium 35.67mg/100g to 39.18mg/100g, Iron 6.25mg/100g to 6.43mg/100g, 
Potassium 330.45mg/100g to 439.67mg/100g, Magnesium 41.83mg/100g to 365.61mg/100g, Copper 2.41mg/100g to 
2.70mg/100g, Zinc 3.02mg/100g to 3,05mg/100g and Phosphorus 1298.35mg/100g to 1792.17mg/100g. These 
nutrients varied widely among the mushrooms species. According to the result A. subsaharianus and M. lobayensis can 
be good sources of protein for the rural populations in Niger who face nutritional diseases.   
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1. Introduction

For hundreds of years, mushrooms have been used by humans for their nutritional and medicinal properties. [1,2,3]. 
Edible mushrooms are considered among the indispensable elements of diets due to their rich nutritional contents, as 
well as being delicious enough to be consumed by many people [4].  Moreover, Asians (Chinese, Thai, Vietnamese and 
Japanese) recognize the importance of mushrooms to enhance vital energy, to increase intellectual capacity and to 
promote longevity [5]. In fact, they are appreciated not only for texture and flavor but also for their chemical and 
nutritional characteristics [6,7]. They are rich in protein (19 to 35%) and reportedly contain twice the protein content 
of onions (1.4%), cabbage (1.4%), potatoes (1.6%) and four to six times that of oranges (1.0%) and apples (0.3%) [8,9]. 
They actively participate in the vitamin needs of the body, especially in vitamin group B: thiamine (B1), riboflavin (B2), 
niacin (B3) and pantothenic acid (B5). Mushrooms are also the only non-animal food source that contains vitamin D and 
hence they are the only natural vitamin D ingredients for vegetarians [10]. These vitamins are beneficial for the skin, 
muscles, metabolism and the functioning of the immune, digestive and nervous systems. Mushrooms also contain 
essential minerals, particularly selenium, iron, copper, calcium, zinc and potassium, which play an important role in 
immune function and in the reproduction of antioxidants to reduce free radicals [11]. In Africa, mushrooms are of great 
interest because of their diversity and their use by rural populations. About 300 species of food importance fungi have 
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been reported in Africa south of Sahara, including about 60 species for the West African region [12,13]. Indeed, these 
mushrooms species are used by populations as a palliative source of food during lean periods when several thousand 
people are victims of hunger, malnutrition and nutritional diseases. In Niger, the work of Hama et al. [14,15] identified 
two edible mushrooms, A. subsaharianus and M. lobayensis are consumed by the Gourmantchés and Mossis living on the 
banks of the Niger River. Nevertheless, the mushroom species have not been studied in depth to evaluate their 
nutritional potential. 

The objective of this study was to determine the proximate and mineral composition of M. lobayensis and A. 
subsaharianus two wild edible mushrooms used in Niger. 

2. Material and methods 

2.1. Fungal Materials 

The specimens (photo 1 and photo 2) were collected during the rainy season, from July to September 2018 at Torodi, a 
city located about 55 km from the capital Niamey. The identification of the specimens was carried out at the Mycology 
Laboratory of the Ecole Normale Supérieur de Niamey on the basis of macroscopic characters but also with the help of 
books and articles dealing with the taxonomy of fungi of tropical Africa. After identification, the specimens were 
photographed and dried at 45-50°C for 24 hours and packed in 'Minigrip' type plastic bags for further analysis [16,17]. 

 

Figure 1 Agaricus subsaharianus L.A.Parra, Hama and De Kesel 

 

Figure 2 Macrocybe lobayensis (Heim) Peg. and Lodge 

2.2. Proximate composition 

The chemical composition of moisture, protein, ash, lipid and carbohydrate in the samples was analyzed using the 
standard AOAC method. Protein contents were determined according to the KJEDHAL method [18], ash contents were 
obtained by dry mineralization of the samples at 550°C for about 6 hours [19]. The moisture content was evaluated on 
the samples by oven drying at 103°C for 12 hours [20]. Fat was extracted with soxhlet by hexane percolation for 6 hours 
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[21]. Total carbohydrates were estimated by the difference: 100 − (% moisture + % crude protein + % crude fat +
% ash content) . The energy value was calculated according to the following equation: Energy (kcal)  =
 ((%) protein x 4)  + (% carbohydrate x 4)  +  (% fat x 9) [22]. 

2.3. Mineral analyzes 

Approximately 1g of finely ground dry matter from two samples was placed in silica crucibles and then incinerated in 
an oven at 600°C for 2 hours. The resulting ash was reworked with 1ml of distilled water and 3ml of 50% hydrochloric 
acid. This step is followed by the evaporation of these solvents on a hot plate at 40°C until complete drying. The residue 
is again taken up in 3 ml of hydrochloric acid 50% and a little distilled water, then filtered on filter paper in a flask of 
100 ml, at the end the flask is supplemented to 100 ml with distilled water. These extracts will be used as stock solutions 
for the determination of mineral elements. The contents of Ca, Cu, Fe, Mg and Zn are determined by atomic absorption 
spectrophotometer, Na and K by emission spectrophotometer [23,24].   

3. Results and discussion 

3.1. Proximate composition 

The result of chemical analysis of A. subsaharianus and M. lobayensis are presented in Table 1. The analysis of this result 
shows a moisture content between 09.08 and 10.03% of dry weight, that of ash varies between 10.46 and 08.48%. They 
are rich in protein (20.66-28.09%) and carbohydrates (50.02-57.55%), poor in lipid (0.95-1.28%). In addition, their 
consumption provides energy between 334.49and 342.36 kcal/100g. 

Table 1 Proximate composition of Agaricus subsaharianus and Macrocybe lobeyensis 

Mushrooms Moisture 
(%) 

Ashes (%) Lipid (%) Proteins 
(%) 

Carbohydrate     Energy 
(kcal/100g) 

Agaricus 
subsaharianus  

09.08±0,21 10.46±0.30 2.45±0.18 28.09±1.94 50.02±2.63 334.49±19.38 

Macrocybe 
lobayensis  

10.03±0.33  08.48±0.32 3.28±0.15 20.66±1.24 57.55±2.04 342.36±14.47 

 
The results of the proximate analysis of the two wild edible mushrooms revealed that the crude protein content varied 
from 18.71 to 28.09 %. The highest protein content was found for A. subsaharianus (28.09 %) and the lowest protein 
content was found in M. lobayensis (20.66%). Most mushrooms obtained from literature had their protein content 
ranging from 19 to 39 % on dry matter basis [25,26]. It has been reported that the protein contents of mushrooms are 
affected by a number of factors, namely the type of mushrooms, genetic structure, physical and chemical characteristics 
and environmental [27]. It has been demonstrated that increasing consumption of mushroom is good for preventing 
malnutrition, although mushrooms can be an alternative protein source instead of meat [28].   

A. subsaharianus showed the lowest moisture content in this study (09.08 and 10.03%). Low moisture suggests that the 
mushrooms will be less susceptible to microbial contamination moisture, because the high water content favors the 
growth of microbes [29].  

The highest fat content is recorded in M. lobayensis (3.28%g) and lowest content in A. subsaharianus (2.45g/100). The 
value in fat observed in this study compares favourably with values reported in Volvariella volvacea (2.27 %), 
Psathyrella tuberculata (1.78 %), Agaricus bisporus (2.21%) [30]. The low fat content improves blood cholesterol levels, 
decrease the risk of cardiovascular disease and promote weight loss [31].  

For ash, the contents ranged from 08.48% (M. lobayensis) to 10.46% (A.  subsaharinus). The knowledge of the ash 
content is an indication of the mineral composition of the mushrooms that can be considered as potential mineral 
element sources [32]. The total carbohydrates contents range from 50.02 and 57.55% M. lobayenis showed the highest 
total carbohydrate contents (57.55%) and the lowest carbohydrates content was in obtained in A. subsaharianus 
(50.02%). This result could be compared with the carbohydrate content of edible mushrooms [33].  Carbohydrates are 
the most abundant constituents of mushrooms, which include sugars (monosaccharides,their derivatives 
and oligosaccharides) as well as both reserved  and  construction  polysaccharides [34]. Mushooms contain digestible 
carbohydrates (such as glucose, glycogen, mannitol, and trehalose) as well as non-digestible carbohydrate (such as β-
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glucan, chitin and mannans). Both of these carbohydrates forms constitute the total carbohy drates in mushroom 
fruiting bodies [35]. With high protein and carbohydrate contents, consumption of these mushrooms would provide 
energy between 267.99 and 342.36 kcal/100g. Other studies from literature reported that the high energy values of 
edible mushrooms ranging from 250 to 400 kcal/100g [36]. 

At the food and nutritional level, these mushrooms species can be good sources of protein for the Nigerien populations 
who face nutritional diseases.  

3.2. Mineral composition 

In this study, five mineral elements (P, K, Na, Mg and Ca) and three trace elements were determined. The results of the 
chemical characterization of the ashes are reported in Table 2. The analysis of these results show that sodium contents 
of vary from 69,67mg/100 to 72,09mg/100, Calcium 35,67mg/100 to 39,18 mg /100g, Iron 6,25 mg/100 to 6,43 
mg/100g, Zinc 3.02mg/100g to 3.05mg/100g Potassium 330,45mg/100 to 365,67 mg/100g, Magnesium 41,83 mg/100 
to 365,61 mg/100g, Copper 2,62 mg/100 to 2,70 mg/100 and Phosphorus 1298,35 mg/100g to 1788,48 mg/100g. 

Table 2 Mineral composition of Agaricus subsaharianus and Macrocybe lobeyensis 

Mineral Element                          Values (mg/100g) 

Agaricus subsaharianus Macrocybe lobayensis 

Sodium 69.67±5.69 72.09±2.45 

Calcium 39.18±2.64 35.67±3.51 

Potassium 330.45±10.26 439.67±12.70 

Magnesium 365.61±14.36 41.83±2.74 

Copper 2.70±0.27 2.62±0.09 

Zinc 3.02±0.13 3.05±0.14 

Iron  6.43±0.81 6.25±0.65 

Phosphorus 1792.17±46.06 1298.35±24.70 

 

Minerals are essential for the growth, development, maintenance and repair of the body [37]. According serval studies, 
zinc is one of the most important mineral of our body needs.  It is essential for many biological functions in the human 
body. Vital for more than 300 of the enzymes, activating cell growth and division, stimulates the immune system, 
increases fertility and vision, stimulates taste and smell and improves appetite [38,39]. Zinc contents reported in this 
study varied from 1.85mg/100g to 3.05mg/100g. M. lobayensis (3.05mg/100g) and A. subsahaianus (3.02mg/100g) 
recorded similar values. These zinc contents are comparable to those in red meat (5.2 mg/100g), nuts (3mg/100g), 
onion (2.52mg/100g), poultry (1.5 mg/100g), eggs (1.3 mg/100g), dairy products (1,2 mg/100g), cereals (1 mg/100g), 
fish (0.8 mg/100g), sugars and preserves (0.6 mg/100g), canned and green vegetables (0.4 mg/100g), [40,41]. The 
reported literature range of zinc contents in mushrooms is between 2.98 and 15.8mg [42]. In Niger, zinc deficiency is 
also a public health problem [43]. Iron is an essential nutrient in the composition of red blood cells. It is found in 
erythrocytes in the form of hemoglobin whose main function is to transport oxygen from the lungs to the tissues [44]. 
The lowest and the highest level of iron present in the studied mushrooms were 6.25 mg/100g and 6.43 mg/100. A. 
subsaharinus (6.45mg/100g) and M. lobayensis (6.25mg/100g) recorded similar values. Nevertheless, the range of 
reported literature values varies between 1.46mg/100g-83.5mg/100g. [45]. The iron contents of these mushrooms are 
high when compared with those of green vegetables [46]. Sodium and Potassium are important in the maintenance of 
osmotic balance between cells and the interstitial fluid in animal systems. Potassium content (439.67 mg/100g and 
365.67 mg/100g) in this study is higher amount than sodium (69.67mg/100 to72.09 mg/100). This suggests that these 
mushrooms would be excellent in lowering blood pressure, reducing the risk of osteoporosis and in maintaining bone 
health [47]. In addition, Potassium helps to maintain normal heart rhythm, fluid balance, muscle, and nerve function 
[48]. Copper is a trance element that is essential to cellular life and to the fixation of bones and iron. It also maintains 
the integrity of the myelin sheath of nerve fibers and consequently skin pigmentation [33]. Copper content in study 
varied from 2.62mg/100 to 2.70 mg/100. Copper deficiency causes general fatigue, bone and skin disorders and hair 
loss. Copper levels in mushrooms reported in literature are 0.47–5.1 mg/100g [49]. The recommended daily intake of 
copper is 2mg/day. However, this is adequate for all age groups except for pregnant and lactating mothers who require 
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1mg/100g of copper [50]. Magnesium level in this study, varied from 41.83 mg/100g to 365.61 mg/100g. Magnesium 
is a cofactor in more than 300 enzymatic reactions. It is also an essential component of bone, cartilage and the crustacean 
exoskeleton [51]. The reported literature ranges magnesium contents in mushrooms from 60mg/100g to 250mg/100g 
[52]. Phosphorous is an important component of phospholipids, nucleic acids and many key enzymes which play 
important role in energy and cell metabolism. It is also required for bones and teeth. Phosphorous is the most abundant 
nutrient reported in this study [53]. The level of Phosphorous in this study varied from 1298.35 mg/100g to 
1792.17mg/100g. The calcium content of the mushrooms in this study varied from 35.67mg /100g to 39.18 mg /100g. 
Calcium is necessary for sustaining strong bones, muscular contraction and relaxation, blood clotting and absorption of 
vitamins B12[54]. Generally, variations in the mineral proportions of mushrooms vary according to the species, age, 
diameter of fruiting bodies and the type of substratum [55,56].  

4. Conclusion 

Proximate and mineral composition of A. subsaharianus and M. lobayensis, two edible mushrooms species in Niger, were 
determined. The results showed that both species are energetic foods, rich in proteins and carbohydrates, and low in 
lipids. They are also rich in mineral elements. These mushroom species can be good sources of protein for rural 
populations in Niger who are facing nutritional diseases. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

References 

[1] GAGLARIRMAK, Necla. Chemical composition and nutrition value of dried cultivated culinary-medicinal 
mushrooms from Turkey. International Journal of Medicinal Mushrooms, 2011, vol. 13, no 4. 

[2] Gustafson, Craig. "Christopher Hobbs, phd, lac, ahg: mushrooms for nutrition and wellness." Integrative Medicine: 
A Clinician's Journal 15.3 (2016): 30.  

[3] Chatterjee, Soumya, et al. "Mushrooms: from nutrition to mycoremediation." Environmental Science and Pollution 
Research 24 (2017): 19480-19493. 

[4] Wang, Xue-Mei, et al. "A mini-review of chemical composition and nutritional value of edible wild-grown 
mushroom from China." Food chemistry 151 (2014): 279-285. 

[5] Wang, Xiao-Ming, et al. "Quantitative determination of six major triterpenoids in Ganoderma lucidum and related 
species by high performance liquid chromatography." Journal of Pharmaceutical and biomedical Analysis 41.3 
(2006): 838-844. 

[6] Saiqa, Sadiq, et al. "Studies on chemical composition and nutritive evaluation of wild edible mushrooms."  

(2008): 151-154. 

[7] Beluhan, S., and A. Ranogajec. "Chemical composition and non-volatile components of Croatian wild edible 
mushrooms." Food chemistry 124.3 (2011): 1076-1082...  

[8]  Adejumo, T. O., M. E. Coker, and V. O. Akinmoladun. "Identification and evaluation of nutritional status of some 
edible and medicinal mushrooms in Akoko Area, Ondo State, Nigeria." International Journal of Current 
Microbiology and Applied Sciences 4.4 (2015): 1011-1028. 

[9] Olayinka, Adebiyi Adedeji. "Evaluation of the nutritional status of two edible mushroom species in Ekiti State, 
Nigeria." Evaluation 51 (2016). 

[10] Rahman, Mohammad A. "Usage of mushrooms in culinary and medicinal purposes." Aditum Journal of Clinical and 
Biomedical Research 3.3 (2021).  

[11] Elawati, Nunung Eni, Catur Retno Lestari, and Sintia Puspa Dewi. "Proximate analysis of merang mushrooms 
(Volvariella volvacea) cultivated on corncob and rice bran media." Natural Sciences Engineering and Technology 
Journal 2.2 (2022): 73-78. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 778–784 

783 

[12] Codjia, J. E., and N. S. Yorou. "Ethnicity and gender variability in the diversity, recognition and exploitation of Wild 
Useful Fungi in Pobè region (Benin, West Africa)." Journal of Applied Biosciences 78 (2014): 6729-6742. 

[13] Rammeloo, Jan, and Ruben Walleyn. The edible fungi of Africa south of Sahara: a literature review. Vol. 5. 1993. 

[14] Hama, O., et al. "Agaricus subsaharianus, a new species of edible fungus consumed in Niger, Burkina Faso and 
Tanzania." (2010): 221-234. 

[15] Hama O2. Diversité et comestibilité des champignons basidiomycètes à carpophores au Sud-ouest du Niger. 
Thèse de Doctorat Unique, Université Abdou Moumouni de Niamey, Niger. 183 pages. (2012) 

[16] Ndong, Hugues Eyi, Jérôme Degreef, and André De Kesel. "Champignons comestibles des forêts denses d’Afrique 
centrale." Taxonomie et identification. ABC Taxa 10 (2011): 253-671. 

[17] De Kesel, André, Bill Kasongo, and Jérôme Degreef. "Champignons comestibles du Haut-Katanga." RD Congo) 
AbcTaxa 17 (2017): 1-290. 

[18] Wolff, Jean Pierre. Manuel d'analyse des corps gras. Tokyo University of Fisheries, 1968.  

[19] AOAC.  Official Method of Analysis of the Association of Official Analytical Chemist. Ed AOAC, Washington DC, 
P24003. (1984). 

[20] AOAC. Official Method of Analysis of the Association of Official Analytical Chemist. Ed AOAC, Washington DC, 
P14006. (1984). 

[21] IUPAC. International Union for Pure and Applied Chemistry. Méthodes d'analyses unifiées par la section des 
matières grasses de l'International Union of Pure and Applied Chemistry". (1968). 

[22] AOAC. Official methods of analysis (16th Ed.Arlington  VA,  USA:  Association  of  Official  Analytical Chemists. 
(1995). 

[23] AOAC. Official Method of Analysis of the Association of Official Analytical   Chemist. Ed AOAC, Washington DC, 
(1990) N° 945.16, N°975.03. 

[24] Stuffins, C. B. "The determination of phosphate and calcium in feeding stuffs." Analyst 92.1091 (1967): 107-111. 

[25] Kayode, R. M. O., et al. "Evaluation of the Nutritional Composition and Phytochemical screening of an Exotic and 
Wild Species of Oyster Mushroom (Pleurotus-sajor caju)." (2013). 

[26] Ziarati, Parisa, and Haineh Rabizadeh. "The Effect of Thermal and Non Thermal of Food Processes and Cooking 
Method in Some Essential Mineral Contents in Mushroom (Agaricus bisporus) in Iran." Appl Sci 2.2S (2013): 954-
959. 

[27] Sanmee, Rarunee, et al. "Nutritive value of popular wild edible mushrooms from northern Thailand." Food 
chemistry 82.4 (2003): 527-532.  

[28] Garcha K.  The nutrients of exotic mushrooms and an estimated approach to the volatile compounds. Journal of 
Food Chemistry. (2007).105:1-4. 

[29] Adejumo, T. O., and O. B. Awosanya. "Proximate and mineral composition of four edible mushroom species from 
South Western Nigeria." African Journal of Biotechnology 4.10 (2005). 

[30] GA, Teklit. "Chemical Composition and Nutritional Value of the Most Widely Used Mushrooms Cultivated in 
Mekelle Tigray Ethiopia." Nutrition and Food Sciences (2015). 

[31] Gropper, S.S., Smith, J. L.  and Groff, J.L.  Advanced Nutrition and Human Metabolism. 5th edition, Australian 
Wardsworth Cengage Learning. (2009). 

[32] WHO. World Health Organization Technical Series. Trace elements in human nutrition and health. World Health 
Organization, Geneva. (1996). pp 199-205. 

[33] Johnsy, G., et al. "Nutritive value of edible wild mushrooms collected from the Western Ghats of Kanyakumari 
District." Botany Research International 4.4 (2011): 69-74. 

[34] Kalač, Pavel. "A review of chemical composition and nutritional value of wild‐growing and cultivated 
mushrooms." Journal of the Science of Food and Agriculture 93.2 (2013): 209-218. 

[35] Ho, Lee-Hoon, N. Asyikeen Zulkifli, and Thuan-Chew Tan. "Edible mushroom: nutritional properties, potential 
nutraceutical values, and its utilisation in food product development." An introduction to mushroom 10 (2020). 



World Journal of Advanced Research and Reviews, 2024, 22(01), 778–784 

784 

[36] Chapon, A., M. Goutelle, and C. Rousson. "La valeur nutritive des champignons." Institut des sciences 
pharmaceutiques et biologiques. Faculté de pharmacie. Université Claude Bernard, Lyon (2005). 

[37] Adebiyi, A. O., P. O. Tedela, and T. T. Atolagbe. "Proximate and mineral composition of an edible mushroom." 
(2016). 

[38] Bhowmik, Debjit, K. Chiranjib, and S. Kumar. "A potential medicinal importance of zinc in human health and 
chronic." Int J Pharm 1.1 (2010): 05-11. 

[39] Das, S., and A. Green. "Importance of zinc in crops and human health." J. SAT Agric. Res 11 (2013): 1-7.  

[40] Black, Robert E. "Zinc deficiency, infectious disease and mortality in the developing world." The Journal of 
nutrition 133.5 (2003): 1485S-1489S.  

[41] Rabiou, M. M., et al. "Evolution of the chemical composition during the fabrication of the different types of Gabou, 
a traditional onion-based spice commonly used in Niger." Journal of Food Processing and Technology 9.8 (2018). 

[42] Işıloğlu, Mustafa, Fadime Yılmaz, and Melek Merdivan. "Concentrations of trace elements in wild edible 
mushrooms." Food Chemistry 73.2 (2001): 169-175. 

[43] INS. Enquête Démographique et de Santé et à Indicateurs Multiples du Niger 2012. ICF International, Calverton , 
Maryland, USA. (2013). 

[44] Shamaki, B. Usman, et al. "Proximate composition, phytochemical and elemental analysis of some organic solvent 
extract of the wild mushroom Ganoderma lucidum." Journal of Natural Sciences Research 2.4 (2012): 24-35.  

[45] Tüzen, Mustafa. "Determination of heavy metals in soil, mushroom and plant samples by atomic absorption 
spectrometry." Microchemical Journal 74.3 (2003): 289-297. 

[46] Oko, A. O., et al. "Nutritional and Phytochemical compositions of the leaves of Mucuna poggei." Journal of Biology 
and Life Science 3.1 (2012): 232-240. 

[47] Yusuf, A. A., B. M. Mofio, and A. B. Ahmed. "Proximate and mineral composition of Tamarindus indica Linn 1753 
seeds." Science world journal 2.1 (2007). 

[48] Wani, Bilal Ahmad, R. H. Bodha, and A. H. Wani. "Nutritional and medicinal importance of mushrooms." Journal 
of Medicinal plants research 4.24 (2010): 2598-2604.  

[49] Tüzen, Mustafa, Mustafa Özdemir, and Ayhan Demirbaş. "Study of heavy metals in some cultivated and 
uncultivated mushrooms of Turkish origin." Food Chemistry 63.2 (1998): 247-251. 

[50] Food and Nutrition Board.  Dietary reference intakes for Vitamin A, vitamin K, arsenic, boron,  chromium, copper,  
iodine,  iron,  manganese,  molybdenum,  nickel, silicon,  vanadium  and  zinc.  Institute of Medicine, National  
Academies Press, Washington, DC. (2001).   

[51] Peter, T. O., and Tolulope, A. O. Proximate analysis and chemical composition of Cortinarius species. European 
Journal of Advanced Research in Biological and Life Sciences, (2015).3(3), 1-9. 

[52] Bakken, Lars R., and Rolf A. Olsen. "Accumulation of radiocaesium in fungi." Canadian Journal of 
Microbiology 36.10 (1990): 704-710. 

[53]  Okwulehie, I. C., and J. A. Ogoke. "Bioactive, nutritional and heavy metal constituents of some edible mushrooms 
found in Abia State of Nigeria." International Journal of Applied Microbiology and Biotechnology Research 1.2 
(2013): 7-15. 

[54] Mensah, J. K., R. I. Okoli, and J. O. Obaju-Obodo. "Phytochemical, medicinal and nutritional properties of some 
green leafy vegetables." African Journal of Biotechnology  

2512 (2008): 758. 

[55] Mattila, P., Könkö, K., Eurola, M., Pihlava, J. M., Astola, J., Vahteristo, L., ... and Piironen, V.  Contents of vitamins, 
mineral elements, and some phenolic compounds in cultivated mushrooms. Journal of agricultural and food 
chemistry, 49(5), 2343-2348. (2001). 

[56] Mshandete, Anthony Manoni, and Joyce Cuff. "Proximate and nutrient composition of three types of indigenous 
edible wild mushrooms grown in Tanzania and their utilization prospects." African Journal of Food, Agriculture, 
Nutrition and Development 7.6. (2007). 


