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ABSTRACT

Proximate study was conducted on a Cortinarius sp found on farmlands in Akinyele Local
Government Area of Oyo state of Nigeria to ascertain its nutritional composition. The overall
nutritional potential of the Cortinarius species was quite good and it shows that the species of
mushroom is highly nutritive with crude protein 19.47%, carbohydrates, 48.60% and crude
fibre 6.80%. It was however, observed the contents of the following were relatively low; zinc
was 0.08mg/100g, riboflavin 0.08mg/100g and thiamine 0.07mg/100g. Potassium was
highest and was 221.67mg/100g followed by calcium 183.33mg/100g. Phytochemical
screening revealed the presence of varying quantities of alkaloids, saponins, tannins, oxalates,
cyanogenic glycosides and phytates. These bioactive compounds may make it useful for
therapeutic uses. This study shows that this mushroom has a great potential in complementing
protein and minerals deficiencies prevalent in the developing countries.

Keywords: Cortinarius species, proximate analysis, therapeutic potential, bioactive,
phytochemicals.

INTRODUCTION

Mushrooms are the fruit bodies of macroscopic, filamentous and epigeal fungi made up of
hyphae which form interwoven web of tissue known as mycelium in the substrate upon which
the fungus feeds; most often their mycelia are buried in the soil around the root of trees,
beneath leaf litters, in the tissue of a tree trunk or in other nourishing substrate (Ramsbottom,
1989; Wilkinson and Buezaeki, 1982). They represent only a short reproductive stage in their
life cycle (Das, 2010). Mushrooms, though classified as vegetables in the food world, are not
technically plants. They belong to the fungi kingdom and provide several important nutrients.
They can be epigeous or hypogeous, large enough to be seen with the naked eyes and can be
picked by hand (Chang and Miles, 1992). They are saprophytes and consist of two main
parts, the mycelium and the fruity body (sporocarp). The mycelium consists of a treelike
structure called hyphae. The ability of mushroom species to bio-accumulate minerals from
the growth medium into the fruiting body is well documented (Kalac, 2010). Mushrooms
generally are classified into four namely, edible, medicinal , poisonous and magic or
hallucinogenic mushrooms (Zahid et al., 2010). Edible mushrooms are ideal healthy foods
and may contribute enormously to the supply of both macro and micro nutrients in our diet.
From the time immemorial, mushrooms are appreciated not only for texture and flavor but
also for their chemical and nutritional properties (Manzi et al., 1999). Many health promoting
substances e.g. antimicrobial, anticancer, antioxidant, cholesterol lowering property,
immunostimulatory, antiviral, antiparasitic,  antiinflammatory, antiproli-ferative, anti
malarial, anti Alzheimer, antitumour, cytotoxic, antidiabetic, anticoagulant, hepato-
protective compounds, among other effects have been documented for some species (Barros
et al.,, 2007; Akinyele et al., 2011; Wasser and Weis, 1999; Smith & Sullivan 2004,
Lindequist et al., 2005; Ajith and Janardhanan, 2007; De Silva et al. 2012a, De Silva et al.
2012b, De Silva et al. 2013).
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Mushrooms represent one of the world's greatest untapped resources of nutritious food with
the cultivation of saprophytic edible ones being probably the only currently economical
biotechnology for lignocellulose organic waste recycling that combines the production of
protein rich food with the reduction of environmental pollution (Obodai et al., 2003). In
Nigeria edible mushrooms are highly priced, both as food and in traditional medicine (Oso,
1977a) assuming greater importance in the diets of both rural and urban dwellers, unlike
previously when consumption was confined to rural dwellers. The protein content of
mushrooms has been reported to be twice that of vegetables and four times that of oranges
and significantly higher than that of wheat (Fasidi, 1996; Okwulehie and Odunze, 2004).
They fall between the best vegetables and animal protein source and are considered as source
of proteins, fats, carbohydrates, amino acids and vitamins (Chang and Buswell, 1996; Jiskani,
2001) such as vitamins B, C and D and mineral elements (Fasidi and Kadiri, 1990; Sivrikaya
et al., 2002). Some investigations have even contended that the amino acid compositions of
mushrooms are comparable to animal proteins (Fink and Hoppenhaus, 1958; Gruen and
Wong, 1982), which is particularly important considering the cost of those proteins and the
outbreak of diseases connected with animal meat. The nutritional potential and implications
of this gradual replacement of meat with mushroom require careful examination involving
detailed chemical and biological studies (Alector, 1995).

Cortinarius is the largest genus of mushrooms in the world, containing over 2000 different
species and found worldwide (Kirk et al., 2008). They have cortinas covering their gills when
young (hence the name of the genus); sometimes the tiny fibers of the cortina are ephemeral
and disappear, but they frequently collapse against the stem to create a ring zone. The spore
print is rusty brown and, as a result of the rusty brown spores, the mature gills of Cortinarius
mushrooms are usually also rusty brown. Also, they are terrestrial and mycorrhizal. It is
usually possible to identify a mushroom as being a member of this genus, but extremely
difficult to positively identify the species as many of the species are nearly identical (Singer,
1986).

Despite the medicinal, nutritional and economic importance of mushrooms as indicated by
various authors and researchers, the nutritional values of some tropical edible mushrooms
that are indigenous to South Western Nigeria have not been determined. The objective of this
study was to determine the relative nutritive qualities of Cortinarius species found in Ibadan,
South West, Nigeria in order to encourage people to embark on its husbandry.

MATERIALS AND METHODS

Collection of Samples: The mushrooms used for this study were collected from a farmland in
Moniya, Akinyele Local Government Area, Ibadan, Oyo State. The samples were carefully
uprooted by lifting them up holding the stipe gently but firmly very close to the rhizomorph
thus carrying some soil along with it . This is to avoid damaging the tissues of the mushrooms.

Preservation of Samples: The samples were air dried for some days and stored in transparent
polythene bags that are loosely tightened to allow for proper aeration.

Identification of Samples: The samples were identified by Prof. S. G. Jonathan of
Department of Botany, Faculty of Science, University of Ibadan, Ibadan, Nigeria.
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Figure 1: Cortinarius species

Nutritional Analysis: The mushrooms were harvested fresh, air dried, pulverized and
analyzed according to standard procedures.

The proximate analysis of the samples for moisture, ash and carbohydrate contents were
determined as described by AOAC (2005). Crude protein, fibre and fat contents were
determined by the methods of Pearson (1976) while mineral contents were determined by
atomic absorption spectrometry, flame photometry and spectrophotometry according to the
methods of AOAC (2003). The phytochemical analysis for the presence of saponins, tannins,
alkaloids, and cyanogenic glycosides were carried out according to the methods described by
Harborne (1973) and Trease and Evans (1983). The vitamins in the samples were determined
by the methods described by AOAC (1990). Each analysis was carried out in triplicate.

Statistical Analysis

Mean, standard error of mean (SEM) were determined for all nutrients and statistical analysis
was done by using Statistical Package for Social Sciences (SPSS/PC; Version12.0; SPSS
Inc., Chicago).

RESULTS

Proximate analyses of the mushrooms are shown in Table 1. It contains 14.23% moisture,

5.23% total ash, 19.47% crude protein, 7.63% crude fat, 6.80% crude fiber and 48.6%
carbohydrates.

Table 1. Proximate Analysis of Cortinarius species

Parameters Moisture  content | Protein Ether Ash (%) Crude fibre | Carbohydrate
(%) (%) extract (fat) (%) (by difference)
% %
Values 14.23+0.15 19.47+0.11 7.63+0.11 5.23+0.11 | 6.8+0.07 48.6+2.76

Values are means +SEM (Standard error of means) of triplicate samples.

Phytochemical screening (Table 2) indicates the presence of saponins, tannins, phytates,
oxalates, cyanogenic glycosides and alkaloids with cyanogenic glycosides in small quantity.
Phytates had the highest values of 63.33mg/100g while the least value was recorded for
cyanogenic glycosides of 0.23mg/100g.
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Table 2. Phytochemical composition of Cortinarius species

Parameters Alkaloids Cyanogenic Phytates Tannins Saponins Oxalates
(mg/100g) Glycosides (mg/100g) (mg/100g) (mg/100g) (mg/100)
(mg/100g)
Values 11.67+2.04 | 0.23+0.04 63.33+0.04 | 33.33+2.04 | 21.67+2.04 | 16.67+2.04

Values are means +SEM of triplicate samples

Table 3 showed values of the mineral compositions with varying amounts of minerals such
as potassium, iron, zinc, magnesium, phosphorus, calcium and phosphorus. The highest
mineral was potassium with 221.67mg/100g followed by calcium 183.33mg/100g. The least
value was recorded for zinc with 0.57mg/100g.

Table 3. Mineral composition of Cortinarius species

Parameters F Zn* Mg ca™ K*(mg/100g) | PO, (mg/100)
(mg/100g) (mg/100g) (mg/100g) (mg/100g)
Values 9.1+0.07 0.57+0.11 35.00£3.53 183.33+5.4 42.33£1.78 221.67+5.43

Values are means +SEM of triplicate samples.

Table 4 showed the result of vitamin compositions of the mushroom species. It shows the
presence of vitamin C and vitamin B.

Table 4. Vitamin composition of Cortinarius species

Parameters Ascorbic (mg/100g) Thiamine (mg/100g) Niacin (mg/100g) Riboflavin
(mg/100g)

Values 2.23+0.18 0.07+0.00 0.17+0.02 0.08+0.00

Values are means £SEM of triplicate samples.

DISCUSSION

The results of the proximate analysis show that the mushroom is enriched with protein, fibre,
ash, moisture, fat and carbohydrate. This is in support of the findings of Jiskani (2001);
Sadler (2003); Moore and Chi (2005) that mushrooms have nutritional attributes and have
potential applications in industries. Gruen and Wong (1982) indicated that mushrooms are
highly nutritional and compared favourably with meat and milk; will be a good supplement to
cereals or carbohydrate meals (Chang and Buswell, 1996) and a significant dietary
component for vegetarians (Breene, 1990). The relatively high carbohydrate and protein
contents in this mushroom is similar to the result obtained by Fasidi and Kadiri (1994) and is
a proof that mushrooms are highly nutritious and good for human consumption. The
carbohydrates of mushroom include polysaccharides (such as glucans, glycogen and chitin),
monosaccharides (such as ribose, fucose, glucose and mannose), disaccharides (such as
trehalose and sucrose), sugar alcohols (such as mannitol and inositol) and sugar acids (such
as galacturonic and glucoronic acids) (Crisan and Sands, 1978; Kurztman, 1997; Beelman et
al., 2003). The high moisture content accounts for its short shelf life as it deteriorates easily
after harvest if preservative measures are not employed. This high water content promotes
susceptibility to microbial growth and enzymes activities. However, moisture content of
mushroom depends on their harvesting time, maturation period and environmental conditions
such as humidity and temperature in growing period and storage conditions (Crisan and
Sands, 1978).

The crude fibre content obtained from this study suggests that this mushroom is a potential
source of dietary fibre (roughages). High level of fibre is known as anti-tumorigenic and
hypocholestrolaemic agent (Okoro and Achuba, 2012). This implies that this mushroom may
be recommended for people with cholesterol related problems (Kadiri and Fasidi, 1990;
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Chihara, 1993). Low crude fat recorded from this study in comparison to protein suggests that
this mushroom could be recommended as good source of food supplement for patient with
cardiac problems or at risk with lipid induced disorders.

Phytochemical analysis revealed the presence of saponins, alkaloids, phytates, tannins,
cyanogenic glycosides and oxalates. Schneider and Wolfling (2004) reported that saponins
inhibit sodium ions efflux by blockage of the influx of concentration in the cells activating a
sodium-calcium ions anti-porter in cardiac muscle and the increase in calcium ions influx
through this anti-porter strengthens the contraction of heart muscles. Saponins can also
inhibit the growth of cancer cells, boost immune system and energy, lower cholesterol, act as
natural anti-inflammatory, antibiotic, and anti-oxidant, and can reduce the uptake of certain
nutrients including glucose and cholesterol at the gut through intralumenal physicochemical
interaction (Aberoumand 2012; Ray-Sahelian, 2012; De Silva et al. 2013) and have
haemolytic activity (Khalil and Eladawy, 1994). Tannin concentration detected in mushrooms
has been found to possess astringent properties, which hasten the healing of wounds and
inflamed mucous membrane (Okwu, 2004).

Alkaloids have been reported to have stimulating effects and act as tropical anaesthetic in
ophthalmology, powerful pain relievers, antipuretic action (Edeoga and Enata, 2001). The
presence of alkaloids explains that the mushroom may have anti bacterial activity as
explained by Idowu et al. (2003) that alkaloids have antibacterial activity. The cyanogenic
glucoside levels observed in the present study was much lower than those considered safe by
European Commission (EC) regulations. For human consumption, a safety limit of 10 mg
HCN equivalent k™ flour has been fixed by FAO/WHO (1991).

The analysis of mineral elements of this mushroom revealed appreciable concentrations of
calcium, magnesium, potassium and phosphorus while iron and zinc were in lower
concentrations. This observation is similar to studies by Crisan and Sands (1978); Chang and
Miles (2004) who reported that the most common minerals in mushrooms are potassium,
phosphorous, sodium, calcium and magnesium. The trace metal content of mushrooms are
related to species of mushroom, collecting site of the sample, age of fruiting bodies and
mycelium, distance from sources of pollution (Kalac et al., 1991) and are mainly affected by
acidic and organic matter content of the soil. The presence of these essential nutrients and
minerals found in this Cortinarius species implies that it can be utilized for its medicinal
values in healthcare delivery systems. Potassium and calcium are important in stimulating
action potential across nerve endings, and also to enhance heart contractile rate (Jeremy et al.,
2007). Iron is highly required physiologically for heme formation and to enhance oxygen
carrying capacity of red blood cells. Zinc is an important requirement in protein synthesis,
normal body development and recovery from illnesses. It is a co-factor in the function of the
enzyme carbonic anhydrase required for carbon dioxide transport and as part of peptidases
needed for protein digestion (Muhammad et al., 2011); it is also a necessary part of DNA for
cell  division and synthesis hence its importance in  wound healing
(innvista.com/health/elements.htm, 2012). Calcium is the major component of bone and
assists teeth development [Brody, 1994]. Magnesium is an essential cofactor in many
enzymatic reactions in intermediary metabolism (Akpanabiater et al., 1998). Calcium and
phosphorus are directly involved in the development and maintenance of the skeletal system
and participate in several physiological processes and plays an important role in muscle
contraction, blood clot formation, and nerve impulse transmission, the maintenance of cell
integrity and acid-base equilibrium, and activation of several important enzymes. Phosphorus
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is an important constituent of nucleic acids and cell membranes, and is directly involved in all
energy-producing cellular reactions (Knochel et al., 2006).

The presence of riboflavin and niacin in the vitamin compositions is in agreement with
Adedayo (2011) who reported that mushrooms are good source of the B vitamin, riboflavin
and niacin which help to break down proteins, fats and carbohydrates so that they can be used
for energy. Thus, this Cortinarius species may be an important source of B-vitamin for
people who do not eat meat (Duyff, 2006; USDA, 2006). The relatively low level of
thiamine in this study may be due to antinutritive thiaminases in the mushroom degrading
thiamine (Wittliff and Airth, 1970a, 1970b; Wakita, 1976).

CONCLUSION

This study shows that Cortinarius species has a great potential in complementing protein and
minerals deficiencies prevalent in the developing countries. It should be incorporated into our
diets in order to improve its quality and thereby improve the overall health and general
wellbeing of people. However, further studies would be carried out to classify it, determine
its molecular and genetic constituents to ensure that it does not contain toxins that are
injurious to human health and then its commercialization.

ACKNOWLEDGMENTS

The authors wish to thank Professor S. G. Jonathan who helped with the identification of the
mushroom and Mr. M. . Adarabioyo who helped with the statistical analyses.

REFERENCES

Aberoumand, A. (2012). Screening of phytochemical compounds and toxic proteinaceous
inhibitor in some lesser-known food based plants and their effects and potential
applications in food. International Journal of Food Science and Nutrition
Engineering, 2(3): 16-20.

Adadayo, M. R. (2011). Proximate analysis on four edible mushrooms, Journal of Applied
Science and Environment Management, Vol. 15 (1): 9 — 11.

Ajith, T. A. and Janardhanan, K. K. (2007). Indian medicinal mushrooms as a source of
antioxidant and antitumor agents. Journal of Clinical Biochemistry and Nutrition,
40:157-162.

Akinyele, B. J., Obameso, J. O. and Oladunmoye, M. K. (2011). Phytochemical screening
and antimicrobial potentials of three indigenous wild Ganoderma mushrooms from
Ondo state, Nigeria. Nigerian Journal of Microbiology, 25: 2280-2290.

Akpanabiater et al. (1998). Evaluation of some minerals and toxicants in some Nigerian soup
meals, Journal of Food Composition and Analysis, 11: 292.

Alector, V. A. (1995). Compositional studies on edible tropical species of mushrooms, Food
Chemistry, 54: 265-268.

AOAC (1990). Official methods of analysis (15" edition) Williams S. (ed). Association of
Official Analytical Chemists, Washington, D.C. PP. 152-164.

AOAC (2003). Official methods of analysis of the Association of Official’s Analytical
Chemist, 17" Edn. Association of Official Analytical Chemists, Airlington, Virginia.

AOAC (2005). Official Methods of Analysis (18th edition) Association of Official Analytical,
Chemists International, Maryland, USA.

Barros et al. (2007). Antimicrobial activity and bioactive compounds of Portuguese wild

Progressive Academic Publishing www.idpublications.org



European Journal of Advanced Research in Biological and Life Science Vol. 3 No. 3, 2015
ISSN 2056-5984

edible mushrooms methanolic extracts. European Food Research Technology, 225:
151-156.

Beelman, R. B., Royse, D. J. and Chikthimmah, N. (2003). Bioactive components in button
mushroom Agaricus bisporus (J. Lge) Imbach (Agaricomycetideae) of nutritional,
medicinal, and biological importance (review). International Journal Medical
Mushrooms, 5: 321-337.

Breene, W. (1990). Nutritional and medicinal value of specialty mushrooms, Journal of Food
Production, 53:883-894.

Brody, T. (1994). Nutritional Biochemistry, Academic Press, San Diego, CA.

Chang, S. T. and Buswell, J. A. (1996). Mushroom neutraceuticals. World Journal of
Microbiology and Biotechnology, 12(5): 473 — 476.

Chang, S. T. and Miles, P. G. (1992). Mushroom biology-A new discipline. Mycologist, 6:
64-65.

Chang, S. T. and Miles, P. G. (2004). Mushrooms. Cultivation, Nutritional Value, Medicinal
Effect, and Environmental Impact. 2nd Ed. CRC Press, Boca Raton, pp. 451.

Chihara, G. (1993). Medicinal aspects of Lentian Isolated from Lentinus edodes (Berk). Hong
Kong, Chinese University Press. pp. 261-266.

Crisan, E. V. and Sands, A. (1978). Nutritional value. In: The Biology and Cultivation of
Edible Fungi, S. T. Chang and W. A: Hayes (Eds.), Academic Press, Inc., New York,
pp. 137-168.

Das, K. (2010). Diversity and conservation of wild mushrooms in Sikkim with special
reference to Barsey Rhododendron Sanctuary. An international Journal of
Environment and Biodiversity (NeBIO), 1(2): 1-13.

De Silva et al. (2012b). Medicinal mushrooms in prevention and control of diabetes mellitus.
Fungal Diversity, 56: 1-29.

De Silva et al. (2013). Bioactive metabolites from macrofungi: ethnopharmacology,
biological activities and chemistry. Fungal Diversity, 62: 1-40.

De Silva et al. (2012a). Medicinal mushrooms in supportive cancer therapies: an approach to
anti-cancer effects and putative mechanisms of action. Fungal Diversity, 55: 1-35.

Duyff, R. (2006). American Dietetic Association's Complete Food and Nutrition Guide. Third
addition. Wiley & Sons. NJ.

Edeoga, H. O. and Eriata, D. O. (2001). Alkaloids, tannins and saponins Content of Some
medicinal plants. Journal of Medical and Aromatic Plant Science, 23: 344-349.

FAO/WHO (1991). Joint FAO/WHO Food Standard Programme, Codex Alimentariius
Commission, XII, Supplement 4. Rome: FAO/WHO

Fasidi, 1. O. (1996). Studies on Volvariella esculenta mass singer, cultivation on agricultural
wastes and proximate composition of stored mushrooms, Food Chemistry, 55:161 —
163.

Fasidi, 1.0., Kadiri, M. (1994). Toxicological screening of seven Nigerian mushrooms. Food
Chemistry, 52: 419- 422.

Fink, H. and Hoppenhaus, K. W. (1958). Peculiar observations in the estimation of biological
quality of the proteins of edible boletus ( Boletus edulis) and mushroom (Psalliato
biospora) with reference to dietetics and therapeutics, Nutrition Abstracts and
Reviews, Abstract 4886.

Gruen, E. G. and Wong, M. W. (1982). Distribution of cellular amino acids, protein and total
inorganic nitrogen during fruit body development in Flammulina veluptipes,
Canadian Journal Botany, 60: 1330-1341.

Harborne, 1. B. (1973). Phytochemical methods: A guide to modern technology of plant
analysis, 2nd ed, New York, Chapman and Hall, pp: 88-185.

Idowu et al. (2003), Antimicrobial constituents of Crysophyllum albidum seed: Cotyledon.

Progressive Academic Publishing

www.idpublications.org]



European Journal of Advanced Research in Biological and Life Science Vol. 3 No. 3, 2015
ISSN 2056-5984

Nigerian Journal of Veterinary Production and Medicine, 7: 3-36.

Innvista.com/health/elements.htm (2012), Major elements in the human body. 1-5
Jeremy, P., Simon T. and Simon, H. (2007). Cardiac muscle physiology. Continuing
education in anaesthesia, critical care and pain (CEACCP), 7(3): 85-88.

Jiskani, M. M. (2001). Energy potential of mushrooms. The DAWN Economic and Business
Review, p. IV.

Kadiri, M. and Fasidi, I. C. (1990). Studies on enzyme activities of Plerotus tuber regium
Hein at various fruitbody stages. Nahrung, 34(8): 695-999.

Kalag, P. (2010). Trace element contents in European species of wild growing edible
mushrooms: A review for the period 2000-2009. Food Chemisrty, 122(1): 2-15.

Kalac, P., Burda, J. and Staskova, I. (1991). Concentrations of lead, cadmium, mercury and
Cooper in mushrooms in the vicinity of a lead smelter. Science of Total Environment,
105: 109-119.

Khalil, A. A. and Eladawy, T. A. (1994). Isolation, identification and toxicity of saponins
from different legumes. Food Chemistry, 50(2): 197-201.

Kirk et al. (2008). Dictionary of the Fungi (10th ed.). Wallingford, UK: CABI. p. 173.

ISBN 978-0-85199-826-8.

Knochel J. P. (2006). Phosphorus. In: Shils ME, Shike M, Ross AC, Caballero B, Cousins
RJ, eds. Modern Nutrition in Health and Disease. 10th ed. Baltimore: Lippincott
Williams & Wilkins; pp. 211-222.

Kurztman, R. H. (1997). Nutrition from mushrooms, understanding and reconciling available
data. Mycoscience, 38: 247-253.

Lindequist, U., Niedermeyer, T. H. J. and Julich, W. D. (2005). The pharmacological
potential of mushrooms. Evidence-Based complementary and alternative medicine
(eCAM), 2(3): 285-299.

Manzi et al. (1999). Nutrients in edible mushrooms: an interspecies comparative study, Food
Chemistry, 65: 477-482.

Moore, D. and Chi, S. W. (2005). Fungi products as food (eds) pointing, S.B and Hyde, K.O.
In Bio-Explotation of filamentous fungi. Fungi Diversity Research Lenis, 6: 223-251.

Muhammad et al. (2011). Proximate mineral and anti-nutritional factors of Gardenia aqualla
(Gautan dutse) fruit pulp. Pakistani journal of Nutrition, 10(6): 577-581.

Obodai, M., Cleland-Okine, J. and Vowotor, K. A. (2003). Comparative study on the growth
and yield of Pleurotus ostreatus mushroom on different lignocellulosic by-products.
Journal of Industrial Microbiology and Biotechnology, 30: 146-149.

Okoro, I. O. and Achuba, F. I. (2012). Proximate and mineral analysis of some wild edible
mushrooms. African Journal of Biotechnology, 11(30): 7720-7724, Available online
at http://www.academicjournals.org/AJB DOI: 10.5897/AJB11.590.

Okwu, D. E. (2004). Phytochemicals and vitamin content of indigenous spices of South-
eastern Nigeria. Journal of sustainable Agriculture and Environment, 6: 30-34.

Okwulehie, I. C. and Odunze, E. T. (2004). Evaluation of the myco-chemical and mineral
composition of some tropical edible mushroom. Journal of Sustainable Agriculture
and Environment, 6:1; 63-70.

Oso, B.A. (1977a). Pleurotus tuber-regium from Nigeria. Mycologia, 69: 271-279.

Pearson, D. (1976). The chemical analysis of foods. 7" Ed. London, Churchill Livingstone,
pp: 3-4.

Ramsbottom, J. (1989). Mushrooms and Toadstools. London: Bloomsbury Books.

Ray-Sahelian, M. D. (2012), Saponin in plants, benefits and side effects, glycosides and
extraction. Raysahelian.com. 1-4.

Sadler, M. (2003). Nutritional properties of edible fungi. British Nutrition Foundation
Nutrition Bulletin, 28: 305-308.

Progressive Academic Publishing www.idpublications.org



http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/978-0-85199-826-8

European Journal of Advanced Research in Biological and Life Science Vol. 3 No. 3, 2015
ISSN 2056-5984

Schneider, G. and Wolfling J (2004). Synthetic cardenolides and related compounds. Current
Organic Compounds, 8:14

Singer R. (1986). The Agaricales in Modern Taxonomy (4th ed.). Kénigstein im Taunus,
Germany: Koeltz Scientific Books. p. 441. ISBN 3-87429-254-1.

Sivrikaya et al. (2002). Trace elements in Pleurotus sajorcaju cultivated on
chemithermomechanical pulp for bio-bleaching. Food Chemistry, 79: 173-176.

Smith, J. E. and Sulivan, R. (2004). The Western approach to medicinal mushrooms. KMITL
(King Mongkut’s Institute of Technology Ladkrabang) Science Journal, 4(1): 145-
155.

SPSS (Statistical package for Social Sciences) (1999). Computer Program, MS for Windows.
SPSS 10 for Windows, Chicago, Illinois, USA.

Trease, G. E. and W.C. Evans, W. C. (1983). Textbook of pharmacognosy. 12th Ed. Balliese
Tindall and Company, pp: 343-383.

USDA (2006). National Nutrient Database for Standard Reference, Release 19 August 2006.

Wakita, S. (1976) Thiamine-destruction by mushrooms. Science Report, Yokohama National
University, Section 2 (23): 39-70.

Wasser, S. P. and Weis, A. L. (1999). Medicinal properties of substances occurring in higher
basidiomycetes mushrooms: current perspectives (review). International Journal of
Medical Mushrooms, 1: 31-62.

Wilkinson, J. and Buezaeki, S. (1982). Mushrooms and Toadstools. Glasgow. Harper Collins.

Wittliff, J. L. and Airth R. L. (1970a). Thiaminase | (Thiamine: Base 2-Methyl-4-
aminopyrimidine-5- methenyltransferase, EC 2.5.1.2). Methods of Enzymology, 18:
229-234.

Wittliff, J. L. and Airth R. L. (1970b). Thiaminase Il (Thiamine Hydrolase, EC 3.5.99.2).
Methods of Enzymology, 18: 234-238.

Zahid, M. K., Barua, S. and Haque, I. S. M. (2010). Proximate composition and mineral
content of selected edible mushroom varieties of Bangladesh. Bangladesh Journal of
Nutrition, 22-23: 61-68.

Progressive Academic Publishing www.idpublications.org


http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/3-87429-254-1

