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Abstract

Mushrooms can be found extensively in a variety of natural
environments and visual identification of mushroom species
is well established. Some mushrooms are known because of
their nutritional and therapeutical properties. Some species are
known all over the world because of their toxicity that causes fatal
accidents every year mainly due to misidentification. Some of the
edible mushrooms are Ganoderma spp, Cantharellus spp, Agaricus spp,
Pleurotus spp, Russula spp, Auricularia spp and Termitomyces spp; but
the ornamentals are the beautifully ringed Microporous spp. Amanita
spp, Lepiota cristata, Lepiota brunneoincarnata and Inocybe
asterospora, Coprinus spp are among the most important
species responsible for mushroom poisoning. Morphological
and chemical analyses for mushrooms are occasionally required in
forensic science practice. In this work, the characteristics of the
representative toxic mushrooms and some chemical methods for
their toxins are presented. Mushrooms are identified traditionally
by their appearance, taste, colour, odour, presence of
scales etc. However, further studies using modern methods of
characterization involving molecular tools are required to improve on
such strategies.
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Introduction

The word mushroom has been used in a variety of ways at different
times and in different countries. Generally, mushroom refers to all
larger fungi, those fungi that have stalks and caps, or all large fleshy
fungi. Though a restricted use of mushroom means simply
larger fungi that are edible this may have medicinal value. The
term mushroom is also used extremely to mean only the edible species
of Agaricus [1]. Broadly mushrooms are macro fungi with a distinctive
fruiting body which may be found above the ground or underground.
They grow large enough and can easily be recognized with the naked
eye and can be picked by hand [2]. By that understanding it means
that mushrooms must not necessarily be Basidiomycetes, nor aerial,
nor fleshy, nor edible. Mushrooms can be Ascomycetes, can grow
underground, have a non-fleshy texture, and need not be edible. This
definition may be generally applicable in the current dispensation
of mushroom development where different species of mushrooms
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exist in farms worldwide and with the advent of new technologies
involving mushroom production.

Mushrooms and fungi in general are non-green organisms
lacking chlorophyll. They cannot manufacture their own food from
simple inorganic materials, such as water, carbon dioxide, and nitrates,
using energy from the sun, as is the case with the green plants. They
derive their food from complex organic materials found in dead or
living tissues of plants and animals. Those obtaining their nutrients
from dead organic material, e.g., agricultural crop residues, wood of
dead trees, animal dung, etc., are referred to as saprophytic fungi.
Those deriving their food substances from living plants and animals
and causing harm to the hosts are called parasitic fungi. Such fungi
are often of great concern to farmers because they cause enormous
crop damage and even lead to severe food shortages. But there are also
some fungi whose members live in a close physiological association
with their host plants and animals (e.g., those living inside nests of
termites or mushrooms living in association with roots of some
grasses or trees such as pines) and in a special type of partnership,
whereby each partner enjoys some vital benefits from the other. These
are referred to as mutualistic symbiotic fungi.

Picking mushrooms from the wild for food is an age long practice
in Africa. Recognition of edible from non edible mushrooms is
simply an art that is being handed from generation to generation.
Occasionally, there are miscalculations in this art due to close
resemblance of mushroom species and non-edible mushrooms are
picked and consumed by families resulting in high level consequences.
Mushroom poisoning (also known as mycetism or mycetismus) which
is the harmful effects from ingestion of toxic substances present in a
mushroom has occurred in many rural population in Africa where
health care facilities are very poor or completely absent. Poisonous
mushrooms contain a variety of different toxins that can differ
markedly in toxicity. The toxins whose potency is influenced by many
extrinsic and intrinsic factors present around the mushroom are
secondary metabolites produced in specific biochemical pathways in
the fungal cells. Mushroom poisoning is usually the result of ingestion
of wild mushrooms after misidentification of a toxic mushroom as an
edible species. The most common reason for this misidentification is
close resemblance in terms of color and general morphology of the
toxic mushroom species with edible species [3]. Unfortunately, not
many records of mushroom poisoning and epidemiological studies
have been carried out in these rural settings where mushroom
poisoning is prevalent.

The symptoms of mushroom poisoning can vary from slight
gastro-intestinal discomfort, vomiting to death. It may also vary
from gastric upset to life-threatening organ failure resulting in death.
Incubation period may range from a day to several weeks after which
serious symptoms will occur and before this time the toxins must have
attacked the kidney or liver [4].

Edible mushrooms are treated as a garnish or delicacy which
can be taken regularly as part of the human diet, healthy food
or as functional foods. Mushrooms can be designed to supplement
the human diet not as regular food, but for the enhancement of
health and fitness which can be classified into the category of dietary
supplements/mushroom nutriceuticals [5]. Mushrooms form

SciTechnaol

\.\J international Publisher of Science,  +
Technology and Medicine  ;

All articles published in Journal of Food & Nutritional Disorders are the property of SciTechnol, and is protected by copyright
laws. Copyright © 2018, SciTechnol, All Rights Reserved.



Volume 2 « Issue 2 *+ 1000117

Citation: Ukwuru MU, Muritala A, Eze LU (2018) Edible and Non-Edible Wild Mushrooms: Nutrition, Toxicity and Strategies for Recognition. J Clin Nutr

Metab 2:2.

a major part of the ingredients of most dietary supplements
which are available in the market today for their presumed health-
enhancing benefits.

The major problem arising from eating mushrooms is the
inability of mushroom gatherers or mushroom scientists to identify
the poisonous mushrooms which contain toxins and can be very
detrimental to human health. It has been reported in research study
that poisonous mushrooms have killed many life in different parts of
the world including Nigeria due to the misidentification of poisonous
mushrooms as edible mushrooms [6]. Therefore, the main objective
of this study is to describe the nutrition, toxicity and strategies for
recognition of wild edible and non edible mushrooms using the
physical (morphology), traditional (non-scientific) and chemical
(scientific) approaches of identification.

Classification of Mushrooms

Classification of mushroom was made according to the standard
procedure in taxonomic identification. Mushrooms were generally
classified under Phylum Basidiomycota, Division Eumycota,
Subdivision  Basidiomycotina, and Class Hymenomycetes.
Mushrooms under this class were separated into different orders:
Order Agaricales, Order Polyporales, Order Sclerodermatales, Order
Aphyllophorales, Order Lycoperdales, Order Auriculariales and
Order Tremellales. Mushrooms or toadstools are noted widely in
edibility. A relatively few species are delicious, many are edible
but tough or of an unremarkable flavor, some are inedible
and produce varying degrees of illnesses, some commonly known
toadstool are violently deadly poisonous (Table 1) [7].

Even expert mushroom gatherers can have trouble in
distinguishing between edible and poisonous species closely
resembling themselves. Classification and identification of the edible
and non-edible mushrooms are presented in Table 2 and Figure 1 for
sample pictures of actual specimens.

Chemical Composition of Mushrooms

The chemical composition of edible mushrooms determines
their nutritional value and sensory properties. It differs according to
species but also depends on the substrates, atmospheric conditions,
age and part of the fructification [8].

Carbohydrate

The carbohydrate content of mushrooms represents the bulk
of fruiting bodies accounting for 50 to 65% on dry weight basis. Free
sugars amounts to about 11%. Nutritional analysis of two edible wild
mushrooms (S. commune and L. edodes) from northeast India have
been studied by [9] and reported that 64.4% carbohydrate content
present in L. edodes and 68% in S. commune (16%). Approximately
34.75% and 38.9% of carbohydrate is present in mycelia and fruit
body of V. bombycina while the nutritive content of five mushroom
species are 49.20, 28.38, 32.08, 34.88, 34.36% carbohydrate content in
C. indica, A. bisporus, P. florida, R. delica, and L. decastes, respectively.
The carbohydrate composition of L. tuberregium in both wild and
cultivated mushroom types were found to be 55.8% and 58.1%
respectively [10]. The total carbohydrate content varies from 26-82%
on dry weight basis in different mushrooms. In a study by [11], the
nutritional values of wild mushrooms were foundtobeagood source
of carbohydrates which ranged from 33.23% in A. auricula to 50.2%
in L. tuber- regium. Proximate composition of four wild mushrooms

have been revealed by [10] and found highest carbohydrate (48%)
in M. rhodocus in comparison to other studied mushrooms. The
carbohydrate content of 15 selected mushrooms from Nagaland,
India was reported to be between 32.43% in S. commune to 52.07 and
Boletus aestivalis [12]. Recently total carbohydrate contents of two
wild mushrooms was studied [13] and highest was found in L. sajor-
caju (68.24%) and lowest in L. torulosus (64.95%).

Fat

The fat content in different species of mushrooms ranges from
1.1 to 8.3% on a dry weight basis, with an average content of 4.0%.
In general, the crude fat of mushrooms has representatives of all
classes of lipid compounds including free fatty acids, monoglycerides,
diglycerides, triglycerides, sterols, sterol esters, and phospholipids.
Commonly, cultivated mushrooms were reported to have a higher
percentage of saponifiable lipids than non-saponifiable lipid [14].
The values for saponifiable lipid range from 78.1% in Auricularia
auricula to 58.8% in Volvariella volvacea. The low percentage of
saponifiable lipid found in V volvacea is mainly due to thepresence
of unusually high contents of provitamin D5 and ergosterol [15].

Vitamins

Mushrooms are an important source of vitamins. The vitamins
of group B are abundant [16] particularly thiamine, riboflavin,
pyridoxine, pantotene acid, nicotinic acid, nicotinamid, folic acid
and cobalamin, as well as other vitamins, such as ergosterol, biotin,
phytochinon and tocopherols [16]. The opinion is that, with respect
to thiamine content, mushrooms are a bridge between yeast and
other food products of vegetal origin [17]. A comparison of the most
popular species of edible mushrooms shows that Boletus edulis is
the species with the greatest content of vitamins of group B, while
Lentinula edodes contains more folacine, vitamin B, and B, but less
vitamin B, than Agaricus bisporus and Lentinula edodes. It is also
shows that the greatest content of vitamin D can be found in Lentinula
edodes and Boletus edulis. A considerable amount of vitamin, which
protects the skin against pellagra, is noted in mushrooms. In 100 g
fresh matter of Agaricus bisporus about 5 mg of this vitamin can be
found, a level not observed in any other food product [18].

Moisture Content

In addition, it is also known that the moisture content of
mushrooms depends on their harvesting time, maturation period
and environmental conditions such as humidity and temperature in
growing period, and storage conditions. The moisture content of all
studied mushroom species ranged from 70.00% to 93.31% [18].

Protein

The major compounds of mushrooms are proteins and
carbohydrates. It is reported that the protein contents of mushrooms
are affected by a number of factors, namely the type of mushrooms,
the stage of development, the part sampled, level of nitrogen available
and the location. Total protein content, varying between 21-50%, can
be accepted high when compared with meat, milk, egg, and fish. It
can be understood from the data that the studied mushrooms are
good protein sources.

Growth of Mushroom

There are 22,000 named species - mushrooms, toadstools,
puffballs and shelf fungi in the phylum Basidiomycota which contains
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Table 1: Classification and identification of the edible and non-edible mushrooms.
Kingdom: Fungi

Phylum Basidiomycota

Division Eumycota

Hemenomycetes (open gills)

Class Gasteromycetes (closed basidiocarp

untilmaturity/ puffballs)

Class Homobasidiomycetes (for both)

Agaricales( arrange gills)
Polyporales (network gills)
Sclerodermatales Aphyllophorales
Lycoperdales

Auriculariales

Order

Tremellales
Agaricaceae
Chanterellaceae
Lepiotaceae
Agaricus

Family

Amanita
Genus Ganoderma
Polyporus
Chanterella
Campestris
Cibarius

Cepaestipes

Species

the most familiar of the fungi. Many among these species are used
as food, but others are deadly poisonous [19]. Species cultivated as
crops include Agaricus compestris which is grown in many countries.
Although used as foods, many basidiomycetes such as the rusts and
snuts, are responsible for important plant diseases [20].

The basidiomycetes life cycle starts with the production of hypha
from a germinating spore. These hypha is non septate at first like the
zygomycetes. The basidia occur in a dense layer on the underside of
the cap of the mushroom where the surface is folded like an accordion.
It has been estimated that a mushroom with an 8 centimeter cap
produces as many as 40 million spores per hour [21] (Figure 1).

Edible Mushrooms

Edible mushrooms are the fungi which bear fruiting structures
that are large enough to be seen with the naked eye. They may be
hypogeous or epigeous and can be picked by hand. What underscores
edibility of mushrooms is the absence of poisonous effects on humans
and desirable taste and aroma [22].

The nutritional composition of edible mushrooms is high and that
is why they are consumed for their nutritional value and supposed
medicinal value. Medicinal mushrooms are consumed by those
practicing folk medicine for their neutriceutical composition. The
hallucinogenic mushrooms like psilocybin mushrooms are consumed
for recreational or religious purposes and they can produce severe
nausea and disorientation - a reason why they are not commonly
considered edible mushrooms [23]

Poisonous Mushrooms

Since there is no known test by which to tell if a mushroom
is edible or not, a mushroom should never be eaten unless it has

been accurately identified and the edibility of the species is known.
Poisonous mushrooms represent less than 1% of the worlds known
mushrooms hence constitute the dangerous and sometimes fatal
species. For this reason, mushrooms must be identified by a competent
mycological authority before consumption. Therefore, one must be
absolutely sure whether a given mushroom is edible or otherwise
before consumption.

The toxins contained in various species are very different in
chemical composition, thus the effects of poisoning differ considerably
according to the species involved. In any case, suspected mushroom
poisoning should never be regarded lightly and medical assistance
should be sought at once. The following summary of mushroom
poisoning is taken from the account [24].

Amanita-type poisoning

Unquestionably, the Amanita phalloides group causes the
most dangerous type of mushroom poisoning. The toxins involved
belong to the phallotoxin and amatoxin complexes. The phallotoxin
phalloidin binds specifically to actin. The phallotoxins are not active
following ingestion, but they are potent when injected intravenously
and have proved useful in experimental studies. In such studies
phalloidin, binding to actin, is coupled with fluorescent groups. By
this means actin can be localized in the cells. It is the amatoxin such
as amatine that is involved in amanita poisoning. Amatine is a specific
inhibitor of RNA polymerase present in all eukaryotes. This blocking
of the enzymes associated with the replication of RNA inhibits the
formation of new cells. These toxins tend to accumulate in the liver
and damage that organ severely. The RNA polymerase of the fungus
is not affected. This group has caused the majority of recorded deaths
from mushroom poisoning, especially in Europe. Generally the
symptoms of this type of poisoning are said to be severe abdominal
pains, nausea, violent vomiting, diarrhea, cold sweats, and excessive
thirst. These may last for 48 hours, with dehydration, cramps, and
anuria [24].

Muscarine-type poisoning

Two toxins, muscarine and ibotenic acid, are involved. They occur
in Amanita muscaria, A. pantherina, and also in a number of Inocybe
and Clitocybe species. Muscarine is known to be responsible for “pupil
contraction, blurred vision, lachrymation, salivation, perspiration,
reduced heart rate, lowering of blood pressure, and asthmatic-like
breathing” [25]. Ibotenic acid is responsible for the insecticidal
properties of A. muscaria, the fly agaric. Both muscarine and ibotenic
acids are intoxicants, and there is a long history of different cultures
using these compounds from A. muscaria for this purpose and in
religious rites. The symptoms usually appear soon after eating the
mush- rooms, with vomiting, diarrhea, and salivation. The most
characteristic symptoms are nervous excitement, difficulties in
breathing, shivering, and a tendency to collapse [25].

Psychotropic or hallucinogenic poisoning

Several different toxins are involved, including psilocin and
psilocybin, which are found in species of Psilocybe, Conocybe, and
Stropharia. These compounds are similar in their reaction to d-lysergic
acid diethylamide. They act on the central nervous system, producing
distortions in vision and of tactile sensations as well as mixed
emotional feelings of happiness or depression. Other symptoms
are varied, including vomiting, increased rate of heartbeat, and
hallucinations, which may last for various lengths of time [25].
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Figure 1: Structure of mushroom.

Coprinus poisoning

Several Coprinus species, such as C. micaceus and C. atramentarius,
when consumed with an alcoholic drink, produce unpleasant but
not dangerous symptoms. The symptoms include reddening of the
face, increased rate of heartbeat, and, in some cases, vomiting and
diarrhea. The mode of action of the chemical in C. atramentarius
mushrooms is similar to Antabuse, which is a drug used to induce
nausea and vomiting in individuals who are trying to overcome an
addiction to alcohol.

Poisoning from external sources

The poisoning is not caused by mushrooms themselves but
by toxic substances that have accumulated in the mushrooms. The
principal causes are (1) heavy metals due to polluting environmental
conditions where the mushrooms are harvested that are far in excess
of permissible levels, and (2) radioactive contaminants due to the
pollution by contaminating radioactive materials in mushroom-
hunting areas and subsequent consumption of the collected
mushrooms.

Toxicity of Mushroom

Toadstool is a name commonly given to poisonous mushrooms.
Mushroom poisoning is caused by the consumption of raw or cooked
fruiting bodies (mushrooms, toadstools) of a number of species of
higher fungi. This poisoning occurs when individuals who are not
experts in mushroom identification prepare any type of mushroom
for consumption. Mushrooms are generally not easily recognizable
between poisonous and non poisonous species. The toxins involved in
mushroom poisoning are metabolites produced naturally by the fungi
themselves which differ from one species to the other. Individual
specimen of a toxic species is considered equally poisonous though
the potency of their poisons varies according to species and location
of growth. Unfortunately, toxicity of poisonous mushrooms cannot be
made nontoxic by any form of processing hence the consumption of
the toxic species must be avoided. Mushroom poisonings are generally
severe after the incubation period and manifested by a variety of
symptoms and prognoses, depending on the amount and species
consumed. There is paucity of information on the chemistry of many
of the wild mushroom toxins and this makes positive identification
of the mushrooms based on physiological effects often difficult.
Four categories of mushroom toxins which are recognized are (1)

protoplasmic poisons which are poison that result in generalized
destruction of cells, followed by organ failure. (2) Neurotoxins which
are compounds that cause neurological symptoms such as profuse
sweating, coma, convulsions, hallucinations, excitement, depression,
spastic colon. (3) Gastrointestinal irritants - compounds that produce
rapid, transient nausea, vomiting, abdominal cramping and diarrhea.
(4) Disulfiram-like toxins - Mushrooms in this last category are
generally non toxic and produce no symptoms unless alcohol is
consumed within 72 hours after eating them, in which case a short-
lived acute toxic syndrome is produced [26].

Cases of Toxicity of Mushrooms

Mushroom poisoning is a major health challenge in most rural
areas of the world with an estimate of over 5000 species of mushrooms
worldwide. The continuous search for wild mushrooms is popular in
Europe, the United States, and Far East [27] and in Africa. Substantial
morphologic variations can occur in the same mushroom species
depending on the season, geographic location and maturity of
the fungus. Most ingested mushrooms are either nontoxic or only
gastrointestinal irritants, resulting in mild to moderate toxic effects
[28]. The pathogenicity of mushrooms depends on cyclopeptide
toxins and reports indicate that amatoxins account for 90% of fatal
mushroom poisonings and have their most significant impact on
the liver while mushroom poisonings occur every year between June
and December [29]. A study performed in Japan reported that
mushroom poisoning happened most frequently in September
and October [30]. These reports are dependent on the geographic
locations of the mushroom which vary from place to place. Another
study performed in Turkey reported that mushroom poisoning
usually happened in October and November [31]. A two-year survey
conducted by the Food and Drug Administration showed that 21%
of cultivated mushrooms were contaminated with toxic look-alike
species [32]. Addison [33] reported that in summer of 2013, a case
of mushroom poisoning attributed to amatoxin was reported at the
North American Mycological Association (NAMA). The patient who
presented the case to the Emergency Department of a local hospital
in Upper Penisula of Michigan stated that he had eaten poisonous
mushrooms. Approximately 12 hours after ingestion, the patient had
severe crampimg, abdominal pain with vomiting and profuse watery
diarrhea. Northern California reported the sickness in the Centres for
Disease Control and Prevention’s Morbidity and Mortality Weekly
report wild ‘death cap’ mushrooms poisoned 14 people in Northern
California. The ‘death cap’ mushrooms, Amanita phalloides. The toxin
is highly volatile when absorbed in the gastrointestinal tract. A report
by Live Science [34] indicated that mushroom poisoning caused
womans liver to fail in Canada. The toxicity level depends on the
amount ingested and the way in which the mushroom was prepared
prior to ingestion. NAMA maintains a case registry where instances
of mushroom poisoning are reported. They indicate that distinctive
types of mushroom poisoning exist and 10 distinctive patterns of
reactions to mycotoxins have been observed in North America.
Similar records in the developing countries where foraging for wild
mushrooms is high will be helpful as the absence of records does not
mean the absence of mushroom poisoning.

Most mushroom toxicity often show a false phase of recovery
during which time patients are often discharged from the emergency
unit only to return days later to the hospital with more severe problems.
Mushroom poisoning patients are to be placed on observation for
few days after they show signs of recovery. Amanita species cause
increases of AST (Aspartate aminotransferase) and ALT (Alanine
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aminotransferase) levels in the serum [35]. The most common
toxic symptoms are nausea, vomiting, fatigue, abdominal pain,
dizziness, diarrhea, headache and loss of consciousness, have also been
reported in the literature [36]. Patients who have jaundice after an
acute gastrointestinal episode are suspected to be poisoned with
amatoxins. Symptoms of mushroom poisonings with amatoxins
begin six to twenty-four hours after the initial ingestion of the
mushroom [37].

Mushroom poisoning is a public health problem. People
and health care providers must be educated about this poison. The
species of mushrooms are numerous, and there are various clinical
presentations depending on the ingested species. Children are a
high-risk group for wild and uncooked mushroom poisonings. Seven
of the world’s most poisonous mushrooms are: death cap (Amanita
phalloides), Conocy bettilaris, web caps (Cortinarius species),
Autumn skullcap (Calerina marginata), destroyin angels (Amanita
species), Podostron a cornu-damae and deadly dapperliry (Lepiota
brunneoincarnata).

Scientific Recognition of Mushrooms

Mushrooms from species Amanita phalloides, Lepiota
cristata, L. brunneoincarnata and Inocybe asterospora can be
identified mistakenly as edible by the collector. In cases of
suspected mushroom poisoning species identification based
on morphologic characters is often difficult; the morphology of
the mushrooms, particularly of the spores, may be distorted
by handling and cooking, and a mycologist might be unable to
identify the species. Examination of fungal spores in the gastric
contents also may be inconclusive. If poisoning by A. phalloides
type of mushroom is suspected, gastric contents, mushroom
samples and residuals of food if available must be assayed to verify
the presence of mushrooms or spores. The development of
methods for the identification of poisonous mushrooms thus is
important [39].

A molecular method for detection so far has been published
only for A. phalloides [40]. This method was based on a
conventional PCR. It must be emphasized that the detection of
a specific fungus requires a few hours with conventional PCR,
while real time PCR requires only 1 h or less depending on the
apparatus.

Furthermore, as demonstrated by Maeta et al. [39], fungal
DNA is detectable in various cooked preparations. The real time
PCR amplification of the samples of the four species of mushrooms
treated with gastric juice always had higher Ct values than
untreated ones. In any case the protocols also exhibited high
specificity and sensitivity on the samples treated with gastric juice.
The fact that the Ct values from these samples were not too divergent
from the ones generated from dried specimens suggests that
treatment with gastric juice lead only to a moderate degradation
of the mushroom DNA.

Then, the real time PCR protocol also exhibits a number of
features that make it a useful diagnostic tool. Itis specific, sensitive,
quick, and relatively cheap and can function with samples that are
difficult to identify morphologically [41]

The most common consequence of mushroom poisoning is
simply gastrointestinal upset. Most “poisonous” mushrooms contain
gastrointestinal irritants that cause vomiting and diahorrea (Table 2).

a-Amanitin (Figure 2) is a cyclic peptide of eight amino acids
and it is about the most deadly of all the amatoxins which is found in
several species of the Amanita genus of mushrooms. The death caps
(Amanita phalloides) as well as the destroying angel are examples
which are principally A. virosa and A. bisporigera. It is also found in
the mushrooms Galerina marginata and Conocybe filaris [41].

Orellanine or orellanin (Figure 3) is a mycotoxin found in a
group of mushrooms known as the Orellani of the Cortinriaceae
family [42]. Structurally, it is a pyridine N-oxide.
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Figure 2: Chemical structure of alpha-amanitin.

Figure 3: Chemical structure of orellanine [42]
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Figure 4: Chemical structure of muscarine [44].
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Orellanine can be detected after a relatively long period following
poisoning by performing a simple thin layer chromatography
technique using small quantities of renal biopsy material. No toxin was
found in urine or blood samples. Orellanine is rapidly concentrated
in the kidneys in a relatively soluble form and cannot be detected in
urine, blood and dialysis fluids at the time when first symptoms appear
[42]. Consumption of mushrooms containing orellanine results in
early symptoms as well, because of the presence of other toxins in
addition to orellanine. Similar toxin with the same symptoms which
show within 3-6 days has been isolated from Amanita smithiana [43].

Muscarine or muscarin (Figure 4) is a natural product of certain
mushrooms like Inocybe and Clitocybe species and the deadly C.
dealbata is a dangerous toxin. Inocybe and Clitocybe contain muscarine
concentrations up to 1.6% [44].

Muscarine stimulates the muscarinic nerve and muscle receptors
resulting in symptoms which include sweating, salivation, tears,
blurred vision, palpitations. High doses could lead to respiratory
failure. Muscarine is found in mushrooms of the genus Omphalotus,
notably the Jack o0’ Lanterm mushrooms. It is also found in A. muscaria,
although it is now known that the main effect of this mushroom is
caused by ibotenic acid. Muscarine can also be found in some Inocybe
species and Clitocybe species, in particular Clitocybe dealbata, and
some red-pored Boletes [45].

Gyromitrin (Figure 5) is a toxin and carcinogen present in several
members of the fungal genus Gyromitra, G. esculenta. It is unstable and
is easily hydrolyzed to the toxic compound monomethylhydrazine,
a component of some rocket fuels. Monomethylhydrazine acts on
the central nervous system and interferes with the normal use and
function of vitamin B,. Poisoning results in nausea, stomach cramps,
and diarrhea, while severe poisoning can result in convulsions,
jaundice, or even coma or death. Exposure to monomethylhydrazine
has been shown to be carcinogenic in small mammals.

The early methods developed for the determination of gyromitrin
concentration in mushroom tissue were based on thin-layer

L
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Figure 5: Chemical structure of gyromitrin [46].
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Figure 6: Chemical structure of arabitol.

chromatography and spectrofluorometry, or the electrochemical
oxidation of hydrazine. These methods require large amounts of
sample, are labor-intensive and unspecific. A 2006 study reported an
analytical method based on gas chromatography-mass spectrometry
with detection levels at the parts per billion levels. The method,
which involves acid of gyromitrin followed by derivatization
with pentafluorobenzoyl chloride, has a minimum detectable
concentration equivalent to 0.3 microgram of gyromitrin per gram
of dry matter. Gyromitrin causes severe gastrointestinal irritation,
leading to vomiting and diarrhea. In some cases, liver failure has been
reported [46].

Arabitol or arabinitol (Figure 6) is a sugar alcohol formed by
the reduction of either arabinose or lyxose. It is similar to mannitol,
which causes no harm in most people but causes gastrointestinal
irritation in some. It is found in small amounts in oyster mushrooms,
and considerable amounts in Suillus species and Hygrophoropsis
aurantiaca (the “false chanterelle”) [47,48]. Some organic acid tests
check for the presence of D-arabitol may indicate overgrowth of
intestinal microbes such as Candida albicans or other yeast/fungus
species.

Traditional Methods of Distinguishing Poisonous
From Edible Mushrooms

Traditionally, the ethno mycological knowledge of edible
mushrooms is limited to their visible fruit bodies. Morphological
identification is based on features such as cap color, cap shape, stipe
color and shape, gills size and color of fruiting bodies which within a
species can vary greatly depending on the environmental conditions,
which often lead to errors in the determination of their species.
Dimensional characteristics such as cap size and stipe length, the
substratum they are attached to and spore growth are often used as
distinguishing features. Other differences between poisonous and
edible mushroom are presented in Table 3.

In a reported study [49] the Bado community of Kokrojhar
district, BTAD Assam, India, has extensive mycological knowledge
of easily differentiating the edibility of wild macrofungi. Indigenous
knowledge of edible mushroom and their utilization by the locals is
an important component of the ethno mycology [50]. Traditional
mycological knowledge is acquired through oral transmission from
generation to generation

There is general belief among most rural communities especially
in Africa for distinguishing edible from poisonous mushroom. (1)
A poisonous mushroom will turn silver black during cooking. (2) If
the mushroom cap is peeled off, it is safe to eat. (3) When foraging
animals consume a mushroom, then it is safe for humans to also
consume. These generalizations do not give full assurance of safety.
Traditionally, most edible mushrooms are known because someone
ate it before and it was safe. This may not be a good way to recognize
edibility of mushrooms since many species of both edible and
poisonous mushrooms bear great resemblances.

There are inadequate accounts of traditional use of mushrooms
in Africa. Accurate identification of mushroom is very important
in their utilization by humans for consumption. Morphological
identification which is traditionally common is prone to error, tedious
and time consuming. More modern methods of identification are now
employed by researchers to differentiate between mushroom species.
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Table 2: Poisonous mushrooms and their effects on humans.

Toxin Level of Toxicity Effect when consumed

Alpha-amanitin Deadly Liver damage 1-3 days after ingestion. Principal toxin in genus Amanita.

Phallotoxin Non-lethal Gastrointestinal upset. Found in poisonous Amanitas.

Orellanine Deadly Kidney failure within 3 weeks after ingestion. Principal toxin in genus Cortinarius.

Muscarine Potentially Deadly Respiratory failure. Found in genus Omphalotus.

Gyromitrin Deadly Neurotoxicity, gastrointestinal upset, and destruction of blood cells. Principal toxin in genus Gyromitra.
Coprine Non-lethal lliness when consumed with alcohol. Principal toxin in genus Coprinus.

Ibotenic acid Potentially Deadly Neurotoxicity. Principal toxin in Amanita muscaria, A. pantherina, and A. gemmata.

Muscinol Non-lethal CNS depression and hallucinations. Principal toxin in Amanita muscaria, A. pantherina, and A. gemmata.

Psilocybin and psilocin Non- Poisonous

Psilocybe

CNS arousal and hallucinations. Principal effects in psilocybin mushrooms, many belonging to the genus

Arabitol Non-lethal Gastrointestinal irritation in some people
Bolesatine Non-lethal Gstrointestinal irritation, vomiting, nausea.
Ergotamine Deadly Affects the vascular system leading to loss of limbs and death. An alkaloid found in genus Claviceps.

Table 3: Differences between Poisonous and edible mushrooms [48].

Poisonous mushroom Edible mushrom
When you cut the mushroom it

turns either green or purple.

When you cut the mushroom it
does not stain green or purple.

When you taste a piece of the
mushroom, it burns or stings the

When you taste a piece of the
mushroom, it does not burn or

tongue. sting the tongue.
Poisonous mushrooms have bad Edible mushrooms have pleasant
odour. odour.

It has sweet taste.
There is presence of worms.

It tastes bitter.

There is no presence of worms.

There is presence of scales on

There is no scale on the cap.
the cap.

In a molecular identification, Appiah et al [51] used genetic method to
identify several mushroom species from Ghana. Similarly, 19 species
of mushrooms were identified based on internet resources in Ekiti
State, Nigeria out of which 11 species were edible and 8 inedible [52].
The biodiversity of mushrooms in Lagos State, Nigeria, was studied using
modern biotechnological method of DNA sequence analyses [53].

Conclusion

Various mushrooms have been highly valued as food, as
tonics and, in some cases, as medicine for a long period of time.
Mushrooms have become more popular in recent years, as can be
witnessed by the increased demands for higher production volumes.
Their popularity is derived from three highly desirable characteristics
as food: (I) they have remarkable taste and flavor; (2) they are
nutritious, not only because they contain high contents of protein
with significant amounts of lysine and methionine (which are low
in plants), fibers, minerals, and vitamins, but also for what they do
not have (high calories, sodium, fat, and cholesterol); (3) they can
be easily processed, dried, pickled and canned to allow maximum
storage and transportation

The ethno mycological knowledge among communities that
forage mushrooms is based on oral communication handed down
from generation to generation which is not a reliable safeguard.
In countries where mushrooms are highly consumed, a number of
intoxications are reported every year mainly due to misidentification
of mostly wild species. Hazardous toxins are present in these species
and are able to cause different syndromes that can be fatal depending
on the amount ingested. Accidental ingestion of mushrooms is
difficult to avoid especially in countries where eating wild species is

common. Proper identification is important to avoid accidents and
the identification of symptoms and signs of intoxication as soon as
possible enables the success of treatment.

Recommendation

In using more advance and sophisticated tools in screening and
testing the presence of other toxins aside from tryptamine and
amatoxin should be done with actual amount to have more reliable
results. Collection sites should be in a wider area to come up with
more number of fungal organisms for identification. Proper handling
of mushrooms and related species should always be done in a very
careful manner to avoid poisoning. Mushroom gatherers should
take precautionary measures in collecting mushrooms since in
some species even inhalation of spores may cause immediate death.
Mushroom gatherers should not take chances on gathering species
of mushroom unknown to them. Pharmaceutical and nutritional
efficacy for edible mushrooms is highly recommended.

References

1. Hawksworth DL (2001) Mushrooms: the extent of the unexplored
potential. Int J Med Mushrooms 3: 333-337.

2. Chang ST, Miles PG (1992) Mushroom biology: a new discipline.
Mycologist 6: 64-65.

3. Barbato MP (1993) Poisoning from accidental ingestion of
mushrooms. Med J Aust 158: 842-847.

4. Alagozli H, Sezer H, Candan F, Tabak E, Elaldi N (2002) A survey
of patients with acute poisoning in the Sivas region, Turkey,
between 1994 and 1998. Turk J Med Sci 32: 39-42.

5. Miles GP, Shu-Ting C (1993) Mushrooms: cultivation, nutritional
value, medicinal effect, and environmental impact. CRC Press,
Florida, United States.

6. Cole FM (1993) A puppy death and Amanita phalloides. Aust Vet
Assoc 70: 271-272.

7. Barros L, Baptista P, Correia DM, Casal S, Oliveira B, et al. (2007) Fatty
acid and sugar compositions, and nutritional value of five wild edible
mushrooms from Northeast Portugal. Food Chem 105: 140-145.

8. Manzi P, Aguzzi A, Pizzoferrato L (2001) Nutritional value of
mushrooms widely consumed in Italy. Food Chem 73: 321-325.

9. Moser M (1993) Guida alla determinazione dei funghi. Polyporales,
Boletales, Agaricales, Russulales ltaly: Saturnia. 565.

e Page70f9 e


http://www.dl.begellhouse.com/journals/708ae68d64b17c52,4cf0547d63409c36,503a72d82b669af6.html
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,4cf0547d63409c36,503a72d82b669af6.html
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=627304
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=627304
http://europepmc.org/abstract/med/8326897
http://europepmc.org/abstract/med/8326897
http://journals.tubitak.gov.tr/medical/abstract.htm?id=5210
http://journals.tubitak.gov.tr/medical/abstract.htm?id=5210
http://journals.tubitak.gov.tr/medical/abstract.htm?id=5210
https://www.crcpress.com/Mushrooms-Cultivation-Nutritional-Value-Medicinal-Effect-and-Environmental/Miles-Chang/p/book/9780849310430
https://www.crcpress.com/Mushrooms-Cultivation-Nutritional-Value-Medicinal-Effect-and-Environmental/Miles-Chang/p/book/9780849310430
https://www.crcpress.com/Mushrooms-Cultivation-Nutritional-Value-Medicinal-Effect-and-Environmental/Miles-Chang/p/book/9780849310430
http://onlinelibrary.wiley.com/doi/10.1111/j.1751-0813.1993.tb08052.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1751-0813.1993.tb08052.x/abstract
http://esa.ipb.pt/pdf/Ferreira_7.pdf
http://esa.ipb.pt/pdf/Ferreira_7.pdf
http://esa.ipb.pt/pdf/Ferreira_7.pdf
http://www.fungifun.org/docs/mushrooms/Nutritional value of mushrooms widely consumed in Italy.pdf
http://www.fungifun.org/docs/mushrooms/Nutritional value of mushrooms widely consumed in Italy.pdf

Volume 2 « Issue 2 *+ 1000117

Citation: Ukwuru MU, Muritala A, Eze LU (2018) Edible and Non-Edible Wild Mushrooms: Nutrition, Toxicity and Strategies for Recognition. J Clin Nutr

Metab 2:2.

10.Muller WH (1979) Botany: a functional approach. (5th Edtn), Mac
Milan Publishing Co. Inc., London, UK.

11.Muray P, Drew W, Koibayashi G, Thompson J (1990) Medical
microbiology. Wolfe Medical Publications Limited, London, UK.

12.Nordt SP, Manoguerra A, Clark RF (2000) 5-Year analysis of
mushroom exposures in California. West J Med 173: 314-317.

13.0nwuka Gl (2014) Food science and technology: mushroom
toxins. Naphtali Prints, Lagos, Nigeria.

14.Huang BH, Yung KH, Chang ST (1989) Fatty acid composition of
Volvariella volvacea and other edible mushrooms Mushroom Sci
12: 533-540.

15.Gavornik P (1999) Prevention and treatment of mushroom
poisoning. Vnitr Lek 3: 193-196.

16.Mattila P, Konko K, Eurola M, Pihlava JM, Astola J, et al. (2001)
Kumpuphenolic compounds in cultivated mushrooms. Journal of
Agriculture Food Chemistry 49: 2343-2348.

17.Karkocha I, Mlodecki H (1965) Badania nad wartoscia odzyweza
niektorych grzybow krajowych (studies on nutritive value of some
polish mushrooms). Rocz PZH 16: 71-76.

18.Grochowski W (1990) Uboczna produkcja lesna.

19.Schnider SM, Brayer A (2000) Mushroom poisoning. Emergency
Medicine: A comprehensive Study Guide, McGraw-Hill, New York,
USA.

20.Demirbag A (2002) Metal ion uptake by mushrooms from natural
and artificially enriched soils. Food Chem 78: 89-93.

21.George BJ (2003) The living world. The McGrow-Hill Companies
Inc. (3rd Editn), New York, USA.

22.Arora D (1996) Mushrooms demystified. Ten Speed Press,
California, USA.

23.Boa E (2004) Wild edible fungi: a global overview of their use and
importance to people. Food & Agriculture Org., United Nations.

24 .Shepherd CJ, Totterdell CJ (1988) Mushrooms and toadstools of
Australia Inkata Press.

25.Alexopoulos CJ, Mims CW, Blackwell M (1996) Introductory
mycology. (4th edn), John Wiley and Sons, New York, USA.

26.Gonmori K, Yoshioka N (2003) The examination of mushroom
poisoning at Akita University. Legal Med 5: 83-86.

27.Barbee G, Berry CC, Barry J, Borys D, Ward J, et al. (2009) Analysis
of mushroom exposures in Texas requiring hospitalization. J Med
Toxicol 5: 59-62.

28.Trestrail JH (1991) Mushroom poisoning in the United States: an
analysis of 1989 United States Poison Center Data. J Toxicol Clin
Toxicol 29: 459-465.

29.Lapinski TW, Prokopowicz D (1998) Epidemiological factors of
mushroom poisoning in the north-east of Poland. Przegl Epidemiol
4: 455-462.

30.Ishihara Y, Yamaura Y, Nakamura K (1992) Descriptive
epidemiology of mushroom poisoning in Japan. Nippon Eiseigaku
Zasshi 46: 1071-1078.

31.Deniz T, Saygun M (2008) Investigation of 62 mushroom poisoning
cases applied to the emergency service during one month period.
Akademik Acil Tip Dergisi 7: 29-32.

32.Gecan JS, Cichowicz SM (1993) Toxic mushroom contamination
of wild mushrooms in commercial distribution. J Food Protec 56:
730-734.

33.Langer M, Gridelli B, Piccolo G, Markovic S, Quarenghi E, et al.
(1997) A liver transplant candidate (fulminant hepatic failure from
Amanita phalloides poisoning) as a multiorgan donor. Transp Proc
29: 3343-3344.

34.Kroncke KD, Fricert G, Meier PJ, Gerok W, Wieland T, et al.(1986)
Alphaamanitin into hepatocytes. J Biol Chem 261: 12562-12567.

35.Kendrick B, Shimizu A (1984) Mushroom poisoning - analysis of two
cases, and a possible new treatment, plasmapheresis. Mycologia
76: 448-453.

36.Haddad L, Winchester J (1998) Clinical management of poisoning
and drug overdose. (3rd edn), Saunders Co, Philadelphia.

37.Kaufmann P (2007) Mushroom poisonings: syndromic diagnosis
and treatment. Wien Med Wochenschr 157: 493-502.

38.Ergliven M, Caki S, Deveci M (2004) Mantar zehirlenmesi: 28
vakanin delerlendirilmesi. Turkish Pediatr J 47: 249-253.

39.Maeta K, Ochi T, Tokimoto K, Shimomura N, Maekawa N, et
al. (2008) Rapid species identification of cooked poisonous
mushrooms by using real time PCR. Appl Environ Microbiol 74:
3306-3309.

40.Kotlowski R, Myjak P, Kur J (2000) Specific detection of Amanita
phalloides mycelium and spores by PCR amplification of the gpd
(glyceraldehyde-3-phosphate dehydrogenase) gene fragment. J
Food Biochem 24: 201-212.

41.Pajoumand A, Shadnia S, Efricheh H, Mandegary A, Hassanian-
Moghadam H, et al. (2005) A retrospective study of mushroom
poisoning in Iran. Hum Exp Toxicol 24: 609-613.

42.Chang ST (2006) The world mushroom industry: Trends and
technological development. Intl J Med Mush 8: 297-314.

43.Buswell JAYJ, Cai ST, Chang JF, Peabody YF, Yu HS (1996)
Lignocellyulolytic enzyme profiles of edible mushroom fungi.
World J Microb & Biotechnol 12: 537-542.

44 Attema-de Jonge ME, Portier CB, Franssen EJ (2007) Automutilatie
na gebruik van hallucinogene paddenstoelen [Automutilation after
consumption of hallucinogenic mushrooms]. Nederlands Tijdschrift
voor Geneeskunde 151: 2869-2872.

45.Bao DP, Aimi T, Kitamoto Y (2005) Cladistic relationships among
the Pleurotus ostreatus complex, the Pleurotus pulmonarius
complex, and Pleurotus eryngii based on the mitochondrial small
subunit ribosomal DNA sequence analysis. J Wood Sci 51: 77-82.

46.Kamata T, Nishikawa M, Katagi M, Tsuchihashi H (2003) Optimized
glucuronide hydrolysis for the detection of psilocin in human urine
samples”. J Chromatogr B Analyt Technol Biomed Life Sci 792:
421-427.

47.Cassanas G, Guinchard G, Chaumont J (1996) Toxin composition
of Amanita phalloides tissues in relation to the collection site.
Mycologia 88: 909-921.

48.Palapala VA, Aimi T, Inatomi S, Morinaga T (2002) ITS-PCR- RFLP
method for the distinguishing commercial cultivars of edible
mushroom, Flammulina velutipes. J Food Sci 67: 2486-2490.

49.Basumatary M, Gogoi M (2016) Uses of wild edible macrofungi by
Bado community of Kokrojha district, Assam, India. Tropical Plant
Res 3: 176-181.

50.Das K, LamoA, Paul D, Jha LK (2014) Ethnomycological Knowledge
on Wild Edible Mushroom of Khasi Tribes of Meghalaya, North-
Eastern India. Indian J Nat Prod Resour 2: 3433-3443.

51.Appiah T, Agyare C, Luo Y (2017) Molecular identification of some

e Page 80f9 e


https://geoscience.net/research/002/108/002108159.php
https://geoscience.net/research/002/108/002108159.php
https://geoscience.net/research/002/108/002108159.php
http://www.encyklopedialesna.pl/haslo/uboczna-produkcja-lesna/
https://www.sciencedirect.com/science/article/pii/S0308814601003892
https://www.sciencedirect.com/science/article/pii/S0308814601003892
https://books.google.co.in/books?id=-AxMvgAACAAJ&dq=The+living+world&hl=en&sa=X&ved=0ahUKEwihg9S2srTZAhXGvbwKHREkCnQQ6AEIJjAA
https://books.google.co.in/books?id=-AxMvgAACAAJ&dq=The+living+world&hl=en&sa=X&ved=0ahUKEwihg9S2srTZAhXGvbwKHREkCnQQ6AEIJjAA
https://books.google.co.in/books?id=L-4ajFDPlxgC&dq=Mushrooms+demystified&hl=en&sa=X&ved=0ahUKEwjBupfBsrTZAhXKzbwKHXVyC9IQ6AEIJjAA
https://books.google.co.in/books?id=L-4ajFDPlxgC&dq=Mushrooms+demystified&hl=en&sa=X&ved=0ahUKEwjBupfBsrTZAhXKzbwKHXVyC9IQ6AEIJjAA
http://www.astralint.com/bookdetails.aspx?isbn=9788170354987
http://www.astralint.com/bookdetails.aspx?isbn=9788170354987
https://trove.nla.gov.au/work/18519669?q&versionId=21736277
https://trove.nla.gov.au/work/18519669?q&versionId=21736277
https://trove.nla.gov.au/work/8831422?q&versionId=46511427
https://trove.nla.gov.au/work/8831422?q&versionId=46511427
http://www.legalmedicinejournal.com/article/S1344-6223(02)00127-X/pdf
http://www.legalmedicinejournal.com/article/S1344-6223(02)00127-X/pdf
https://link.springer.com/article/10.1007/BF03161087
https://link.springer.com/article/10.1007/BF03161087
https://link.springer.com/article/10.1007/BF03161087
http://www.tandfonline.com/doi/abs/10.3109/15563659109025741?journalCode=ictx19
http://www.tandfonline.com/doi/abs/10.3109/15563659109025741?journalCode=ictx19
http://www.tandfonline.com/doi/abs/10.3109/15563659109025741?journalCode=ictx19
http://www.przeglepidemiol.pzh.gov.pl/cechy-epidemiologiczno-kliniczne-zatruc-grzybami-w-regionie-polnocno-wschodnim-polski?lang=pl
http://www.przeglepidemiol.pzh.gov.pl/cechy-epidemiologiczno-kliniczne-zatruc-grzybami-w-regionie-polnocno-wschodnim-polski?lang=pl
http://www.przeglepidemiol.pzh.gov.pl/cechy-epidemiologiczno-kliniczne-zatruc-grzybami-w-regionie-polnocno-wschodnim-polski?lang=pl
https://www.jstage.jst.go.jp/article/shokueishi1960/38/2/38_2_110/_article
https://www.jstage.jst.go.jp/article/shokueishi1960/38/2/38_2_110/_article
https://www.jstage.jst.go.jp/article/shokueishi1960/38/2/38_2_110/_article
http://www.akademikaciltip.com/sayilar/219/buyuk/ATUDER_7_1_29_322.pdf
http://www.akademikaciltip.com/sayilar/219/buyuk/ATUDER_7_1_29_322.pdf
http://www.akademikaciltip.com/sayilar/219/buyuk/ATUDER_7_1_29_322.pdf
http://jfoodprotection.org/doi/pdf/10.4315/0362-028X-56.8.730?code=fopr-site
http://jfoodprotection.org/doi/pdf/10.4315/0362-028X-56.8.730?code=fopr-site
http://jfoodprotection.org/doi/pdf/10.4315/0362-028X-56.8.730?code=fopr-site
https://www.infona.pl/resource/bwmeta1.element.elsevier-49380f56-d551-3a1d-86cf-4de4c2ad00d8
https://www.infona.pl/resource/bwmeta1.element.elsevier-49380f56-d551-3a1d-86cf-4de4c2ad00d8
https://www.infona.pl/resource/bwmeta1.element.elsevier-49380f56-d551-3a1d-86cf-4de4c2ad00d8
https://www.infona.pl/resource/bwmeta1.element.elsevier-49380f56-d551-3a1d-86cf-4de4c2ad00d8
http://www.jbc.org/content/261/27/12562.full.pdf+html
http://www.jbc.org/content/261/27/12562.full.pdf+html
https://www.jstor.org/stable/3793327?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/3793327?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/3793327?seq=1#page_scan_tab_contents
http://www.nejm.org/doi/full/10.1056/NEJM199803123381120
http://www.nejm.org/doi/full/10.1056/NEJM199803123381120
https://link.springer.com/article/10.1007%2Fs10354-007-0465-z
https://link.springer.com/article/10.1007%2Fs10354-007-0465-z
http://www.cshd.org.tr/uploads/pdf_CSH_107.pdf
http://www.cshd.org.tr/uploads/pdf_CSH_107.pdf
http://aem.asm.org/content/74/10/3306.full
http://aem.asm.org/content/74/10/3306.full
http://aem.asm.org/content/74/10/3306.full
http://aem.asm.org/content/74/10/3306.full
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1745-4514.2000.tb00696.x\full
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1745-4514.2000.tb00696.x\full
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1745-4514.2000.tb00696.x\full
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1745-4514.2000.tb00696.x\full
http://journals.sagepub.com/doi/abs/10.1191/0960327105ht572oa?journalCode=hetb
http://journals.sagepub.com/doi/abs/10.1191/0960327105ht572oa?journalCode=hetb
http://journals.sagepub.com/doi/abs/10.1191/0960327105ht572oa?journalCode=hetb
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,7c3e0ba845ba8869,077af3c034cb7b70.html
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,7c3e0ba845ba8869,077af3c034cb7b70.html
https://link.springer.com/article/10.1007/BF00419469https:/link.springer.com/article/10.1007/BF00419469
https://link.springer.com/article/10.1007/BF00419469https:/link.springer.com/article/10.1007/BF00419469
https://link.springer.com/article/10.1007/BF00419469https:/link.springer.com/article/10.1007/BF00419469
https://www.ntvg.nl/artikelen/automutilatie-na-gebruik-van-hallucinogene-paddenstoelen/volledig
https://www.ntvg.nl/artikelen/automutilatie-na-gebruik-van-hallucinogene-paddenstoelen/volledig
https://www.ntvg.nl/artikelen/automutilatie-na-gebruik-van-hallucinogene-paddenstoelen/volledig
https://www.ntvg.nl/artikelen/automutilatie-na-gebruik-van-hallucinogene-paddenstoelen/volledig
https://link.springer.com/article/10.1007/s10086-003-0618-7
https://link.springer.com/article/10.1007/s10086-003-0618-7
https://link.springer.com/article/10.1007/s10086-003-0618-7
https://link.springer.com/article/10.1007/s10086-003-0618-7
https://www.sciencedirect.com/science/article/pii/S1570023203006688
https://www.sciencedirect.com/science/article/pii/S1570023203006688
https://www.sciencedirect.com/science/article/pii/S1570023203006688
https://www.sciencedirect.com/science/article/pii/S1570023203006688
http://elbdisliker.at.ua/Jedy2/enjalbert1996.pdfhttp:/elbdisliker.at.ua/Jedy2/enjalbert1996.pdf
http://elbdisliker.at.ua/Jedy2/enjalbert1996.pdfhttp:/elbdisliker.at.ua/Jedy2/enjalbert1996.pdf
http://elbdisliker.at.ua/Jedy2/enjalbert1996.pdfhttp:/elbdisliker.at.ua/Jedy2/enjalbert1996.pdf
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1365-2621.2002.tb08763.x\full
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1365-2621.2002.tb08763.x\full
file:///C:\Users\anithasri-s\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\HO2FGLVP\onlinelibrary.wiley.com\doi\10.1111\j.1365-2621.2002.tb08763.x\full
http://www.tropicalplantresearch.com/archives/2016/vol3issue1/23.pdf
http://www.tropicalplantresearch.com/archives/2016/vol3issue1/23.pdf
http://www.tropicalplantresearch.com/archives/2016/vol3issue1/23.pdf
http://mblabnehu.info/nemid/uploads_pdf/IJNPR 4(2) 197-204.pdf
http://mblabnehu.info/nemid/uploads_pdf/IJNPR 4(2) 197-204.pdf
http://mblabnehu.info/nemid/uploads_pdf/IJNPR 4(2) 197-204.pdf
https://www.omicsonline.org/open-access/molecular-identification-of-some-ghanaian-mushrooms-using-internaltranscribed-spacer-regions-2168-9547-1000191.php?aid=89696

Citation: Ukwuru MU, Muritala A, Eze LU (2018) Edible and Non-Edible Wild Mushrooms: Nutrition, Toxicity and Strategies for Recognition. J Clin Nutr

Metab 2:2.

Ghanaian mushroom using Internal Transcribed Spacer Regions.
Mol Biol 6: 191

52.Adebiyi AO, Yakubu HO (2016) A survey of mushrooms in two local

government areas of Ekiti State, Nigeria. Donnish J Agric Res 3:
013-016.

53.Bankole PO, Adekunle AA (2012) Studies on biodiversity of some
mushrooms collected in Lagos State, Nigeria using biotechnological
methods. J Yeast Fungal Res 3: 37-48.

Author Affiliation Top

Department of Food Science and Technology, Federal Polytechnic, Idah,
P.M.B. 1037, Idah, Kogi State, Nigeria

( 0
Submit your next manuscript and get advantages of SciTechnol
submissions

<+ 80 Journals

# 21 Day rapid review process
< 3000 Editorial team

< 5 Million readers

% More than 5000

< Quality and quick review processing through Editorial Manager System

Submit your next manuscript at e www.scitechnal.com/submission

. J

Volume 2 « Issue 2 *+ 1000117

e Page 9 of9 e


https://www.omicsonline.org/open-access/molecular-identification-of-some-ghanaian-mushrooms-using-internaltranscribed-spacer-regions-2168-9547-1000191.php?aid=89696
https://www.omicsonline.org/open-access/molecular-identification-of-some-ghanaian-mushrooms-using-internaltranscribed-spacer-regions-2168-9547-1000191.php?aid=89696
http://donnishjournals.org/djar/abstract/2016/may/Adebiyi-et-al.php
http://donnishjournals.org/djar/abstract/2016/may/Adebiyi-et-al.php
http://donnishjournals.org/djar/abstract/2016/may/Adebiyi-et-al.php
http://www.academicjournals.org/article/article1380019646_Bankole and Adekunle.pdf
http://www.academicjournals.org/article/article1380019646_Bankole and Adekunle.pdf
http://www.academicjournals.org/article/article1380019646_Bankole and Adekunle.pdf

	Title
	Corresponding author
	Abstract 
	Introduction
	Classification of Mushrooms 
	Chemical Composition of Mushrooms 
	Carbohydrate
	Fat
	Vitamins 
	Moisture Content 
	Protein

	Growth of Mushroom 
	Edible Mushrooms 
	Poisonous Mushrooms
	Amanita-type poisoning
	Muscarine-type poisoning
	Psychotropic or hallucinogenic poisoning
	Coprinus poisoning
	Poisoning from external sources

	Toxicity of Mushroom 
	Cases of Toxicity of Mushrooms 
	Scientific Recognition of Mushrooms 
	Traditional Methods of Distinguishing Poisonous From Edible Mushrooms
	Conclusion 
	Recommendation 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Table 2
	Table 3
	References

