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INTRODUCTION

ABSTRACT

Two species of Mushroom namely: Amanita phalaoides and Amanita verosa
were studied and they were collected from farmlands in Uke town around
Onitsha metropolis in Anambra State, Nigeria. The mushroom samples were
cultivated on normal agricultural and refuse dump soils. The young growing
mushrooms were watered twice daily and harvested within fourteen (14) days.
The harvested mushroom samples were sun-dried and kept in pre-cleaned
bottles for chemical analysis. The dried samples were cut into pieces and
pulverized using binatone blender with stainless blade and they were subjected
to chemical analysis using standard analytical methods ((AOAC). The obtained
data were analyzed by ANOVA using SPSS versions 16.0. Duncan’s Range was
applied in separating means where differences were observed. The results
ranged as follows: moisture content (MC) 81.79 % to 97.84 %, the highest value
was from Amanita Phalaoides. Dry matter (DM) ranged from 2.63 % to 18.36 %
shows an indication of high roughages contained by mushrooms. Crude protein
(CP) ranged from 8.16 % to 24.67 % which compared favourably with values of
seeds and legumes. Ash contents ranged from 3.26 % to 14.33 % and they are
indications of high mineral elements present in mushroom species. Low values
of Lipid (fat/oil) ranged from 1.00 % to 6.68 % are indications that mushrooms
are excellent dietary food for diabetic and coronary heart disease patients. Crude
fibre (CF) ranged from 2.62 % to 15.37 %. Values of Ethanol soluble sugar (ESS),
carbohydrate (CHO) and vitamin C were close showing no significant difference
at p>0.05. Values of phytic acid, tannins and hydrocyanic acid ranged from 0.01
to 0.27 mg/100g, these were quite low to give adverse effect. The mean
concentrations of nutrients metals (mg/kg) of Na, K, Ca, Mg and Fe) ranged from
276.48+0.27 to 826.83+0.04 while trace metals (Cu, Co, Pb, Zn, Cd, Ni, Mn, Cr)
concentrations (mg/kg) ranged from 0.001+0.01 to 43.18+0.20. Cobalt was most
bio-accumulated in agric soil while Zn was most bio-accumulated in refuse dump
soil.

KEYWORDS: Indigenous mushrooms, Amanita phalaoides, Amanita verosa,
Anambra State, South-Eastern, Nigeria.

Mushrooms are a special group of fungi which are
saprophyticin nature due to lack of chlorophyll!. They grow
in dark, damp places and produce a wide range of enzymes
which progressively breakdown complex substances into
simpler inorganic matter? 3. In many parts of the world, such
as China, United State of America (USA), Canada, India, Italy,
Mexico and Turkey, mushrooms are highly priced and in
massive production for local consumption and export® 14, In
U.S.A, the gross domestic product (GDP) for mushroom was

about seven million tonnes in 2005, amounting to 30 million
dollars annually?é. In Nigeria, mushrooms are grossly under
exploited as only a few types are considered edible. There is
no evidence of mushroom cultivation as a commercial
venture in Nigeria, but this could be used as a means of
poverty alleviation due to its short cropping cycle, cheap
planting inputs, less land requirement, high profit and quick
returns on investment?7.
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Uses and economic importance of mushrooms are illustrated in Fig 2.1.
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Fig 2.1

Till date, mushroom collection in Nigeria is mainly from the
wild and this practice is fraught with fear of mistaking those
regarded as poisonous and non-edible for those regarded as
edible. This could be occasionally attributed to deaths after
mushroom meals. Industrialization, urbanization and
indiscriminate refuse disposal have impacted negatively on
the environment, thereby posing problems of contamination
with pesticides, petroleum hydrocarbons, heavy metals and
other potential pollutants?!. Mushrooms have been reported
to be good accumulator of trace metals in polluted
environment?4,

Most Nigerians in the rural areas (65% of population) eat
mushrooms. A close look at the traditional farming system
reveals that there has been a place for mushroom production
in the country. Traditionally, there are different ways by
which our people have consistently maintained an interestin
mushrooms. In some parts of the country, the local
population do the following to produce mushrooms. This
involves taking proper note of the site of occurrence of a
mushroom in the growing season (mostly rainy season) such
sites are regularly visited for mushroom harvest. The area is
protected either by fencing or ring weeding such that it is
isolated from other parts of the farm or the forest. It has
been estimated that about 140,000 mushrooms are on earth
and only 10% are known. A large number of the unknown
mushroom resides in Africa and may be largely in Nigeria
because there are no sufficient data on indigenous
mushroom in this part of the globe. Mushroom collection
from the wild had been in the past and still is a source of
income for rural dwellers in Nigerian communities.
Therefore, mushroom production as a commercial venture
will be an effective means for poverty alleviation. This is due
essentially, to its short cropping cycle, low cost production,
high profit and quick return. These features of mushrooms
could be harnessed in several ways in Nigeria as is being
done in other countries such as India, Kenya, Uganda and
Zimbabwe for economic empowerment of our people.
Mushroom cultivation is a big-time multimillion dollar
business abroad. About two decades ago, the world

production of cultivated edible mushroom was estimated to
be about 7 million tonnes 26 27. The combined total market
value for medicinal and edible mushroom for the same
period was estimated to be in excess of U.S. $30 billion. In
China for example, the production of mushrooms increased
steadily over time (Tablel). Itis being anticipated that in the
nearest future, Nigeria will be able to have similar data for
comparison.

Tablel: Production of Cultivated Mushrooms in China
during the period 1978-2000.
Year Production(x 1000MT) Increase (%)

1978 60 -
1986 585 875.0
1994 2640 351.3
1997 3918 48.4
2000 6630 69.2

(Source: Stamets,P( 2005)13

In Africa, it has been reported that even if the production
cost for mushroom is doubled it would still remain more
profitable than that of maize, wheat, soybean etc. However,
the production of mushrooms could be integrated into the
already existing agro-system such as maize, wheat and
soybean programmes?8.

In this research work, two unpopular non-edible mushrooms
were cultivated on normal agricultural and refuse dump
soils. Their nutritional, anti-nutritional and mineral
compositions were determined. The aims were to: (i)
ascertain their toxicological profiles and edibility (ii) create
awareness for greater exploitation of the mushroom species,
(iii) to investigate possible use in biotechnology for
bioremediation of trace metals polluted soil, and (iv) access
their edibility

EXPERIMENTAL METHODS

Two species of mushroom namely - Amanita phalaiodes and
amanita verosa were identified by a taxonomist and
collected from farmlands, bush and forest in the vicinity of
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Uke around Onitsha area in Anambra State, South- Eastern,
Nigeria. They were keptin clean collection bags, and taken to
the laboratory for -cultivation. Seed from matured
mushrooms were scrapped into two soil samples -normal
agricultural (natural habitat) and refuse dump soil. The
fruiting bodies were watered twice daily and were harvested
within fourteen days. They were thoroughly cleaned, cut into
pieces and oven dried at 75 °C for 6 h. Dried samples were
homogenized using binnatone blender with stainless blade
into fine powder and stored in pre-cleaned bottles. These
samples were subjected to various standard analytical
methods to determine their physicochemical and
toxicological profiles as recommended by Association of
Official Analytical Chemists (AOAC), moisture content and
dry matter were determined by oven method, crude protein
(kjeldahl apparatus), lipids (soxhlet apparatus), crude fibre
and ash (muffle furnace), ethanol soluble sugars (using
digital refractometer), carbohydrates by difference and vit. C
(titrimetry), cyanide, phytic acid and tannins (UV/visible
spectrophotometer), essential mineral elements, and some
heavy metals were determined using flame photometer and
atomic absorption spectrophotometer (AAS). The obtained

data were subjected to analysis of variance at 95%
confidence level using SPSS version16.0.

RESULTS AND DISCUSSION

The moisture content (MC) ranged from 81.79 % to 97.84 %,
the highest value was from Amanita Phalaoides. Dry matter
(DM) ranged from 2.63 % to 18.36 % shows an indication of
high roughages contained by mushrooms. Crude protein
(CP) ranged from 8.16 % to 24.67 % which compared
favourably with values of seeds and legumes. Ash contents
ranged from 3.26 % to 14.33 % and they are indications of
high mineral elements present in mushroom species. Low
values of Lipid (fat/oil) ranged from 1.00 % to 6.68 % are
indications that mushrooms are excellent dietary food for
diabetic and coronary heart disease patients. Crude fibre
(CF) ranged from 2.62 % to 15.37 %. Values of Ethanol
soluble sugar (ESS), carbohydrate (CHO) and vitamin C were
close showing no significant difference at p>0.05. Values of
phytic acid, tannins and hydrocyanic acid ranged from 0.01
to 0.27 mg/100g, these were quite low to give adverse
effect..
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These values were low to give adverse effect and compared well with 1.00 mg/100g found in (WHO 1995)*4 guideline levels for
vegetables. Table 3 contains the concentrations of essential metals in cultivated mushroom samples.
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Table 3: Concentrations of Essential Metals in Cultivated Mushroom samples (mg/kg)

Mushroom species

Cultivated

Na K Mg
Aph 1,061.12 701.99 1,841.00 1,566.11 772.01
Av 698.60 196.39 219.69 1,279.00 777.18
Range 698.60-1061.12 | 196.39-701.99 | 219.69-1841.00 | 1279.00-1566.11 | 772.01-777.18
SEM +0.19 +0.33 +0.20 +0.11 +0.12

Aph-Amamita Phalaiodes Av-Amamita Verosa SEM-Standard Error Of Mean

The values were high and also in the line with values recorded for plants and mushrooms, by Tuzen (2003)??, although higher
values were reported for vegetables?°.

Table 4 contains the trace metals concentrations in cultivated mushroom samples. Cu and Cr values were lower than WHO
guideline levels for cultivated mushroom samples. Other trace metals concentrations were far above the WHO 1995 guideline
levels for food. The data varied significantly at (p<0.05) among mushroom species. Cu, Pb, Mn and Cr showed lower trace
metals concentrations in wild and cultivated mushrooms samples. Co, Zn, Cd, and Ni showed no significant differences at
(p>0.05) when compared with WHO 1995 permissible levels for food and vegetables.

Table 4: Concentrations of Trace Metals in Cultivated Mushroom samples (mg/ kg)

CULTIVATED
Mush room species
Cu Co Pb Zn Cd Ni Mn Cr

Aph 0.22 6.04 5.55 48.33 4.99 6.89 18.80 0.40

Av 0.36 4.83 4.89 9.33 9.88 22.05 11.60 1.10

4.89- 9.33- 4.99- 6.89- 11.60- 0.40-

Range 0.22-0.36 | 4.83-6.04 | ¢ ¢ 48.33 9.88 22.05 18.80 1.10

SEM +0.04 +0.11 +0.19 +0.20 +00.10 0.70 +0.77 +0.10
5.68- 18.95- 0.37- 3.65- 50.00- 10.01-

WHO 1995 vegetables | 6.55 2 10.10 55.85 2.02 13.65 52.85 12.20

Table 5 contains Concentrations of trace metals in the soils from where the two mushroom species were collected, normal
agricultural soil and refuse dump soil used for mushroom cultivation. Among the two soil samples investigated, the least was
Chronium(0.19mg/kg) from Aphso. The highest value was Lead(108.04mg/kg) from refuse damp soil. The values for Cuand Cd
were higher than WHO guideline levels for normal agricultural soil while the less of the trace metals were within the acceptable

limits.
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Table5: Concentrations? of Trace Metals in Normal Agricultural soil, Refuse dump soil and soils where mushrooms were

collected.
=
ylEl|z|5|le|2|8|2| &
7y
N|lo|v|v[IS|o = |0
g IS T IS (Y= T I N I S
O v [ee] v o [ee] (e} [ee]
>
Njlo|NM|M|BE|lo|lr o8
O U =) w ~ =) ) o I
| S| |w |8 | |w|0|wsg
=
©|o|r NG| 2|
N fee) X<} w ) — o) S
[ )] [\S] S e o = 0] [y}
Ol | N | R |- [N |oO
w [Xe) o w 3 = w o
vl w - [\S] =) o (@) vl >
S
=
N e B B O I I BT -
o o)) o o P o N o o=
QO
o
N |w | v |vIRIo oo =
© N foN o 3 & 5 N
[l (e} O (o)} =) vl w1 w
Gle|la|R |z |2 |S|R|ES
Ie’) -~
N|p|u s Rl= 2|0
(o)) v 4
Slelala|3|a|s|
Qlr & |e S22 z
o w w o 9 0 © [Ne) s
N N N N S w O Jare =
Q.
N |r e N | o NS
Olr|laoalo|lnw|lolo | o
Ul Ne) [uy Ne) S © Ne) ~
O N L vl B N N (=)
IS © o w o ;N w w
~N (O} [\ w w ~ w O
>
<
= N N N N S B g
o | Ww | > |Ww | N |Yv | T=3
o
Q.
S|l N[NNI |5
—_ N [oe) N w o N S
'm w (0] (O3} - (e} — -
clhle 2RIl 55‘?
T I = A N - IS T = I A
o) -~
Soil/sub type Cd Coz Cu Cr Zn Mn Ni Pb
Avso 10.55 10.91 10.77 8.89 80.83 10.54 | 23.19 6.06
Aphso 3.38 2.01 2.08 0.19 5.44 1.39 8.18 4.77
Normal agric soil 6.04 1.10 10.62 | 2.09 18.83 2.64 8.66 66.06
Refuse dump soil 17.65 4.44 15.79 | 6.44 22.44 7.89 18.89 | 108.04
WHOagric soil <0.0.10 | 2-5.6 | <0.10 | 2-10 | 60-780 | 50-200 | 30-75 | 2-13
WHO polluted soil 1-3 5-10 | 50-140 | 2-10 | 150-300 | 50-200 | 30-75 | 50-300

aValues are in mg/kg dry weight(DW), nd = not detectable.
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Table 6 shows the concentrations of trace metals in soils after harvest. There was a remarkable decrease in trace metal
concentrations in soils after mushrooms harvest. The sharp difference in trace metal concentrations were significant at p<0.05
in soils from refuse dump. This result is in line with literature reports that green vegetables could be used as bio-indicators of
trace metals in polluted environment*’.

Table 6: Concentrations? of trace metals in soils after harvest
Soil types Cd Co Cr Cu Mn Ni Pb Zn
Normal soil 5,69 | 098 | 1.88 | 4.66 | 2.33 | 6.30 | 44.96 | 16.39
Refuse dump soil | 11.38 | 2.36 | 4.66 | 10.49 | 549 | 10.26 | 90.88 | 22.79
aValues are in mg/kg dry weight(DW).

Tables 7a, 7b and fig 1 show the rate of increase in trace metal concentrations in mushroom after harvest.
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Rate of Increase = Cu; Wi, where Cm =Concentrations trace metals in cultivated mushrooms. Wm=Concentrations of trace
metals in wild mushrooms.
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Table: 7b Rate of increase in trace metal concentrations in mushrooms after harvest.
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Metals | Amanita phalaoides | Amanita verosa
Cd 1.21 1.31
Co 1.17 1.97
Cr 4.602 2.38
Cu 1.78 2.66¢
Mn 1.64 1.66
Ni 1.95 0.01
Pb 2.78b 2.54
Zn 1.05 1.22

—#— Amanita phalacides

—&— Amanita verosa

Cr Cu

Mn

Metals

Fig 1

Fig 1 showed the graphical representation of rate of increase in cultivated mushrooms versus wild mushrooms. Aph absorbed
Crin appreciable quantities while Ni has the lowest value in Av see fig 1. Rate of increase in Cd, Co, Cr, Cu, Mn, Pb and Zn were
higher in mushrooms collected from forest soil near industrial sites and heavy traffic.

Table 8 contains the bioaccumulation factors/Accumulation coefficients of mushrooms cultivated on agricultural soil. Cobalt
was highest bio- accumulated in Av while the rest of the trace metals were bio-accumulated in the following order:
Cu>Zn>Mn>Cr>Cd>Ni>Pb.

Table 8: Accumulation Coefficients of mushrooms grown on Agricultural soil (Amanita phaloides and Amanita verosa)

Metals Normal Agricultural soil Amanita Acc. Normal Agricultural soil Av Acc.
metal concentration phalaoides Coeff. metal concentration Coeff.
Cd 5.69 10.89 191 5.69 18.36 3.23
Co 0.98 10.08 10.29b 0.98 16.89 | 17.24a
Cr 1.88 7.33 3.90 1.88 10.01 5.33
Cu 4.66 15.88 341 4.66 33.69 7.23c
Mn 2.33 8.96 3.85 2.33 6.67 2.86
Ni 6.30 13.77 2.19 6.30 18.99 3.01
Pb 44.96 50.76 1.13 44.96 71.66 1.59
Zn 16.39 88.95 5.43 16.39 69.88 4.26
a,b,c are subscripts showing significant differences at p<0.05.
20 +
13 4
w 16 4
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S ad
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Fig o) Metals
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BIOACCUMULATION FACTORS/ACCUMULATION COEFFICIENTS OF TRACE METALS k, =Cm/Cs where Cm= concentrations of

trace metal in mushroom, Cs = concentrations of trace metals in soil used for cultivation.

Table 9 contains the bioaccumulation factors of mushrooms cultivated on refuse dump soil.

Table9: Accumulation coefficients of Mushrooms cultivated on refuse dumps soil (Amanita phaloides and Amanita veros

Metals | Refuse dump soil | Amanita phalaoides | Acc. Coeff. | Refuse dump soil Av Acc. Coeff.
Cd 11.38 22.09 2.02 11.38 28.44 2.50
Co 2.36 25.44 10.78 2.36 23.17 9.82
Cr 4.66 33.19 7.12 4.66 54.67 11.73c
Cu 10.49 63.11 6.02 10.49 69.31 6.61
Mn 5.49 19.46 3.54 5.49 15.88 2.89
Ni 10.26 23.68 2.31 10.26 35.10 3.42
Pb 90.88 184.32 2.03 90.88 166.38 1.83
Zn 2.79 189.44 67.90b 2.79 201.46 72.21a

a,b,c are subscripts showing significant differences at p<0.05.

Zn was highestin Amanita verosa(72.21) followed by Amanita phalaoides(67.90) cultivated in refuse dump soil. Heavy metals

contents of all analyzed mushrooms were higher than those previously reported in literature.
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Fig 3 shows graphical representation of bioaccumulation factors of mushrooms cultivated on refuse dump site(Aph in blue
and Av in red). Lead have the least value while Zn have the highest value.

Thus this observation was supported by various authors?43%37, [t was noted that Plants translocate larger quantities of metals
to their leaves than to their fruits or seeds!?.19. The high values of lead (Pb), cobalt (Co), candium (Cd) and Nickel (Ni) obtained
are the serious health concern observed among the mushroom species. This poses a serious health risk among the people that
excessively consume these mushrooms. Also, Isildak et al;(2001)?! reported that mushroom species in relation to heavy metal
bioaccumulation are affected by substrate composition, age of the fruiting bodies and distance from the source of pollution.
This is an indication that the metal uptake can be controlled when these mushrooms are grown under a disease free

environment.

DISCUSSION

Proximate composition, mineral content and anti-nutritional
factors are indices of nutritional qualities. The values
obtained from studied mushrooms clearly indicate that these
mushrooms have high nutritional qualities and are safe for
human consumption. For example, crude protein (CP) (8.50-
24.18) % are fairly comparable with those of legumes
(Cowpea 19.06 %, Beans 20.80 %, Groundnut 23.05 %) and
meat muscle (22.00 %). Ash contents 3.26 %-14.33 % are
indications of high mineral contents of mushrooms. Lipid
(fat/oil) 1.00 % -6.68 % are indications that mushrooms are
excellent dietary food for diabetic and coronary heart
disease patients. From the present analytical information, it
is conceivable that these mushrooms (Amanita phalaoides,
and Amanita verosa ) hold tremendous promise in narrowing
the protein and mineral supply deficiency prevalent in
several developing countries of Africa (Ijioma et al 2015)27.

Carbohydrates (CHO) contents of 32-35.40 % explained why
some mushroom species are used locally as binder, bulking
agent (in melon cake-a local snack) or a thickener in soups.
This implies that mushrooms can function effectively in low
fat diet such as those required by patients with
cardiovascular diseases, obesity etc (Okhuoyaetal, 2010)4.

The vitamin C contents of mushroom samples were
detectable atlevels ranging from 0.01% to 0.37%. However,
the values of vit C determined shows that the mushroom
species are not reliable sources of Vitamin C, although they
can make important contribution to diet.

The mean values for anti-nutritional factors of studied
mushrooms ranged as follows: phytate 0.26mg/100g,
cyanides 0.16mg/100g) and tannins 0.31mg/100g). The
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mean values for anti-nutritional factors are not up to safe
limit (0.36 mg/100 g) in mushrooms and 1.00 mg/100 g in
food where the guidelines were higher. This shows that the
toxic effect of these substances may not be experienced by
the consumers since there is further destruction of these
substances during cooking. Similar values (0.36mg/100g)
have been reported for phytates in some mushrooms and
food (Aletor 1995)33. These values are not higher than those
reported for cowpea (0.36 mg/100 g) and soyabean (0.80
mg/100g)30. Phytates chelate mineral elements such as Ca,
Mg, Fe and Zn which renders the elements unavailable for
absorption, (Gropper 2009)37. Phytates also inhibit the
activities of digestive enzymes: amylase, pepsin and
pancreatin, (Griffiths,1979)36.

The mean cyanide contents 0.16 mg/100g of these
mushroom species are close to 0.36 mg/100 g obtained by
Kalac et al (2000)?7. This factor can be eliminated through
branching and cooking prior to consumption2s. Tannins
comprised of a heterogeneous group of plant polyphenols
which are capable of interacting with proteins. Tannins are
high molecular weight compounds (mol. Wt. 500-5000)
containing sufficient phenolic hydroxyl groups to permit the
formation of stable cross-links with proteins2¢. However, one
major problem encountered with polyhenol research
remains that lack of a standard quantitative method for the
analysis of tannins that would be suitable for awide range of
seed, forage, crops and food products under varying
experimental conditions.

Tannins form complexes with proteins, carbohydrate and
other polymers in foods and certain metal ions, under
suitable conditions of concentration and pH!8. The tendency
of tannin to complex with proteins more than carbohydrates
and other food polymers is attributed to the strong hydrogen
bond affinity of the carbon, oxygen of the peptide group. Not
much has been reported on the tannin contents  of
mushrooms in Nigeria25.However, the mean values were low
when compared with 1.0 mg/100g in (WHO01995)4
guideline levels.

The mean phytic acid contents 0.31 mg/100g were low for
wild and cultivated mushroom species when compare with
1.00 mg/100 g (WHO) #* guideline levels . Phytates are a
complex class of naturally occurring compounds. The
knowledge of phytic acid began with the isolation of small
particles or grains which use not starch from the seeds of
various plants?3.

Phytic acid is called hexaphospherylated myo-inositol or
myo-inositol hexaphosphoricacid or more scientifically 1, 2,
3,4, 5, 6,-hexalone (dihydrogen phosphate) myo-inositol. It
is a storage compound ubiquitously distributed in the plant
kingdom. It is an anti-nutritional factor impairing the
utilization of other nutrients such as proteins and minerals.
Phytate has been shown to bind zinc and other minerals.
Also zinc and other mineral have been demonstrated to
improve the utilization of proteins?’. Nigerians consume and
utilize plant foods as their source of nutrients, so it is
important to determine the phytate content of plant foods
mostly consumed by majority of the population. The ability
of phytic acid to form complexes with metals is one of the
main nutritional concerns. These complexes present in metal
absorption and availability. The effects of phytic acid on
mineral bioavailability are rather conflicting and confusing

because there are other interacting components of food such
as fibre?s,

The concentrations of essential metals in table 4 indicates
that these mushroom species are good sources of these
mineral elements and could provide up to 50% of the
recommended daily allowances for these elements. The
mean values were also higher than those reported in
literature. For example: cowpea (Na 277.33 mg/kg),
vegetables (252.67 mg/kg, mushrooms (772.42 mg/kg) but
lower than the values reported for fish(1,061.12 mg/kg),
snails (1,566.11 mg/kg) and meat(1,279.00 mg/kg) ( Aletor,
1995)33,

Concentration of Sodium varies in species parts which was
similar observation made by Isiloglu et al; (2001)21, Calcium
(ca) was dominant in the veil part of all the five species
showing the attractiveness and the physical support of the
veil structure. Also, adequate calcium has contributed
immensely to the succulent nature of the veil. These values
were higher than values reported for vegetables31.

The zinc contents ranged from 50.88-68.56 mg/kg for wild
and cultivated respectively are slightly above permissible
level of 50 mg/kg (WHO, 1995)*4. Zinc is wide spread in
living organisms due to its biological significance. The levels
reported here are in agreement with values reported by
Turkekul et al,, (2004)2° and Tuzen (2003)2% The cadmium
contentranged from 2.25 mg/kg in Schizophyllum commune
to 4.88 mg/kgin V.volvacea. The levels of cadmium in edible
mushrooms were higher than the WHO permissible limit
(WHO, 1995)#4. Cadmium contents of mushroom samples in
the literature have been reported to be in the ranges: 0.81-
7.50 mg/kg (Ayodele et al. 2007)17.The lead level ranged
from 1.25 to 1.88 mg/kg for Pleurotus squarrosollus and
Aricularia auricula. Lead contents of mushroom samples in
the literature have been reported to be in the ranges: 0.75-
7.77 mg/kg (Isilogu et al 2001)21, 0.40 - 2.80 mg/kg (Fasola
et al, 2007)%3, 1.43 - 4.17 mg/kg (Tizen, 2003)2% 0.800 -
2.700 mg/kg (Isildak et al., 2004), 0.82 -1.99 mg/kg (Zheng
et al, 2003)28, and 0.9 - 2.6 mg/kg (Hitivani, 2003),
respectively. The lead values for wild mushroom species
were similar with those found in literature while cultivated
mushrooms on refuse dump soil gave a higher value.

Lead like Cadmium has no beneficial role in human
metabolism, producing progressive toxicity. Lead
accumulates in bones, and it can take in place of calcium.
Lead creates health disorders such as sleeplessness,
tiredness, hearing, and weight loss. Minimum and maximum
concentration of Cu accumulated by the mushrooms was
1.55 and 1.86 mg/kg respectively, with Aricularia auricular
accumulating the highest Cu concentration of 1.86 mg/ kg.
[sildak et al. (2004)5 reported a Cu concentration of 107 *
8.5 g/g in wild growing Agaricus biosporus from the middle
black sea region of Turkey.

Tables 4-8 showed higher concentration levels of Cr, Zn, Ni,
Cu, Mn, Co, Cd and Pb predominantly noticed in cultivated
mushrooms from the refuge dump near a busy road. This
could be attributed to exposure of the mushrooms to
atmospheric deposition of dust and traffic pollution in the
urban places most especially where there are heavy traffic of
vehicles. Ugwu et al reported that air pollution may pose a
threat to green plants especially during the hazy and
harmattan season and along roadside!!
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Furthermore, as the vehicle plow through dusty roads, they
cause pre-released lead and other toxic metals like nickel, cd
and Cr to be washed back into the air. Fumes from
automobile exhaust would accumulate more on exposed
food such as mushrooms from high traffic density (go-slow)
than in low traffic conditions. Reports have it that vehicles
contributes enormously to the level of metallic compounds
in food sample which depends on the level of traffic in such
location?®

Also particulate air pollution from industries, more vehicles,
waste disposal activity, incineration, chemical plants, metal
production and PVC factories, oil refineries etc contribute to
release of toxic contaminants in the urban areas. Anoliefo et
al (2003)20 reported that particular air pollution and
vehicles are the main causes of heavy metal contamination in
urban areas: 21,

Similar works show that traffic volume, industrial activities
and intensity of human activities are sources of soil
contaminant in the urban areas?*. Some works have it that
rapid urbanization, unorganized industrialization and
increased use of automobile have contributed to the elevated
levels of heavy metals in the urban environment?s.
Akerendolu(1989)29 also reported that the exceptional lead
concentration is due to the heavy lead of contaminated dust
in the air of a very crowded city and firms from
automobiles?’. Dust mobilization done to automobiles has
been estimated to be 6.5g/vehicle km for paved roads and
61.5g/vehicle km for unpaved roads in Nigeria. Compared to
only 0.1g/vehicle km for streets in London, England?8. 2.

The lower concentration levels of Pb, Cd, Ni, Cr, Cu,and Co in
wild mushrooms from the rural areas where vehicular and
industrial activities are less could be taken as background
levels of these contaminants in the soil for the mushrooms.

The data were analyzed statistically to determine whether
there were significant differences between the concentration
levels of Pb, Cd, Ni, Cr, Mn, Zn, Co and Cu in cultivated
mushrooms from the contaminated soil and wild (natural
habitat). Mean concn levels of Pb and Cd in wild mushrooms
from the sub- urban and rural areas were significantly
different (p<0.05),a sub-urban commercial and fairly
industrialized town Nnewi (urban/industrial influence).
Most of the lead and Cd concentration levels in the
mushrooms are from the soil where the mushrooms were
harvested since most of the mushrooms sold in the urban
areas were actually from the rural areas where industrial
and vehicular activities were less. This shows that urban
deposition had significant influence on the lead and Cd levels
in wild mushroom samples compare with levels in
cultivated.

The mean concentration levels of Ni, Cr, Mn, and Cu in wild
from the semi-urban areas were significantly higher
(P<0.05) than the mean concentration levels determined in
the samples collected from the rural areas. These differences
could be attributed to vehicles emission, particulate air
pollution from industries, dust from busy roads due to high
traffic density, crowded areas and other urban industrial
emissions whereas the presence of these contaminants in
the samples from the rural areas can be linked to
background levels in the soil where the mushrooms were
grown. Reports have it that the content of Mn in food
depends on the Manganese content of the soil where the

plants were grown3?. Other works show that although Ni, Cr
and Cu occur naturally in the soil through volcanic emission,
weathering of soil and rock, they can easily be released into
the air through burning of fossil fuels and plastics containing
particularly acrylonitriles30 31

Among metals determined, Chromium value was very low in
forest soil (0.19 mg/kg) where Aph was collected, and leaf
litter (0.03 mg/kg). The highest value was that of Lead
(108.04 mg/kg) from refuse dump soil. Cu and Cd were
higher than WHO guideline levels for normal agricultural soil
in soils/substrates showing high levels of contamination of
soils and substrates by Pb,Cu and Cd in the sampled areas.

It was observed that values obtained in veils were higher
than values obtained in stems in all the species studied.
There were significant differences at (p<0.05) between the
values of stems and veils. Cd (3.18 mg/kg) for Amanita
phalaiodes was above WHO 1995 guideline levels vegetables,
while Co (1.01mg/kg) for Aphv and Avv for cultivated
mushrooms were close to WHO guideline levels.

Among metals determined, Mn is the most bio-accumulated
while the rest are bio-accumulated in the following order
Zn>Ni>Cd>Pb>Co>Cu>Cr. Among the mushroom species Aph
show the highest bio-accumulation of Mn and Zn. Other
specie with high bio-accumulation of metals is Av.

Among metals determined, Cr is the most bio-accumulated
while the rest are bio-accumulated in the following order
Mn>Zn>Co>Cd>Pb>Ni>Cu. Among the mushroom species
Aph shows the highest bio-accumulation of Cr. Other specie
with high bio-accumulation of metals is Av.

Among metals determined, Mn is the most bio-accumulated
while the rest are bio-accumulated in the following order
Co>Pb>Zn>Cu>Ni>Cd>Cr. Among the mushroom species Av
shows the highest bio-accumulation of Mn in Nnewi
(urban/industrial influence).

Values obtained for Mn, Co and Pb were higher when
compared with other trace metals within Nnewi. Also when
compared with values obtained in rural areas with little or
no industrial activities. The values were still higher which
support the literature reports that higher industrial activities
increase availability of toxic metals in environment3® 33,
Heavy metals, such as cadmium, copper, lead, chromium and
mercury, are important environmental pollutants,
particularly in areas with high anthropogenic pressure. Their
presence in the atmosphere, soil and water, even in traces
can cause serious problems to all organisms, and heavy
metal bioaccumulation in the food chain, moreover, it can be
highly dangerous to human health. Heavy metals enter the
human body mainly through two routes namely: inhalation
and ingestion, ingestion being the main route of exposure to
these elements in human population. Heavy metals intake by
human populations through food chain has been reported in
many countries. Soil threshold for heavy metal toxicity is an
important factor affecting soil environmental capacity of
heavy metal and determines heavy metal cumulative loading
limits. For soil-plant system, heavy metal toxicity threshold
is the highest permissible content in the soil (total or
bioavailable concentration) that does not pose any
phytotoxic effects or heavy metals in the edible parts of the
crops does not exceed food hygiene standards. Factors
affecting the thresholds of dietary toxicity of heavy metal in
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soil-crop system include: soil type which includes soil pH,
organic matter content, clay mineral and other soil chemical
and biochemical properties; and crop species or cultivars
regulated by genetic basis for heavy metal transport and
accumulation in plants. In addition, the interactions of soil-
plantroot-microbes play importantroles in regulating heavy
metal movement from soil to the edible parts of crops.
Agronomic practices such as fertilizer and water
managements as well as crop rotation system can affect
bioavailability and crop accumulation of heavy metals, thus
influencing the thresholds for assessing dietary toxicity of
heavy metals in the food chain.

This investigation also revealed the need for public
awareness on mushrooms and their bioaccumulation ability
especially in areas with frequent pollution like crude oil
pollution in the Niger Delta area of Nigeria. Further research
is needed to find out the variations in metal uptake by
different mushroom species, and the site-specific risk
assessment guidelines to highlight and minimize the
potential health risks of ingesting mushrooms containing
high levels of heavy metals.

CONCLUSION

Some of the trace metals studied are good in maintaining a
balance health condition, their tendencies of being toxic have
given rise to this research work. This research is meant to
stand as a guide to other researchers, nutritionists, and
agriculturists who seek information on the level of trace
metals in mushrooms grown in the study area and also give
anyone who has the opportunity of laying hands on this
research the knowledge of the effects associated with the
intake of these mushroom species. Perhaps the most
important conclusion that may be drawn from this study, is
that since mushrooms tend to absorb and accumulate toxic
metals, then mushrooms should not be cultivated in that
area or the government should set up an environmental
protection committee in the area to stop refuse dumping in
the area. The author strongly recommends that people living
in this area should not eat large quantities of these
mushrooms harvested from this area, so as to avoid excess
accumulation of heavy metals in the body. Thus regular
monitoring of these toxic metals from the refuse and
effluents dumpsite, in mushrooms and other food materials
are essential, to prevent their excessive build-up in the food
chain.

This investigation also revealed the need for public
awareness on mushrooms and their bioaccumulation ability
especially in areas with frequent pollution like crude oil
pollution in the Niger Delta area of Nigeria. Further research
is needed to find out the variations in metal uptake by
different mushroom species, and the site-specific risk
assessment guidelines to highlight and to minimize the
potential health risks of ingesting mushrooms containing
high levels of heavy metals.
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