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Abstract. Five mushroom species—Termitomyces robustus, Agaricus bisporus, Pleurotus tu-
ber-regium, Amanita phalaoides, and Amanita verosa—uwere collected from eleven locations in
Anambra State, Nigeria, between 2024 and 2025. The mushrooms were identified, dried at
75°C for 4 hours, and stored for chemical analysis. Some were cultivated by scrapping mature
mushroom seeds into substrates from their natural habitats and refuse dumps. After 14 days of
cultivation, mushrooms were harvested, cleaned, and dried for further analysis. The chemical
analysis revealed that moisture content ranged from 81.79% to 97.84%, with Amanita
phalaoides showing the highest. Dry matter ranged from 2.63% to 18.36%, indicating high
roughage content. Crude protein ranged from 8.16% to 24.67%, comparable to seeds and leg-
umes. Ash content ranged from 3.26% to 14.33%, indicating high mineral presence, while li-
pids were low (1.00% to 6.68%), making the mushrooms suitable for diabetic and heart disease
diets. Carbohydrates were between 32.00% and 35.40%. Vitamin C levels were low (0.01-0.37
mg/100g). Heavy metal concentrations like Na, K, Ca, Mg, and Fe were within WHO guide-
lines, while trace metals such as Cd, Co, Cu, and Zn showed significant differences between
wild and cultivated mushrooms. Bioaccumulation factors for metals were higher than accepta-

ble limits, particularly for Cd and Ni, indicating potential risks from polluted substrates.
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Introduction

The environment faces growing challenges as human activities release a wide range of
pollutants into ecosystems, particularly in developing countries like Nigeria (Obruche
et al., 2025). Among these pollutants, trace metals—such as lead (Pb), cadmium (Cd),
chromium (Cr), arsenic (As), and mercury (Hg)—are of significant concern due to their
potential to harm both environmental and human health. These metals are persistent,
toxic, and often bioaccumulate in the food chain, leading to detrimental long-term ef-
fects on biodiversity and human well-being (Akpaja et al., 2003). The contamination of
soil with these trace metals is particularly alarming, as it threatens agricultural produc-
tivity, food security, and ecosystem health. In recent years, bioremediation has emerged
as a promising and cost-effective approach to mitigating the impact of trace metal pol-
lution.

Bioremediation relies on biological processes to degrade, transform, or immobilize con-
taminants, with the potential to restore polluted environments (ltodo et al., 2021).
Among the various organisms capable of bioremediation, fungi have attracted signifi-
cant attention due to their remarkable ability to tolerate and detoxify environmental
pollutants. Fungi, particularly mushrooms, have evolved intricate biochemical mecha-
nisms that enable them to survive in contaminated environments, making them ideal
candidates for use in bioremediation efforts (Erienu et al., 2022). Mushrooms, the fruit-
ing bodies of macrofungi, possess unique properties that contribute to their efficiency
in environmental cleanup.

These include their extensive mycelial networks, which can penetrate soil and absorb
nutrients, and their ability to produce a variety of extracellular enzymes capable of
breaking down organic pollutants (Umudi et al., 2025). More importantly, many species
of mushrooms can accumulate trace metals from their surrounding environments, se-
questering them in a non-toxic form and reducing the availability of these metals to
other organisms. The potential of mushrooms to remediate polluted soils depends not
only on their ability to uptake trace metals but also on their physico-chemical charac-
teristics and toxicological profiles, which determine their overall viability and safety
for use in environmental cleanup (Adebayo et al., 2009). In Anambra State, Nigeria,
where agricultural activities are a major economic driver, soil pollution with trace met-
als has become an increasing concern due to industrial and mining activities.

This region, like many others in Nigeria, faces significant challenges with environmen-
tal contamination, particularly from the improper disposal of industrial waste and the
use of harmful chemicals in agriculture (Ekpo et al., 2025). The local mushroom species
present in Anambra State could hold significant potential for bioremediation, but their
ability to remediate polluted soil, their interaction with trace metals, and their potential
toxicity remain largely understudied. It is therefore crucial to examine the physico-
chemical characteristics, toxicological profiles, and bioremediation potential of locally
available mushroom species in this region (Obruche et al., 2018).
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This study aims to investigate the physico-chemical and toxicological profiles of five
species of mushrooms found in Anambra State, Nigeria, and evaluate their potential for
the bioremediation of trace metal-polluted soils.

1. Materials and Method

Study area

The study was conducted in towns and villages situated within the Idemili North,
Idemili South, Nnewi North, and Ekwusigo local government areas (L.G.As) of Anam-
bra State, located in South-East Nigeria, as illustrated in Figure 1. Anambra State is
positioned between the longitudes of 6037°E and 7027°E, and the latitudes of 6048°E
and 6040°N. The specific towns and villages involved in the research include Uke,
Abatete, Ideani, Nnobi, Nnewi, and Ozubulu, during the timeframe of July to October,
spanning the years 2024 to 2025 (Umudi et al., 2025).
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Figurel: Anambra Map showing the Study Area

Collection of samples

The sample collection was based on the procedures outlined by (Ugochukwu et al.,
2025; Umudi et al., 2025). Mushroom species were gathered from various towns and
villages situated in Idemili North, Idemili South, Nnewi North, and Ekwusigo Local
Government Areas. Five species of wild mushrooms, specifically: Termitomyces ro-
bustus, Agaricus bisporus, Pleurotus tuber-regium, Amanita phalloides, and Amanita
verosa, were collected from Uke, Abatete, Ideani, Nnobi, Nnewi, and Ozubulu during
the period from July to October, spanning the years 2024 to 2025. The identification of
the mushroom samples was conducted by a taxonomist from the Centre for Ethnomed-
icine and Drug Development, Bioresources Development and Conservation Pro-
gramme, located in Nsukka, Enugu State. The wild mushroom samples were collected
along with the soil or substrates on which they were found. The mushrooms were
promptly transported to the laboratory and stored in a refrigerator at 4 °C.
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Cultivation of Mushrooms

Preparation of Substrates for Spawn Production

Nutrient preparation adhered to the methodologies outlined by Osemwegie et al (2006).
Four distinct substrates were created. The fifth substrate consisted of soil gathered from
the respective sites. These substrates were finely ground into powder and placed into
wide-mouthed bottles, which were then sealed with cotton wool and aluminum foil.
The bottles underwent autoclaving at a temperature of 125 °C and a pressure of 15 psi
for a duration of one hour, after which they were allowed to cool to room temperature
and subsequently spread onto petri dishes for the purpose of Spawn Production.

Production of Spawn

Mycelia were scraped from the tops of mature mushrooms and permitted to fall onto
the surface of the substrates within the petri dishes. The spawns that germinated were
allowed to develop into mycelial cultures over a period of 4 to 5 days prior to the plant-
ing of the fruiting bodies (Okhuoya & Okogbo, 1991).

Planting of Fruiting Bodies of Mushrooms

The autoclaved substrates were placed into clean, colorless, wide-mouthed bottles and
allowed to cool to room temperature. The cultured mycelia were transferred by taking
approximately 2 cm? of substrate along with the mycelia and positioning it on the sur-
face of the cooled substrate to facilitate the development of fruiting bodies (mature
mushrooms), which occurs within a span of 21 days. The spawn bottles were subjected
to daily visual inspections to monitor for increases in length, the emergence of caps,
signs of off-sectoring, discoloration, infection, and the disappearance of smaller mush-
rooms as the larger ones matured, as illustrated in Table 1. Off-sectoring is defined as
any mycelial growth that exhibits differences in appearance, growth rate, and color
compared to the typical characteristics of the mycelia obtained (Festus-Amadi et al.,
2021).

Table 1: Compounded Substrates for Spawn Cultivation

S/No. Substrates Quantity (g) Mushroom SP

1 Elephant grass 400 Agaricus bisporus
Chicken manure 120
Rice bran 20
Brewer’s waste 22
Urea 6
Soya bean meal 5

2 Elephant grass 500 Amanita verosa
Cassava leaves 500
Chicken manure 400
Spent grain 72
Urea 14.5

3 Saw dust 800 Amanita phalaiodes
Urea 20

4 Rice straw 300 Termitomyces robustus
Chicken manure 150
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Wheat bran 125
5 Soil from sites 1,5,8,10) Amanita verosa, ama-
and 11 nita phalaiodes, termi-

Production of Fruiting Bodies Utilizing the Sclerotium or Underground Tuber of Pleu-
rotus tuber-regium (Ero-Osu)

The sclerotium or underground tuber of Pleurotus tuber-regium underwent conditioning
by being immersed in water until its moisture content increased by 65%. Subsequently,
it was enclosed in a polyethylene bag and stored until pinhead-like structures emerged.
Following this, the polyethylene bag was opened, and the tuber was lightly watered
once daily until the development of fruiting bodies occurred (Abeokuta et al., 2025).

Bioremediation Process

The bioremediation method employed was based on the procedure outlined by ( Erienu
et al., 2022). Soil samples were collected from Uke (site 1), Abatete (site 5), Nnobi (site
8), Nnewi Umudim (site 10), and Ozubulu (site 11). Compounded substrates, as formu-
lated, were also employed for each mushroom species. The soil samples were combined
with the specified substrate and placed into wide-mouthed glass bottles with lids. These
were autoclaved at 125 °C for 2 hours at a pressure of 15 psi. After cooling to room
temperature, seeds from mature mushrooms were scraped into the glass bottles and al-
lowed to germinate over a period of 4-5 days. The germinated seeds (mycelia) were
then transferred by cutting approximately 2 cm? of soil/substrate/mycelia and placing it
on the surface of the cooled substrate to develop into fruiting bodies, which matured
within 14 days. The soil/substrates and mushroom samples underwent chemical analy-
sis. The bioaccumulation factors were calculated as follows;

metal concentration in mushroom
soil
substrates

Bioaccumulation Factor =
metal concentration in

Proximate Analyses of Investigated Mushroom Samples

Sample Preparation

Mushroom samples were dried in an oven at 75 °C, ground, and stored in polythene
containers. Soil/substrate samples were dried in an oven at 105 °C until they reached
constant weights. The dried samples were then pulverized and stored in treated poly-
ethylene containers.

Determination of Moisture Content, Dry Matter, Ash Content, crude protein content,
total lipids, Crude Fibre Content, Ethanol Soluble Sugar and vitamin C content

The assessment of Moisture Content, Dry Matter, Ash Content, crude protein content,
total lipids, Crude Fibre Content, Ethanol Soluble Sugar, and vitamin C content was
performed according to the methods established by Obruche et al. (2019), and Umudi
et al. (2205) with slight modifications.

Determination of Anti-Nutritional (Non-Metallic Toxicants) Factors in the Mushroom
Samples: phytate content, Cyanide Content and Tannin Content
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The methods for determining Anti-Nutritional (Non-Metallic Toxicants) Factors in the
Mushroom Samples: phytate content, Cyanide Content, and Tannin Content were sim-
ilar to those outlined by Ekpo et al. (2023), with some minor adjustments.

Preparation of Samples for Metals Determinations

Ashing of Mushroom Samples

Porcelain crucibles with lids were cleaned and dried at 450 °C for 30 minutes and then
placed inside the muffle furnace. The dishes were allowed to cool and weighed. This
process was repeated until consistent weights were obtained. 2.0 g of dried ground
mushroom samples were precisely weighed into the crucibles, and 1 mL of concen-
trated HNO3 was added and left overnight. The sample underwent charring (carboni-
zation) using a Bunsen burner flame to facilitate gas escape, and was subsequently
placed in a muffle furnace at 450 °C for duration of 4 hours, with periodic checks to
ensure complete ashing, indicated by the appearance of a whitish residue. Once the
ashing process was complete, the furnace was turned off, allowing the residue to cool.
The ashed samples were then extracted and stored in a desiccator.

Solution of the Mushroom Samples

A precise volume of 5 mL of 10% HCI solution was introduced to the ash and heated
in a water bath to ensure complete dissolution. Additionally, 5 mL of 10% nitric acid
was incorporated and boiled in the water bath for thorough dissolution. The resultant
sample solution was quantitatively transferred using a stirring rod through a funnel
lined with acid-treated filter paper into a clean, dry 50 mL standard flask, with the vol-
ume adjusted using de-ionized water after rinsing both the crucible and filter paper.
This solution was subsequently utilized for analysis via flame photometry or atomic
absorption spectrophotometry.

Digestion of Substrates and Soil Samples

A precisely measured 1.0 g of dried substrate was digested in a 500 mL flask using a
mixture of concentrated nitric acid and perchloric acid in a 4:1 ratio for 1 hour on an
electric hot plate. The resulting residue was re-dissolved in 0.1 M HNO3 and filtered
through 0.1 M HCI pre-washed filter paper. The filtrate was then adjusted to the 50 mL
mark in a volumetric flask with de-ionized water (Umanah et al., 2025).

Analysis of Trace Metals by AAS

Preparation/Digestion of Mushroom Sample Solutions

A precise amount of 2.0 g of dried and ground mushroom samples was ashed in a glazed
crucible after undergoing pre-burning (charring) over a Bunsen flame within a fume
chamber. The ashing process was conducted at 450 °C for 4 hours in a muffle furnace.
Following cooling, the ash was transferred into a 50 mL beaker by dissolving it in 10
mL of concentrated HNO3 and rinsing with 10 mL of concentrated HCI. The solution
was covered with watch glass and gently warmed for 10 minutes. Subsequently, the
solution was cooled, decanted into a 100 mL volumetric flask, and adjusted to the mark
with de-ionized water.

Statistical Analysis

The data collected were analyzed using analysis of variance (ANOVA) with the Statis-
tical Package for Social Scientists (SPSS) version 16.0. Significantly different means
were identified through Duncan’s multiple range tests.
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I11. Results and Discussion

The proximate compositions, vitamin C content and anti-nutritional profiles of the ex-
amined wild mushrooms are displayed in Table 2, while those of the cultivated mush-
rooms are shown in Table 3. The moisture content (MC) varied from 81.79% to
97.84%, with the highest value attributed to Amanita Phalaoides and the lowest to
Agaricus bisporus. These findings are consistent with the values reported by Jonathan
(2006) in his evaluation of the nutritional values of various wild Nigerian mushrooms.
The dry matter (DM) content ranged from 2.63% to 18.36%, indicating a high level of
roughage present in the mushrooms.

The crude protein (CP) content ranged from 8.16% to 24.67%, which is comparable to
the following seeds and legumes: cowpea (19.06%), Treculia Abrilana (19.31%), bean
seed (20.80%), colocy cilrullus (22.00%), and groundnut (23.05%). The ash content of
mushrooms ranged from 3.26% to 14.33%, indicating a high mineral content. These
findings are consistent with various literature reports. The lipid content, which varied
from 1.00% to 6.68%, suggests that mushrooms serve as an excellent dietary option for
individuals with diabetes and coronary heart disease. The crude fiber (CF) content in
wild mushrooms was found to be between 2.62% and 11.37%, whereas cultivated
mushrooms exhibited a range of 8.31% to 15.37%. T

hese figures align closely with data reported by Kalac (2009) regarding certain Euro-
pean mushrooms. Additionally, the values for ethanol soluble sugar (ESS), carbohy-
drates (CH20)n, and vitamin C were similar, indicating no significant differences (p >
0.05) between wild and cultivated mushrooms. The anti-nutritional factors measured
(mg/100 g) included cyanide (0.02-0.21), tannins (0.12-0.55), and phytic acid (0.01-
0.70) in wild mushrooms, while cultivated mushrooms showed values of cyanide (0.04-
0.31), tannins (0.01-0.67), and phytic acid (0.01-0.70). All these values were below the
1.00 mg/100 g threshold established by WHO guidelines for these toxicants in food.
Similarly, a study conducted by Urgun et al. (2006) indicated that the levels of heavy
metals (Pb, Ni, Mn, Cd, and Zn) in water from a nearby area were significantly above
the recommended thresholds.

Table 2: Mean Proximate Compositions, Vitamin C and Anti-nutritional Profiles of
Wild Mushrooms (%/100 g)

Mus- Mois| Dry| Cru| Cru| As| Li-| Etha-| Ca| Vi| Cy| T| Ph
room ture Mattter|de de h pid |nol Solqrbo tami janidefan- ytic

Species | Con-[Con- Prot| Fi- uble hy-in nins | aci
tont tent pin hre Sugar drate C

Termito-| 88.8 7.55| 23. 7.9 13 5.4| 1193} 38| O 0.] O 0.0

robustus| +0.0| #0.0] =0.[ #0.| 4 | #0.| 03 P o.] +| ol 00

+0.37

Agaricus| 81.2 18.7| 24. 9.0 11 0.7 1193} 22| 0.f 0.| 0.] 03

bisporus| 02| #0.1] #0.| = | 0| 0.] 0.1 383 J 20 2] 0] ¢

Pleuotus| 89.0 11.0| 15. 10. 14 29| 1050 21| O0.f 0.| 0. 0.0
0 0 60 80 60 [0 70+ (10 |02+ 035+

tuber-re-| +0.0| #0.1| #0.| 0. +0| £0.| #0.0 0| 0.] O.
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Amanita| 971 | 290/ 85| 22| 38 29| 1050, 69. 0.| 0.| 0.| 0.7

phalaoid| +0.1| +00] #0.| #0.[ 0| #0.| +0.0 |90 +0 0.] 0.] *

3 +0.10
Amanta | 840 | 159| 10.| 11.| 13| 22, 780 | 35| 0O0.| O0.| 0. 01
verosa 9 3 38 43 80 0 0.2 40 |12+0/04 {125+
+00| +04| #0.| #0.| 0| 0.3 +0.091002 | +| 0.| 00
6 7 18 59 .7 [700 001 06 14

Range 812 | 290| 850, 220 38 07 980| 21| O0.| O0.| 0. 0.0

97.10 187 24.| 11.| 14] 59| 11.93[69.90

=)
©
o

0.7

Table 3: Mean Proximate Compostions, Vitamin C and Anti-nutritional Profiles of
Cultivated Mushrooms (%/100 g)

Mushroom [Mois- [Dry |Crude [Crud |Ash |[Lipid [Ethanol (Carbo [Vitamin|Cya- [Tan- [Phyti
Species  [fture  [Mattte|Pro- |e Soluble hy- |C nide |nins
Con- _|r Contein  |Fibre Sugar |drate

*Termito- - - - - - - - - - - -

myce s ro- N
Agaricus 86.8| 13.| 31.| 13| 13.| 3.6 8.5 18.| 037| 014 | 067| 0.0
bisporus +0.1] #0.| #0.| =+ +0| 0| +0.10/00 +0.0| 0.01 020 +
Pleuotus 830| 17.| 12.| 11| 11) 07 060 | 20.{ 0.16| 0.04 | 0.01] 03
tuber-re- +0.0/ +0.| #0.| +0 | #0| 0| +0.10/00 0.00] 0.02 0.01| 0.0
Amanita 940| 60| 18.| 14| 14| 13| 910 | 45.| 017 031 055| 07
phalaocides | #0.0| +0.| #0.| #0.| 0| 0| =0.70/00 #02| 0.06 | 0.14] 0.2
Amanta 946| 53| 13.| 89 15| 26/ 6.10 | 32.pt 014 | 0.01] 0.0
verosa 01| +0.| +0.| 0| +0/ 0| +0.11/00 1 004 | 001 0.0
Range 83.0| 53| 124 89 11, 0.7] 060 18.| 0.16| 0.04-| 0.01| 0.0

946 | 17. 31 14| 15| +3| 9.10 00 —+ 0.31 0.67| 0.7

*Not planted

Table 4 presents the average concentrations of essential metals found in both wild and
cultivated mushrooms. The data for these two categories of mushrooms are similar at
p>0.05 and align with the values documented for fruits and vegetables by Obruche et
al. (2009) as well as for mushrooms by Ogwuche and Obruche (2020).. However, it is
noteworthy that some edible mushrooms from South Eastern Nigeria exhibited higher
concentrations. The mean values recorded for Na, Ca, and K were in accordance with
the WHO guideline levels, whereas the values for Mg and Fe were found to be elevated
in mushrooms.
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Table 4: Mean Concentrations (mg/kg) of Essential Metals in Wild and Culti-
vated Mushrooms

Mush-
room Wild Cultivated
Sbecies
Na |K Ca Mg Fe Na K Ca Mg Fe
Tr 370.99(886.32 [83.64 [686.76 [213.09 - - -
+
0.27 [+0.14 1+0.15 +0.04 [+0.19

/Ab 474.64(714.88 [252.6

476.57 268.11

668.49 [844.23 [588.61

549.66 [446.19

+0.33

12,15 [+0.80

+ 0.97 +0.19

+0.33 +4.33 #2.20

+1.11

+0.72

Ptr 152.36|678.39 [399.7

601.83 |154.68

332.77 1698.17 801.19

899.10 401.66

+0.14

027 [+0.84

+0.44 #0.15

+1.59 +0.63 [ +1.20

+3.11

+0.92

Aph 777.42/933.81 545.0

1,191.0 404.32

1,061.1j701.99 [1,841.0

1,566

1[772.01

6.27

1214 [+0.64

+2.04 £1.19

+733 028 1014

1+0.8

1#3.12

AV 669.59(166.88 |111.4

1,178.0(684.74

698.60 [196.39+[219.69

1,279

.0[777.18

+0.84

+0.16 [+0.77

+1.85 1055

+0.89 [0.93 +1.20

+2.11

+1.12

Range |152.36/66.88- 83.64-

476.57-(154.68

332.77 [196.39- |219.67-

549.66 401.66-

777.42/933.81 545.0

1,191.0(684.74

1,061.11844.23 [1841.0

1,566

A[777.18

WHO 1500

4700 (1300

420

18

1500 4700 (1300

420

18

Tr-Termitomyces robustus, Ab- Agaricus bisporus, Ptr-Pleurotus tuber-regium, Aph-
Amanit phalaoides, Av-Amanita verosa

Table 5: Mean Concentrations (mg/kg) of Trace Metals in Wild and Cultivated Mush-

rooms.

Mush Wild Cultivated

room

spe- |Cu |Co | PbiZn |Cd |Ni [Mn [Cr |Cu |Co | Pb| Zn|Cd |Ni |[Mn [Cr

Tr* 0.1 0.59/5.0350.8 4.48(16.8 24.4 BD- | | | - - - -
2 8 5 R L
+0. #0.0+0.0+0.0 +0.0+0.0 +0.0

Ab 0.3 1.2114.5628.7 |4.41[1.40 (15.2 |BD 0.09{2.03/6.33(68.5 [9.15 [2.19 21.7BD
9 2 0 |L 6 2 L
+0. +0.0+0.0#0.0 #+0.01+0.0 +0.0 +0.0[+0.0+0.0+0.0 |+0.0 +0.0 #0.0

Ptr |0.2 0.48[3.60[25.0 |4.30[3.04 [13.6 BD(0.01|0.49(3.68145.4 14.40 [3.08 [13.6BD
2 0 0 L 8 0 L
+0. #0.6:+1.0+6.0 +0.91+1.0 #3.0 +0.0#0.0#1.2+0.0 [+1.3 +1.0 #2.0

Aph (0.7 [1.524.62[34.0 [3.884.77 (16.6 BD [0.22/6.04/5.5548.3 14.99 16.89 (18.8BD
2 2 0 L 3 0 L
+0. #0.20.0+5.0 +1.04+1.6 #2.0 +0.0#0.8+1.0+7.0 [+1.0 +0.9 #0.7
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LG

6

Av 0.6 0.63

3.8361.1

6.68

15.0 18.25

BD |0.36

4.83

4.89

9.33

9.88

22.0
5

11.6
0

+0. #0.0

+0.0+0.0

+1.0

+3.0 #1.0

+0.0

+0.7

+0.8

+0.8

+1.0

+2.0 0.9

e 2- |

2

Rang (0.1 0.48

0.7 1.52

3.60[25-
- 611
5.03

3.88

6.68

1.40-8.25-
16.8 24.4

BD(0.01

0.36

0.49

6.04

3.68

6.33

9.33-
68.5

4.99-
0.88

2.19
22.0

-11.6
0-
21.7

2004 0

WHO0.9 0.29

0.63[11

0.59

0.50 2.3

0.9 10.90

0.29

0.63

0.59

0.50

2.3

0.95

EX -

COD 3 [0.01

0.05(17

1995 0.1

0.1

0.4 [0.13-

0.13

0.26

0.01

0.05

0.1

0.1

0.4

0.13

0.26

0.1

*Not Ccultivated., Tr-Termitomyces robustus,Ab-Agaricus bisporus,Ptr-Pleurotus tu-
ber-regium,Aph-Amanita phalaoides,Av-Amanita verosa

Chromium was undetectable in all mushroom samples, whereas copper levels in every
mushroom sample were below the concentrations recommended by the WHO for food.
The remaining metals exhibited concentrations exceeding the WHO guideline levels in
all samples analyzed, including both wild and cultivated mushrooms.
Contains average concentrations of trace metals found in soils and substrates from
which wild mushroom samples were obtained.

Table 6: Mean Concentrations (mg/kg) (n=3) of Trace Metals in Soils and Sub-
strates from where Wild Mushroom Samples were collected.

Soil/sub Cd Co Cr Cu Fe M Ni Pb Zn
Garden soil 6.04 1.1 209| 10.6 11 2.6 8.6 66. 18.83
+0.44] 0. +0.1] 1.0 #1| 0] =0. +0 +0.10
Decayed 5.15 BD 30.1| 10.1 20 40. 18. 4.2 16.35
wood +0.44 - +0.7| #1.7] #2| 0| =0. +0 +0.72
Farmland soil 10.55 10. 8.89| 10.7 10 10. 23. 6.0 80.83
+2.33]  #1. +0.7] #0.9] 2| 0| =0. +0 +2.55

Farmland soil 3.38 2.0 0.19| 2.08 34 1.3 8.1 47  AT77
+0.98] 0. +0.0] +0.7] 2| 0| =0. +0 +0.70
Decayed 30.30 1.8 0.04| 139 44 1.3 6.6 16. 10.04
wood +2.86) 0. +0.0{ 0.2 0. 0| =0. +0 +0.25
Farmland soil 6.04 1.1 2.09 10.6 20 2.6 8.6 66. 18.83
+1.29] #0. +0.1| #1.6/ 0] 0| +1. +2 +1.22
Refuse soil 17.65 4.4 6.44| 15.7 60 7.8 18. 10 22.44
+1.59] 0. +0.9| #1.7| +6. 0| +1. +4 +1.3

Sub(leaf lit{ 3.18 2.0 0.03| 2.08 10 1.3 2.1 1.7 1.89
ters) +0.19]  #0. +0.0] 0.7/ 2| 0] =0. 10 +0.44

WHO  agricf 0.05- 2- 0.10| 20.0{ 4004 504 20. 20. 100
WHO Pol{ 3- 5- 4- 50- | 4004 504 75- 501 300-

All soil samples exhibited contamination with cadmium (Cd) and chromium (Cr), while
40% were found to be contaminated with lead (Pb), which also displayed increased

86




- International Journal of Statistics and Mathematical Rescarch Trends
) F-ISSN: 3108-0871. Volume 2 Issue |
- PP 77-92

lan-Feb 2026

levels in other samples. Additionally, nickel (Ni) levels were elevated across all sam-
ples. The remaining metals were found to be below the guideline levels established by
the World Health Organization (WHO). Notably, chromium was undetectable in all
species of both wild and cultivated mushrooms. Overall, bioaccumulation factors were
notably low, despite the fact that many mushroom species contained metal concentra-
tions exceeding the WHO guideline values for food.

Table 7: Bioaccumulation of Trace Metals in Wild and Cultivated Mushrooms

Mush [BIOACCUMULATION FACTORS

S_IOG- \Wild Cultivated
Cles |Cd |Co |Cr |Cu |[Fe [Mn INi |Pb [Zn |Cd |Co |Cr |Cu [Fe Mn |Ni_ |Pb [Zn
Tr*  |0.74{0.54-- |0.01{1.79/9.25 [1.95/0.082.70-- |- |-

/Ab  |0.86/0.28-- 0.04{1.30/0.38 0.08[1.08|1.76[1.780.47|-- 0.012.16/0.54 |0.12[1.50{4.19
Av  [0.630.06-- 0.06[1.45|0.78 [0.65/0.63|0.76[0.94(0.44|-- 0.032.22(1.10 |0.95[0.796.12

Aph  [1.15/0.76/-- (0.35(1.17{11.9 0.58/0.97|7.13[1.483.01}-- 0.111.27]13.5 |0.84[1.16/10.1

4
Ptr 0.14/0.26-- [0.12[1.549.78 |0.46(0.21|2.49|0.15(0.26|-- [0.01|1.779.78 (0.46/0.22{4.53

1VV. Discussion

Proximate Compositions, Vitamin C, and Anti-nutritional Factors of Mushroom Sam-
ples. Proximate composition, vitamin C, and mineral content serve as indicators of nu-
tritional quality. The values obtained from the analyzed mushrooms clearly demon-
strate that these mushrooms possess high nutritional qualities, albeit with low anti-nu-
tritional factors that remains below the permissible limits set by WHO for food (Table
2&3). The crude protein (CP) levels, ranging from 8.50% to 24.18%, are relatively
comparable to those found in legumes (Cowpea 19.06%, Beans 20.80%, Groundnut
23.05%) and meat muscle (22.00%). The ash content, which varies from 3.26% to
14.33%, indicates a high mineral content in mushrooms. The low lipid (fat/oil) content,
ranging from 1.00% to 6.68%, suggests that mushrooms are an excellent dietary option
for individuals with diabetes and coronary heart disease.

Based on the analytical data obtained, it is reasonable to conclude that the studied mush-
room species, namely Termitomyces robustus, Agaricus bisporus, Amanita phalaoides,
Amanita verosa, and Pleurotus tuber-regium, hold significant potential in addressing
the protein supply deficiency prevalent in several developing countries in Africa, in-
cluding Nigeria. The low carbohydrate content, ranging from 32.00% to 35.40%, ex-
plains why certain mushroom species are locally utilized as binders, bulking agents (in
melon cake—a local snack), and thickeners in soups or infant formulas. This suggests
that mushrooms can effectively function in low-fat diets, which are particularly bene-
ficial for patients with cardiovascular diseases, obesity, and diabetes. The vitamin C
content was detectable at levels between 0.01 and 0.37 mg/100 g. However, the deter-
mined values of vitamin C indicate that these mushroom species are not reliable sources
of vitamin C, although they may still contribute significantly to the diet.
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The low levels of anti-nutritional factors indicate that consumers are unlikely to expe-
rience the toxic effects of these substances, as cooking further degrades them. Similar
values of 0.36 mg/100 g for phytates have been documented in certain mushrooms and
cowpea (0.36 mg/100 g). The average phytic acid content of 0.26 mg/100 g is compa-
rable to the levels found in both wild and cultivated mushrooms, which are at 1.00
mg/100 g according to WHO guidelines from 1995. Phytates have the ability to chelate
essential minerals such as calcium, magnesium, iron, and zinc, making these minerals
less available for absorption.

Additionally, phytates inhibit the activity of digestive enzymes, including amylase,
pepsin, and pancreatic enzymes. The average cyanide content of 0.16 mg/100 g in these
mushroom species is low compared to the 0.36 mg/100 g reported in the literature and
WHO guidelines. This cyanide content can be reduced through blanching and cooking
before consumption. The mean tannin value of 0.31 mg/100 g is slightly below the
maximum permissible levels set by WHO, which may lead to health issues when mush-
rooms are consumed in large quantities. These findings were statistically close (p>0.05)
and comparable to values reported for fruits and vegetables; however, higher levels
were noted in some edible mushrooms from South Eastern Nigeria (Umudi et al., 2025).

Concentrations of Essential Metals in Studied Mushroom Samples

The concentrations of essential metals presented in Table 4 indicate that these mush-
room species are excellent sources of these elements, potentially providing up to 50%
of the recommended daily allowances. The mean values obtained from the studied
mushrooms were also higher than those found in existing literature. For instance, the
mean sodium concentration in the studied mushrooms was 777.42 mg/kg, compared to
277.33 mg/kg in cowpea and 252.67 mg/kg in vegetables.

The concentration of sodium differs across various parts of species, which aligns with
findings documented in existing literature. Sodium and potassium serve as systemic
electrolytes and play a crucial role in the co-regulation of ATP. ATP, or Adenosine
triphosphate, is a nucleotide with the chemical formula C10H16N5013P3, consisting
of adenosine and three phosphate groups, which releases energy upon hydrolysis to
ADP. It is found in all cells, where it functions to store and transport the energy neces-
sary for biochemical reactions.

Mitochondria in both plant and animal cells contain ATP, which is a primary energy
source for cellular reactions, with energy being released during the conversion of ATP
to ADP. The observed values were greater than those reported for vegetables. The nu-
tritional advantages of ATP include its necessity for muscle development, support for
the heart and digestive system, bone formation, and the proper functioning of blood
cells. Iron (Fe) is essential for the synthesis of various proteins and enzymes, particu-
larly hemoglobin, to avert anemia. Based on the data collected, the mushrooms exam-
ined can be regarded as excellent sources of iron and magnesium. Magnesium is vital
for the optimal functioning of ATP and for bone development (Itodo et al., 2021).

Trace Metal Concentrations in Soils and Substrates.

Table 6 clearly indicates that the soils and substrates from which the studied mush-
rooms were harvested exhibited concentrations of cadmium (Cd), chromium (Cr),
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nickel (Ni), and lead (Pb) that exceeded the guideline values set by the WHO, while the
concentrations of other metals remained within acceptable limits.

Concentrations and Bioaccumulation of Trace Metals.

Among the trace metals analyzed, copper was the only metal whose concentration fell
below the WHO guideline levels for food. In contrast, other trace metals displayed con-
centrations that surpassed the WHO guideline values in food. This finding reinforces
the assertion that, under natural conditions, the concentrations of heavy metals in cer-
tain mushroom species can be elevated, even when the level of soil pollution is minimal.
Furthermore, the brief cropping cycle of 10-14 days suggests that these mushroom spe-
cies possess a significant capacity for trace metal uptake and accumulation, which could
be harnessed for the bioremediation of soils contaminated with trace metals.

Potential of the Investigated Mushrooms for the Removal of Trace Metals from
Contaminated Soils.

Bioaccumulation factors serve as indicators of the extent to which living organisms
acquire or retain persistent contaminants in relation to the concentrations of these con-
taminants present in the ecosystem. The bioaccumulation factors determined in this
study are predominantly low, despite the fact that the concentrations of metals, with the
exception of Cu and Cr, in the analyzed samples surpassed the levels recommended by
the WHO. In comparison, Mn and Zn exhibited notable bioaccumulation factor levels.
Specifically, Mn has a bioaccumulation factor ranging from 11.94 to 13.53 in Amanita
phalaoides; 9.78 in Pleurotus tuber-regium; and 9.25 in Termitomyces robustus, while
Zn has a range of 7.13 to 10.13 in Amanita phalaoides and 6.12 in Amanita verosa.

The mushrooms examined in this study can effectively extract Mn and Zn from metal-
contaminated soils. Mushrooms offer several advantages over other bioremediation
agents: they have a shorter lifespan, a greater capacity for accumulation, and the ease
of biomass removal. The short cropping cycle of mushrooms, lasting 10-14 days, is
beneficial as it allows for multiple cropping sessions within a single season. Conse-
quently, Amanita phalaoides demonstrates significant potential for the removal of Mn
and Zn, while Pleurotus tuber-regium and Termitomyces robustus are effective for Mn,
and Amanita verosa is effective for Zn (Umudi et al., 2025).

V. Conclusion

Mushrooms, recognized as a favored culinary delicacy in contemporary society, have
garnered increasing interest in the fields of bioremediation and biotechnology. The
mushrooms examined were all determined to be edible, exhibiting high nutritional val-
ues and low levels of anti-nutritional factors that fall below the permissible limits set
by the WHO for food and vegetables. They serve as excellent sources of essential met-
als, including Na, K, Ca, Mg, and Fe. Additionally, they act as accumulators of toxic
metals such as Cd, Co, Mn, Ni, Pb, and Zn. Notably, all detected levels of these toxic
metals exceeded WHO guideline values, which may compromise their edibility. In
terms of bioremediation, Amanita phalaoides demonstrates significant potential for the
removal of Mn and Zn, while Termitomyces robustus and Pleurotus tuber-regium are
effective for Mn, and Amanita verosa is suitable for Zn extraction from trace metal-
contaminated soils, as inferred from their accumulation capabilities for these metals.
Achieving safe concentrations of Mn and Zn in contaminated soils can be facilitated by
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leveraging their short cropping cycles and the possibility of multiple plantings within a
single season. The successful cultivation of Amanita phalaoides, Pleurotus tuber-re-
gium, Amanita verosa, and Agaricus bisporus has been accomplished. In conclusion,
the research findings indicate that all examined mushrooms are edible, although their
safety may be compromised if cultivated or harvested from contaminated soils. The
study has revealed that, in comparison to international standards, the investigated areas
are indeed polluted with Mn, Zn, Cd, and Pb.
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