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Abstract: Concentrations of essential minerals, heavy and toxic metals from edible, non-edible wild-grown
mushrooms saprophytic (SAP) and ectomycorrhizal (ECM) from the last five years  are  described.  The  role
of mushrooms as effective bioaccumulators agents is discussed considering their ecological role as SAP or
ECM mushrooms. Major and trace minerals here described showed the decreasing tendency from the most
abundant to the lowest: K > Mg > Al > Cu > Mn > Cd > Cr > Se > Co > Pb > As > Hg. Several factors such as
maturity stage of fruiting bodies, element concentrations in soils, genotype of the mushrooms affect the element
occurrence in mushrooms. In spite of mushrooms are excellent source of minerals such as K, Mg, Al and Cu,
their capability for accumulating metals and metalloids affects the edibility of wild species grown in polluted
areas producing a risk to human health if they are consumed.

Key words: Wild  mushroom    Major   element   Heavy  metal   Bioaccumulation   Ectomycorrhizal
 Saprophytic

INTRODUCTION Wild mushrooms grow dealing with many factors

Since remote times, mushrooms are part of human diet conditions for example polluted soils. In this way they
and are well accepted in many cultures due their attractive have developed a particular capacity to absorb and
color, texture and flavour and as a valuable source of sequester certain metals and metalloids in their flesh of
benefits for human heatlh including antioxidant, antiviral, their fruiting bodies. That capacity can be modified due
anticarcinogenic, anticoagulant effects, as preventing environmental factors such as pH, the amount of organic
agents of cardiovascular problems and reducing blood matter and metals in soils, fungal species, development
cholesterol [1-5]. On the other hand, bennefical or even stage and mycelium age. The accumulative ability can be
toxic effects to human health may be associated with described in terms of the bioaccumulation factor (BCF),
mushrooms intake and also can be related to the presence defined as the ratio of an element in fruiting body to its
of heavy metals. In this sense, extensively research has concentration in soil [31]. In spite of huge evidence
been published since the 1970’s on trace elements supporting mushrooms as metal bioaccumulators, more
(Essential minerals for human diet such as Sodium, studies are needed in order to propose some species as
Potassium, Calcium, Magnesium, Phosporous and Sulfur, reliable bioindicators of polluted areas [8].
trace elements such as Antimony, Arsenic, Berylium, Besides the bioaccumulating capacity of mushrooms,
Cadmium, Caesium, Cobalt, Copper, Gold, Iron, ectomycorrhizal mushrooms (ECM) play an important role
Manganese, Nickel, Selenium, Strontium Thalium and Zinc as accumulators of metals by symbiotic interactions with
and heavy metals such as Cadmium, Lead, Mercury and roots  of  plants  and trees avoiding the intake of the metal
Silver [6, 7].

such as geographic location, weather and environmental
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Fig. 1: Sketch of a mushroom and main parts of the fruiting body .7

(in the major cases toxic for the plant) and in turn getting Deuteromycetes [11]. From the most representative edible
carbohydrates from the plant [9]. On the other hand, basydiomycetes there are some species of the genus
saprophytic mushrooms (SAP) biodegradate organic Amanita (ECM edible in some parts of the world), Boletus
matter to get food, they also uptake bioavailable metals (ECM, edible most of especies), Cantharellus (ECM,
through the segregated enzymes accumulating them in edible) and Agaricus (SAP, edible).
their fruiting bodies. In spite their ecological differences Mushrooms are extended through a large area under
of SAP and ECM mushrooms, it has been demonstrated the ground by a complex network called mycelium, a
for SAP a higher capacity of bioaccumulation of metals visible fruiting body results when environmental
even though up to date there are not clear at all the conditions allow this mycelium to fructificate. The term
mechanisms that explains satisfactorily how the metal gets mushroom will be used in this review to refer to the
into the mushroom [10]. fruiting body conformed by cap or pileus, spore-forming

The aim of this review is to recopilate data about part and stipe and fungus to refere to the fruiting body
some major and trace metals contents in fruiting bodies of and the mycelium (Fig. 1).
wild grown mushrooms from the last five years in order to
describe the fungal diversity  through  their  elements Fungus and Their Ecological Role: Due the mycelium
contents description. structure is coiled with roots of trees and plants, fungus

Description of Basic Mycological Terms: Mushrooms are effective role cycling elements such as Carbon, Nitrogen,
non photosynthetic organisms, therefore they require to Sulphur,  Phosphorous,   metals  and  metalloids  [12].
uptake their nutrients through several sources of food, SAP fungus play a key role in descomposition of organic
they are clasified in four different phylum such as matter, cellulose, hemicellulose and lignin through
Basydiomycetes, Ascomycetes, Zycomycetes and laccases   enzymes,     multicopper    oxidases,  manganese

help to maintain the soil structure and they also play an
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peroxidases and several glycosidases by hydrolytic Table 1 displaying concentrations from 50 to over 1500
oxidatives processes, some examples are species of mg/kg of dry matter. As it is observed, different
Pleurotus, Agaricus, Lentinus and Trametes versicolo mushroom species are able to accumulate differents
[13, 14]. These mushrooms are also known as white and amounts of aluminium.
rot-fungi due the color that appears as consequence of
the biodegradation of lignin from the wood into several Arsenic in Mushrooms: Arsenic is a natural metalloid
aromatic  compounds  that  enrich   the  soils in carbon widespread in nature, it exists in plants grown in
[15-17]. unpolluted areas ranging from 0.09 – 1.5 mg/kg and in

Essential and Heavy Metals in Mushrooms: Mushrooms concentrations of 6000 mg/kg [22]. Arsenic is a highly
can be separated in edible, non edible, medicinal and toxic metalloid according to its chemical specie such as
poisonous species in spite of some edible species present arsenite As (III) and arsenate As (V), this last is
low culinary value due their flavour they are consumed. considered the most toxic due its biological availability
Excelent edible mushrooms such as A.caesarea and B. and physiological effects as human carcinogenic and
edulis have been described due their special capacity of teratogenic agent. Some mushroom species have special
accumulating high amounts of heavy metals [18]. On the ability to accumulate arsenic and may represent a serious
other hand, some edible mushrooms such as Cantarellus risk to consumer health, that occurrence is related with
cibarius, Agaricus bisporus and Pleurotus sp present type of soil, bedrock, habitat, environmental factors. In
essential elements required in human diet as Sodium, mushrooms arsenic occurs as methylarsonate (MA),
Potassium, Calcium, due these metals act as electrolites dimethylarsinate (DMA), As (V), arsenocholine (AC),
and forming structures. Another essential elements that trimethylarsine oxide (TMAO), tetramethyl arsonium
have been reported in mushrooms are Magnessium, cation (TETRA) and arsenosugars [25].
Phosphorous, Iron, Zinc, Copper, Manganese and Cobalt Mushrooms species varies in contents of arsenic,
present in Collyba butyracea and Calvatia depending of its occurrence in soils. In Table 2 showed
excipuliformis and Tapinella atrotormentosa, some of arsenic contents for wild mushrooms grown in non
them are necessary as cofactors to activate some enzymes polluted areas.
[16, 19-20].

Nevertheless, edible mushrooms may be poisonous Cadmium in Mushrooms: This heavy metal is found at
due the accumulation of toxic metals and metalloids in elevated concentrations in wild-grown mushrooms and
their fruiting bodies, in some cases reaching levels that also is one of the most toxic metals. A maximum level
may damage severely the human health. Toxic minerals regulated by the European Union in cultivated Agaricus
such as Arsenic, Cadmium, Chromium, Lead, Mercury and bisporus, Pleurotus ostreatus and Lentinula edodes is
Silver [8, 21-23]  may   be  present  in  mushrooms  in  this 0.20 mg/kg, however there are edible wild mushrooms
regard Lead is associated with damage to the central grown in non polluted soils that exceed this value, such
nervous system, Cadmium is toxic for kindeys amd bones, as Agaricus arvensis, Boletus edulis (Table 3). In respect
Arsenic is a potent human carcinogen agent and Mercury to polluted areas cadmium is accumulated in a great
is associated with neurotoxicity and teratogenicity [24]. amount of species grown in polluted areas in
Because of the absence of metabolic function for these concentrations of hundred of mg/kg such as Agaricus
elements, mushrooms accumulate them and their arvensis, Other mushroom species such as Agaricus
concentrations depend of environmental factors and campestris, Boletus edulis, Cantharellus cibarius and
several sources such as industry, mining processes, Lactarius deterrimus and Lepista nuda shows a twice
agricultural  activity  involving  fertilizers,  plaguicides concentration of cadmium in polluted areas compared with
[21]. non polluted (Table 4). On the other hand,

Aluminium: Aluminium is an element whose areas shows the the same bioaccumulation capability for
concentration of 80g/kg makes it the most abundant cadmium. SAP and ECM mushrooms display a great
metalloid in the earth crust, however, scare reports are capability of bioaccumulating cadmium some authors
available referring to Al content in edible wild growing explain this ability due the presence of metallothionenin-
mushrooms. Some species from Turkey are described in like cadmium binding proteins [7].

mining areas polluted with arsenic occurring at

Chroogomphus rutilus grown in pristine and polluted



Am-Euras. J. Agric. & Environ. Sci., 16 (6): 1145-1158, 2016

1148

Table 1: Aluminium concentration in wild mushrooms from Turkey in mg/kg of dry matter36

No. Specie 50-100 100-300 300-600 600-900 900-1500 >1500
1 Agaricus bisporus n
2 Agaricus bitorquis n
3 Agaricus campestris n
4 Agaricus essettei n
5 Agrocybe aegerita n
6 Armillaria mellea n
7 Armillaria tabescens n
8 Clavulina cinerea n
9 Clavulina cistata n
10 Coprinus atramentarius n
11 Coprinus comatus n
12 Coprinus micaceus n
13 Ganoderma applanatum n
14 Ganoderma lucidum n
15 Helvella lecopus n
16 Laccaria amethystea n
17 Laccaria laccata n
18 Laetiporus sulphureus n
19 Lentinus tigrinus n
20 Lentinus torulosus n
21 Lepista nuda n
22 Leucoagaricus leucothites n
23 Lycoperdon molle n
24 Lycoperdon perlatum n
25 Morchella conica n
26 Oudemansiella radicata n
27 Pleurotus ostreatus n
28 Polyporus squamosus n
29 Psathyrella hydrophilia n
30 Rhizopogon luteolus n
31 Rhizopogon roseolus n
32 Suillus bellini n
33 Suillus bovinus n
34 Xerocomus chrysenteron n

Table 2: Contents of arsenic in wild grown mushrooms in non polluted areas in mg/kg of dry matter
No. Specie 0.1 - 0.2 0.2 - 0.3 0.4- 0.5 References
1 Boletus sp n [22]
2 Boletus tomentipes n [37]
3 Cantharellus cibarius n [22]
4 Lactarius deliciosous n [22]
5 Tricholoma portentosum n [22]

Table 3: Cadmium concentrations in wild mushrooms grown in non polluted areas in mg/kg of dry matter
No. Specie 0.1 - 0.5 0.5-1.0 1.0 - 3.0 3.0 - 5.0 5.0 - 10.0 54 References
1 Agaricus arvensis n n [38]
2 Agaricus campestris n [39]
3 Boletus edulis n [40]
4 Cantharellus cibarius n [40]
5 Cantharellus tubaeformis n [40]
6 Chroogomphus rutilus n [38]
7 Clavulina rugosa n [40]
8 Hydnum repandum [40]
9 Laccaria laccata n [40]
10 Lactarius deterrimus n [38]
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Table 3: Continued
No. Specie 0.1 - 0.5 0.5-1.0 1.0 - 3.0 3.0 - 5.0 5.0 - 10.0 54 References
11 Lactarius salmonicolor n [38]
12 Lactarius versipelle n [38]
13 Leccinum duriusculum n [41]
14 Lepista nuda n [40]
15 Leucopaxillus giganteus n [40]
16 Morchella vulgaris n [38]
17 Polyporus squamosis n [38]
18 Russula obtussisima n [38]
19 Russula rosea n [40]
20 Suillus collinitus n [38]
21 Tricholoma imbricatum n [38]
22 Tricholoma saponaceum n [40]
23 Xerocomus chrysenteron n [38]

Table 4: Cadmium concentrations in wild mushrooms grown in polluted areas in mg/kg of dry matter
No. Specie 0.1 - 1.0 1.0 - 2.0 2.0 - 3.0 3.0 - 5.0 5.0 - 10.0 11.0 - 15.0 15.0 - 20.0 70 117 References
1 Agaricus arvensis n [17]
2 Agaricus campestris n [17]
3 Agaricus sylvicola n [17]
4 Allbatrellus confluens n [17]
5 Amanita muscaria n [17]
6 Amanita rubescens n [17]
7 Amanita spissa n [17]
8 Armillaria mellea n [17]
9 Boletus badius n [17]
10 Boletus chrysenteron n [17]
11 Boletus edulis n [17]
12 Boletus erythropus n [17]
13 Boletus luridus n [17]
14 Boletus reticulatus n [17]
15 Bovista nigrescens n [17]
16 Cantharellus cibarius n [17]
17 Chroogomphus rutilus n [17]
18 Clitocybe nebularis n [17]
19 Clitocybe odora n [17]
20 Coprinus atramentarius n [17]
21 Coprinus comatus n [17]
22 Cortinarius caperatus n [17]
23 Craterellus cornucopioides n [17]
24 Elaphomyces granulatus n [17]
25 Gomphidius glutinosus n [17]
26 Hydnum repandum n [17]
27 Hypholoma capnoides n [17]
28 Laccaria amethystina n [17]
29 Lactarius deliciosus n [17]
30 Lactarius deterrimus n [17]
31 Lactarius sanguifluus n [15]
32 Lactarius semisanguifluus n [15]
33 Leccinum auranticum n [17]
34 Leccinum quercinum n [17]
35 Leccinum scabrum n [17]
36 Leccinum versipelle n [17]
37 Lepista glaucocana n [17]
38 Lepista inversa n [17]
39 Lepista nuda n [17]
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Table 4: Continued

No. Specie 0.1 - 1.0 1.0 - 2.0 2.0 - 3.0 3.0 - 5.0 5.0 - 10.0 11.0 - 15.0 15.0 - 20.0 70 117 References

40 Lactarius deliciosus n [15]
41 Lycoperdon perlatum n [17]
42 Lycoperdon pratense n [17]
43 Lycoperdon utriforme n [17]
44 Macrolepiota procera n [17]
45 Macrolepiota rhacodes n [17]
46 Macrolepiota xcoriata n [17]
47 Russula delica n [15]
48 Russula integra n [17]
49 Russula lepida n [17]
50 Russula romellii n [17]
51 Russula cyanoxantha n [17]
52 Russula virescens n [17]
53 Russula xerampelina n [17]
54 Sarcodon imbricatus n [17]
55 Suillus bellini n [15]
56 Suillus bovinus n [17]
57 Suillus cavipes n [17]
58 Suillus granulatus n [17]
59 Suillus grevillei n [17]
60 Suillus luteus n [17]
61 Suillus variegatus n [17]

Table 5: Chromium concentrations in wild mushrooms in mg/kg of dry matter

No. Specie 0.1 - 1.0 1.0 - 2.0 2.0 - 5.0 5.0 - 10.0 22 References

1 Agaricus arvensis n n [40]
[41]

2 Boletus edulis n [41]
3 Cantharellus cibarius n [40]
4 Cantharellus tubaeformis n [40]
5 Clavulina rugosa n [40]
6 Hydnum repandum n [40]
7 Laccaria laccata n [40]
8 Lactarios deterrimus n [40]
9 Lactarius deliciosus n [38]
10 Lactarius salmonicolor n [15]V

11 Lactarius sanguifluus n [38]
12 Lactarius semisanguifluus n [15]V

13 Leccinum duriusculum n [15]V

14 Lepista nuda n [31]
15 Leucopaxillus giganteus n [40]
16 Lycoperdon pratense n [40]
17 Morchella vulgaris n [38]
18 Polyporus squamosis n [38]
19 Russula delica n [38]
20 Russula obtussisima n [15]V

21 Russula rosea n [38]
22 Suillus bellini n [40]
23 Tricholoma imbricatum n [15]V

24 Tricholoma saponaceum n [38]

V= Mushrooms grown in a volcanic area
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Table 6: Cobalt concentrations in wild grown mushrooms in non polluted areas (mg/kg of dry matter)
No. Specie 0 0.1 - 1.0 1.0 - 2.0 2.0 - 4.0 5 References
1 Agaricus arvensis n [38, 40]
2 Boletus edulis n [40]
3 Cantharellus cibarius n [40]
4 Cantharellus tubaeformis n [40]
5 Chroogomphus rutilus n [38]
6 Clavulina rugosa n [40]
7 Hydnum repandum n [40]
8 Laccaria laccata n [40]
9 Lactarios deterrimus n [38]
10 Lactarius salmonicolor n [38]
11 Lactarius versipelle n [38]
12 Leucopaxillus giganteus n [40]
13 Lycoperdon pratense n [38]
14 Morchella vulgaris n [38]
15 Polyporus squamosis n [38]
16 Russula obtussisima n [38]
17 Russula rosea n [40]
18 Suillus collinitus n [38]
19 Tricholoma imbricatum n [38]
20 Tricholoma saponaceum n [40]
21 Xerocomus chrysenteron n [38]

Chromium in Mushrooms: Chromium is the tenth most inhibitors of enzymatic reactions, they decrease cellulase
abundant element in the earth crust, it occurs in air, water, and amylase production. Furthermore cobalt as ion Co
soil and  biological materials in two oxidation states: has been described as an inhibitor of spore germination
Cr(III) and Cr (VI), this last oxidation state is extremely [12].
toxic  with  carcinogenic   and   genotoxic  effects in Russula obtussisima is as a high cobalt accumulator
animals and    humans.    Chromium  is used extensively whereas Polyporus and Lactarius species are the lowest
in industrial applications that include electroplating, ones. However some edible species such as Agaricus
timber treatment, pulp production, mineral ore and arvensis and Boletus edulis, Cantharellus cibarius are
petroleum  refining  unfortunately it contaminates soils rich sources of cobalt, they can be complements to the
and  water [8].   Wild   mushrooms  grown in polluted human diet for the intake of this mineral (Table 6).
areas accumulate in their fruiting bodies important
amounts of this metal, this capability depends in Copper in Mushrooms: Copper may exist in mushrooms
genotype of the mushroom, the degree of contamination fruiting bodies due the mobilization of mineral including
of the soil and the ecology of the mushrooms, if they are phosphates by mychorrizal and ECM fungi, when it
ECM or SAP. occurs in high concentrations it displays toxic effects as

Different   contents  of  chromium  in  mushrooms a potent enzymatic inhibitor of cellulase and amylase,
from volcanic  and   non  polluted  areas  are  shown  in nevertheless mushrooms have developed mechanisms of
Table 5. In this sense Lactarius salmonicolor, an ECM defence such as extracellular precipitation or chelation,
mushroom grown in a volcanic area, exhibits the highest biosorption and exclusion [26].
content, however other species of Lactarius reported for Copper is present in high concentrations in C.
the same area show the minimum content of this element. rugosa and L. hygrophroides, while H. repandum and
This observations suggest that bioaccumulation is not Lactarius species show the minimal (Table 7). However
only associated with the specie, there are other factors genotype of some species seems to be more involved in
affecting to it. the accumulation of this element in fruiting body than

Cobalt in Mushrooms: Cobalt is an essential element for and rosea grown in volcanic and pristine areas
fungal growth, although when it occurs in elevated respectively shows a similar content of copper and
concentrations it produces toxic effects; in mushrooms Lactarius species grown in volcanic areas show similar
cobalt, cadmium, lead, manganese and nickel are potent content of copper.

2+

presence of copper in soils. In this way Russula delica
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Table 7: Copper concentrations in wild mushrooms grown in pristine and volcanic areas in mg/kg of dry matter
No. Specie 5.0 - 20 20.0 - 40.0 40.0 - 60.0 60.0 - 90.0 >180 References
1 Agaricus arvensis n [40]
2 Boletus edulis n [40]
3 C. aureus n [5]
4 C. cornucopioides n [5]
5 C. maxima n [5]
6 C.ventricosum n [5]
7 Cantharellus cibarius n [40]
8 Cantharellus tubaeformis n [40]
9 Clavulina rugosa n [40]
10 Hydnum repandum n [40]
11 L. amethystea n [5]
12 L. hygrophroides n [5]
13 Laccaria laccata n [40]
14 Lactarius deliciosus n [15]V

15 Lactarius sanguifluus n [15] V

16 Lactarius semisanguifluus n [15] V

17 Leccinum duriusculum n [43]
18 Lepista nuda n [40]
19 Leucopaxillus giganteus n [40]
20 Russula delica n [15] V

21 Russula rosea n [40]
22 Sarcodon. aspratus n [23]
23 Suillus bellini n [15] V

27 Tricholoma saponaceum n [40]
V = wild mushrooms grown in a volcanic area

Table 8: Lead contents in wild grown mushrooms in mg/kg of dry matter 
No. Specie 0.1 - 0.5 0.5-1.0 1.0 - 3.0 3.0 - 5.0 5.0 - 6.0 References
1 Agaricus arvensis n [38]UP

2 Amanita rubescens n [17]P

3 Amanita spissa n [17]UP

4 Armillaria mellea n [17]P

5 Boletus badius n [17]P

6 Boletus chrysenteron n [38]UP

7 Boletus chrysenteron n [17]P

8 Boletus edulis n [17]P

9 Boletus erythropus n [17]P

10 Boletus luridus n [17]UP

11 Boletus reticulatus n [17]UP

12 Bovista nigrescens n [17]UP

13 Cantharellus cibarius n [17]P

14 Chroogomphus rutilus n [17]UP

15 Chroogomphus rutilus n [38]UP

16 Clitocybe nebularis n [17]UP

17 Lactarius deliciosus n [15]V

18 Lactarius salmonicolor n [38]UP

19 Lactarius sanguifluus n [15]V

20 Lactarius semisanguifluus n [15]V

21 Lactarius deterrimus n [38]UP

22 Leccinum versipelle n [38]UP

23 Lycoperdum pratense n [38]UP

24 Morchella vulgaris n [38]UP

25 Polyporus squamosus n [38]UP

26 Russula delica n [15]V

27 Russula obtussisima n [38]UP

28 Suillus bellini n [15]V

29 Suillus bellini n [40]UP

30 Suillus collinitus n [38]UP

31 Tircholoma imbricatum n [38]UP

P = Polluted area; UP = Unpolluted area; V= Volcanic area
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Table 9: Magnessium concentrations in wild grown mushroons in g/kg of dry matter
No. Specie 300 - 500 500-700 700-900 900-1100 1100-1300 1300-1500 References
1 Agaricus arvensis n [40]
2 Agaricus bisporus n [40]
3 Boletus edulis n [40]
4 Cantharellus aureus n [40]
5 Cantharellus cibarius n [40]
6 Cantharellus tubaeformis n [5]
7 Clavulina rugosa n [41]
8 Clitocybe maxima n [5]
9 Craterellus cornucopioides n [40]
10  ventricosum n [5]
11 Hydnum repandum n [40]
12 Laccaria amethystina n [5]
13 Laccaria laccata n [40]
14 Leccinum duriusculum n [40]
15 Lepista nuda n [40]
16 Leucopaxillus giganteus n [5]
17 Tricholoma saponaceum n [40]

Lead in Mushrooms: Lead is a toxic non essential element Manganese in Mushrooms: Is a metal that act as
that produces adverse effects over living organisms such micronutrient in plants and animals but in high
as, animals and fungi and humans. Compared to cadmium concentrations it may be toxic [29]. In SAP mushrooms
and mercury, lead is an abundant element in the top layers manganese activates manganese peroxidases to
of forest soils and mushrooms are bioaccumulators of this biodegradate lignin in wood substrates [30]. Table 10
metals, wood-rotting fungi are in direct contact with soil shows different concentrations of Mn in mushrooms. It is
and can effectively translocate metal ions from soil into highly present in Morchella vulgaris, Clavulina rugosa
wood substrates where they grow [27]. and in Agaricus arvensis due these mushrooms are SAP

The highest content of lead (Table 8) is for edible the large content of manganese can be justified. However,
mushroom Boletus edulis and the minimal content is for Chroogomphus rutilus, an ECM presents also a high
Boletus luridus. It is evident that large contents of this content of manganese. This suggests that manganese
element in soil produce an increase in the amount of his presence in mushrooms is not only depending if
presence in the mushroom, since both mushrooms are mushrooms are SAP or ECM, another factors as weather,
from the same family, Boletaceae. The same observation bioavailability and soil content must be affecting its
is for Boletus chrysenteron. Different accumulations occurrence in mushrooms.
capacities are also due to the genotype of the mushroom,
such as Morchella vulgaris, in spite of being grown in an Mercury in Mushrooms: This element occurs in nature
unpolluted area, it accumulates lead in concentrations by mining, metallurgy wastes, recovery processes and is
proximate to Cantharellus cibarius and Boletus classified as an environmental pollutant. Mushrooms,
erythropus grown in polluted areas. Mushrooms lead particularly ECM, are good accumulators of this element.
content may be related to the content of this element in In the symbiosis between roots of trees and fungi
soils but there are required more s in order to suggest mycelium, ECM mushrooms protect their host against
mushrooms as reliable bioindicators of lead pollution. excessive heavy metals such as mercury, through several

Magnesium in Mushrooms: In spite of in mushrooms metal complexation, sulphide and polychelatin enforced
magnesium occurs in the sames proportions in wild grown mercury encapsulation, mercury  transfer  along  the
and cultivated mushrooms [28], the ecology of the specie fungal mycelium towards the fruiting bodies (basidiomata)
seems to determinate the amount of this element present. and mercury volatilization via Hg  reduction processes.
From Table 9 it can be seen that Boletus edulis, an ECM The allocation and retention of mercury is influenced by
mushroom possess a double content of magnesium Hg binding by thiol groups (-SH) of amino acids and
compared with a SAP mushroom such as Agaricus proteins and peptides (Nasr, et al., 2012).
bisporus. Mushrooms possess magnesium but not as Boletus edulis and Cortinarius pholideus, both ECM
high amount as potassium, however Agaricus and Lepista mushrooms present the highest contents of mercury
nuda are edible mushrooms rich in magnesium. (Table  11),   that   may   be   related  with   their  symbiotic

mechanisms such as absorption, extra and intracellular,

2+
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Table 10: Manganese contents in mushrooms in mg/kg of dry matter
No. Specie 3.0-10.0 10.0 -20.0 20.0-30.0 30.0-50.0 50.0 - 70 > 70 References
1 Agaricus arvensis n [38]
2 Agaricus arvensis n [40]
3 Agaricus campestris n [29]
4 Boletus edulis n [40]
5 C. cornucopioides n [5]
6 C. maxima n [5]
7 C.ventricosum n [5]
8 Cantharellus cibarius n [40]
9 Cantharellus tubaeformis n [40]
10 Chroogomphus rutilus n [38]
11 Clavulina rugosa n [40]
12 Hydnum repandum n [40]
13 Laccaria amethystea n [5]
14 Lactarius hygrophroides n [5]
15 Laccaria laccata n [40]
16 Lactarios deterrimus n [38]
17 Lactarius deliciosus n [15]V

18 Lactarius salmonicolor n [38]
19 Lactarius sanguifluus n [15] V

20 Lactarius semisanguifluus n [15] V

21 Lactarius versipelle n [38]
22 Leccinum duriusculum n [16]
23 Lepista nuda n [40]
24 Leucopaxillus giganteus n [40]
25 Lycoperdon pratense n [38]
26 Morchella vulgaris n [38]
27 Polyporus squamosis n [38]
28 Psathyrella atroumbonata n [23]
29 Russula delica n [15]V

30 Russula obtussisima n [38]
31 Russula rosea n [40]
32 Sarcodon. aspratus n [5]
33 Sarcodon rugoso-annulata n [5]
34 Suillus bellini n [15]V

35 Suillus collinitus n [38]
36 Tricholoma imbricatum n [38]
37 Tricholoma saponaceum n [40]
38 Xerocomus chrysenteron n [38]

Table 11: Mushroom contents of mercury in wild mushrooms in mg/kg of dry matter
No. Specie 0 - 0.3 0.3 - 0.6 0.6 - 0.9 0.9 – 1.2 1.2 - 2.0 > 2 References
1 Amanita flavoconia n [9]
2 Amanita fulva n [9]
3 Amanita muscaria n [9]
4 Amanita vaginata n [9]
5 Amanita virosa n [9]
6 Bankera violescens n [9]
7 Boletus edulis n [9]
8 Boletus tomentipes n [37]
9 Cantharellus cibarius n [9]
10 Cortinarius acutus n [9]
11 Cortinarius armillatus n [9]
12 Cortinarius gentilis n [9]
13 Cortinarius pholideus n [9]
14 Cortinarius semisanguineus n [9]
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Table 11:Continued

No. Specie 0 - 0.3 0.3 - 0.6 0.6 - 0.9 0.9 – 1.2 1.2 - 2.0 > 2 References

15 Cortinarius stillatitus n [9]
16 Craterellus tubaeformis n [9]
17 Hydnum repandum n [9]
18 Kanthoconium separans n [9]
19 Lactarius camphoratus n [9]
20 Lactarius vellereus n [9]
21 Leccinum holopus n [9]
22 Leccinum scabrum n [9]
23 Russula peckii n [9]
24 Russula sp n [9]
25 Suillus cavipes n [9]
26 Suillus grevillei n [9]
27 Suillus viscidus n [9]
28 Tylopilus plunbeoviolacus n [9]

Table 12: Potassium concentrations in wild mushrooms in mg/kg of dry matter

No. Specie 500 - 1000 20,000 - 25,000 26,000 - 30,000 > 30, 000 References

1 Agaricus arvensis n [40]
2 Boletus edulis n [40]
3 Cantharellus aureus n [5]
4 Cantharellus cibarius n [40]
5 Cantharellus tubaeformis n [40]
6 Clavulina rugosa n [40]
7 Clitocybe maxima n [5]
8 Cycnoches ventricosum n [5]
9 Hydnum repandum n [40]
10 Laccaria amethystina n [5]
11 Laccaria laccata n [40]
12 Lactarius hygrophoides n [5]
13 Leccinum durisculum n [28]
14 Lepista nuda n [40]
15 Leucopaxillus giganteus n [40]
16 Russula rosea n [40]
17 Thelehora ganhajun n [5]
18 Tricholoma saponaceum n [40]

Table 13: Selenium contents in wild mushrooms in mg/kg of dry matter

No. Specie 0 - 0.5 0.5 - 1 1.0 - 3.0 3.0 - 5.0 5.0 - 10 10 - 20.0 > 20 References

1 Agaricus bisporus n [18]
2 Auricular.judea n [18]
3 Boletus aereus n [18]
4 Boletus aestivalis n [18]
5 Boletus chrysenteron n [20]
6 Boletus edulis n [41]
7 Boletus edulis n [18]
8 Boletus fragans n [41]
9 Boletus fragans n [18]
10 Boletus pinophilus n [41]
11 Boletus pinophilus n [18]
12 Boletus spretus n [41]
13 Boletus spretus n [18]
14 Cantharellus cibarius n [18]
15 Craterellus cornucopioides n [18]
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Table 13:Continued

No. Specie 0 - 0.5 0.5 - 1 1.0 - 3.0 3.0 - 5.0 5.0 - 10 10 - 20.0 > 20 References

16 Lentinula edodes n [18]
17 Lepista nuda n [18]
18 Marasmius oreades n [41]
19 Marasmius oreades n [18]
20 Pleurotus ostreatus n [18]
21 Russula cyanowantha n [18]
22 Tuber indicum n [18]
23 Xerocomus subtormentosus n [18]

relationship with plants isolating them from this element. (31-50 yrs) is 3800 mg/day a portion of 100 g of these
In spite of other ECM mushroom species including mushrooms is more than enough to cover that
Boletus tomentipes, present the lowest content of recommended intake [32].
mercury in their fruiting bodies. That observation implies
that the ecological role (SAP or ECM) is not the only Selenium in Mushrooms: Selenium is an essential trace
factor around mercury accumulation in mushrooms and element, it is recommended in several food sources, such
also bioavailability, differences in thiol-bound Hg tthat as cereals, meat foods and seafood. Selenium is important
transfers mercury from the mycelium to stalk and cap and because it serves as catalytic center of several
subsequent Hg-affecting processes within the selenoproteins and seleno enzymes which promote redox
basidiomata, mercury volatilization via reduction of thiol- reactions such as those catalysed by glutathione
bound Hg  to Hg  to cystolic Hg encapsulation via peroxidase or thyroid hormone deiodase, which have2+ 0

chelation and HgS formation, weather, maturity stage of important detoxicant functions [33], a diet rich in Se helps
mushrooms may be implied [9]. human health protecting against free oxygen reactive,

Potassium in Mushrooms: This element is abundant in low proportion for an optimum health, selenium deficiency
mushrooms, is considered an essential element, due his is associated with health disorders as cardiovascular
function acting as an import electrolyte and vital ion to disease, various inflammatory syndromes, thyroid
body liquids. It is the major cation of intracellular fluid and dysfunction, reduced fertility and immune functions,
an almost constant component of lean body tissues, a increased susceptibility to viral infection and an increased
high intracellular concentration of potassium is risk of several types of cancers. In mushrooms Se content
maintained by the Na /K -ATPase pump. The movements usually is higher than most of vegetables and also the+ +

of potassium out of cells and sodium into cells change the amount of it depends on stage of maturity, species and
electrical potential during depolarisation and the substrate mushrooms grow [35].
repolarisation of nerve and muscle cells (Table 12). Boletus aestivales is the ECM mushroom with the

Often different amounts of potassium are associated highest selenium content (Table 10), however other
to the maturity age of mushroom [31] and this may be to Boletus species such as aereus, edulis and pinophilus are
the metabolic processes during different ages of showing high contents of this element; the presence of
mushroom. On the other hand the presence of potassium selenium in mushrooms can be due the selenoaminoacids
in ECM mushrooms in symbiosis with tree seedlings is present in ECM mushrooms that assists symbiosis with
explained by the absorption of it from microcline and roots of plants and trees.
biotite by the mycelium [12]. Also differences in contents of selenium in

Mushrooms constitute a rich source of potassium, in mushrooms can be associated to other factors such as
spite of the genotype may be associated with different maturity, geographic location of the mushroom and
contents of potassium it has been described that maturity bioavailability of selenium must be considered.
stage of the fruiting body also determinates the content
of this essential mineral [25]. Table 10 shows some CONCLUSION
commercial edible mushrooms such as Agaricus,
Cantharellus and Tricholoma having the greatest The ripeness of the mushroom involved in the onset
amounts of potassium, according to this if the of metallic elements in different ways as protecting plants
Recommendend Daily Intake (RDI) of potassium in adults against metals, biodegradation of lignin and participating

specially in tissues [34] (Table 13). It is recommended in
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in the dynamics of metal mobilization to the soil. Also it is 19. Elekes, C.C. and G. Busuioc, 2010. Bulletin UASVM
known that different genera of mushrooms are able to
translocate metals in different concentratios, in some
mushrooms the secretation of organic acids assist them
with complexation and sorption of metals. The role that
mushrooms play as bioaccumulators of metals has been
pointed furthermore the great risk for humans at the
consumption of mushroom species collected nearby
mining wastes, smelters, volcanic areas, sludge with
metals and some other polluted areas.
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