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ABSTRACT

The aim of this study was to examine the content of
chemical elements in the dried fruiting bodies of edible
wood decaying fungi such as Honey mushrooms (Armil-
laria mellea), Shiitakes (Lentinus edodes) and Oyster
mushrooms (Pleurotus ostreatus). Powdered samples
of fungi were mineralized in a microwave digestion.
Twenty-one (21) chemical elements were detected in the
plasma of the device ICP-MS AGILENT 7500c by ac-
credited methods with the aid of calibration curves. The
content of individual elements varied within a consider-
able range. The highest contents of K, Mn, Cu and Cd
were found in the fruiting bodies of Honey mushrooms
(Armillaria mellea). Shiitakes (Lentinus edodes) had the
highest content of B and Mo. Significant differences were
found in the content of elements in the Oyster mush-
rooms (Pleurotus ostreatus) from Slovakia, Hungary and
China. The highest content of Al was found in the Oys-
ter mushrooms (Pleurotus ostreatus) from Hungary. The
Chinese oysters had a maximum contents of Ca, Mg, Co,
Pb, As and U. The Oyster mushrooms (Pleurotus ostrea-

tus) from LemesSany (Slovakia) had the highest contents
of Na, Zn, Fe, Se, Ag, Hg and Cr. The difference of chemi-
cal element content could be influenced by the genotype
of the fungus and by the composition of substrate on

which mushroom grow up.
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INTRODUCTION

Fungi and mushrooms play an important role in eco-
systems. They participate in the process of decomposition
of live and dead matter, which often causes, particularly in
the forest sector, considerable damage. During their short
life, mushrooms in their bodies accumulate important sub-
stances for human nutrition. Cultivated mushrooms were
found to be a good source of: vitamins [24, 27], dietary
fibres, polysaccharides, a- and B-glucans which have im-
munostimulating, immunomodulating and anti-cancer

properties [29, 30]. Mushrooms contain B-carotene, lyco-

29



pene, tocopherols [24], phenolics, and flavonoids with an-
tioxidant effects [6]. They contain a number of biologically
active substances that function as enzymes, protease inhib-
itors, lectins and so on [15]. Edible wild grown mushrooms
are relatively rich in essential trace elements such as po-
tassium, phosphorus, selenium, iron, zinc, manganese, and
copper [3], but also absorb toxic elements such as mercury,
cadmium, lead, silver and arsenic from the substrate, which
are hazardous in the diet [5, 8, 9, 10, 11]. Many studies have
drawn attention to the occurrence and concentration of
toxic elements found in the fruiting body of mushrooms.
In order to obtain valuable biologically active substances
from fungi, researchers have developed new technological
methods of cultivating fungi on substrates such as straw,
cereals and other agricultural raw materials [17], or fungi
are grown as a tissue cultures with a strictly defined compo-
sition of the substrate [16].

The aim of this study was to examine the content of
chemical elements in the dried fruiting bodies of edible
wood decaying fungi such as Honey mushrooms (Armil-
laria mellea), Shiitakes (Lentinus edodes) and Oyster mush-
rooms (Pleurotus ostreatus) grown in various substrates in

different countries.

MATERIALS AND METHODS

As experimental materials, we used homogeneous
powder of the dried fruiting bodies of Honey mushrooms
(Armillaria mellea) originating from Slovakia — mush-
rooms were picked up in the forest; Shiitakes (Lenti-
nus edodes) originating from China— mushrooms were
bought at the store and Oyster mushroom (Pleurotus os-
treatus) originating from Hungary and China (mushrooms
were also bought at the store) and originating from Slova-
kia (small village Leme$any) — mushrooms were cultivated
on wooden blocks.

Powdered samples of fungi were mineralized in a mi-
crowave digestion with 6cm® of concentrated HNO, and
lcm® of 30% H,O,. The mineralized samples were anal-
ysed in the plasma of the device ICP-MS AGILENT 7500c
(Agilent, USA) by accredited methods used at the State
Veterinary and Food Institute in KoSice. The contents of
21 chemical elements were detected by means of the aid of
the calibration curves (Table 1). The reagents used were of

the highest quality (Suprapur and p.a.). Mercury was deter-
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mined using a special device (AMA 254) for the determina-
tion of Hg directly in the powdered material without min-
eralization. The results are reported as the average of three

measurements in mg.kg™ DW with the corresponding SD.

RESULTS AND DISCUSSION

Mushrooms have been part of a normal human diet for
thousands of years. Analysed edible wood decaying fungi
such as Honey mushrooms (Armillaria mellea), Shiitakes
(Lentinus edodes) and Oyster mushrooms (Pleurotus os-
treatus) are valued due to their aroma and taste, as well as
their proteins, dietary fibre, low fat content, vitamins, es-
sential trace elements and a number of other biologically
active substances. Fresh and preserved fruiting bodies of
them can be culinary — processed in different ways. For
many years, edible wood decaying fungi were widely used
in traditional medicine. In recent years, much attention has
focused on various immunological and anti-cancer proper-
ties of certain mushrooms that offer potentially important
health benefits, including antioxidants, anti-hypertensives,
cholesterol-lowering properties, and liver protection, as
well as anti-inflammatory, anti-diabetic, anti-viral and
anti-microbial properties [5]; [13]. These properties have
attracted the interest of many pharmaceutical companies as
a rich source of innovative biomedical molecules.

Mushrooms have the ability to accumulate not only tox-
ic but also the essential chemical elements from the envi-
ronment in which they grow. Therefore, mushrooms can be
used as an indicator of pollution in particular in the areas
of mining and metallurgical metal processing [8]; [9]; [10];
[11]. Cultivated mushrooms are characterized by a lower
content of toxic elements [8].

The mean content of chemical elements is presented in
the Table. 1. The results are expressed in mg.kg™ dry weight
(DW).

The results of this study demonstrated that the con-
centrations of chemical elements in the various kinds of
wood decaying fungi were different. The highest concen-
tration of boron was measured in fruiting bodies of Shii-
takes (Lentinus edodes) originating from China. The low-
est content of boron was found in the fruiting bodies of
Oyster mushroom (Pleurotus ostreatus) originating from
Hungary. Kaya and Bag [12] found in Honey mush-

rooms (Armillaria mellea) a boron value of 0.243 mg.kg™



and in Rogers mushrooms (Lentinus tigrinus) the value of
1.132mg.kg™". The boron content in the fruiting bodies of
Oyster mushrooms (Pleurotus ostreatus) was in the range
from ND (not detected) to 2.630mg.kg™. In comparison
with these results, the boron content in our samples of the
fruiting bodies of Oyster mushrooms (Pleurotus ostreatus)
varied from 0.323 to 0.563mgkg™". Vetter [25] deter-
mined higher boron content (5—15mg.kg™") in Marasmius
wynnei. Konuk [14] in compliance with our results have
published 0.50 pg.g™* boron content in Honey mushrooms
(Armillaria mellea).

Extremely high levels of aluminium were found in Oyster
mushrooms (Pleurotus ostreatus) originating from Hungary
(14527 mg.kg™). This is probably a consequence of the high
aluminium content in the soil. Hungary is rich in bauxite,
which is an aluminium ore. The lowest aluminium content
was measured in the fruiting bodies of Shiitakes (Lentinus
edodes) originating from China (69.67 mg.kg™) (Table 1).

Oyster mushrooms (Pleurotus ostreatus) from different
countries showed widely different results for the aluminium
content. Kaya and Bag [12] reported aluminium con-
tent in 24 different mushroom species ranging from 18.71
to 1486 mg.kg™ DW. Other scientists have mentioned the
aluminium content in different mushroom species in the
range from 8.5 to 365ug.g™ or 68 to 420ug.g™' (cited in
Kaya and Bag [12]). Our results, except for the extreme
value of aluminjum found in Oyster mushrooms (Pleuro-
tus ostreatus) originating from Hungary, are in accordance
with the values of aluminium published in the literature for
different varieties of mushrooms.

The high aluminium content presents a risk to human
health. The WHO recommends an acceptable daily intake
of aluminium of 60 mg per day.

The sodium content was found in a range of 4.684 and
51.49mg.kg™". The highest value of sodium was found in
Oyster mushrooms (Pleurotus ostreatus) grown on a wood-
en block (Table 1). The farmer used sodium chloride to
protect Oyster mushrooms against snails and this probably
caused an increased sodium content in fruiting bodies.

Ayaz et al. [1] reported a high content of sodium
363.57+£13.40mg.kg” DW in Honey mushrooms (Armil-
laria mellea). Muszynska etal. [19] reported 100+ 67.00
mg.kg™ of sodium in fruiting bodies DW of Honey mush-
rooms (Armillaria mellea). In comparison with the pub-
lished values, our results of sodium content in mushrooms

were lower.

Mushrooms are an important source of potassium. For
edible wild grown mushrooms Kala¢ [10, 11] determined
that the potassium content was in a range of 20000 to
40000mg.kg™. Zhang et al. [31] reported the potassium
content in a range of 29 000 to 45000 mg.kg™'. These values
of the potassium content are extremely high in comparison
with our results. Our maximum value of potassium content
was 21 009 mg.kg'. Other values of potassium content were
lower and ranged from 10588 to 15684 mg.kg™' (Table 1).

The calcium content of 34.77 mg.kg™ was found in Hon-
ey mushrooms (Armillaria mellea) and of 126.32 mg.kg™ in
Opyster mushrooms (Pleurotus ostreatus) originating from
China (Tablel).

Kala¢ [10, 11] determined that the calcium content
was in a range from 100 to 500 mg.kg™ DW. Zhang et al.
[31] reported that the calcium content was in a range from
35 t0190 mg.kg™ DW. Our results of the calcium content
in mushrooms corresponded with these published results.

The usual contents of magnesium in wild growing
mushrooms are in a range from 650 to 1300 mg.kg DW.
Kala¢ [10]; [11] determined that the magnesium content
was in a range from 800 to 1800 mg.kg™* DW. Our results
of the magnesium content (924.1 to 1028.1 mg.kg™ DW)
in mushrooms were in a range of these published results
(Table 1).

The highest manganese (13.49mg.kg™! DW) and copper
(8.729mg kg DW) contents were in Honey mushrooms
(Armillaria mellea) originating from Slovakia. The highest
zinc (34.17mg.kg” DW) and iron (97.03mg.kg™* DW) con-
tents were in Oyster mushrooms (Pleurotus ostreatus), also
originating from Slovakia (Table 1).

Kala¢ [10] determined the usual range of manganese
content (5-60 mg.kg™! DW), copper content (10—70mg.kg*
DW), zinc content (30—150mg.kg™ DW) and iron content
(30—150 mg kg DW). Zhang et al. [31] determined that
the manganese, copper, zinc and iron contents were in the
range of 6.4—43; 14—39; 140—260; and 24200mg.kg
DW, respectively. Radulesku et al. [20] determined that
the manganese, copper, zinc and iron contents in the fruit-
ing bodies of Oyster mushrooms (Pleurotus ostreatus) were
in the range of 12.40—11.50; 12.50—10.20; 41.30—37.90;
and 387.00—284.0mg.kg" DW, respectively. The same
authors determined that the manganese, copper, zinc and
iron contents in the fruiting bodies of Honey mushrooms
(Armillaria mellea) were in the range 10.91—7.85; 10.43—
6.43; 158.2—80.5; and 745.0—432.0mg.kg™ DW, respec-
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Table 1. Mean content of chemical elements in the dried fruiting bodies (DW) of wood decaying fungi
(Armillaria mellea, Lentinus edodes- Shiitake and Pleurotus ostreatus) originating from Slovakia, China and Hungary

Armillaria mellea Lentinus edodes  Pleurotus ostreatus Pleurotus ostreatus Pleurotus ostreatus
Chemical ele- Slovakia China Hungary China Slovakia
ment
mg.kg™' sD mg.kg™ sD mg.kg™' sD mg.kg™' sD mg.kg™' sD
:3‘1’1';“ 0615 0031 1078 0012 0323 0007 0563 0011 0426  0.002
3\“’;!)“"" 4684 003 1105 0075 1259 0011 3007 0007 5149 0.005
:’K‘:;a“'“m 21009 0019 11281 0071 15684 0077 13171 0014 10588 0011
(cca:;;"m 3477 0013 3556 0010 7327 0015 12632 0005 5888 0024
{‘:Azg:)‘e"“"‘ 9428 0032 9619  0.031 9241 0012 10281 0018 9561 0.021
a\'l‘;')'"“'"m 1452 0013 6967 0005 14527 0119 92549  0.291 2263 0112
'(\::r?sﬁ’)a”ese 1349 001 1095 0002 4735 0003 782 0011 9.504  0.004
(CCZ'ZS';” 8729 0005  3.542 0005 3428 0001 5517 0003 4653 0007
Zinc
70 237 0008 2265 0012 2701 0021 3001 0008 3417 0014
Iron
(o) 3939 0007 2416 0003 6183 0037 6464 0014 9703  0.021
(CC‘L'Z:)’" 0022 0001 0019 0001 0054 0003 0163 0002 0041 0001
?,'\'A‘:z;’de““m 0002 0001 0006 0001 0002 0001 0002 0001 0003 0001
éegsf)'““m 1199 0007 1169 0012 1436 0031 1179 0011 3335 0021
Silver
g™ 0748 0014 0102 0003 0052 0001 0274 0001 2503 0037
Mercury
HaPAMA 0074 0018 0011 0006 0021 0007 0097 0003 0799 0012
(Cca d‘fﬂ')““m 4182 0006 1519  0.021 0158 0010 0375 0007 0588 0004
Lead
e, 0681 0007 0631 0005 1026 0002 1978 0011 0703 0001
(AA";f)"" 0094 0001 0349  0.001 3312 0004 1323 0002 0449 0002
(CCI::))me 0322 0002 0225 0001 0222 0001 055 0001 0562 0001
Nickel
N 0245 0012 0153 0007 0658 0001 0291 0001 0357 0004
Uranium

(U2 0.022 0.007 0.019 0.003 0.059 0.012 0.073 0.002 0.026 0.002




tively. In comparison with these published values, our re-
sults were lower. Much higher values of these elements in
the fruiting bodies of Honey mushrooms (Armillaria mel-
lea) and Oyster mushrooms (Pleurotus ostreatus) were de-
termined by Kaya and Bag [12] and Ayaz etal. [1].

Many Slovaks like to pick up wild mushrooms in the
forest and consume it by different ways. Moreover, every-
one can buy both cultivated and wild mushrooms in open
markets or stores. The consumption of wild and cultivated
mushrooms continues to increase in many countries. This
can increase transport of toxic chemical elements into hu-
mans and cause health risks to consumers.

Itis necessary to know how much of mercury, cadmium,
lead, chrome, arsenic and nickel are found in the fruiting
bodies of wild and cultivated mushrooms. Certain countries
have established statutory limits for metals in edible mush-
rooms. In the Slovak Republic, the limits of 0.75mg.kg™
and 1.0mgkg? FW (fresh weight) have been estab-
lished for mercury and cadmium in wild-growing mush-
rooms; whereas 0.2mg.kg™ FW have been established for
cadmium in cultivated mushrooms. Limits of 1.0mg.kg"
FW have been established for lead in wild-growing mush-
rooms and 0.3mg.kg™” FW in cultivated mushrooms. The
maximum level for arsenic is 0.5mg.kg™ FW and for nickel
is 0.5mg.kg™! FW in other foods (Slovak Codex Alimentar-
ius, Chemical contaminants) [22]. Slovak Codex Alimenta-
rius does not have any limits for chromium in mushrooms.

The maximum level for certain contaminants in food-
stuffs established by the Commission of the European
Communities (Commission Regulation EC No 466/2001)
[28] is set at about 0.2 and 0.3 mg.kg™ fresh weight for cad-
mium and lead, respectively, in cultivated fungi. Assuming
that the dry matter content of mushrooms is 10 %, these
same limits for dry material will be ten times higher and
approach 2.0 and 3.0mg.kg™ dry weight for cadmium and
lead, respectively [21].

The mercury content in our samples of mushrooms was
found in the range from 0.011 mg.kg™ DW in Shiitakes
(Lentinus edodes) fruiting bodies originating from China
to 0.799mg.kg' DW (which is equivalent 0.0799 mg.kg™!
FW) in fruiting bodies of Oyster mushrooms (Pleurotus
ostreatus) originating from Slovakia (Table 1). The mercury
content in our samples of mushrooms did not exceed the
hygiene limit for fresh mushrooms.

The cadmium content in our samples of mushrooms
was found in the range from 0.158 to 4.182 mg.kg™* DW. The

maximum value of cadmium was accumulated in Honey
mushrooms (Armillaria mellea) originating from Slovakia.
The cadmium content of 4.182 mg.kg' DW (0.418 mg kg™
FW) in this mushroom did not exceed the hygiene limit of
1.0 mg.kg'for fresh mushrooms (Table 1).

The lead content in our samples of mushrooms was
found in the range from 0.631 mg.kg" DW in Shiitakes
(Lentinus edodes) fruiting bodies originating from China to
1.978 mg.kg! DW in fruiting bodies of Oyster mushrooms
(Pleurotus ostreatus), also originating from China (Table 1).
Both cultivated mushrooms did not exceed the hygienic
limit of 0.3 mg.kg™ for fresh cultivated mushrooms.

In Honey mushrooms (Armillaria mellea) fruiting bod-
ies we found the arsenic content to be 0.094 mg.kg* DW
and in the fruiting bodies of Oyster mushrooms (Pleuro-
tus ostreatus) originating from China the arsenic content
was 13.23 mg.kg™! DW, which exceeded the hygiene limit of
0.5mg.kg™! FW for foods.

The oyster mushrooms (Pleurotus ostreatus) originating
from China were probably cultivated on rice straw which
is usually treated with some arsenic detergents. Arsenic ac-
cumulates in rice straw and then passes from the rice straw
substrate into the fruiting bodies of Oyster mushroom
(Pleurotus ostreatus).

The chromium content in our samples of mushrooms
was found in the range from 0.222 to 0.562mg.kg! DW
(Table 1). Nearly the same chromium contents were found
in the fruiting bodies of Shiitakes (Lentinus edodes) origi-
nating from China and Oyster mushrooms (Pleurotus os-
treatus) originating from Hungary.

The nickel content was found in the range from 0.153
to 0.658 mg.kg™! DW. The lowest value was determined in
the fruiting bodies of Shiitakes (Lentinus edodes) originat-
ing from China and the highest nickel content was found in
the fruiting bodies of Oyster mushrooms (Pleurotus ostrea-
tus) originating from Hungary (Table 1). These values did
not exceed the hygienic limit for nickel of 0.5mgkg! FW
in other foods.

Relatively low levels of molybdenum (0.002—0.006
mg.kg™ DW), cobalt (0.019—0.163 mg.kg' DW), and ura-
nium (0.019—0.073 mg.kg! DW) were determined in the
samples of mushrooms (Table 1).

The concentrations of the accumulated chemical ele-
ments reported by some scientists vary considerably for
the same mushroom species. Kala¢ and Svoboda [8]

stated for the fruiting bodies of wild growing mushrooms,
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a mercury content ranging from < 0.5 to 10 mg.kg™"' DW.
In the Honey mushrooms (Armillaria mellea) fruiting bod-
ies, they found the mercury content lower than 0.5mg.kg™
DW, and cadmium content was in the range from 2.5 to
5.0mg.kg" DW. Others scientists found cadmium content
in the fruiting bodies of wild growing mushrooms in the
range 5—50mg.kg' DW. Wild growing mushrooms are
good cadmium accumulators [11, 4]. The lead content was
found in the range from 1.0 to 10 mg.kg™' DW. In the Hon-
ey mushrooms (Armillaria mellea) fruiting bodies these
authors found the lead content to vary from 1 to 2mg.kg™
DW. In many species of mushrooms the arsenic content
was lower than 0.05mg.kg" DW [26].

The study of the accumulated metal elements in cul-
tured Champignon mushrooms (Agaricus bisporus) fruit-
ing bodies showed arsenic content in the range from 0.54
to 22.8 mg.kg' DW when substrate contained arsenic con-
tent 3.8 to 1000 mg.kg™' DW [23]. Kala¢ and Svoboda
[8] and Kala¢ [10,11] published the chrome content in
mushrooms growing in uncontaminated areas in the range
from 0.1 to 2.0mg.kg™ DW and the nickel content in the
range from 0.4 to 2.0 mg.kg™ DW.

In our study, the highest selenium content (3.335 mg.kg™!
DW) and highest silver content (2.503 mg.kg! DW) were
found in the fruiting bodies of Oyster mushrooms (Pleu-
rotus ostreatus) originating from Slovakia (Table 1). In the
other four samples of mushrooms, the mean selenium con-
tent was 1.246 mg.kg™' DW. Our results of selenium content
are in the range of the selenium content published by Kala¢
[10] (1—5mgkg™ DW). Various species of mushrooms
may accumulate different amount of selenium. In extract
from the fruiting bodies of the Honey mushrooms (Armil-
laria mellea), the selenium content was 2.359 mg.kg™ and in
extract from fruiting bodies of the family Boletaceae (Bole-
tus edulis), the selenium content reached 17.0mg.kg™ [18].

As it is evident from our results, edible wood decaying
fungi have the ability to take up some amount of silver from
the substrate. The highest silver content of 2.503 mg.kg!
was found in the fruiting bodies of the Oyster mushrooms
(Pleurotus ostreatus) originating from Slovakia (Table 1).
A considerably lower silver content of 0.748 mg.kg™ was
found in the fruiting bodies of the Honey mushrooms
(Armillaria mellea). The ability of edible wood decaying
fungi to accumulate silver from the substrate decreased in
the following order: Oyster mushrooms (Pleurotus ostrea-

tus) originating from Slovakia > Honey mushrooms (Armil-
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laria mellea) originating from Slovakia > Oyster mushroom
(Pleurotus ostreatus) originating from China> Shiitakes
(Lentinus edodes) originating from China>and Oyster
mushrooms (Pleurotus ostratus) originating from Hungary.

Some species of mushrooms may accumulate high
amounts of silver from the soil contaminated with silver
[2]. This provides the opportunity to obtain silver in other

way than mining.

CONCLUSIONS

In general, fungi play an important role in the biosphere
of soils and are intimately involved in the cycling of ele-
ments in both organic and inorganic substrates [7].

Wild growing mushrooms are also known as an unfail-
ing source of biologically active substances used for many
years in herbal medicine which is now the inspiration for
finding and developing modern drugs. Mushrooms are
consumed as a delicacy, and particularly for their specific
aroma, taste and texture can be culinary processed in dif-
ferent ways.

However, it is necessary to remember that edible mush-
rooms can accumulate high amounts of toxic elements
(mercury, cadmium, lead or arsenic). This can cause seri-
ous health problems especially in mining and metallurgical
processing areas where the mushrooms grow in an envi-
ronment highly contaminated by pollutants. The contami-
nation of cultivated mushrooms with toxic elements is low-
er than contamination of edible wild growing mushrooms.
But it also depends on the quality and composition of the
substrate. If the substrate is contaminated with toxic heavy
metals there is a risk of their accumulation in the fruiting

bodies of mushrooms.
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