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Abstract During many years of industrial development,
soil system was contaminated with large amounts of toxic
metals. In order to investigate the mobility and availability
of metals from soil to mushrooms, the content of 13 ele-
ments (Al, Ba, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, and
Zn), in caps and stipes of wild-grown edible mushroom
Macrolepiota procera and soil substrates, collected from five
sites in Rasina region in central Serbia, was determined. Soil
samples were subjected to the sequential extraction procedure
proposed by the Community Bureau of Reference in order to
fractionate acid-soluble/exchangeable, reducible, oxidizable,
and residual fractions. Metal concentrations were determined
by inductively coupled plasma optical emission spectrometer
and inductively coupled plasma mass spectrometer and the
results subjected to multivariate data analysis. A principal
component analysis distinguished mushrooms samples from
different geographical areas and revealed the influence of soil
composition on metal content in mushrooms. Hierarchical
cluster analyses confirmed that the first three phases of extrac-
tion were the most important for metal uptake by mushrooms
from soil. The bioconcentration factors and translocation

factors for each metal were also calculated. These results
showed that M. procera could serve as a good dietary source
of essential elements, especially Cu, Zn, Mn, and Fe but the
consumption of mushrooms may pose a health risk for con-
sumers during the Bseason of mushrooms,^ due to the pres-
ence of cadmium.
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Introduction

Mushrooms, both wild growing and cultivated, are valuable
healthy food, with great nutritional and pharmacological char-
acteristics: low in calories, high in fibers, minerals, vitamins,
specific β-glucans, and antioxidative and flavor constituents
(Kalač 2009). Besides that, mushrooms have different concen-
trations of elements, which are important as essential trace
elements or they can be potentially toxic, depending on their
concentrations. Therefore, it is necessary to investigate the
metal content in wild species. Metal content in mushrooms
have been published in many papers (Sesli et al. 2008;
Ouzouni et al. 2009; Chen et al. 2009; Sarikurkcu et al.
2011; Nnorom et al. 2013; Mleczek et al. 2013; Dimitrijević
et al. 2015). Accumulation of elements is generally species-
dependent, but it is interesting that contents of some trace
elements in different samples of the same species differed
considerably (Sesli and Tüzen 1999; Nikkarinen and
Mertanen 2004; Busuioc et al. 2011; Giannaccini et al.
2012). Other factors that can be considered as important are
as follows: substrate composition, distance from the source of
pollution, age of fruiting bodies, and mycelium (Kalač et al.
1996; Işıloğlu et al. 2001). Generally, the main source of
metals in mushrooms is their soil substrate. Numbers of
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studies have shown that increasing concentrations of metals in
soil may increase concentrations in mushrooms (Blanuša et al.
2001; Cocchi et al. 2006; García et al. 2009; Aloupi et al.
2012; Kojta et al. 2012). Concentrations of metals in some
species of wild edible mushrooms could be high, even if the
degree of pollution in soil is low (Kalač et al. 2004). The study
of total concentrations of metals in soil can give a good esti-
mation of the degree of soil contamination, but it is not suffi-
cient for better understanding of metals behavior in the sense
of their potential availability and release of elements into
mushrooms.

Since the mobility of metals is related to their chemical
forms or type of the binding of the element, it is desirable to
investigate the share of various metals in soil fractions. Many
single or sequential extraction procedures have been applied
to soils to fractionate metals by using different extractants or
reagents in order to obtain more useful information about the
bioavailability and mobility of metals (Alvarez et al. 2006;
Kubová et al. 2008; Zimmerman and Weindorf 2010). One
of the most widely applied extraction procedures is the origi-
nal three-step (Davidson et al. 1998) or modified four-step
Community Bureau of Reference (BCR) extraction procedure
(Rauret et al. 2000; Mossop and Davidson 2003). The reagent
used at each stage of original BCR procedure is intended to
release metals associated with particular soil phases such as
acid soluble/exchangeable, reducible, and oxidable. Modified
four-step BCR procedure includes changes to the concentra-
tion of the reagent and pH of the second step and addition of a
fourth step which includes extraction of solid residue with
aqua regia or another acid mixture.

In Serbia, like in the most European countries, the con-
sumption of cultivated mushrooms such as Agaricus bisporus
and Pleurotus spp. has been preferred over wild ones, but
several groups of people seasonally collect and eat wild grow-
ing mushrooms. One of the well known edible wild mush-
room species is M. procera, formerly called Lepiota procera
and known under the common name parasol mushroom. It
grows in the woods or at the edges of woods or in the pastures.
An edible part of the fruiting body is the cap, while the stipe is
inedible. Investigations of metal content in it, both in rural and
polluted areas, were described in several papers (Byrne et al.
1976; Kalač et al. 1996, 2004; Kalač and Svoboda 2000;
Falandysz et al. 2001, 2003, 2007, 2008; Gucia and
Falandysz 2003; Řanda and Kučera 2004; Benbrahim et al.
2006; Nováčková et al. 2007; Falandysz and Gucia 2008;
Jarzyńska et al. 2011; Kojta et al. 2011; Giannaccini et al.
2012; Gucia et al. 2012a, b; Petkovšek and Pokorny 2013;
Kuldo et al. 2014). Baptista et al. (2009) investigated the
mechanisms response to nickel exposure in M. procera.

There has been no report, to our knowledge, on the element
levels in wild growing mushroom species, including M.
procera, in Rasina region in Central Serbia. The aims of this
study were as follows: (i) to determine concentrations of 13

elements, essential and nonessential in caps and stipes of M.
procera, and corresponding soil samples from five different
sites, in order to estimate relationships between these elements
in mushrooms and soil substrates, (ii) to evaluate differences
between metal content of samples from different origins, (iii)
calculation of translocation factors (TF) and bioconcentration
factors (BCF) for each element in order to understand accu-
mulation pattern and potential of M. procera to uptake ele-
ments from the substrate, and (iv) to estimate its nutrition
value for dietary intake.

Materials and methods

Site characterization

Forty-one fruiting bodies of M. procera and 30 underlaying
soil substrate samples, taken in a depth of approximately 0–
10 cm, were collected in autumn 2011 from five sampling
sites (from S1 to S5) in Rasina region, Central Serbia, in the
vicinity of Kruševac (S1), Trstenik (S2, S3 and S4), and at
mountain Goč (S5) (Fig. 1). In this region, the forests are
mixed, they consist of areas dominated by acacia (the forest
near Kruševac), oak and beech (the forest near Trstenik), and
pine and oak (mountain Goč) trees. Sampling site S1 was in
the forest near Kruševac, approximately 2 km far from urban
area, without potential, direct sources of pollution. Sampling
sites S2–S4 were in the forest near Trstenik near the place of
municipal landfill, which is potential source of pollution.
These sites were at different distances from the landfill.
Apart of it, there are no other direct sources of pollution.
Urban area is about 3 km far from the forest. The sampling
site S5 was from rural area, far away from populated places.

Mushroom and soil samples preparation

The mushroom samples were cleaned out of forest debris with
a plastic knife, without washing (Gucia et al. 2012b). One
complete fruiting body was used as a sample, after separation
into cap and stipe. Fresh samples, without drying, were used
for analysis. Samples were pulverized in a chopper, placed in
polyethylene vessels, and kept in refrigerator. Mushroom sam-
ples (0.5 g) were transferred into PTFE cuvettes, and 7 ml of
65 % HNO3 and 1 ml 30 % H2O2 were added. Digestion was
performed under following program: warm up for 10 min to
200 °C and held for 15 min at that temperature. After cooling,
samples were quantitatively transferred into volumetric flask
(50 ml) and diluted with distilled water.

In order to convert the measured concentrations to a dry
weight basis, the moisture content of the caps and stipes was
determined by drying approximately 3 g of fungal material in
an oven at 105 °C to constant weight.
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Soil samples, after removal of small stones, plants, and
visible organisms were air dried at room temperature for
3 weeks and sieved. A modified four-step BCR sequential
extraction procedure for soil samples was applied (Rauret
et al. 2000; Mossop and Davidson 2003). The following so-
lutions for extraction were used: for I phase (F1) 0.11 M
acetic acid (HOAc extractable fraction), for II phase (F2)
0.5 mol/dm3 hydroxylamine hydrochloride adjusted to pH
1.5 (reducible fraction), for III phase (F3) 8.8 mol/dm3

hydrogen peroxide stabilized at pH 2 and 1 mol/dm3 am-
monium acetate adjusted to pH 2 (oxidizable fraction), for
IV phase (R) aqua regia 15 ml 37 % HCl and 5 ml 65 %
HNO3, at 80 ° C during 5 h (residual fraction).

For determination of pseudo-total metal concentrations,
0.5 g of sample was digested in the same way as residual
fraction in BCR sequential extraction procedure. After
cooling, the digest was filtered through filter paper and finally
diluted to 50 ml with distilled water. The metal recovery of
sequential extraction analysis was determined by comparison
of the sum of all four fractions with the pseudo-total metal
concentrations.

In order to check the accuracy and precision of instruments
condition, standard reference materials were applied: ERM-
CD281 (Supplementary data—Tables A), BCR-100 (data not
shown), TORT-2 (Lobster Hepatopancreas, data not shown).
Only barium was missing in these reference materials, and
accuracy of measurements of its concentrations was checked
by spiking experiments. Recovery values were between 92
and 103 %. NRC Canada and CRM BCR-701 (lake sedi-
ment), IRMM (Institute for Reference Materials and
Measurements) were applied for soil measurements
(Supplementary data—Table B). The results of the analysis
showed good agreement with the certified levels (±10 %).

Reagents and chemicals

Multi-element stock solution containing 1.000 g/L of ele-
ments was used to prepare standard solutions for ICP-OES
measurements, and multi-element stock solution containing
10 mg/L of 22 elements was used to prepare standard solu-
tions for ICP-MS measurements. 6Li, 45Sc, 115In, and 159Tb
were used as internal standards (VHG standards, Manchester,
UK). All other chemicals used for BCR sequential extraction
were of analytical grade and were supplied by Merck
(Darmstadt, Germany).

Instrumentation

The measurements of soil samples were carried out in an in-
ductively coupled Atomic emission spectrometer, ICP-OES
(Thermo Scientific, United Kingdom), model 6500 Duo.
Instrument conditions and selected wavelengths are given in
Table C (Supplementary data). The measurement of all ele-
ments in mushroom samples was carried out in a ICP-MS
(iCAP Q, Thermo Scientific X series 2, UK). Each sample
was analyzed in duplicate, and each analysis consisted of three
replicates. Measured isotopes and instrument operating condi-
tions for determination are given in Table D (Supplementary
data). Microwave digestion was performed in microwave ov-
en (Ethos 1, Advanced Microwave Digestion System,
Milestone, Italy).

Statistical analysis

Descriptive statistics and Wilcoxon signed-rank test was
performed by a demo version of NCSS statistical soft-
ware (www.ncss.com). Principal component analysis

Fig. 1 Rasina region, Central
Serbia
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(PCA) and hierarchical cluster analyses (HCA) were car-
ried out by PLS ToolBox, v.6.2.1, for MATLAB 7.12.0
(R2011a). All data were autoscaled prior to any multi-
variate analysis to bring values to compatible units. PCA
was carried out as an exploratory data analysis by using
a singular value decomposition algorithm and a 0.95
confidence level for Q and T2 Hotelling limits for out-
liers. The analysis was based on correlation matrix and
factors with eigenvalues greater than 1 were retained.
The best results for HCA were obtained using the Ward
method to calculate cluster distances and by applying
Euclidean distance as a measure of distance between
the samples.

Results and discussion

Water content

The average water content in caps and stipes of M. procera
was 72 % (range 24–95 %) and 78 % (range 27–95 %), re-
spectively. These values are very different from sample to
sample (Table E, Supplementary data). Water contents, for
most of the analyzed samples, are not in agreement with a
consensus that the mean water content of mushrooms is
90 % (Kalač 2010). This is probably the consequence of the
fact that the amount of dry matter, besides species and age of
mushrooms, also depends on meteorological condition.

Profile of metals in Macrolepiota procera

Thirteen elements were identified and quantified, including
Al, Ba, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, and Zn, in caps
and stipes of M. procera as well as in the soil substrates.

The summarized parameters of descriptive statistics (mean,
standard deviation, median, and range) obtained for metal
content in caps and stipes were calculated to dry weight
(dw). The results for different regions are presented in Table 1.

In sites S2 to S5, the content of Cu was up to 168mg/kg dw
for caps and 116 mg/kg dw for stipes. The highest Cu content
was found in M. procera from S1, near Kruševac, in cap and
stipe (243±102 mg/kg dw and 234±63 mg/kg dw, respec-
tively). Similar high content of Cu was found in caps of M.
procera in rural area in Slovenia, 225 mg/kg dw (Byrne et al.
1976) and in polluted area in Czech Republic 236 mg/kg dw
(Kalač et al. 1996). Content of zinc was in range of 64–
216 mg/kg dw and 48–105 mg/kg dw in caps and stipes,
respectively. Obtained zinc values were in agreement with
reported values of Zn in unpolluted regions (Kalač and
Svoboda 2000; Falandysz et al. 2001; Giannaccini et al.
2012). Results obtained in this study for manganese were in
accordance with values reported in the literature (Řanda and
Kučera 2004; Gucia et al. 2012a, b; Kuldo et al. 2014). In

analyzed mushroom samples from sites S2–S5, the Ni content
was observed to be in the range of 0.29 to 0.96 mg/kg dw and
1.5 to 2.4 mg/kg dw for caps and stipes, respectively. The
highest content of Ni was found from site near Kruševac
(6.6±4.5 for caps and 6.0±2.3 mg/kg dw for stipes). These
results are slightly higher than literature data (Řanda and
Kučera 2004; Yamaç et al. 2007). In our research, only the
concentration of Co from S5 was in agreement with literature
data (0.29±0.26 mg/kg dw) (Gucia et al. 2012a, b; Kuldo
et al. 2014). In other sites, the content of Co was higher than
in data found in literature.

The Cd content in mushrooms ranged from 0.70 to
6.0 mg/kg dw in stipe samples and in range of 1.2 to
9.0 mg/kg dw in caps, except 17 mg/kg which was found
in caps from site S1. These high concentrations could be
explained by high availability of cadmium in soil sub-
strate (Table G, Supplementary data and Fig. 4) and also
the high potential of M. procera for uptake of Cd from
the substrate (Gucia et al. 2012b).

In this study, results for Pb ranged from 0.24 to 1.22 mg/kg
in caps for sites S2, S3, S4, and S5. These values are compa-
rable with results of other researchers (Yamaç et al. 2007;
Kuldo et al. 2014). The content of lead from S1 is much higher
(8.8±4.5 mg/kg in caps and 5.4±1.7 mg/kg for stipes), but
also comparable with the results obtained for unpolluted areas
in Poland both for caps (8.5±2.4 mg/kg dw) and stipes (5.2
±2.1 mg/kg dw) (Gucia et al. 2012b).

Concentrations of Ba and Sr in caps and stipes are similar
with literature data (Gucia et al. 2012b; Kuldo et al. 2014).
Contents of Al in some samples are very high, especially at
site S1 (for caps and stipes), following S4 and S5 for caps and
S5, S3, and S4 for stipes. Also, very high concentrations were
obtained for Fe in samples from site S1 for both caps and
stipes, followed by S5 and S4 for caps and S5, S3, and S4
for stipes. The contents of Cr in analyzed samples were higher
than literature data (Řanda and Kučera 2004; Falandysz et al.
2008; Jarzyńska et al. 2011; Gucia et al. 2012a; Kuldo et al.
2014), for samples from site S1 (6.9±4.6 mg/kg dw and 5.6
±3.2 mg/kg dw for caps and stipes, respectively). There is
lack of available reference data from scientific literature on
titanium in fruiting body of M. procera. In this study, the
content for titanium from S1, both for caps and stipes (80.4
±55.3 mg/kg dw and 55.7±39.4 mg/kg dw, respectively), is
much higher than from other sites (4.2 to 6.5 mg/kg dw and
6.2 to 21.0 mg/kg dw for caps and stipes, respectively) and
higher than literature data for some other mushrooms species
(5.76 to 19.94 mg/kg dw, Elekes and Busuioc 2010).

For statistical evaluation of differences between samples of
different origin, Kruskal-Wallis test was employed for each
variable and two parts of M. procera separately. Namely,
Kruskal-Wallis test was used to compare the medians and
variances of all analyzed parameters for five habitats of mush-
room (sites S1–S5). Based on the results presented in Table F
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Table 1 Element concentrations in caps and stipes of Macrolepiota procera (mean ± standard deviation, median values, and range)

Element μg/g dry weight Matrix Site 1 n = 5 Site 2 n = 4 Site 3 n= 4 Site 4 n= 6 Site 5 n = 22

Al Cap Mean ± SD
Median
Range

1646± 1185
2109
211–2921

39.4 ± 14.5
34.6
29–60

159 ± 69.3
179
66–212

392 ± 498
172
85–1368

264 ± 286
128
31–861

Stipe Mean ± SD
Median
Range

1708± 1434
1312
489–4185

207 ± 144
232
35–327

1055 ± 1201
556
269–2836

652 ± 434
585
160–1329

783 ± 1338
347
43–5664

Ba Cap Mean ± SD
Median
Range

10.9 ± 7.5
12.1
2.5–20.3

0.73 ± 0.54
0.66
0.25–1.3

1.10 ± 0.37
1.1
0.70–1.4

1.7 ± 1.6
1.3
0.51–4.7

1.8 ± 1.8
1.3
0.20–6.1

Stipe Mean ± SD
Median
Range

10.8 ± 4.8
9.0
7.4–19.2

3.3 ± 1.3
3.7
1.5–4.3

6.4 ± 5.1
5.6
1.3–13.0

5.5 ± 2.1
5.2
3.1–9.0

7.0 ± 10.9
3.7
0.26–46

Cd Cap Mean ± SD
Median
Range

17.0 ± 17.8
13.1
1.6–43.5

2.9 ± 3.0
2.0
0.49–7.0

9.0 ± 4.7
8.2
4.6–14.9

6.0 ± 1.6
5.7
4.2–8.4

1.17 ± 0.61
1.1
0.34–2.5

Stipe Mean ± SD
Median
Range

6.0 ± 4.9
6.1
0.30–13.5

0.76 ± 0.72
0.78
0.049–1.4

4.2 ± 1.3
4.6
2.2–5.2

3.2 ± 1.4
3.2
1.0–5.2

0.70-0.32
0.64
0.040–1.4

Co Cap Mean ± SD
Median
Range

3.2 ± 2.9
2.4
0.86–8.2

1.8 ± 2.5
0.86
ND–5.3

1.5 ± 0.60
1.6
0.79–2.1

1.8 ± 1.6
0.89
0.78–4.7

0.29 ± 0.26
0.21
0.078–0.99

Stipe Mean ± SD
Median
Range

3.6 ± 3.2
2.9
0.37–7.2

3.8 ± 5.7
1.6
ND–12.0

2.7 ± 1.2
2.2
1.8–4.5

2.3 ± 1.8
1.9
0.88–5.8

0.79 ± 1.04
0.47
0.17–4.9

Cr Cap Mean ± SD
Median
Range

6.9 ± 4.6
7.1
1.4–11.9

0.36 ± 0.12
0.36
0.21–0.51

0.62± 0.10
0.63
0.50–0.71

0.76± 0.58
0.62
0.30–1.9

1.2 ± 1.4
0.54
0.20–5.2

Stipe Mean ± SD
Median
Range

5.6 ± 3.2
4.7
3.1–11.2

1.18 ± 0.40
1.3
0.61–1.5

3.3 ± 4.3
1.3
1.0–10

1.26± 0.65
1.0
0.62–2.3

3.0 ± 3.7
1.4
0.44–13.8

Cu Cap Mean ± SD
Median
Range

243 ± 102
261
138–285

78.7 ± 21.7
84.8
49.9–95.5

168 ± 95
137
97–298

86.2 ± 20.7
85.2
59–122

98.8 ± 67.2
80.7
42–304

Stipe Mean ± SD
Median
Range

234 ± 63
240
129–293

92.7 ± 22.1
83.5
78–125

111 ± 44
126
47–145

94.0 ± 30.6
91.0
54–133

116 ± 40
112
29–214

Fe Cap Mean ± SD
Median
Range

1255± 1120
1254
202–3016

71.0 ± 17.0
70.8
52.2–90.3

138 ± 36
150
85–166

217 ± 226
111
87–663

276 ± 251
161
67–942

Stipe Mean ± SD
Median
Range

1137 ± 844
787
513–2607

131 ± 72
154
30–185

596 ± 555
409
158–1409

336 ± 173
336
139–563

659 ± 1058
312
65–4018

Mn Cap Mean ± SD
Median
Range

53.9 ± 31.4
38.7
21.2–92.7

17.9 ± 4.2
17.2
14.0–23.3

12.9 ± 3.2
12.6
9.3–17.1

19.6 ± 8.5
19.3
11.0–34.7

22.3 ± 16.2
16.7
7.6–62

Stipe Mean ± SD
Median
Range

55.3 ± 29.2
47.0
33–106

34.4 ± 9.9
38.0
20.1–41.6

32.3 ± 17.8
35.1
11.5–47.6

43.3 ± 19.3
44.5
20.4–74.1

51.1 ± 80.5
23.3
9.1–367

Ni Cap Mean ± SD
Median
Range

6.6 ± 4.5
6.1
1.9–11.7

0.29 ± 0.20
0.24
0.13–0.55

0.33± 0.14
0.28
0.21–0.53

0.96± 0.41
0.82
0.58–1.5

0.79 ± 0.91
0.48
0.091–3.2

Stipe Mean ± SD
Median
Range

6.0 ± 2.3
6.1
3.4–9.6

1.80 ± 0.74
1.7
1.1–2.7

2.4 ± 2.8
1.2
0.58–6.6

1.46 ± 0.52
1.3
0.88–2.2

2.1 ± 2.7
1.1
0.37–11.5

Pb Cap Mean ± SD
Median
Range

8.8 ± 4.5
8.5
4.2–14.3

0.69 ± 0.58
0.55
0.16–1.5

0.24 ± 0.18
0.23
ND–0.44

0.71± 0.44
0.52
0.34–1.4

1.22 ± 0.88
1.1
0.12–2.8
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(Supplementary data), in the case of caps all parameters dif-
ferentiate mushrooms origin, while in the case of stipes, Ba,
Cr, Mn, and Sr were not discriminating factors. In the cases
where the Kruskal-Wallis test has indicated a statistically sig-
nificant difference between the medians, Kruskal-Wallis
Multiple-Comparison Z-value test was performed. Sites with
different content of a given metal are denoted in parentheses
(Table F, Supplementary data). It could be observed a statisti-
cally significant difference between metal content of samples
from different origins in both parts of mushrooms.

Discrimination of Macrolepiota procera by geographical
origin

A multivariate statistical method, PCA, was applied to estab-
lish criteria for classification and differentiation of mushrooms
fruiting body, caps, and stipes, on one side and of mushrooms
from diverse geographical sites, on the other side. The PCA
provides the insight in the very structure of data. It is usually
carried out at the exploratory (introductory) level; therefore, it
is not used as a classification model, but rather as a hint what
could be expected from the current data and to check if there is
some logical patterns in the data that might be explained.

A PCA model applied on the results of metal content in
mushrooms of different geographical origins for two parts of
mushrooms separately revealed that approximately 90 % of
variability among the data for both parts could be explained by

three factors. The first two principal components (PCs)
accounted for approximately 85 % of the overall data vari-
ance. The addition of more PCs did not significantly change
the classification of the samples described below. Mutual pro-
jections of factor scores and their loadings for the first two PCs
are presented in Fig. 2. Score plots (Fig. 2a, c) of models
suggested the existence of three distinctive groups of objects
belonging to different geographical sites. Namely, samples
from the forest near Kruševac (site S1) formed distinguished
cluster dissipated in a broader range, samples from mountain
Goč (site S5) made the other compact cluster, while all sam-
ples from the forest near Trstenik (sites S2–S4), regardless of
the proximity of the landfill formed third group. Generally, the
site S1 was separated from other sites alongside the PC1 di-
rection, while site S5 in the case of stipes alongside the PC2
direction. Loading plot (Fig. 2b, d) revealed that all parame-
ters had positive influence on PC1 with the highest influence
of variables Ba, Ni, Fe, Al, Cr, and Sr. High positive influence
of elements Cd, Cu, and Co on PC2 suggested its domination
in samples from area surrounding Kruševac and Trstenik (sites
S1–S4).

Dissimilarity between groups of samples separated ac-
cording to elements content in two parts of M. procera was
evaluated by Wilcoxon signed-rank test (Table 2). The
content of Cd, Cu, Pb, and Zn was significantly different
in stipes compared to caps and govern a separation of two
observed parts of mushrooms.

Table 1 (continued)

Element μg/g dry weight Matrix Site 1 n = 5 Site 2 n = 4 Site 3 n= 4 Site 4 n= 6 Site 5 n = 22

Stipe Mean ± SD
Median
Range

5.4 ± 1.7
6.3
2.9–7.0

0.49 ± 0.39
0.32
0.22–1.1

2.4 ± 3.7
0.80
ND–7.9

1.8 ± 1.8
1.4
0.39–5.3

1.4 ± 2.4
0.67
ND–9.8

Sr Cap Mean ± SD
Median
Range

2.5 ± 1.4
2.4
1.0–4.0

0.22 ± 0.12
0.22
0.084–0.36

0.38± 0.18
0.37
0.22–0.56

0.53± 0.26
0.45
0.21–0.97

0.65± 0.43
0.62
0.12–1.5

Stipe Mean ± SD
Median
Range

3.8 ± 1.0
3.4
3.0–5.4

1.55 ± 0.85
1.7
0.54–2.3

1.82 ± 0.74
2.1
0.73–2.4

2.50 ± 0.55
2.4
1.7–3.3

3.4 ± 6.3
1.8
0.36–29.9

Ti Cap Mean ± SD
Median
Range

80.4 ± 55.3
85.4
21.8–156

5.1 ± 2.7
4.9
2.0–8.5

4.2 ± 1.3
4.1
2.7–5.8

4.7 ± 3.0
4.2
1.9–9.9

6.5 ± 5.6
5.0
1.2–18.4

Stipe Mean ± SD
Median
Range

55.7 ± 39.4
42.5
13.9–105

6.2 ± 4.3
6.0
2.0–10.8

16.5 ± 12.7
15.8
4.0–30.5

9.5 ± 5.6
9.9
2.4–15.5

21.0 ± 29.2
10.2
2.2–119

Zn Cap Mean ± SD
Median
Range

216 ± 179
148
118–535

67.9 ± 33.7
60.5
37.3–113

67.8 ± 13.7
62.1
58.9–88.1

63.6 ± 13.9
60.0
48.7–88.9

127.4 ± 43.6
123.4
69–220

Stipe Mean ± SD
Median
Range

104.7 ± 37.1
97.5
68.9–166

54.4 ± 23.5
51.6
30.1–84.4

48.0 ± 12.8
48.0
32.8–63.3

48.4 ± 14.7
47.3
27.3–67.4

99.7 ± 33.1
99.0
36–167

DL for Co −0.002 mg/kg dw, Pb 0.036 mg/kg dw

ND not detected
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A PCA applied on the results of metal content in different
parts of mushroom body resulted in a five-component model
which explains 91.89 % of total variance. The first principal
component, PC1, accounted for 60.76 % of the overall data
variance, the second one, PC2, for 14.50 % and the third
principal component, PC3, for 7.30 %. Mutual projections

of factor scores and their loadings for the two PCs have been
presented in Fig. 3. Taking into account PC2 and PC4 score
values (Fig. 3a), two groups of samples belonging to two
different parts of mushroom are obtained. There is some over-
lapping of Hotelling T2 ellipses among samples suggesting no
clear translocation of elements within a mushroom. The

Fig. 2 Mutual projections of
factor scores and their loadings
for the first two PCs

Table 2 Parameters of descriptive statistics for different parts (cap, stipe) of the investigated mushroom samples

Al Ba Cd Co Cr Cu Fe Mn Ni Pb Sr Ti Zn

Cap Mean 419.22 2.74 4.73 1.13 1.67 119.25 353.46 24.39 1.44 1.93 0.79 14.90 117.28

Stdev 661.49 4.13 7.91 1.65 2.65 82.89 534.04 19.48 2.52 3.06 0.85 30.58 80.84

Median 134.63 1.34 1.55 0.52 0.58 90.54 145.74 17.73 0.55 0.79 0.52 5.28 101.79

Max 2921.30 20.33 43.50 8.24 11.94 382.10 3016.00 92.69 11.73 14.29 4.00 155.98 535.30

Min 28.80 0.20 0.34 0.00 0.20 41.92 52.16 7.64 0.09 0.04 0.08 1.25 37.32

Stipe Mean 846.92 6.82 2.05 1.83 2.92 124.60 612.35 47.05 2.46 1.96 2.99 21.63 83.36

Stdev 1193.80 8.43 2.57 2.45 3.35 57.68 869.51 60.19 2.64 2.56 4.62 28.52 37.27

Median 394.31 4.35 0.95 0.89 1.38 115.75 331.49 33.10 1.19 0.84 2.18 10.76 77.48

Max 5664.48 44.40 13.46 12.04 13.81 293.10 4017.76 367.00 11.49 9.83 29.89 118.65 166.67

Min 35.10 0.26 0.04 0.00 0.44 28.96 29.94 9.12 0.37 0.04 0.36 1.98 27.28

Wilcoxon signed-rank
test

W 177 129 814 92 136 373 218 149 141 583 52 219 704

H0 Accept Accept Reject Accept Accept Reject Accept Accept Accept Reject Accept Accept Reject

aWcr = 279
bH0 =median difference between the pairs is zero
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loading plot (Fig. 3b) indicates correlations between the vari-
ables and the principal components. Namely, variables Co, Pb,
Ti, Ni, Zn, Cd, and Cu have positive loadings on PC1, and
denote a group of stipes objects, wherein Ni and Co vectors,
on one side and Ti and Pb, on the other, were close together in
the plot and therefore closely and positively related. Copper
was not related (vectors making a 90 angle) with Ti and Pb
vectors, while Cd with Ni and Co. Variables Sr, Mn, Ba, Fe,
Al, and Cr have negative loadings on PC1 and pointed out a
group of caps samples. Elements Sr, Mn, and Ba were posi-
tively correlated, but closely and negatively correlated with
Ni, Ti, and Pb and not related with Fe.

The distribution of the metals studied into the four fractions
of BCR sequential extraction varied among the samples from
different sites. The results obtained for each elements by the
modified BCR sequential extraction procedure, pseudototal
obtained from aqua regia digestion, and recovery values are
given in Table G (Supplementary data).

The sequential extraction patterns for each soil site (from
S1 to S5) are shown in Fig 4 a, b, c, d, e. It can be noted great
similarity in total content and pattern distribution of all metals
between sites S2–S4, near Trstenik, regardless of the presence
of the landfill. The fractionation profile of Cd shows that great
amounts in all samples were found in the first two fractions
(greater than 80 % of total). It indicates that cadmium could
have been remobilized becoming readily available following a
slight lowering of pH (Jain 2004). In the case of Pb, it was
distributed mostly between the reducible and residual fraction
in S1 and S5 samples (Fig. 4a, e) but in other samples (sites S2
to S4), lead was distributed in reducible, oxidizable, and re-
sidual fraction (Fig. 4 b–d). Distribution of Ba and Al is sim-
ilar between all samples. The highest content of Ba was found
in reducible fraction followed by the HOAc extractable, and
the smallest amount was associated with oxidizable fraction.
The dominating chemical form of Zn was associated with the
residual fraction, followed by oxidizable fraction in S1 and S5
samples. But, in samples S2–S4, residual fraction was follow-
ed by the reducible fraction (Fig. 4 b–d). In the case of Mn, it

was extracted in reducible fraction (59.9 %) and followed by
oxidizable (23.2 %) in samples from Goč (S5), while in other
samples, the most amounts were extracted in reducible frac-
tion and followed by HOAc extractable fraction. It can be
noted that the greatest proportion of Sr was associated with
the HOAc extractable fraction in all samples (43.3–48.7 %),
followed by the reducible (46.1–54.9 %). The metal bound to
the residual fraction more than 80 % was Fe, which indicates
that this metal is the least available to mushrooms. Cd, Ba, Co,
Mn, and Sr are metals with approximately more then 80 % of
total content in the sum of the first three fractions, so they can
be considered as the most easily mobilized metals. The avail-
able amount (F1+F2+F3) of all elements, except of Cr, be-
tween all sites, did not vary in a greater extent. It indicated that
there were no anthropogenic inputs of these metals in investi-
gated sites in Rasina region. Titanium in soil is poorly avail-
able for mushrooms, mostly extracted (more than 98 %) in
oxidizable and residual fractions from all sites.

To assess cluster of elements contents in relationships to
soils and mushrooms at different collection sites, an agglom-
erative HCAwas performed. HCA considers all the data vari-
ability contrary to univariate linear regression that concerns
only two parameters separately. The distribution of the metals
in four fractions of BCR sequential extraction as well as pseu-
do total together with its distribution in caps and stipes was
included. Cluster analysis revealed two clusters at 1.0 variance
weighted distance unit (Fig. 5). One cluster comprised metal
content in IV phase of extraction and pseudo total, while the
other accounts its distribution in caps, stipes, I, II, and III phase
of extraction grouped in three subclusters. This dendogram
confirms that the first three phases of extraction are the most
important for metal uptake by mushrooms from soil.

Bioconcentration factor (BCF) and translocation factor
(TF)

The bioconcentration factor expresses the potential of species
for bioaccumulation and bioexclusion of mineral constituent

Fig. 3 Mutual projections of
factor scores and their loadings
for the two PCs
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from soils. For better understanding, relationship between
available concentrations of metals in soil and metal content
in mushrooms, BCF was calculated, using pseudo-total con-
centration in soil (BCF-pseudotot) and sum of the first three
phases (BCF-I+ II+ III) regarding that these fractions are bio-
available for mushrooms (Krgović et al. 2015). Calculated
BCF and TF are presented in Table H (Supplementary data).

Comparison of obtained values for BCF-pseudotot and
BCF-I + II + III, indicated that there was no significant

differences in the sense of conclusion which metal is accumu-
lated. It could mean that potential of mushrooms to uptake an
element from substrate is more important factor then availabil-
ity of elements in soil substrate.

BCF values higher than 1 were found for Cd, Cu, and Zn,
while the rest of the analyzedmetals had BCF<1. The median
value of BCF for cadmium was the highest from site S1 (57.7
for caps and 24.2 for stipes), while for the rest of the sites were
20.2, 12.2, 5.6, and 3.3 for caps at sites S3, S4, S2, S5, and

Fig. 4 Sequential extraction patterns for each soil site (from S1 TO S5)
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11.4, 6.6, 2.0 and 1.6 for stipes at sites S3, S4, S5, and S2,
respectively (Table H, Supplementary data). M. procera col-
lected from the site S1 accumulate Cd in wide range (BCF
ranged from 5.2 to 137 and 1.2 to 42 for caps and stipes,
respectively). The BCF values of Cd were reported to be in
total range from 1.7 to 140 for the caps and from 0.09 to 71 for
the stipes (Gucia et al. 2012b). The BCFmedian values for Cu
are different from site to site, and they are ranged from 2.4 to
11 for caps and stipes. Zn is moderately bioconcentrated in
fruiting bodies (for site S1 median values are 2.7 and 1.8 for
caps and stipes, respectively, total range 2.0–9.2 for caps and
1.2–3.0 for stipes and for other sites 1 <BCF<2). For all
studied sites in terms of bioconcentration and bioexclusion
concept, Al, Ba, Co, Cr, Fe, Mn, Ni, Pb, Sr, and Ti are
bioexcluded in M. procera.

The mobility of metals between two parts of the mush-
rooms was estimated by translocation factor (TF), presented
in Table H (Supplementary data).M. procera showed efficient
translocation of metal ions Zn, Cd, Cu, and Pb from stipes to
caps (TF higher than 1), which was confirmed by W test
(Table 2). Caps were more abundant in Cd than stipes, with
median TF values from 1.7 to 4.0. Concentrations of Zn in
caps are higher than in stipes, and the median TF values are
between 1.2 and 2.2, which is in agreement with literature data
(Gucia et al. 2012a). Median TF values for Cu are 0.68–1.7,
which indicated that translocation of Cu depending on site.
Also, M. procera translocated Pb from stipe to caps, except
for site S4 where the TF is<1 (Table H, Supplementary data).

Dietary intake

An average consumer with body mass of 70 kg (European
Food Safety Authority (EFSA 2012a) and 300-g fresh weight
portion of caps per meal were used to calculate element

intakes from M. procera. Calculated contents of investigated
elements for daily intake are presented in Table 3.

(a) Essential elements Cu, Zn, Fe, Mn and Co

The EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) decided to derive adequate intakes (AIs)
for copper based on observed intakes in several EU countries.
AIs for copper of 1.6 mg/day for men and 1.3 mg/day for
women (AI for pregnant women to 1.5 mg/day) are proposed
(EFSA 2015a). The tolerable upper intake level (UL) for
adults is 5 mg/day and is not applicable during pregnancy or
lactation (EFSA 2006). The European Population Reference
Intake (PRI) for zinc for adult males and females is 9.5 and
7.0 mg/day, respectively. UL for adults is 25 mg/day and ap-
plies also to pregnant and lactating women (EFSA 2006). The
average requirements (AR) and PRI for iron in all age groups
of men and postmenopausal women is 6 and 11 mg/day, re-
spectively, and for premenopausal women is 7 and 16mg/day,
respectively (EFSA 2015b). No UL has been set for iron by
the Scientific Committee for Food (SCF) or EFSA (EFSA
2006). An AI for manganese of 3 mg/day is proposed for
adults, including pregnant and lactating women (EFSA
2013). An upper level for this element has not been set
(EFSA 2006).

A 300-g portion of analyzed mushroom species will pro-
vide 4.41–9.84 mg of Cu, 3.45–11.6 mg of Zn, 3.84– 23.1 mg
of Fe, and 0.75–1.85 mg of Mn, (Table 3) rendering them as a
good source of these metals.

Cobalt is an essential trace element as a part of vitamin
B12, which is necessary for folate and fatty acid metabo-
lism. There is no clear recommended amount of cobalt

Fig. 5 Variance weighted distance between cluster centers

Table 3 Calculated contents (mg of elements/300 g wet weight) in caps
of Macrolepiota procera

Locations

Elements S1 S2 S3 S4 S5

Al 31.3 2.06 9.70 32.9 18.2

Ba 0.21 0.036 0.062 0.15 0.12

Cd 0.31 0.18 0.48 0.60 0.10

Co 0.058 0.10 0.082 0.16 0.026

Cr 0.13 0.019 0.035 0.065 0.078

Cu 4.67 4.41 9.00 9.23 9.84

Fe 23.1 3.84 8.06 19.5 19.7

Mn 1.03 0.96 0.75 1.85 1.73

Ni 0.13 0.017 0.018 0.087 0.053

Pb 0.16 0.032 0.015 0.063 0.085

Sr 0.047 0.012 0.021 0.048 0.048

Ti 1.46 0.26 0.24 0.41 0.46

Zn 3.91 3.45 3.84 6.59 11.6
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because there are just recommendations for vitamin B12
(EFSA 2015c).

(b) Toxic elements Cd and Pb

Concentrations of Cd and Pb in some species of edible
mushrooms are regulated in European Union (EU 2008).
Maximum levels (ML) for cadmium are 0.2 μg/g wet weight
for cultivated fungi (Champignon Mushroom, Oyster
Mushroom and Shi-take) and 1.0 μg/g wet weight for other
fungi. Maximum level for lead is 0.3 μg/g for cultivated fungi.

In our study, mean value for Cd in caps exceeded a ML at
sites S3 and S4 (1.59 and 2.0 μg/g wet weight, respectively).
In the case of Pb, only caps collected from the site S1
(0.54 μg/g wet weight) contain elevated concentration of this
metal.

The Joint FAO/WHO Expert Committee on Food
Additives (JECFA) established a provisional tolerable month-
ly intake (PTMI) for cadmium of 25 μg/kg body weight
(b.w.), (World Health Organization (WHO) 2011) which cor-
responds to a weekly intake of 5.8 μg/kg b.w. This value
differs from the tolerable weekly intake (TWI) of 2.5 μg/kg
b.w. established by the EFSA’s Panel on Contaminants in the
Food Chain (CONTAMPanel) in 2009 and subsequently con-
firmed in 2011 (EFSA 2009, 2011). This is equivalent to
0.36 μg/kg b.w. per day, which corresponds 0.025 mg for an
adult of 70 kg. A 300-g portion of fresh mushrooms will
provide 0.10 to 0.60 mg of Cd per day (Table 3), which could
result in exceeding TWI, as well as PTMI. Thus, the consump-
tion of M. procera at all investigated sites, may pose a health
risk for consumers during the Bseason of mushrooms,^ when
intake is high.

The CONTAM panel concluded that provisional tolerable
weekly intake (PTWI) of 25 μg/kg b.w. set by JECFA and
endorsed by the SCF is no longer appropriate (EFSA 2010,
2012b). This conclusion was confirmed by JECFA (World
Health Organization WHO 2011). The CONTAM panel iden-
tified developmental neurotoxicity in young children and car-
diovascular effects as well as nephrotoxicity in adults as the
critical effects for the risk assessment. The respective BMDL
(Benchmark Dose Lower Confidence Limit) derived from
blood lead levels in μg/L (corresponding dietary intake values
in μg/kg b.w. per day) was: developmental neurotoxicity
BMDL0112 μg/L (0.50 corresponds 0.035 mg for an average
consumer), effects on systolic blood pressure BMDL01 36 μg/
L (1.50 corresponds 0.105 mg for an average consumer), ef-
fects on kidney in adults BMDL10 15 μg/L (0.63 corresponds
0.044 mg for an average consumer) (EFSA 2010).

Estimated daily intake of Pb from consumption of 300-g
caps of M. procera from S2 and S3 sites was 0.015–
0.032 mg and hence poses no toxicological risk from lead
content point of view, but from other sites may pose a
health risk for consumers.

(c) Other elements Cr, Ni, Al

The CONTAMPanel derived a tolerable daily intake (TDI)
of 300 μg Cr(III)/kg b.w. per day. Evaluation is limited to
trivalent chromium because it is the form of chromium natu-
rally occurring in food (EFSA 2014). Owing to limited data,
the SCF was unable to set a UL. It was stated that, in a number
of limited studies, there was no evidence of adverse effects
associated with supplemental intake of chromium up to a dose
of 1 mg/day (EFSA 2014).

Portions of mushrooms picked from all five sites do not
contain chromium above this value. A portion of investigated
mushrooms has smaller amount of Ni then TDI of 2.8μg/kg b.
w. (EFSA 2015d), equivalent 196 μg for average consumer
and, hence, there is no risk for health. As far as aluminum is
concerned, TWI of 1 mg Al/kg bw/week is more appropriate
than a TDI (EFSA 2008). That gives 10 mg per day for an
average consumer. The estimated daily dietary exposure to
aluminum in the general population, varied from 0.2 up to
2.3 mg/kg bw/week in highly exposed consumers. The TWI
of 1 mg aluminum/kg bw/week is likely to be exceeded in a
significant part of population in Europe (EFSA 2008). From
our results, one portion of M. procera from the sites S1, S4,
and S5 contain aluminum approximately 2–3 times more than
recommended value.

Conclusions

The obtained results of element composition of M. procera
confirmed that this wild growing mushroom could contain
high concentrations of both essential and toxic elements, even
in unpolluted areas. The principal component analysis and
cluster analysis were carried out in order to provide better
understanding of the nature of associations of trace elements
in mushrooms and soil substrates. A PCA model applied on
the results of metal content in mushrooms of different geo-
graphical origin showed three groups of clusters, belonging to
the forest near Kruševac, mountain Goč, and forest near
Trstenik, regardless of the proximity of the landfill. Applied
modified BCR sequential extraction procedure showed that
Cd, Ba, Co, Mn, and Sr were metals that could be considered
as the most easily mobilized. Performed hierarchical cluster
analyses confirmed that the first three phases of extraction had
been the most important for metal uptake by mushrooms from
soil.M. procera has high potential for accumulation of Cd, Cu
and Zn (BCF values higher than 1) from soil substrate, while
Al, Ba, Co, Cr, Fe, Mn, Ni, Pb, Sr, and Ti are bioexcluded.
Also, there is efficient translocation of Zn, Cd, Cu, and Pb
from stipes to caps (TF higher than 1). Contents of Cd, and
to a lesser extent Pb, in some caps of analyzed samples
exceeded the maximum levels set in the EU for cultivated
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mushrooms, which indicates that there may be high level of
these toxic elements in M. procera, even in unpolluted areas.

Calculated possible element dietary intakes showed that
these species could serve as a good dietary source of essential
elements, especially Cu, Zn, Mn, and Fe. However, the con-
sumption of these mushrooms can be considered as a toxico-
logical risk due to presence of cadmium and lead.
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