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ABSTRACT

Eleven different wild-edible mushroom species growing in the Black Sea region of Turkey were analysed for their
element content. Specimens of mushrooms were gathered in Trabzon, Giresun and Ordu and analyzed for 31 elements
by ICP-OES, four of which (Be, Sb, Te and Ti) were not detected. Whereas some minerals including Ag, As, Cd, La, Mo,
Pb, Se, Y and Zr were detected in just a few mushroom species, another 18 minerals were found in all 11 species. All
element concentrations were expressed on a dry weight basis (d.w.). With regard to nutritionally important amounts of
essential and trace minerals, the element content (ug/g d.w.) of mushroom samples ranged from 21800 - 39800 for K,
2590 - 14000 for P, 268 - 1600 for Ca, 561 - 1210 for Mg, 74 - 829 for Fe, 11.2 - 321 for Cu, 36.2 - 241 for Zn, 14.1 -
76.5 for Mn and 0.13 - 2.85 for Co. Small amounts of toxic metals such as As, Cd and Pb were found in all 11
mushroom species. Laccaria laccata contained a large amount of As (145 ug/g d.w.). These results show that the
investigated mushrooms can be a useful component for human diets because of their high content of many essential
minerals and trace elements and low content of toxic metals.
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1. Introduction tion of wild and cultivated mushrooms is increasing in
many countries due to awareness of their high content of
various essential nutrients, including trace minerals
[1-10]. In this respect, the fact that wild mushrooms ac-
cumulate large amounts of both macro- and trace miner-
als has prompted researchers to analyze them for their
metal contents, especially since many mushrooms accu-
mulate high levels of heavy metals such as cadmium,
mercury, lead, copper and arsenic [3,11] that can have
severe toxicological effects on humans, even at very low
levels.

Several factors may affect the accumulation and con-
tent of trace elements and heavy metals in mushrooms.

Hunger has increased in the world over the past several
years due to rising food prices and food scarcity caused
in part by the diversion of farmland from the production
of foods to the generation of ethanol for motor vehicles.
These circumstances have led populations in many parts
of the world to search for alternative food sources that
would contribute to satisfying their nutritional needs. In
this regard, many people worldwide collect wild-edible
mushrooms to supplement their diets. However, since in
many cases our knowledge of the mineral composition of
wild-edible mushrooms is incomplete, there is a need for

studies that will provide this information.

Mushrooms are an important class of organisms in na-
ture and can be found almost everywhere on the earth.
The macrofungi that includes numerous wild-edible and
cultivated species do not normally constitute a large por-
tion of the human diet; however, interest in the consump-
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During the past two decades, in addition to reporting on
heavy metals in mushrooms, many studies have also in-
vestigated the contents of both nutritionally significant
major and trace minerals in macrofungi in the northern
hemisphere [1-8,12-19]. Some of these studies were con-
ducted in the Black Sea region of Turkey, where numer-
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ous mushroom species grow in the country that spans

the continents of Europe and Asia, [5,12-15,17-19,20-23].

The region of Turkey where the mushroom species re-
ported herein were collected has a rich macrofungal flora
[13]. In eastern Turkey, the climate is mild and rainy and
all four seasons are normally wet with mild temperatures.
The climate throughout the year, but especially in spring
and autumn, is ideal for fungal growth. People who live
in this region of the country often include mushrooms in
their diet. However, data related to nutrients of wild edi-
ble mushrooms of the region are scarce. In the present
study, 11 mushrooms in the Black Sea region of Turkey
were analysed for their content of micronutrients. To our
knowledge, no previous work on the mineral content of
these mushroom species has been reported either from the
region or from other habitats around. The present study re-
ports the mineral content of fruiting bodies of 11 wild-edible
macrofungi samples collected from the Black Sea region of
Turkey determined using an inductively coupled plasma-
optical emission spectrometer (ICP-OES).

2. Materials and Methods
2.1. Collection of Mushrooms

Fruiting bodies of 11 wild-edible mushrooms (Laccaria-
laccata, Leucopaxillus giganteus, Russula rosea, Cantharellus
cibarus, Tricholoma saponaceum var. saponaceum, Aga-
ricus arvensis, Boletus edulis, Clavulina rugosa, Hydnum
repandum, Cantharellus tubaeformis, Lepista nuda), be-
longing to 8 different families were collected during field
trips to the provinces of Trabzon, Giresun and Ordu be-
tween 2002 and 2005. At each collecting site the ecologi-
cal and morphological properties of the specimens were
recorded (Table 1). The specimens were then taken di-
rectly to the laboratory and examined microscopically
using Nikon research microscopes. After spore prints were
made to determine the color of the spores, the spores were
then subjected to various measurements. The specimens
were grouped according to taxa, lyophilized to a constant
weight, and reduced to a fine powder (20 mesh) for further
chemical analysis.

Taxonomic identification was made according to crite-
ria described eclsewhere [24,25] and representative
voucher specimens were deposited at a personal fun-
garium of Faculty of Fatih Education at the Karadeniz
Technical University in Trabzon, Turkey. All extractions
and determinations were performed in triplicate and the
results are expressed plus or minus one standard devia-
tion and dry weight basis (d.w.), as means.

2.2. Mineral Analysis

The lyophilized and milled samples were dried for seven
days in a vacuum desiccator until a constant weight. Tripli-
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cate portions (approx. 0.2 g) of each specimen were
weighed into 125 mL Phillips beakers and digested with
20 mL of concentrated nitric acid and 1 mL of perchloric
acid. The samples were covered with watch glasses and
let stand for 1 hour at room temperature on a hot plate.
The temperature was ramped at 50°C/15 min to 150°C
where they were left to reflux for 24 hours. The
watch-glass covers were removed and the samples were
taken to near dryness at the same temperature. The sam-
ples were cooled to room temperature and dissolved in
10.0 ml of 4% nitric acid/1% perchloric acid. The solu-
tions were analyzed for their mineral and trace metal
content by ICP-OES. This digestion technique does not
dissolve any siliceous material present in the samples.
The results are expressed as pg/g dry weight (d.w.).

2.3. Statistical Analysis

Data are the three separate extractions and determine-
ations of completely random experimental design. Dun-
can’s Multiple Range Test was used to determine the
statistical significance of differences among the means
(SAS Institute Inc., Cary, NC, USA). Means were com-
pared within each row of the data. For comparisons
among the means analysis of variance was used.

3. Results and Discussion

The families of mushroom species used in this study, their
habitat and geographical locations are given in Table 1
and all element concentrations are given in Table 2.
Thirty one minerals were scanned; however, since de-
tectable levels of Be, Sb, Te and T1 were not found in the
samples, these metals were excluded from the tables.

The element concentrations varied significantly not
only among the muhroom species but also wihin a par-
ticular genus (Table 2, p < 0.05). The limit of detection
and average values for each element are also given in
Table 2. Amounts of Ag, Cd, Co, Li, Mo, Se, Y and Zr
for some mushroom species were below the limit of de-
tection. The detection limits of the method for Ag, Cd, Co,
Li, Mo, Y and Zr were 0.34, 0.05, 0.06, 0.01, 0.09, 0.86,
0.10, and 0.25 pg/g, respectively (see the end note of Ta-
ble 2).

According to the results shown in Table 2, the highest
K concentration was found in T. saponaceum var. sapo-
naceum (39800 pg/g), whereas L. laccata and C. rugosa
had average K contents that were slightly lower at (30200
pg/g and 28900 pg/g, respectively). The second most
abundant element among 11 mushroom species was P and
its content varied between 2590 and 14000 pg/g, being
remarkably high in L. giganteus and L. nuda. Compara-
tively high Ca concentrations (1600 pg/g) were found in
C. tubaeformis followed by L. laccata (10500 pg/g).
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Table 1. Characterization of wild-edible mushrooms collected from the East Black Sea region of Turkey.

Sample

number Herbarium number Family Species Habitat, geographical location andcollection date
1 SES2192  Hydnangiaceae  Laccaria laccata (Scop) Cooke II’Z)_‘(T)‘;’_‘;SOV;O"d in Giresun-Kesap-Alatas,
2 SES 2564 Tricholomataceae Leucopaxillus giganteus (Sowerby) Singer gemv?rig?to%;s;oigzpastures, Trabzon-Macka
3 SES 2257 Russulaceae Russula rosea Pers. ;Jon g;fz?)gircus, Ordu-Ulubey-Girgentepe,
4 SES 2020 Cantharellaceae  Cantharellus cibarus Fr. var. cibarus I;:;;;C;%%?;(s)gfentalis in Rize-Kalkandere-
5 SES 2291 Tricholomataceac L:ii?r(:llo‘?;? SSZ[‘))(;rrl]aa((::eeL&rrr;] (Fr.) P. I]r; %eg%\gggd forest in Glimiishane- Yitirmez
6 SES 2222 Agaricaceae Agaricus arvensis Schaeff ikmc(;giitt _gﬁ?sfriﬁfsfg“f éflzg(r)z;bzon-
7 SES2141  Boletaceae Boletus edulis Bull. Fr. g;cllgr_z%gja in Trabzon-Siirmene-Perdos,
8 SES2107  Clavulinaceae  Clavulina rugosa (Bull) J. Schrist gggﬁg; i(;’ge;gg;ema"s in Giresun-Kesap- Dokuz-
9 SES 2021 Hydnaceae Hydnum repandum L. g; (li(e)r.zlj)ig;:a orientalis in Ordu-Aybasti,
10 SES2110  Cantharellaceac  Cantharellus tubaeformis (Bull.) Fr. Ezgzzz',cgi 8;;3?5“5 in Artvin-Yusufeli-
11 SES 2145 Tricholomataceae Lepista nuda (Bull.) Cooke In garden in Trabzon-Of-Saracli, 08.09.2002

A high and remarkably changing level was noted in Mg.
The Mg content (mean 870 pg/g) ranged from 561 and
1210 ug/g, and was highest in A. arvensis and L. nuda
(1210 and 1200 pg/g) and lowest in C. tubaeformis (561
pg/g). The average concentration of Na was 492 ug/g
and its content was the highest in C. tubaeformis (669
pg/g) and lowest in C. rugosa (336 ug/g).

As revealed by ANOVA analysis, the majority of the
mushroom species differed in significantly among these
species in terms of macroelement concentrations (Table
2). In general, the range of macroelement concentrations
in the mushrooms we studied concurs with the literature
values (ug/g d.w.) for K (2241 - 45200), P (1200 -
10600), Ca (34 - 5300), Na (28 - 400) and Mg (58 - 1800)
[4,6,10,16]. Recently, Ouzouni et al. [26] reported a
higher content of Mg for C. cibarius (866.3 pg/g) and a
lower content of Mg for L. nuda (949.8 ng/g d.w.) than
those reported in the present study (815 and 1200 pg/g,
respectively).

The contents of Co, La, Li, Mo, V, Y and Zr averaged
between 0.2 and 0.8 pg/g. The amounts of others (Ag, Ba,
Cd, Cr, Ni, Pb, Se, Sr and Ti) ranged from 1.3 to 11 pg/g,
being the highest for Se. Among the elements, no satis-
fied biological roles for Ag, Ba, Sr, Ti, Y and Zr have
been reported so far.

The Cd and Pb contents of the tested mushrooms were
comparatively low (mean: 1.46 and 1.78 pg/g). Measur-
able Pb was found only in one sample, namely L. laccata
(1.78 ng/g). Lead is especially toxic to the growing brain
and can affect the behavioral development of children,
even at low concentrations. Organic lead compounds are
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fat-soluble and are more toxic than inorganic forms, and
can pass through the placenta and thus affect a growing
fetus [8,20]. The highest Cd concentration was 10.6 pg/g
for A. arvensis and the lowest concentration was 0.14
pg/g for C. tubaeformis. Cadmium is known to be toxic
and inhibitory of many critical life processes [27]. It can
be taken up directly from water and food and it has a
tendency to accumulate in plants and animals [8]. Mush-
rooms may contain large amounts of Cd [8]. The ability
to accumulate Cd is a characteristic of mushrooms [16]
and is closely correlated with the presence of a geneti-
cally-determined binding compound [8,27]. The Cd val-
ues reported in the literature for a wide range of mush-
room species were between 0.02 and 5 pg/g d.w.

The highest (1320 pg/g) and the lowest (93.5 ng/g)
amounts of Al were found in C. rugosa and B. edulis,
respectively. In the present study, As was detected in
only two samples of macrofungi, namely, L. laccata and
L. giganteus, 145 and 10.4 pg/g, respectively. The high-
est amount of Cu (321 pg/g) was found in C. rugosa and
the lowest was found in H. repandum (11.2 pg/g). The
mean Cu content of all mushrooms we studied was 70.4
pg/g d.w. In the present study Cu levels for H. repandum
were lower than those reported in the literature (24.3 and
89.5 ng/g) [8,13]. In previous studies, Cu values reported
for H. repandum ranged between 5.15 and 16.3 ug/g
[13,20]. The published Cu values for mushrooms re-
ported in the literature ranged from 3.8 to 107 pg/g
[4-6,8,10,14,15,18,19,26]. A similar amount of Cu (75.1
pg/g) was reported for L. nuda by Ouzouni et al. [26].
Kalac and Svoboda [3] maintains that Cu levels in the
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100 - 300 mg/kg d.w. range should not be considered a
human health risk. In the present study, the highest a-
mounts of Cu (321 pg/g) was found in C. rugosa. Our Cu
values agree well with the data reported for L. nuda (75.1
pg/g) and C. cibarius (32.5 pg/g) in the literature [26].
The levels of Cu we measured in mushrooms are not
considered a health risk. The recommended dietary al-
lowances (RDA) for adults is 0.90 mg Cu/day [29].

The levels of Fe we measured in the 11 mushroom
species ranged from 74 to 829 ng/g, being the highest in
C. rugosa and the lowest in B. edulis, and the average Fe
content was 256 ug/g. In the present study, iron was de-

termined as the second most abundant of the trace ele-
ments after Al, and its content was the highest in C.
rugosa (829 ug/g) and lowest in B. edulis (74 ug/g). Iron
content of mushroom samples in the literature has been
reported to be in the 8 to 3904 ng/g range [4-6,8,10,14,
16,18,19]. For H. repandum, the values reported in the
literautre are 33.5, 125, 50 and 250 and 317 pg/g [12,13,
19,20].

The Mn content in the present study averaged 41.2
pg/g. The Mn level found in previous studies of wild-
growing mushrooms varied between 1.2 - 329 pg/g d.w.
[4-6,8,10,14-16,18,19]. The Mn contents of all 11 mush-

Table 2. Mineral contents (ng/g dry weight) of some wild-edible mushrooms from the East Black Sea region (Turkey).
Values-represent the mean £ SD of three separate extractions and determinations of completely random experimental design.
Duncan’s Multiple Range Test was used to determine the statistical significance of differences among the means (SAS
Institute Inc., Cary, NC, USA). Means were compared within each row of the data. For comparisons among the means analy-
sis of variance was used. Values with the same letter are not significantly different at P < 0.05".

Mineral Laccaria laccata Leucopaxillus giganteus Russula rosea Cantharellus cibarius

Tricholoma saponaceum

Agaricus arvensis
var. saponaceum

Ag n.d.* 2.45+0.045b 0.49 + a**
Al 579 + 66f 261 + 83 cde 340 +38 ¢
As 1454320 ¢ 10.44+0.47b n.d.
Ba 2.85+0.14d 0.76 £0.15a 2.12+0.10 ¢
Ca 1050+ 15 f 468 +12b 776 £25.20 ¢
Cd 0.16 + ab** 0.29 +0.02 bed 0.37+0.01 cd
Co 0.28 +£0.02 ab 0.28 +£0.07 ab 0.51+0.02 ¢
Cr 1.54+0.05 ab 2.09 +0.63 abc 1.30+0.01a
Cu 729+1.50f 43.80+037¢ 39.40+0.17d
Fe 360+36d 257+ 60 ¢ 212+31 be
K 30200 =+ 500 bed 27900 +2140 b 26800 + 100 b
La n.d. n.d. n.d.
Li 021+0.01e 0.07 + 0.00 abc 0.11+0.01 cd
Mg 964 +19d 1140+ 26 ¢ 739423 be
Mn 349+350c¢ 21.9£0.94 ab 62.20£2.00 ¢
Mo 0.17 £ a** 0.53+0.05b n.d.
Na 601 £ 51 de 339+71a 36113 ab
Ni 0.77+0.02b 0.92+£0.07 ¢ 1.01+0.04 cd
P 6140+ 140 a 14000+ 210 b 3980+21.00 a
Pb 1.78+0.17 a n.d. n.d.
Se n.d. 1.60 + a** n.d.
Sr 3.38+0.05f 1.32+0.24b 2.47+0.08d
Ti 13.5+1.80¢ 7.82+0.19b 126 +0.26 ¢
\% 1.27+0.12d 0.82+0.14 ¢ 0.69+0.13 be
Y 0.12 £ a** 023+b n.d.
Zn 241+6.40] 84.40 £ 1.50 de 101 £1.30h
Zr 0.67 + a** n.d. 0.56 + a**

n.d. n.d. 6.27+£0.22¢
208 +21 be 314+ 14 de 237+6¢d
n.d. n.d. 3.69+0.18a
335+023e 1.36 £0.32b 1.41£0.27b
722+78¢ 657+4.6d 550+34¢
0.22 +0.02 abc 0.57+0.08¢ 106+£025¢
0.36+0.03b 0.13 + a** 2.85+0.06f
2.09 +0.58 abc 2.25+0.56 be 1.69+£0.21 ab
37.30+0.32d 26.8+0.25b 70.6£1.10f
130£7.9 ab 229+8.9bc 232+ 87 be
32500 + 2520 cd 39800 +3570 ¢ 33400 + 1530 d

n.d. n.d. n.d.

0.07 £ 0.02 abc 0.14+0.07d 0.09 £ 0.03 bed
815+ 10¢ 776 £35¢ 1210+42¢
252+0.72b 28.4+2.90 be 529+7.10d

n.d. n.d. 0.19 + a**
550 + 83 cde 487 + 100 bed 527+130 cd
1.10 £ 0.06 de 0.75+0.08 b 0.98 £ 0.04 cd

3850+42a 4180+45a 10700 +230 b

n.d. n.d. n.d.

n.d. n.d. n.d.
3.07+£0.06 ¢ 1.95+0.10 ¢ 1.87+0.35¢
5.58 £0.58 ab 14.6+7.20c¢ 6.38 +0.30 ab
0.35+0.06 ab 0.60 £ 0.01 be 0.47+0.01 abc

n.d. n.d. n.d.
71.5+1.40c¢ 99.7 +1.70 gh 92.8+1.84 fg

0.72 + a** 1.60+0.26 b 0.40 + a**
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Mineral Boletus edulis Clavulina rugosa Hydnum repandum Cantharellus tubaeformis Lepista nuda Limit values Average values
Ag 2.50+0.15b 2.54+£0.20b n.d.* n.d. 0.50+a 0.40-6.27 2.46
Al 93.50+6.10a 1320+ 140 g 192 £ 32 abe 192 + 11 abc 123 £ 17 ab 93.5-1320 351
As n.d. n.d. n.d. n.d. n.d. 3.69 - 145 53.0
Ba 0.53+£0.02a 6.22+047f 1.24+0.09b 1.98+0.04 ¢ 1.55+0.14b 0.53-6.22 2.12
Ca 268 +4.7a 564+25¢ 461 £43b 160015 ¢ 731+79e 268 - 1600 713
Cd 1.75+0.02 f 0.42+0.03d n.d. 0.14 £ a** 0.17+0.01 ab 0.14-10.60 1.46
Co 2.07+£0.09¢ 0.64+0.22d 0.23+0.02 ab 0.16 £ a** 0.15+a 0.13-2.85 0.70
Cr 1.81+0.48 ab 1.50 £ 0.04 ab 2.74+0.68 ¢ 1.57 £ 0.44 ab 1.38+0.15a 1.30-2.74 1.82
Cu 31.80+0.51¢c 321+£329¢ 11.2+£0.16a 446+095¢ 749+7.70f 11.2-321 70.4
Fe 74.00+ 1230 a 829+ 125¢ 199 + 30 be 166 + 3.70 abc 135+ 47 ab 74.0 - 829 257
K 21800 +450a 28900 + 2160 bc 38300+ 1700 e 33300+290d 27800+2670b 21800 - 39800 31000
La n.d. 0.31+£0.04 n.d. n.d. n.d. 0.31 0.31
Li 0.03 £ a** 0.53+£0.05f 0.06 = 0.01 abc 0.10+0.01 bed 0.05 +0.00 ab 0.03 - 0.53 0.13
Mg 680+9.2b 812+5.1¢c 670 +24b 561 +820a 1200+ 135 e 561 -1210 870
Mn 1410+ 0.58 a 765+ 11f 20.8 +£2.20 ab 48.4+1.00d 683+£6.80e 14.1-76.5 41.2
Mo 0.16 £ a** 0.23 £ a** n.d n.d 1.65+0.17 ¢ 0.16 - 1.65 0.48
Na 501 +24cd 336+34a 611 +70de 669 £99 ¢ 433 £38 abc 433 - 669 492
Ni 1.29+£0.07 f 5.09+£0.07 g 0.58+0.03a 0.77+0.03b 1.15£0.15¢ 0.58 -5.09 1.31

P 6090 +70 a 4150+5.80 a 5230+ 75a 2590+ 56 a 12400 + 7230 b 2590 - 14000 6665
Pb n.d. n.d. n.d. n.d. n.d. 1.78 1.78
Se 204+2.20b n.d. n.d. n.d. n.d. 1.60 - 20.4 11
Sr 0.75+0.03 a 2.79+0.08 ¢ 1.26+0.21b 4.64+0.04¢g 240+0.25d 0.75 -4.64 2.35
Ti 2.68+0.49a 25.6+3.80d 6.79 +£ 0.63 ab 425+0.17 ab 2.18+0.34a 2.18-25.6 9.27
\'% 0.21 £ a** 2.54+058e 0.45+0.03 ab 0.40 +£0.02 ab 0.56 + 0.04 abc 0.21-2.54 0.76
Y n.d. 0.20 &+ b** n.d. n.d. n.d. 0.12-0.20 0.16
Zn 125+4.401 77.50 £ 6.55 cd 36.2+4.70 a 57.5+2.70b 86.2 = 8.60 ef 36.2 - 241 97.5
Zr 0.53+a 0.56 £ a** n.d. n.d. n.d. 0.40 - 1.60 0.64

*n.d.: not detected. **Values are between LOD (Limit of Detection) and LOQ (Limit of Quantitation); ]LOD, LOQ: Ag: 0.34, 1.15, Al: 0.26, 0.866, As: 1.0,
3.33, Ba: 0.012, 0.0395, Ca: 2.8, 9.19, Cd: 0.050, 0.167, Co: 0.058, 0.192, Cr: 0.087, 0.291, Cu: 0.48, 1.61, Fe; 1.0, 3.33, K: 0.44, 1.47, La: 0.24, 0.813, Li:

0.010, 0.0333, Mg: 0.46, 1.55, Mn: 0.010, 0.0333, Mo:

0.089, 0.297, Na:81, 270, Ni: 0.14, 0.470, P: 0.50, 167, Pb: 0.28, 0.946, Se:0.86, 2.85, Sr:0.010,

0.0333, Ti: 27, 0.908, V: 0.093, 0.311, Y: 0.10, 0.333, Zn: 0.86, 2.86, Zr: 0.25, 0.833.

room species in the present work were in agreement with
those reported in the studies cited above. In a recent
study, in the same region but from different habitats the
content of Mn was reported 23.5 ug/g d.w. for H. repan-
dum and 28.8 ug/g d.w. for C. cibarius. However, Ou-
zouni et al. [26] reported a lower content of Mn (33.7
pg/g d.w.) for L. nuda than we found in the present study
(Table 2), while C. cibarius contained the same amount
of this metal (22.2 pg/g d.w.).

All 11 mushroom species we tested were good sources
of Zn. The lowest (36.2 ng/g) and highest (241 pg/g)
zinc contents were found in H. repandum and L. laccata,
respectively. The range of Zn content reported for a
number of different mushrooms in the literature was
5.5-253 pg/g. [4-6,8,10,14-16,18,19,26]. More recently,
the Zn content of H. repandum from the same region but
from a different habitat in Turkey was reported to be 55.0
mg/kg d.w. [19], which is much higher than the lower
limit cited in the literature (37.8 pg/g d.w.) [4], whereas
the Zn content reported for C. cibarius (149 mg/kg d.w.)

Copyright © 2011 SciRes.

[19] was lower than that of the upper limit reported by
Sanmee and associates (253 pg/g d.w.) [4] and Ouzouni
et al. (54.3 pg/g d.w.) [26]. We found a lower Zn content
in L. nuda (86.20 ug/g) than that reported by Ouzouni et
al. [26] for the same species from Greece (99.0 and 35.9
pg/g). The average Zn content was 97.5 ng/g for the 11
mushrooms we studied. The uptake of metal ions in
mushrooms differs in many respects from that in plants
[3,10]. Thus, the differences in the mineral contents of
mushrooms reported in various studies can be attributed
to the ecosystems in which they were grown and by en-
vironmental factors such as climate, growing conditions
and soil content [1,6,28].

From the above results, it is apparent that all of the
mushrooms we collected from three sites in the East
Black Sea region should be regarded as important
sources of many essential elements (e.g., K, P, Ca, Mg)
and trace minerals (e.g., Fe, Cu, Zn, Mn, Co) C. rugosa
seems to be especially efficient in concentrating certain
minerals, including Al, Cu, Fe, Mn and Ni. Noteworthy
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is the fact that the Ca content of all 11 mushroom species
was low relative to many other foods, especially green
leafy vegetables. The highest contents of Al (145 ug/g
d.w.), Cu (321 pg/g d.w.) and Fe (829 pg/g d.w.) were
found in C. rugosa. The highest As content (145 ug/g
d.w.) was found in L. laccata. All 11 of the mushroom
specimens contained significant amounts of Mg, Fe, Mn
and Zn.

4. Conclusion

All 11 of the mushroom species we studied appear to be
good sources of many minerals and trace elements that
are essential for humans. C. rugosa is an effective heavy
metal accumulator for Al (1320 pg/g d.w.), followed by
Fe and Cu (Table 2). Also, with the exception of L. lac-
cata, the content of toxic metals such as Pb, Cd and As
was low. In general, these wild-edible mushroom species
can be consumed unreservedly without any health risk.
With the exception of L. laccata, the Pb level in the
mushrooms we analyzed was below the level of detec-
tion.
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