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Abstract
Mushrooms are a good source of protein and phenolic compounds which provides health benefits for humans. The purpose 
of this study was to compare the content of eight metals, protein, and total phenolics (TPC) of 5 different species (Agaricus 
bisporus—white and brown mushrooms, Agaricus cupreobrunneus, Auricularia cornea, Hypsizgus tesselatus, and Pleu-
rotus eryngii species-complex) of edible mushrooms available on the Romanian market. Agaricus bisporus and Agaricus 
cupreobrunneus were purchased and cultivated in Romania and the other species were cultivated in other countries (Turkey 
and China). The metal content determined by graphite atomic absorption spectrometry (GTAAS) varied in the order Cu > P
b > Ni > Fe > Cr > Mn > Co > Cd. Almost all the samples contained a greater quantity of metals in the stalk than in the cap. 
In addition, the levels of toxic metals were low. The protein content of analyzed samples ranged from 0.0926 to 0.2743%, 
the highest value being observed in Pleurotus eryngii species-complex mushroom. TPC of extracts increased over time but 
there was a variability in the concentration for each mushroom species (0.25–12.25 mg GAE/g). The investigated mushroom 
species possess no health risk and may be potential nutritional supplements for human diets due to their phenolic compounds, 
protein, and mineral content.
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Introduction

The mushrooms are a valuable raw material, both for con-
sumers and for the food industry. They are among the oldest 
fungi species on earth. Over the years, humans have always 
shown an interest in edible mushrooms. Due to the special 

qualities of aroma, nutritional value, and taste, mushrooms 
occupy an increasingly important place in the food group 
today [1–3]. Mushrooms are used in food, medicine, and 
industry. In medicine, they are used as a remedy for res-
piratory diseases, poor circulation, liver problems, heart 
diseases, etc. [4]. In industry, mushrooms can be used to 
dye wool and other natural fibers. Mushroom chromophores 
are organic compounds and produce strong and vivid colors. 
Mushrooms were the source of textile dyes until the inven-
tion of dyes.

Edible mushrooms have a very complex chemical com-
position and offer humans an important source of food since 
they can replace vegetables in periods when they are miss-
ing. Sometimes they complement meat as well, by providing 
a remarkable source of proteins like those in meat. Indeed, 
the expression “vegetable meat” is often used when talking 
about mushrooms. They contain glycogen, which is a poly-
saccharide found only in meat. They can accumulate and 
synthesize large amounts of B vitamins [5, 6]. Considering 
the mineral elements, mushrooms are very rich in phospho-
rus, iron, potassium, zinc, sodium, and magnesium. Since 
fungi are agents that help decompose organic matter and 
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play an important role in natural changes, they have a very 
efficient mechanism for accumulating heavy metals from the 
environment [7].

Heavy metal accumulation in macrofungi has been found 
to be affected by environmental and fungal factors. Envi-
ronmental factors such as amount of organic matter, pH, 
soil metal concentrations, and fungal factors such as fungal 
species, morphological part of the fruiting body, develop-
mental stages, mycelial age, biochemical composition, and 
the interval between fruiting bodies affects the accumulation 
of metals in macrofungi [8, 9].

The determination of metals in mushrooms was carried 
out by several methods, the most common being atomic 
absorption spectrometry using microwave digestion for the 
mineralization of samples (for Cu, Cd, Cr, Ni, Mn, Fe, Zn, 
Pb because it is more precise and shorter than wet digestion) 
[10]. A problem of conventional digestion includes the for-
mation of oxides or elements that block the silica particles 
in the sample, during drying-combustion digestion, the ions 
form oxides that are difficult to dissolve. Microwave diges-
tion seems to be a safe and fast method for the mineraliza-
tion of mushroom samples for the determination, by atomic 
absorption spectrometry in the flame, of the 5 elements: Fe, 
Mn, Zn, Co, Cd [11]. The concentrations of heavy metals in 
fungi vary depending on the organic matter content of the 
ecosystem and the soil [12].

Among recently published papers, the heavy metals con-
centrations (chromium, cadmium, manganese, iron, lead, 
zinc, copper, nickel, and mercury) have been studied and the 
results obtained proved that the consumption of mushrooms 
may result in a significant exceeding of the consumption lim-
its of cadmium, copper, and Cs-137 [2]. In another study in 
which the concentrations of metals (Ca, Cd, Co, Cr, Cu, Fe, 
K, Mg, Mn, Na, Ni, and Pb) in Nigerian mushrooms were 
studied using AAS (atomic absorption spectrometry) after 
mineralization with acid, it was observe that the mushrooms 
did not bioaccumulate the metals [1].

Metals including Cu, Cr, Mn, Co, Ni, Pb, Cd, and Fe have 
been acknowledged as one of the most dangerous types of 
pollutants and there are a lot of studies about the ability 
to accumulate metals by the fruiting bodies of mushrooms 
[13–16].

The aim of this study was to evaluate the content of eight 
metals (Cu, Cr, Mn, Co, Ni, Pb, Cd, Fe), protein and total 
phenolics (TPC) of 5 different species (Agaricus bisporus—
white and brown mushrooms, Agaricus cupreobrunneus, 
Auricularia cornea, Hypsizgus tesselatus, and Pleurotus 
eryngii species-complex) of edible mushrooms available on 
the Romanian market. The metal content was determined 
by graphite atomic absorption spectrometry (GTAAS) after 
microwave digestion. TPC was determined by a modified 
version of the Folin–Ciocalteu method and protein content 
was estimated by the Kjeldahl method.

Materials and Methods

Samples

Edible mushroom corresponding to 5 different species 
(Agaricus bisporus—white and brown mushrooms, Aga-
ricus cupreobrunneus, Auricularia cornea, Hypsizgus tes-
selatus, and Pleurotus eryngii species-complex) were pur-
chased from the local market, Constanta, Romania, where 
each one of them were packaged and labeled according to 
their delivery site. Also, the species were authenticated 
using relevant literature after a short description of the 
studied samples. The cap of the Agaricus bisporus-white 
mushroom is a pale gray-brown, with broad, flat scales on 
a paler background and fading toward the margins. The 
narrow, crowded gills are free and dark brown. Agaricus 
bisporus-brown mushroom is like the white mushroom in 
shape and size but has a firmer texture. The color ranges 
from light tan to dark brown. Agaricus cupreobrunneus 
cap is 3–10 cm wide with flattened reddish-brown fibrils. 
The white stalk is 2–7 cm tall and 1–2 cm wide. The spores 
are dark brown, elliptical, and smooth. Auricularia cornea 
is a fungus that looks like a delicate brown ear. Hypsizgus 
tesselatus is a variety of mushrooms with small round caps 
and long, slender stems that grow from an interconnected 
base. Pleurotus eryngii species-complex have bright white 
stalks and tan or brown caps and they grow with thick, 
meaty stems.

The mushroom samples were divided into cap and stalk. 
These parts were washed with tap water and then with 
deionized water to remove any soil traces.

TPC Determination

Ten grams of fresh mushroom samples was macerated and 
kept resting after mixing with ethanol 95% (100 mL) for a 
week in brown recipients. According to the literature, mac-
eration without stirring produces extracts with higher total 
phenols concentration [17]. The mixtures filtered through 
paper (Whatman No.1) were collected in glass recipients 
and stored at 4 °C.

The total phenolic content of mushroom samples was 
determined by a modified version of the Folin–Ciocalteu 
method [18]. In brief, mushroom extracts were mixed 
with 1 mL of 1:2 (v/v) Folin–Ciocalteu reagent (Merck, 
Darmstadt, Germany) in 50-mL calibrated flasks and 1 
mL ethanol, 1 mL sodium carbonate solution 20% (Redox, 
Romania). The resulting mixture was maintained at room 
temperature for 30 min and the absorbance was meas-
ured at 675 nm against the corresponding blank, with 
an UV-VIS spectrophotometer (Jasco 550). The TPC 
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concentration was calculated by the calibration curve (R2 
= 0.9913) and expressed as mg gallic acid equivalents per 
gram of extract (mg GAE/g) witch gallic acid was pur-
chased from Fluka (Buchs, Switzerland).

Protein Content Determination

The protein content in the mushroom samples was esti-
mated by the Kjeldahl method, according to which the 
samples were digested with 20 mL of concentrated sulfu-
ric acid (Digestion Unit, TURBO THERM, Germany). The 
digested material was distilled after the addition of alkali. 
The released ammonia was collected in 4% boric acid in the 
VAPODENS 20 Distilling Unit (Germany). The resultant 
was then titrated with 0.1 N HCl. The determined nitrogen 
content was multiplied by a conversion factor of 6.25 [19].

Determination of Pb, Cd, Cr, Cu, Fe, Mn, Co, and Ni 
by Graphite Atomic Absorption Spectrometry

The mushroom samples were digested and investigated for 
metal content using the system described in [20]. Briefly, 
mass of 0.3-g dried and powdered mushrooms sample were 
digested was accurately weighed into a PTFE vessel ans 
solution consisting of 8 ml of  HNO3 65% (Merck, Darm-
stadt, Germany) was used in the digestion system (Berghof 
Speedwave®, ENTRY, Germany).

Graphite atomic absorption spectrometry (GTAAS, 
model: Contra 800, Analytica Jena Instruments, Ger-
many) was used to determine the metals concentrations in 
the digested solution made up to 50 mL. The performance 
parameters of the analytical method are presented in a previ-
ous paper [21].

A multi-element standard (ICP multi-element standard 
solution IV, Merck, Germany) was used for the prepara-
tion of intermediate solutions to obtain calibration curves. 
Deionized water (Direct Q UV, Millipore, approximately 
18.0 MΩ, Analytica Jena Instruments, Germany) was used 
in the preparation of all solutions.

Health Risk Assessment

The potential health risk of consuming studied mushrooms 
was evaluated as target hazard quotient (THQ). This was 
estimated using the equation:

where EDI represents estimated daily intake; C, concentra-
tion of metal in edible mushroom (mg/kg); IR, ingestion 
rate (0.182 kg/day for adults and 0.118 kg/day for children); 
EF, exposure frequency (350  day/year); ED, exposure 

(1)THQ =
EDI

RfD
=

C ∙ IR ∙ ED ∙ EF

BW ∙ AT ∙ RfD
(

mg

kg ∙ day
)

duration (adults = 30 years; children = 6 years); BW, body 
weight (adults = 70 kg; children = 15 kg); and AT, average 
time exposure (children = 2190 days; adults = 10,950 days). 
The RfD values were 4.0 ×  10−2 mg   kg−1   day−1 for Cu, 
7.0 ×  10−1 mg  kg−1  day−1 for Fe, 3.5 ×  10−3 mg  kg−1  day−1 
fo r  Pb ,  1 .0  ×   10 −4  mg   kg −1   day −1 fo r  Cr, 
1.4 ×  10−2 mg  kg−1  day−1 for Mn, 2.0 ×  10−2 mg  kg−1  day−1 
for Ni and 1.0 ×  10−3 mg  kg−1  day−1 for Cd [16]. EPA has not 
established a Reference Dose (RfD) for cobalt [22].

Results

The species of mushroom and their common names are 
given in Table 1. The mushrooms from Agaricus bisporus 
were organized in two groups (white and brown varieties). 
These samples and Agaricus cupreobrunneus were pur-
chased from local market in Romania and cultivated in the 
same country. The other samples are sold in local markets 
from Romania and cultivated in other countries (Turkey and 
China).

Total phenolic content of the mushroom extracts was 
determined spectrophotometrically using Folin–Ciocalteu 
reagent. The results for total phenolic content (expressed 
in mg GAE/g mushroom sample) are presented in Table 2. 
The highest total phenolic content was recorded in Agari-
cus cupreobrunneus stalk mushroom samples (12.25 mg 
GAE/g), while Hypsizgus tesselatus mushroom samples 
had relatively lower phenolic content (0.25 mg GAE/g in 
stalk and 2.88 mg GAE/g in cap) and in Auricularia cornea 
mushroom samples TPC was not detected. The other studied 
mushroom samples were in between 2.26 mg GAE/g and 
11.24 mg GAE/g.

The data for nitrogen and protein content in the studied 
mushroom samples are presented in Table 3. The highest 
nitrogen content 0.72% was observed in Pleurotus eryngii 
species-complex while the lowest value of 0.11% was in the 
canned Agaricus bisporus - brown mushroom. For protein 
content, the highest value was recorded in Pleurotus eryn-
gii species-complex (0.27 %) while the Agaricus bisporus-
brown mushroom had the lowest content of protein (0.03%).

Table 1  Species of mushroom and common name

Species of mushroom Common names

Agaricus bisporus Champignon, white mushroom
Brown mushroom, crimini

Agaricus cupreobrunneus Brown field mushroom
Auricularia cornea Wood ear
Hypsizgus tesselatus Brown beech mushroom, buna 

shimeji
Pleurotus eryngii species-complex King oyster
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Metal concentrations obtained for tested mushroom sam-
ples were determined after microwave digestion. The Pb, 
Cd, Cr, Cu, Fe, Mn, Co, and Ni analyses were performed 
by GTAAS and their concentrations are shown in Table 4 as 
μg/kg dry weight. According to our data, Cu was the most 
abundant element in the mushroom samples, with a value 
of 34.46 ± 6.05 μg/kg dw, followed by Pb with a value of 
18.33 ± 3.96 μg/kg dw. The Pb levels in other mushroom 
samples are between 2.31 ± 0.32 and 16.21 ± 2.18 μg/kg 
dw. Cd content in Agaricus cupreobrunneus was found to 
be 0.66 ± 0.03 μg /kg dw, whereas Cd content in the other 
studied mushroom samples ranged between 0.01 ± 0.00 and 
0.47 ± 0.05 μg /kg dw. Minimum and maximum levels of 

Cr were measured in Agaricus bisporus as 0.35 ± 0.06 and 
1.12 ± 0.26 μg /kg dw white, respectively brown mushroom 
samples. The highest Fe content was observed in Auricularia 
cornea as 4.00 ± 1.32 μg/kg dw. For the other studied mush-
room, Fe ranged between 0.20 ± 0.01 and 1.89 ± 0.50 μg/kg 
dw. The range of Mn concentration were between 0.66 ± 0.07 
and 2.45 ± 0.11 μg/kg dw. Co content was highest in Agari-
cus bisporus-brown mushroom samples (1.29 ± 0.56 μg/kg 
dw) and lowest in Agaricus cupreobrunneus (0.09 ± 0.01 μg/
kg dw). Ni content was also highest in Agaricus bisporus-
brown mushroom samples (7.17 ± 1.25  μg/kg dw) and 
lowest in Agaricus bisporus-white mushroom samples 
(0.03 ± 0.02 μg/kg dw).

The highest metal concentration (34.46 ± 6.05 μg/kg dw) 
was recorded for Cu in the caps of Agaricus bisporus-brown 
mushrooms, while the lowest concentration (0.01 ± 0.00 μg/
kg dw) was recorded for Cd in the caps of Agaricus bispo-
rus-white mushrooms. The highest metal concentration in 
the stalk was recorded for Pb in Agaricus bisporus-white 
mushrooms (18.33 ± 3.96 μg/kg dw) while the lowest con-
centration was recorded for Cd in the stalks of Agaricus 
bisporus-white mushrooms (0.12 ± 0.01 μg/kg dw).

The results obtained for Agaricus bisporus samples cul-
tivated and available in the same country were compared 
with those of other scientists. The data summarized in 
Table 5 indicate that the concentrations of metals found in 
Agaricus bisporus samples from selected countries varied 
considerably.

The health risk correlated with the consumption of stud-
ied metals through tested mushrooms samples was evalu-
ated by estimating the target hazard quotient. In Table 6 are 
presented the results for target hazard quotient estimated 
for adults. And in Table 7 are presented the results for target 
hazard quotient estimated for children.

Table 2  The total phenolic content of studied mushroom samples

* ND not detected

Samples Mushroom parts Concentra-
tion (mg 
GAE/g 
sample)

48 h 7 days

Agaricus bisporus-brown mushroom Caps 0.32 3.12
Stalks ND* 4.17

Agaricus bisporus-white mushroom Caps 0.17 3.58
Stalks ND 2.26

Agaricus cupreobrunneus Caps 7.97 11.24
Stalks ND 12.25

Hypsizgus tesselatus Caps 0.98 2.88
Stalks ND 0.25

Pleurotus eryngii species-complex Caps + stalks 2.04 7.28
Auricularia cornea Caps ND ND
Canned brown mushroom Caps + stalks ND 4.14

Table 3  The total nitrogen 
content and the protein content 
of studied mushroom samples

Samples Mushroom parts The organic nitrogen 
content (%)

The protein 
content (%)

Agaricus bisporus-brown mushroom Caps 0.13 0.04
Stalks 0.45 0.11

Agaricus bisporus-white mushroom Caps 0.47 0.14
Stalks 0.47 0.12

Agaricus cupreobrunneus Caps 0.61 0.17
Stalks 0.70 0.18

Hypsizgus tesselatus Caps 0.37 0.09
Stalks 0.36 0.12

Pleurotus eryngii species-complex Caps + stalks 0.72 0.27
Auricularia cornea Caps 0.16 0.04
Canned brown mushroom Caps + stalks 0.11 0.03
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Discussion

Mushrooms are an important source of phenolic com-
pounds. During the study, the evolution over time (48 h 
and 7 days) of the total phenolic content in the mushroom 
extracts was observed. It was found that the phenolic 

content of extracts increased over time but, what varied 
was the concentration for each mushroom species. In the 
mushroom stalks TPC was detected after 7 days of macera-
tion unlike the mushroom caps where TPC was detected 
after 48 h (Table 2).

The TPC values obtained in this study ranged between 
0.25 to 12.25 mg GAE/g sample. These values are smaller 

Table 4  Metal concentration in studied mushroom samples

* LD detection limit

Samples Mushroom parts Concentration (μg/kg dry weight) ± sd

Pb Cd Cr Cu Fe Mn Co Ni

Agaricus bisporus-
brown mushroom

Caps 11.55 ± 3.02 0.30 ± 0.03 1.12 ± 0.26 34.46 ± 6.05 0.25 ± 0.05 1.19 ± 0.86 0.24 ± 0.03 0.51 ± 0.11
Stalks 12.28 ± 2.79 0.47 ± 0.05 0.79 ± 0.23 6.31 ± 1.04 0.52 ± 0.03 1.41 ± 0.24 1.29 ± 0.56 7.17 ± 1.25

Agaricus bisporus-
white mushroom

Caps 8.73 ± 2.14 0.01 ± 0.00 0.35 ± 0.06 3.31 ± 0.87 0.20 ± 0.01 0.66 ± 0.07 0.11 ± 0.01 0.03 ± 0.02
Stalks 18.33 ± 3.96 0.12 ± 0.01 1.81 ± 0.12 7.81 ± 1.58  < LD 0.94 ± 0.16 0.13 ± 0.01 0.83 ± 0.09

Agaricus cupreob-
runneus

Caps 8.78 ± 2.06 0.41 ± 0.06 0.87 ± 0.20 4.95 ± 1.54 0.33 ± 0.02 1.68 ± 0.07 0.09 ± 0.01 0.29 ± 0.04
Stalks 9.22 ± 1.12 0.66 ± 0.03 1.13 ± 0.28 6.65 ± 1.33 0.54 ± 0.05 1.77 ± 0.09 1.11 ± 0.04 0.44 ± 0.07

Hypsizgus tesselatus Caps 2.31 ± 0.32 0.05 ± 0.01 1.57 ± 0.25 7.34 ± 1.78 0.92 ± 0.11 2.15 ± 0.18  < LD  < LD
Stalks 5.90 ± 1.38  < LD* 1.10 ± 0.42 3.79 ± 1.21 0.89 ± 0.06  < LD 0.14 ± 0.06 0.24 ± 0.01

Pleurotus eryngii 
species-complex

Caps + stalks 11.56 ± 2.35 0.53 ± 0.08 2.00 ± 0.85 8.67 ± 2.05 1.89 ± 0.50 2.45 ± 0.11 0.23 ± 0.02 3.61 ± 0.57

Auricularia cornea Caps 6.27 ± 1.28  < LD 0.78 ± 0.14  < LD 4.00 ± 1.32  < LD 0.17 ± 0.01 0.96 ± 0.39
Canned brown 

mushroom
Caps + stalks 16.21 ± 2.18 0.22 ± 0.01 3.12 ± 0.91 4.22 ± 0.94 1.33 ± 0.34 1.00 ± 0.09 0.37 ± 0.01 1.27 ± 0.24

Table 5  Metal concentrations 
in Agaricus bisporus marketed 
samples cultivated and bought 
in same country

Pb Cd Cr Cu Fe Mn Ni

Present study, µg/Kg 8.73-18.33 0.01-0.47 0.35-1.81 3.31-34.46 <LD-0.52 0.66-1.41 0.03-7.17
India, mg/kg [23] 0.05 0.05 13.61 0.05
Poland, mg/kg [24] 0.06-2.44 0.01-7.5 0.7-20.5 3-65 44.0-85.86 5.7-8.3 0.35-9.02
Greece, mg/kg [25] 1.44 0.14 12.3 19.3 25.6 6.93 1.49
Germany, mg/kg [25] 0.94 0.12 7.57 17.3 9.3 4.64 1.75

Table 6  Values for target hazard quotient estimated for adults

Samples Mushroom parts THQ ( mg

kg∙day
)

Pb Cd Cr Cu Fe Mn Ni

Agaricus bisporus-brown mushroom Caps 8.2∙10−3 7.4∙10−4 2.7∙10−2 2.1∙10−3 7.5∙10−8 2∙10−4 6.3∙10−5

Stalks 8.7∙10−3 1.1∙10−3 1.9∙10−2 3∙10−4 1.5∙10−7 2∙10−4 8.9∙10−4

Agaricus bisporus-white mushroom Caps 6.2∙10−3 2.4∙10−5 8.7∙10−3 2∙10−4 6∙10−8 1∙10−4 3.7∙10−6

Stalks 1.3∙10−2 2.9∙10−4 4.5∙10−2 4∙10−4 - 1∙10−4 1∙10−4

Agaricus cupreobrunneus Caps 6.2∙10−3 1∙10−3 2.1∙10−2 3∙10−4 9.9∙10−8 2∙10–4 3.6∙10–5

Stalks 6.5∙10−3 1.6∙10−3 2.8∙10−2 4∙10−4 1.6∙10−7 3∙10–4 5.4∙10–5

Hypsizgus tesselatus Caps 1.6∙10−3 1.2∙10−4 3.9∙10−2 4∙10−4 2.7∙10−7 3∙10−4 -
Stalks 4.2∙10−3 - 2.7∙10−2 2∙10−4 2.6∙10−7 - 2.9∙10−5

Pleurotus eryngii species-complex Caps + stalks 8.2∙10−3 1.3∙10−3 4.9∙10−2 5∙10−4 5.6∙10−7 4∙10−4 4.4∙10−4

Auricularia cornea Caps 4.4∙10−3 - 1.9∙10−2 - 1.2∙10−6 - 1.1∙10−4

Canned brown mushroom Caps + stalks 1.15∙10−2 5.4∙10−4 7.7∙10−2 2∙10−4 3.9∙10−7 1∙10−4 1.5∙10−4
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than those obtained by other researchers in ethanolic extracts 
4.27–51.27 mg GAE/g (fresh weight) [26]. The observed 
variations may be due to the differences in harvesting loca-
tion and climate for investigated mushroom species. Accord-
ing to Alispahić, TPC in mushroom ethanolic extracts was 
between 4.94 and 7.66 mg GAE/g (fresh weight), compara-
ble with our results [27].

Agaricus bisporus is one of the most cultivated edible 
mushrooms worldwide. For this reason, we also analyzed 
canned Agaricus bisporus-brown mushroom samples, in 
which TPC content is almost the same as in raw Agaricus 
bisporus-brown mushroom samples. Abacan showed in his 
research that cooking time and salt concentration did not 
affect total phenolic content significantly [28].

Many mushrooms produce a large number of proteins 
with interesting biological activities [29]. The protein con-
tent of analyzed samples ranged from 0.03 to 0.27%, the 
highest value being observed in Pleurotus eryngii species-
complex. The differences can be ascribed to the large genetic 
variation [30]. The protein contents of the analyzed mush-
rooms in this study were lower than those reported in the 
literature (1.06–3.43%) [31].

Cultivated edible mushrooms contain trace elements 
essential to humans and, toxic elements. Metals levels 
depend on mushroom species and are numerous published 
data but not for all species [32].

The concentration of metals in investigated fruiting bod-
ies mushroom samples varied in order of Cu > Pb > Ni > F
e > Cr > Mn > Co > Cd (Table 4). The content of metals in 
the caps of studied mushroom samples varied in order of 
Cu > Pb > Fe > Mn > Cr > Ni > Cd > Co (Table 4), while in 
stalks varied in order of Pb > Cu > Ni > Cr > Mn > Co > Fe 
> Cd (Table 4).

The concentrations of Pb (18.33 ± 3.96), Cd 
(0.66 ± 0.03), Cr (1.81 ± 0.12), Co (1.29 ± 0.56), and 
Ni (7.17 ± 1.25) in the stalks were higher than those 

measured in caps. On the contrary, the concentrations of 
Cu (34.46 ± 6.05), Fe (4.00 ± 1.32), and Mn (2.15 ± 0.18) 
in caps were higher than those from the stalks. It can be 
observed that almost all the samples contain the greatest 
quantity of metals in stalk comparative with cap. Sithole 
et al. reported also that stalks accumulate metals more than 
caps [33]. Furthermore, many researchers reported differ-
ences of the heavy metal’s accumulation between the caps 
and stalks [16, 34–36]. The data shown above reveal that 
is possible for the investigated mushroom species in this 
study to accumulate metals either in their stalks or caps.

Among the eight studied metals cadmium, chromium 
and lead are potentially hazardous. These metals can enter 
the food chain and potentially harm human health.

From Table 4, lead concentration was generally low. 
The highest level of lead was 18.33 ± 3.96 μg/kg, lower 
than the reported lead concentration in the literature 
(0.029–10.18 mg/kg) [37, 38]. Also, lead concentration 
in studied samples was smaller than another mushroom 
species harvested in Romania (0.28–0.62 mg/kg) [39]. In 
the EU, the admissible limit for lead in cultivated mush-
rooms is 3.0 mg/kg dry matter [40]. Lead concentrations 
in our study were below this value. Regarding, cadmium, 
the highest concentration was found in Pleurotus eryngii 
species-complex (0.53 ± 0.08 μg/kg). In all samples, caps 
and stalks, cadmium concentration was below the recom-
mended limit of 0.05 mg/kg in food as set by WHO [41]. 
Cadmium contents reported by other studies were in the 
range 0.11–5.35 mg/kg [42–44].

The level of chromium in the present studied samples did 
not exceed the limit established by WHO in food [45]. The 
highest value detected in canned Agaricus bisporus-brown 
mushroom (Table 4) may be due to the stainless-steel pack-
age. However, our results concerning chromium content were 
lower the those reported by Turkmen (0.36–6.26 mg/kg) 
[46]. Also, in canned Agaricus bisporus-brown mushroom 

Table 7  Values for target hazard quotient estimated for children

Samples Mushroom parts THQ ( mg

kg∙day
)

Pb Cd Cr Cu Fe Mn Ni

Agaricus bisporus-brown mushroom Caps 2.4∙10−2 2.2∙10−3 8.4∙10−2 6.4∙10−3 2.6∙10−6 6.4∙10−4 1.9∙10−4

Stalks 2.6∙10−2 3.5∙10−3 5.9∙10−2 1.1∙10−3 5.5∙10−6 7.5∙10−4 2.7∙10−3

Agaricus bisporus-white mushroom Caps 1.8∙10−2 7.5∙10−5 2.6∙10−2 6.2∙10−4 2.1∙10−6 3.5∙10−4 1.1∙10−5

Stalks 3.9∙10−2 9∙10–4 1.36∙10–1 1.4∙10−3 - 5∙10–4 3.1∙10−4

Agaricus cupreobrunneus Caps 1.8∙10−2 3∙10−3 6.5∙10−2 9.3∙10−4 3.5∙10−6 9∙10−4 1∙10−4

Stalks 1.9∙10−2 4.9∙10−3 8.5∙10−2 1.2∙10−3 5.7∙10−6 9.5∙10−4 1.6∙10−4

Hypsizgus tesselatus Caps 4.9∙10−3 3.7∙10−4 1.18∙10−1 1.3∙10−3 9.8∙10−6 1.15∙10−3 -
Stalks 2.1∙10−2 - 8.2∙10−2 7.1∙10−4 9.5∙10−6 - 9∙10−5

Pleurotus eryngii species-complex Caps + stalks 2.4∙10−2 3.9∙10−3 1.5∙10−1 1.6∙10−3 2∙10−5 1.3∙10−3 1.3∙10−3

Auricularia cornea Caps 1.3∙10−2 - 5.8∙10−2 - 4.2∙10−5 - 3.6∙10−4

Canned brown mushroom Caps + stalks 3.4∙10−2 1.6∙10−3 2.35∙10−1 7.9∙10−4 1.4∙10−5 5.3∙10−4 4.7∙10−4
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was observed a high content of lead 16.21 ± 2.18 μg/kg, but 
it is below maximum admissible limit [40].

The analysis showed moderate differences in manga-
nese and cobalt concentrations between the studied spe-
cies of mushrooms. When compared to the data reported 
in the literature, the cobalt concentrations obtained in our 
study were lower than those recorded by other researchers 
(0.05–2.88 mg/kg) [44]. Also, it has been found that the 
manganese concentrations were lower when compared to 
values reported by other authors (6.96–101.60 mg/kg) [42, 
44].

The concentration levels of nickel ranged from 0.03 ± 0.02 
to 7.17 ± 1.25 μg/kg and the highest concentration was meas-
ured in the stalk of Agaricus bisporus-brown mushroom. 
Nickel concentration reported in the literature is also higher 
in the stalk of Agaricus bisporus-brown mushroom [33].

The highest concentration of copper was determined in 
Agaricus bisporus-brown mushroom caps (34.46 ± 6.05 μg/
kg). Other Romanian researchers reported that copper is the 
most abundant element in mushrooms growing in Romania 
(15.8–64.1 mg/kg) [39]. The copper level detected in this 
study was smaller than those detected in other mushroom 
species from China [47].

Iron is an essential element which is required in small 
amounts. The obtained values (0.20–4.00  μg/kg) were 
smaller than that detected in mushrooms from Greece 
(317 μg/g) [48] and Turkey (1716 mg/kg) [49].

Agaricus bisporus is one of the most widely consumed 
edible mushroom species in the world and many researchers 
have assessed the content of metals in this specie of mush-
room. For this reason, Table 5 presents data reported on 
studied Agaricus bisporus mushroom cultivated and bought 
from the same country. Metal concentrations detected in 
Agaricus bisporus analyzed in this study were smaller than 
those reported in other countries. This can be explained by 
large genetic species variation and by differences in harvest-
ing location and climate [50].

If target hazard quotient > 1, the potential risk seems to 
be significant while at target hazard quotient ≤ 1 hazard-
ous level is meant to be acceptable [18]. The values of 

THQ for adults and children were determined to be < 1; 
therefore, the consumers are subject to a notable non-car-
cinogenic health risk (Tables 6 and 7).

The values of the hazard quotient for the studied sam-
ples varies from 6∙10−8 to 2.35∙10−1 demonstrating no risk 
in consumption of the studied mushrooms. Other studies 
have been obtained for THQ, also, values lower than 1 
with no potential risk in terms of heavy metals concentra-
tions [51, 52].

Correlations between metals studied in mushroom 
samples purchased and cultivated in Romania (Agaricus 
bisporus and Agaricus cupreobrunneus) were evaluated by 
Pearson correlation matrix (Table 8). Positive correlations 
were observed for the following pairs of metals: Pb-Cr, 
Pb-Cu, Cd-Cr, Cd-Fe, Cd-Co, Cd-Mn, Cd-Ni, Cr-Cu, 
Cr-Mn, Fe–Mn, Fe-Co, Fe–Ni, Mn-Co, Mn-Ni, Co–Ni.

Statistically, between cadmium and manganese was 
observed the strongest positive correlation (p < 0.01). 
Also, high correlations were found between Pb-Cr, Cd-Fe, 
and Fe-Co (p < 0.05). Similarly, findings between cad-
mium, cobalt, and iron were reported by Sarikurkcu et al. 
[53]. These significant positive correlations may reflect 
the possibility of their common origin and could indi-
cate for these metals an identical behavior. The moderate 
relationships between metal pairs could suggest similar 
characteristics among the Agaricus bisporus and Agaricus 
cupreobrunneus samples.

Possible correlations between total phenolic content, 
protein content, and metals content were investigated 
(Table 9). TPC showed generally positive correlations with 
studied metals and statistically significant correlation was 
found between TPC with cadmium and manganese. Also, 
protein content was moderate positively correlated with 
cadmium and manganese content. Other weak positive 
correlations could be found in Table 9. Pearson correla-
tion was also used to identify the relationship between 
TPC and protein content for studied mushrooms samples. 
From the calculated matrix, significant positive correlation 
was observed (p < 0.05; r = 0.613).

Table 8  Pearson’s correlation 
coefficient of metals in 
mushroom samples purchased 
and cultivated in Romania 
(Agaricus bisporus and 
Agaricus cupreobrunneus)

** Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level

Pb Cd Cr Cu Fe Mn Co Ni

Pb 1
Cd  −0.321 1
Cr 0.8138* 0.0628 1
Cu 0.1077  −0.0127 0.2265 1
Fe  −0.5937 0.8627*  −0.4111  −0.1399 1
Mn  −0.3434 0.9466** 0.0976  −0.0565 0.7433 1
Co  −0.1105 0.7519  −0.0827  −0.1786 0.8354* 0.5299 1
Ni 0.1184 0.3099  −0.1315  −0.1490 0.4788 0.1618 0.7086 1
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Conclusions

The mushroom samples studied showed differences in the 
way they accumulate metals: Agaricus bisporus (brown 
and white mushroom) had the highest lead, copper, cobalt, 
and nickel content; Auricularia cornea exhibited the high-
est iron content, while Pleurotus eryngii species-complex 
presented the highest chromium and manganese content. 
The mushroom species did not constitute a source of sig-
nificant toxic metals levels when compared to the same 
and other mushrooms species collected from different 
countries. The investigated mushroom species possess 
no health risk. The positive Pearson correlations between 
pairs of metals may reflect the possibility of their com-
mon origin and could indicate for these metals an identical 
behavior.

From the obtained data, we can conclude that all mush-
room studied samples may be a valuable source of phe-
nolic compounds, protein, and mineral content. Also, these 
samples are characterized by low levels of toxic metals. 
These make mushrooms potential nutritional supplements 
for human diets.
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