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The distribution of arsenic (As) and cadmium (Cd) in himematsutake was analyzed using scanning
electron microscopy-energy dispersive X-ray spectrometer (SEM-EDX). The atomic percentage of the
metals was confirmed by inductively coupled plasma-mass spectrometer (ICP-MS). Results show that
the accumulation of As in pileus was higher than that in stipe by both SEM-EDX and ICP-MS analyses.
The Cd level in pileus was higher than that in stipe by SEM-EDX analysis; whereas a higher level of Cd
was found in stipe by ICP-MS analysis. Results of regression analysis showed that there was a positive
correlation between the content of As and Cd in the piece samples by both SEM-EDX and ICP-MS
methods. Results suggest that the SEM-EDX is one of the potential tools for rapid detection of metals,

namely, As and Cd in himematsutake.

Key words: Arsenic (As), cadmium (Cd), scanning electron microscopy-energy dispersive X-ray spectrometer
(SEM-EDX), coupled plasma-mass spectrometer (ICP-MS), himematsutake.

INTRODUCTION

Agaricus brasiliensis Wasser mushroom is a native
species originated in the Sdo Paulo State, Brazil (Wasser
et al., 2002; Wasser, 2014). The name for A. brasiliensis
mushroom include “Sun mushroom”, “God's mushroom”
and “Almond Mushroom” in Brazil, “Himematsutake” and

“Kawariharatake” in Japan, and Ji Song Rong in China

(Largeteau et al.,, 2011; Wang, 2014; Wasser, 2014).
Himematsutake is widely known as a medicinal
mushroom in the world due to its abundant
polysaccharide content, such as a-D-glucan, 3-D-glucan,
B-galactoglucan and xyloglucan (Largeteau et al., 2011;
Firenzuoli et al., 2008; Mizuno and Nishitani, 2013).
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Abbreviations: SEM-EDX, Scanning electron microscopy-energy dispersive X-ray spectrometer; As, arsenic; Cd, cadmium; ICP-
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Clinical studies indicated that himematsutake has
antitumor activity and hypocholesterolemic effect and can
lower the diastolic and systolic blood pressure and
improve the liver function (Firenzuoli et al., 2008; Wani et
al., 2010; Wasser, 2011, Biedron et al., 2012). Because of
these pharmacological activities, himematsutake has high
market value with an annual production of 40 tons of
dehydrated mushrooms in Brazil during 2006 to 2007
(Tomizawa et al., 2007). Previous studies indicated that
certain mushrooms and macrofungi could easily
accumulate heavy metals in its fruiting body (Falandysz
et al.,, 2001; 2008; Soeroes et al., 2005; Tuzen, 2003;
Tlhzen et al., 1998). Kala¢ and Svoboda, reviewed the
literatures on heavy metal accumulation in mushroms
between 1970 and 2000 and indicated that Agaricus
campestris, Agaricus arvensis, Agaricus silvaticus,
Agaricus silvicola and other Agaricus spp., could
accumulate cadmium (Cd), mercury (Hg), lead (Pb),
copper (Cu) and silver (Ag) (Kala¢, 2010; Kala¢ and
Svoboda, 2000, Sun et al., 2012; Wang et al., 2014).
Moreover, the metals accumulated in wild macrofungi
were higher than those in farm grown macrofungi (Kala¢
and Svoboda, 2000). Thus, the ability to accumulate
heavy metals in these macrofungi are associated with
Agaricus species (Alonso et al., 2003; Svoboda et al.,
2000), polluted areas (Soeroes et al., 2005; Tuzen et al.,
1998), age of mycelium (Kala¢ and Svoboda, 2000),
composition and pH of soil and of type of heavy metal
(Baldrian, 2003; 2010).

Current analysis methods for detection of heavy metals
in mushroom include atomic absorption spectrometry
(AAS) (Tuzen, 2003; Kojo and Lodeniu, 1989; Behbahani
et al, 2014), and inductively coupled plasma mass
spectrometry (ICP-MS) (Falandysz et al., 2001; 2008;
Chudzynski and Falandysz, 2008; Rabinovich et al.,
2007). However, sample preparation and operation of
AAS and ICP-MS analyses are time-consuming and
costly. Recently, scanning electron microscopy modified
with energy dispersive x-ray spectrometer (SEM-EDX)
has been used to investigate heavy metals in mush-
rooms, and found that Cd accumulates in Pleurotus
platypus (Vimala and Das, 2011), the elements content in
different strains of himematsutake (Jian et al., 2009), and
the mechanism of cesium (Cs) accumulation in Pleurotus
ostreatus (Sugiyama et al.,, 2000; 2008). Furthermore,
Rumberger et al. (2005) used the SEM-EDX and ICP-MS
to trace the metal elements in ectomycorrhiza from
European beech (Fagus sylvatica L.) and Scots pine
(Pinus sylvestris L.) forests in northern Brandenburg, and
the results indicated that the amount of aluminum (Al),
calcium (Ca), magnesium (Mg) and sulfur (S) analyzed
by SEM-EDX were highly correlated with ICP-MS
analysis. Thus, the SEM-EDX is one of the alternative
equipment for the detection of the metal in bio-materials
(Rumberger et al., 2005).

In Taiwan, himematsutake is popular for its medicinal
activities (Wu, 2001). More than 35 tons are imported
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from different countries and the production area in
Taiwan has recently been increased (www.ir.tari.gov.tw:
8080/bitstream/345210000/4825/2/ nol155-all.pdf).
However, the accumulation of Cd in himematsutake has
also been reported in Taiwan and China, especially in the
last few years (Hsu et al., 2009; Huang et al., 2008). For
example, the Cd content exceeded the limit of 2 ppm
based on the regulation set for the “Standard for the
Tolerance of Heavy Metals in Edible Mushrooms” in
Taiwan (Anonymous, 2007). Currently, a report showed
that using sawdust bag-logs can reduce the heavy metals
content (Wu, 2001). However, the safety is still doubtful
due to the accumulation of heavy metals in edible parts of
himematsutake, especially As and Cd (Chu, 2010; Chu et
al., 2012). The high Cd content could damage the kidney
and liver and cause diarrhea, nausea and vomit (Faroon
et al., 2008; Das et al., 2010). The high As content could
cause Blackfoot disease or cancer (Ng et al., 2003). In
addition, the detection of heveay metals by AAS and ICP-
MS is considerded a high-cost and time-consuming
operation. The objectives of this study were to 1) analyze
the distribution of As and Cd in pileus and stipe, 2)
compare the detection efficacy of As and Cd with piece or
powder specimens, and 3) evaluate whether SEM-EDX
can be an althernative method for the detection of As and
Cd in himematsutake.

MATERIALS AND METHODS
Collection of dried himematsutake fruiting body

The dried fruiting bodies of himematsutake were collected from
three counties in Taiwan, namely Taichung, Changhua, Nantou, and
China during 2010 to 2011. A total of six strains were evaluated in
this study, including one USA strain collected from Taichung, two
Japanese strains collected from Taichung and Changhua, one
Taiwanese strain collected from Changhua, one unknown strain
collected from Nantou and one strain collected from Guangdong in
China (Table 1).

Analysis of arsenic (As) and cadmium (Cd) in piece and
powder tissues of himematsutake by SEM-EDX

The SEM-EDX method was used to measure the percentage of As
and Cd in pieces and powder of himematsutake. Each dried fruiting
body was separated into pileus and stipe, and three fruiting bodies
of each strain were selected for analysis. In the piece tissues
analysis, three 15 x 3 x 2 mm® size of tissue samples were obtained
from each pileus and stipe randomly, and then each tissue piece
was cut into five sub-pieces (3 x 3 x 2 mm®). The 45 tissue pieces
were mounted on a cupper stub with carbon tape. On the other
hand, the dried pileus and stipe tissues were milled, respectively by
a sterile mortar, and each powder from the pileus or stipe was
dusted moderately on the cupper stub with the carbon tape. The
mounted pieces and powder samples were coated with platinum by
a sputter coater (JEOL, JFC-1600, Japan) for 30 s at 20 mA and for
40 s at 10 mA, respectively. All samples were analyzed by SEM
(JEOL, JFM-7401F, Japan) and EDX (Oxford, 7585, England) at 8
mm working distance with 15 kV and 500 X magnification. The
atomic percentage of As and Cd was measured.
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Table 1. Analysis of arsenic (As) and cadmium (Cd) in the piece of the pileus and the
stipe of himematsutake strains collected from different areas by SEM-EDX method.

Himematsutake Collected place

Tested part

Atomic percentage (%)®

As Cd
. . . Pileus 0.009+0.01* 0.013%0.02
USA strain Taichung, Taiwan Stipe 00084001  0.014+0.02
Japanese strain ~ Taichung, Taiwan Pileus 0.008£0.01* 0.009:0.02
P g Stipe 0.006+0.01  0.010+0.02
Japanese strain  Changhua, Taiwan Pileus 0.011x0.01 ~ 0.01220.02
P ghua, Stipe 0.013+0.01% 0.015+0.02*
Taiwanese strain  Changhua, Taiwan Pileus 0.013:0.02* 0.014:0.02
ghua, Stipe 0.010+0.01  0.015+0.02
Unknown Nantou. Taiwan Pileus 0.015+0.02  0.015%0.02
' Stipe 0.013£0.02 0.025%0.03*
China Guanadon Pileus 0.015+£0.02* 0.010%0.02
gdong Stipe 0.012+0.02  0.015+0.02*

*Three dried fruiting bodies were used for analysis. *Paired-Samples t test, P<0.05

Analysis of As and Cd in himematsutake by ICP-MS

ICP-MS method was used to measure the concentrations of As and
Cd in the pileus and the stipe of himematsutake. The milled sample
of 0.25 g from pileus or stipe was put into polytetrafluoroethylene
(PTFE) vessels (MarsX, CEM, Company, USA) followed by adding
6 ml of nitric acid (65%) as wetting material. The PTFE vessels
were closed and micro-digested at 180°C for 15 min after pre-
digested at 25°C to 28 for 30 min. Then, the mixture was cooled at
25 to 28°C for 20 min, and diluted with 25 ml of deionized water.
The concetration of As and Cd was analyzed in the mixture by
using ICP-MS (Agilent 7500 Series, Taiwan). The ICP-MS operation
was accomplished by the following conditions (Radio frequency
power: 1,500 W, RF matching: 1.75 V, Sample depth: 9 mm,
Sample skimmer cones: Ni, Peristaltic pump: 0.10 rps, Argon flow
rate Plasma: 15 L/min; Auxiliary: 0.32 L/min, Nebulizer: 0.87 L/min,
Spray chamber temperature: 2°C, Integration time: 0.1 s, Mass
monitored: As 75 m/z and Cd 111 m/z). There were three repeats
for each treatment.

Statistical method

All sample analyses were run in quadruplicate. Statistical analysis
was done using the SAS package (version 10.0) developed by SAS
Institute Inc (SPSS Inc., Chicago, USA). Correlation analysis
between atomic percentage from SEM-EDX and concetration from
ICP-MS was conducted.

RESULTS

Analysis of As and Cd in pieces of the pelius and the
stipe of himematsutake by SEM-EDX

Results of SEM-EDX analyses showed that the

percentage of As in the pileus was significantly higher
than the stipe pieces among the most strains tested
(p=0.05). The percentage of As in the pileus was higher
than that in the stipe (Table 1). The percentage of As in
the pileus was high (0.015%) in the China strain and low
(0.008%) in the Japanese strain from Taichung. Similarly,
in the stipe, the percentage of As was high (0.012%) in
the China strain and low (0.006%) in the Japanese strain
from Taichung. On the other hand, the percentage of Cd
in the stipe was significantly higher than the pileus among
the Japanese strains from Changhua, the Taiwanese
strain from Nantou, and the China strain (p=0.05). The
percentage of Cd in the stipe was higher than that in the
pileus (Table 1). The percentage of Cd in the stipe was
0.015% for the Japanese strain from Changhua, 0.015%
for the China strain, and 0.025% for the Taiwanese strain
from Nantou, respectively. However, the percentage of
Cd in the pileus was 0.010% for the China strain, 0.012%
for the Japanese strain from Changhua, and 0.015% for
the Taiwanese strain from Nantou, respectively.

Analysis of As and Cd in the powder of pelius and
stipe of himematsutake by SEM-EDX

The percentge of As and Cd in the powder samples,
made from the dried fruiting bodies of himematsutake
were examined by SEM-EDX. The results showed that
the percentage of As in the pileus and stipe were
significantly different in Japanese strain from Taichung
and the China strain (Table 2). The percentage of As in
the pileus was 0.016% for the Japanese strain from



Table 2. Analysis of arsenic (As) and cadmium (Cd) in the powder of the pileus and the
stipe of himematsutake strains collected from different areas by SEM-EDX method.

Himematsutake Collected place

Tested part

Atomic percentage (%)?

As Cd
. . . Pileus 0.016+£0.02  0.022+0.03
USA strain Taichung, Taiwan Stipe 00134002  0.026+0.03
Japanese strain ~ Taichung, Taiwan Pileus 0.016:0.02*  0.023:0.02
P g Stipe 0.009+0.01  0.020+0.02
Japanese strain ~ Changhua, Taiwan Pileus 0.019+0.02  0.035:0.04
P ghua, Stipe 0.020+0.03  0.050+0.07*
Taiwanese strain  Changhua, Taiwan Pileus 0.01920.03  0.031x0.03
ghua, Stipe 0.018+0.02  0.037+0.04*
Unknown Nantou. Taiwan Pileus 0.013+0.01  0.019+0.03
' Stipe 0.012+0.01 0.017%0.02
China Guanadon Pileus 0.021+£0.02* 0.023%0.03
gdong Stipe 0.014+0.02  0.023+0.03

*Three dried fruiting bodies were used for analysis *Paired-Samples t test, P<0.05

Table 3. Analysis of arsenic (As) and cadmium (Cd) in the pileus and the stipe of

himematsutake strains collected from different areas by ICP-MS method.

Himematsutake Collected place

Tested part

Atomic concentration (mg/kg)®

As Cd

Pileus 1.440+0.86* 6.158+2.84*

USA strain Taichung, Taiwan .
Stipe 0.555+0.36 1.480+0.72
. . . Pileus 0.450+0.17 0.657+0.35

Japanese strain  Taichung, Taiwan .
Stipe 0.170+0.09 0.193+0.10
, . Pileus 2.27040.74* 2.393+1.54*

Japanese strain  Changhua, Taiwan .
Stipe 0.938+0.41 0.818+0.42
Taiwanese strain  Changhua, Taiwan Pileus 1.41820.26* 19.530+4.33%
ghua, Stipe 0.735+0.18 9.550+2.94
. Pileus 8.251+3.27 40.838+21.84*

Unknown Nantou, Taiwan .
Stipe 6.020+2.56 24.823+10.89
China Guanadon Pileus 1.570+0.84 0.663+0.33
gdong Stipe 0.850+0.47 0.348+0.36

881

*Three dried fruiting bodies were used for analysis. *Paired-samples t test, P<0.05.

Taichung and 0.021% for the China strain, respectively.
The percentage of Cd in the pileus and the stipe was
significantly different in the Japanese strain and the
Taiwanese strain from Changhua (Table 2). The
Japanese strain showed higher Cd percentage in the
stipe (0.05%) than that in the pileus (0.035%). In the
Taiwanese strain, the Cd percentage in the stipe was
0.037%; whereas in the pileus, it was 0.031%.

Analysis of As and Cd in the pileus and the stipe of
himematsutake by ICP-MS

The results indicated that As concentration in the pileus
and the stipe were significantly different between the USA
strain and the Taiwanese strain from Changhua. The
concentration of As in the pileus was higher than that in
the stipe (Table 3). The concentration of As in the pileus
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Figure 1. Correlation between the results of As in the pieces of the fruiting
body obtained from the pileus (upper) and the stipe (down) examined by

SEM-EDX and ICP-MS.

was 1.44 mg/kg for the USA strain and 0.450 mg/kg for
the Japanese strain from Taichung. However, the As
concentration in the stipe was 0.555 mg/kg for the USA
strain and 0.170 mg/kg for the Japanese strain from
Taichung. Similarly, the As concentration in the pileus
(2.270 mg/kg) was higher than that in the stipe (0.938
mg/kg) for the Japanese strain from Changhua. In the
Taiwan strain from Changhua, the As concentration in the
pileus (1.418 mg/kg) was higher than that in the stipe
(0.735 mg/kg). On the other hand, the Cd concentration
in the pileus and the stipe were significantly different
among the USA strain, the Taiwanese strains from
Changhua and from Nantou. The Cd concentration in the
pileus was higher than that in the stipe (Table 3). The Cd
concentration in the pileus was 6.158 mg/kg for the USA
strain and 2.393 mg/kg for the Japanese strain from
Changhua. However, in the stipe, the Cd concentration
was 1.480 mg/kg for the USA strain and 0.818 mg/kg for
the Japanese strain from Changhua. The Taiwan strain
from Changhua had higher Cd concentration in the pileus
(19.530 mg/kg) than in the stipe (9.550 mg/kg). In the
Taiwanese strain from Nantou, the Cd concentration in
the pileus (40.838 mg/kg) was higher than that in the
stipe (24.823 mg/kg).

The correlation between the results obtained by SEM-
EDX and ICP-MS

In order to find the relationship between the results
generated by SEM-EDX and ICP-MS, a correlation was
prepared with STATISTICA software. For the piece
samples, the results indicated that the atomic percentage
of As and Cd in the pileus or the stipe samples by SEM-
EDX analysis was positively related with the ICP-MS
analysis. The correlation coefficient in terms of the atomic
percentage of As and the concentration of As in the pileus
and the stipe with pieces sampling were 0.920 and 0.758,
respectively (Figure 1), and the correlation coefficient in
terms of the atomic percentage of Cd and the con-
centration of Cd in the pileus and the stipe with pieces
sampling were 0.771 and 0.835, respectively (Figure 2).
However, when the powdery samples were examined,
there was a low relationship between results generated
from SEM-EDX and ICP-MS analyses. The correlation
coefficient of the atomic percentage of As and the
concentration of As in the pileus and the stipe were 0.277
and 0.205, respectively (Figure 3); meanwhile, the
correlation coefficient of the atomic percentage of Cd and
the concentration of Cd in the pileus and the stipe were
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Figure 2. Correlation between the results of Cd in the pieces of the fruiting
body obtained from the pileus (upper) and the stipe (down) examined by

SEM-EDX and ICP-MS.

0.147 and -0.011, respectively (Figure 4).

DISCUSSION

The results indicate that the accumulation of As in the
pileus was higher by SEM-EDX analysis while similar
results were obtained by using ICP-MS analysis. Results
of previous studies revealed that the process of metals
accumulation started from the mycelial absorption of the
substrates and then transitted to the stipe, the pileus or
the gill (Kalag, 2010; Kala¢ and Svoboda, 2000; Thomet
et al., 1999). Consequently, the distribution of the metals
in different parts of the furiting body might show
variations, particularly in the stipe and the pelius, the
major accumulation sites (Chudzynski and Falandysz,
2008; Falandysz et al., 2003; Thomet et al., 1999 ). Our
results demonstrated that the As more offent accumu-
lated in the pelius of the himematsutake than the stipe

did, which is in agreement with previous studies (Huang
et al., 2007; Wang et al., 2009). Thus, the As can pass
through the stipe easily and accumulate in the pileus after
absorption from the substrate. In additon, the As content
analyzed by ICP-MS showed similar result as did by
SEM-EDX analysis. Brzostowski et al. (2011) indicated
that the cultural substrate or environment could affect the
accumulation of certain metals in the pileus or the stipe of
Paxillus involutus, such as Ag (silver), Cd, Cr (chromium),
Pb (lead) or Hg (mercury). In this study, the As content
varied among different strains. We consider that culture
substrates or production area could affect the As
accumulation. However, the components and sources of
the cultivate substrates used to culture the
himematustake are commercial confidentiality among the
growers, so the farmers would not provide them to us and
the As content of the substrates could not be exmained.
In the Cd analysis, the results of SEM-EDX analysis
were different from those of ICP-MS analysis. The results
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Figure 3. Correlation between the results of As in the powder of the fruiting
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SEM-EDX and ICP-MS.

of SEM-EDX analyses showed that the percentage of Cd
in the stipe was higher than that in the pileus, while the
Cd content in the pileus was higher than that in the stipe
based on ICP-MS analysis. Results of previous studies
indicated that the accumulation of Cd in the pileus of
himematsutake was higher than that in the stipe (Huang
et al., 2007; Wang et al., 2009). Moreover, Thomet et al.
(1999) examined the Cd accumulation in the pileus, the
stipe, and the gills of A. macrosporus and reported that
the accumulation of Cd was the least in the stipe. In this
study, the results of ICP-MS analyses showed that Cd
could accumulate in the stipe of mushroom as reported in
previous studies (Huang et al., 2007; Wang et al., 2009;
Brzostowski et a., 2011; Thomet et al., 1999). Thus, the
site of Cd accumulation in himematsutake is similar to As
accumulation. We consider that Cd might not be
distributed evenly over the pileus or the stipe and the
random piece or powder samples could not represent the
Cd content completely in himematsutake. Moreover,

SEM-EDX is always used for qualitative analysis of bio-
or nonbio-materials and not for quantitative analysis due
to sampling limitation (Jian et al., 2009; Rumberger et al.,
2005; Sugiyama et al., 2008; Vimala and Das, 2011).

The results of the analysis of the piece and the powder
samples demonstrated that the atomic percentage in the
piece samples using SEM-EDX was positively related to
that with ICP-MS analysis. Results of previous studies
indicated that the thickness of the specimen might
interfere with the penetration depth of the electron beam
and the surface electrochemistry of the specimens, and
the standard sample size for quantitative analysis by EDX
should be less than 0.1 uym (Goldstein et al., 2003).
Although, the powder specimen was smaller than the
piece specimen, the size of each powdery specimen
used in this study was greater than 50 ym. Thus, the size
of the powdery specimen is still too big for quantification
analysis by SEM-EDX completely. Moreover, it is difficult
to analyze each powdery specimen by SEM-EDX, and
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examined by SEM-EDX and ICP-MS.

the powdery specimens were selected randomly in this
study. Previous study indicated that the element
distribution in biological materials is not uniform (McCully
et al.,, 2010), and the random selection of powdery
specimens might cause the low correlation with ICP-MS
analysis. In the other hand, each piece specimen could
be observed in this study and the metals of As and Cd
could be detected with high reproducibility. Thus, the
piece samples will provide higher detection efficacy than
the powdery samples for SEM-EDX examination. In this
study, the results demonstrate that the accumulation of
both As and Cd could be detected by SEM-EDS with the
piece samples and the results represent the possible
content in himematsutake. Thus, SEM-EDX can be a
useful tool for the primary detection of metal in
himematsutake rapidly. For increasing the accuracy and
sensitivity of SEM-EDX, Tylko et al. (2004) suggested

using the standard specimen with similar matrix to
general specimen for the calibration of SEM-EDX.
However, the preparation of the standard specimen, the
stability and the accuracy of SEM-EDX technique warrant
further study.
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