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ABSTRACT

Mineral elements in four strains of Lentinula edodes mycelia grown on a defined media and
fruiting bodies of shiittake mushroom grown on sawdust along with three commercially available
shiitakke mushreoms were analyzed to determine major and minor element levels of Na, K, Ca, Mg,
Al, Fe, Mn, Cu, Pb and Ni on a dry weight basis. Analyses indicated Na (1848-5322 mg kg™,
K (5379-10320 mg kg™ and P (3201-8184 mg kg™!) as most abundant minerals in mycelia followed
by other major elements. Tracefheavy metals in mycelia show Zn (19.0-49.7 mg kg™),
Fe (31.8-41.8 mg kg™, Cu (9.2-12.7 mg kg™, Mn (2.2-48.5 mg kg™, Pb (0.02-2.5 mg kg™) and
Ni (0.39-1.1 mg kg™ with significantly higher accumulation of Zn in the mycelia of heat-resistant
strain, LE 054 and significantly low levels of Mn in both heat-resistant strains relative to other
strains {p<0.05). Major element ranged in fruiting bodies of mushroom collection suggest that
K (18.2-62.2 g kg™), P (7.8-64.5 g kg™ and Mg (3.4-6.5 g kg™!) as most abundant elements
followed by Ca (179.8-1698 mg kg™"), Na (191.3-3448 mg kg™") and Al (15.3-79.56 mg keg™"). The
Al levels resemble the amounts reported for Al accumulating mushroom species. Most
abundant tracefheavy metals in the mushroom cellection were Zn (59.3-283.9 mg kg ™) followed
by Fe (44.4-125.1 mg kg™, Mn (18.2-73.2 mg kg™ and Cu (13.7-182.4 mg kg™V). Only trace
amounts of toxic heavy metals, Cd (0.27-3.7 mg kg™, Co (0-0.87 mg kg™, Ni (0-0.54 mg kg™ and
Pb (0-2.2 mg kg™!) were found in mushreoom collection. In some instances, preferential accumulation
of certain elements was detected in caps relative to stems.
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INTRODUCTION

The shiitake mushroom, Lentinula edodes, is an edible mushroom native to East Asia and is
cultivated worldwide for its taste, nutritional value and health benefits (Tuzen et al., 1998). With
the increasing popularity in the 1940’s, various methods of cultivation including use of enriched
hardwood sawdust and logs have been utilized to grow edible mushreoms. Mushrooms are acquired
either fresh or dry and are consumed specially as delicacy because of their specific aroma and
texture. Wild-grown edible mushreoms have been a very popular delicacy in several countries and
an annual per capita consumption exceeds 10 kg per year (Manzi ef al., 1999, 2001; Kalac and
Svoboda, 2000). Mushrooms are enriched with minerals elements such as K, P, Zn, Fe, Cu, Mn, Mo,
Se and Ni necessary for their growth and metabolism (Schroeder, 1973; Mattila et al., 2001;
Baldrian, 2003). A 100 g serving of L. edodes provides: Ca (23 mg), Cu (1.23 mg), Fe (5.5 mg),
K (2,700 mg), Na (18 mg) and Se (0.076 mg) (Stamets, 2005),
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Mushrooms are considered as bivaccumulaters of heavy metals and efforts have been made to
analyze the elemental content and subsequently evaluate the potential health risks associated with
human consumption of contaminated mushrooms (Gast ef al., 1988; Kalac and Svoboda, 2000,
Isiloglu et al., 2001; Tuzen, 2002; Das, 2005; Ayodele and Odoghili, 2010; Radulescu ef al., 2010;
Zhu et al., 2011). Metals such as Fe, Cu, Zn, Cr, Se and Mn are considered as essential metals
required in biological processes such as enzyme activators, whereas, As, Pb, Ni, Hg and Cd are
non-essential metals, toxic even in trace quantities (Schroeder, 1973; Radulescu et al., 2010;
Zhu et al., 2011). In some instances, growth rate in fungi has been affected by these heavy metal
accumulations (Baldrian, 2003; Das, 2005). Many wild edible mushroom species are known to
accumulate certain heavy metals such as Cr, Ni, Ag, Cd, Hg and Pb (Gadd, 1993; Gast ef al., 1988,
Kalac and Svoboda, 2000; Hatvami and Mees, 2003; Radulescu et «l., 2010). Uptake and
accumulation of heavy metals by many cultivated and wild-grown mushreoms are documented
{Bayramoglu et al., 2005; Ayodele and Odoghili, 2010; Zhu ef af., 2011; Stihi ef al., 2011;
Damodaran et al., 2014).

Even though heavy metal adsorption can be better studied in liquid media, such an
experimental system does not represent the natural fungal envirenment consisting of decomposing
wood and acquisition of nutrients from the woody biomass (Baldrian, 2003). However, it 1s difficult
to study the differential effects among the L. edodes strains grown on woody substrates. Therefore,
a two component study was pursued here to determine the major and minor element accumulation
of four strains of L. edodes mycelia, LE 6 (ATCC # 48865), LE 013 (ATCC # 38167), LE 015
(ATCC# 38169) and LE 064 (ATCC # 558002), grown on a defined media as well as field-grown and
commercially available L. edodes fruiting bodies collection. We have also included a collection of
button and oyster mushreom species for comparison purposes. Findings from this study are useful
in providing information on nutrient and metal distribution in different l.. edodes mycelial strains,
as well as evaluating the quality of edible mushrooms for human consumption.

MATERIALS AND METHODS

Shiitake strains: Pure cultures of four strains of shiitake mycelia namely LE 6 (ATCC # 48855),
LE 013 (ATCC # 38167), LK 015 (AT CC # 38169) and LE 054 (ATCC # 56002) acquired from the
American Type Culture Collection (ATCC) were utilized to conduct the elemental analysis. The
rationale for selection was based on temperature tolerance of shiitake mushrooms in culture;
whereby, LE 6 and LE054 were found to be the strains that were able to withstand temperature
of 30°C whereas, LE 015 and LE 013 strains grew better at 25°C.

Pure cultures of mycelia: Mycelia of the four strains of shiitake were grown on Potato Dextrose
Agar (PDA). Four replicates of each of the strains were taken and inoculated in Petri plates. After
three weeks of culture at 25°C, the mycelia were removed and freeze-dried overnight (Labconco
Free Zone Freeze Dry System). Dried mycelia (0.25 g) were digested with concentrated HNO, acid
(10 mL) using microwave assisted digestion (MARSX press, CEM Corporation, Matthews, NC).
After digestion, samples were diluted with deionized water to a final volume of 15 mL. Extracts
were analyzed using an inductively coupled plasma-optical emission spectrometer (ICP-OKES)

{Optima 2100 DV, PerkinElmer).

Metals and minerals in fruiting bodies of L. edodes: Fruiting bodies of shiitake mushroom
were collected from oriental stores, retail grocery chain stores and from the mature fruiting bodies
produced during a previous study completed at the Alabama A&M Agricultural Experiment
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Tahble 1: Description of fruiting bodies of mushroom collection

Mushroom Mushrooms type/source Description

SCIC Shiitake (caps) Fresh shiitake from an oriental store (I}

SCIS Shiitake (stems)

SISC Shiitake (caps) Fresh shiitake from an oriental store (I1)

SISS Shiitake (stems)

SBPC Shiitake (caps) Fresh shiitake purchased from a local grocery store
SBPS Shiitake (stems)

SWMC Bhiitake sawdust grown (caps) Grown on hardwood bark, sawdust and Rye
SWMS Shiitake sawdust-grown (stems)

SRSC Bhiitake sawdust-grown (caps) Grown on chestinut oak bark and sawdust (1:1)
SRSS Shiitake sawdust-grown (stems)

BUTC Button (caps) Grown on % straw (cooked) and % cotton hull
oGDC Oyster ‘Grey Dove’ (caps) mixed and autoclaved

Station, Hazel Green, Alabama (Dr. Catherine Sabota, personal communication). Sources and types
of shiittake mushrooms studied are summarized in Table 1. Caps and stems of shiitake mushroom
fruiting bodies obtained from oriental and grocery stores are designated as SCIC, SCIS, SISC,
SISS, SBEC, SBPS (Table 1). The Button Mushreom Caps (BUTC) and Oyster ‘Grey Dove’ Caps
{(OGDC) were included in this study as comparisons. Caps and stems (SWMC and SWMS) of
shiitake mushroom analyzed were obtained from mushroom grown on 33% hardwood bark
{(20.4 L), 67% sawdust (41.3 L), 1.45 kg of rye and 11.4 L. of water in 2.3 kg polyethylene bags. The
OGDC sample was obtained from oyster mushroom grown on % straw (cooked) and % cotton hull
mixed and autoclaved. These shiitake and oyster mushrooms were grown at Alabama A&M
Agricultural Experiment Station under contrelled temperature and humidity. Shiitake stems and
caps, SRBC and SRESS, used in this study was also grown at the Alabama A&M Agricultural
Experimental Station on Chestnut Oak bark and sawdust (1:1) mixture,

All samples were freeze-dried and acid digested using microwave digestion prior to elemental
analysis. Freeze dried mushrooms (0.25 g of caps or stems) were microwave digested as described
in the previcus sections using 10 mL of concentrated HNO, (trace metal grade) acid. Extracts were
analyzed using ICP-OES for heavy metals (Fb, Cu, Zn, Mn, Ni, Fe, Co, As and Cd) and other
minerals (Mg, Ca, Al, Na, K and P) levels.

Statistical analysis: All the strains and the fruiting bodies in these experiments were replicated
four times. The samples for the experiments were arranged in a completely randomized design.
Data were statistically analyzed using the Duncan’s multiple range test using the Statistical
Analysis System (SAS, 2010) (Version 9.2, Second Edition) and the p values less than or equal to
(0.05 were considered to be not significantly different.

RESULTS AND DISCUSSION

Minerals and heavy metals in shiitake myecelium: The concentration of mineral elements Na,
K, P, Mg and Al of the four shiitake strains showed that most abundant minerals found in all
strains were Na, K and P (Table 2). Generally, regardless of the strain, the Na, K, P and Mg levels
in all mycelia ranged from 1646-5322, 5379-10320, 3201-8184 and 295.4-1232 mg kg™,
respectively. The Al levels in mycelia strains amounts to 7.6-17.5 mg kg™!. Comparison of mineral
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Fig. 1. Fe, Zn and Mn distribution in heat-resistant shiitake mycelia (LE 06 and LE 054). Means

with the same letter within Fe, Zn or Mn distributions are not significantly different at
p<0.05

Tahble 2: Mineral levels in the mycelium of shiitake strains
Mineral (mg kg™%)

Strains Mg Ca Al Na K P
LE 6 408.8% 440.5° 14,982 4346°2 53790 3201°
LE 013 12322 1695.0% 17.5% 53222 8810 6011%2
LE 015 726.5° 1178.0* 11.2 1646° 10320% 81847
LE 054 205.4° 284.0° 7.6° 2379k 6859k 32620
tMeans with the same letter within a column are not significantly different at p=<0.05
Tahble 3: Heavy metal levels in the mycelium of shiitake strains

Metal (mg kg™
Strains Pb Cu n Mn Ni Fe Co Cd
LE 6 1.52at 11.5% 21.9° 8.9° 0.90b2 41.6% 0.022 0.02=
LE 013 2.502 10.42 19.0° 48 52 1.102 38.22 ND# ND
LE 015 017 9.28 22.2° 39.7° 0.39° 35.6% ND ND
LE 054 0.022 12.72 49.72 2.2P 047 31.8% ND ND

tMeans with the same letter within a column are not significantly different at p=<0.05, *Not detected

content in mycelium of heat-tolerant strains LE 6 and LE 054 indicated that LE 054 accumulated
significantly higher levels of Ca and Mg relative to LE 6 (p<0.05). The Ca and Mg levels in LE 6
were 36 and 41% higher than LE 054,

Trace/heavy metal content of the 4 shiitake strains studied is given in Table 3. The Zn levels
in the shiitake strains varied between (19.2-49.7 mg kg™) with a significantly high Zn level
(49.7 mg kg™ found in the heat-tolerant strain, LE 054, compared to the other 3 strains.
Comparison of the Zn levels in two heat-resistance strains suggests the LE 6 having significantly
higher Zn level (58%) relative to LE 054 (Fig. 1). Beth Zn and Fe in growth media may act as
stimulators for myeelial growth (Das, 2005). The Mn levels in the heat-resistant strains (LE 6 and
LE 054) were significantly lower than the other two strains, LE 013 and LE 015, The amount of
Mn in LE 013 and LE 015 were in the range of 39.7-48.5 mg ke while the Mn levels in the
heat-resistant-strains were in the range of 2.2-8.9 mg kg™' with LE 6 containing 75% higher Mn
level than LE 054 (Fig. 1).
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Fig. 2: Distribution of Al and Zn in caps and stems of shiitake mushrooms, button and oyster
mushroom!. "Means with the same letter within distribution of Al or Zn in SCIC/SCIS,
SBPC/ABBES, SISC/SISS, SWMC/SWMS, SRSC/SRSS or BUTC/OGDC are not significantly
different at p<0.05

The Fe levels in the four shiitake strains varied between 31.8-41.8 mg kg ™! with no significant
differences between the strains. However, comparison of the Fe levels in heat-resistant strains
indicate that LE 6 having higher Fe content (24%) relative to LE 0B4 (Fig. 1). The
Cu (9.2-12.7 mg kg™") and Pb (0.02-2.5 mg kg™") levels were not. significantly different among the
strains. Very low levels of Ni (0.39-1.1 mg kg™ was detected in all four strains. The two remaining
heavy metals Co and Cd were only detected in the strain LE 6 at a low concentration of
0.02 mg kgt Little information is available on actual uptake of nutrients and heavy metals by
myecelia itself. In addition, only limited information exists on mechanism of metal translocation from
the mycelia to the fruiting body (Das, 20085). Previcus studies on trace element (Cu, Zn and Fe)
accumulation in both shiitake and oyster mushroom mycelia have indicated that accumulation of
certain elements depends on the pH of the media with a decrease in accumulation of metals at
acidic pH (Regula and Siwulski, 2007). The heavy metal sorption capacity of mushreom may
depend on several other factors. Effect of temperature on the sorption capacity of Hg, Cd and “n
has been studied using live and heat inactivated L. edodes pellets (Bayramoglu and Arica, 2008),
Higher sorption capacity for these metals has heen found in the heat inactivated fungus compared
to the native fungus (Bayramoglu and Arica, 2008). Heat inactivation is suggested to create
additional serption sites through denaturation of proteins in the cell wall structure.

Minerals in mushroom collection: Mineral contents of mushrecoms obtained from oriental
grocery stores, as well as mushrooms grown locally (Table 1) were analyzed and are given in
Table 4. S51x mineral elements, Mg, K, P, Ca, Al and Na were analyzed and detected in the fruiting
bodies of these mushrooms. Distribution of minerals in caps and stems of shiitake mushrooms,
showed that K (13.2-82.2 g kg™), P (7.8-54.5 g kg™) and Mg (3.4-8.5 g kg™ as the most
abundant elements followed by Na (191.3-3448 mg kg™, Ca (179.8-1699 mg kg™!) and
Al (15.3-79.5 mg kg™). In addition, comparison across the mushroom collection also showed that
the caps of button mushreom (BUTC) grown at the experimental station contain significantly
higher amounts of P (54.5 g kg™, Na (3348 mg kg™ and K (B2.2 g kg™, relative to other
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Table 4: Mineral distribution of mushroom collectionst

Mushroom Mg (gkg™) Ca (mg kg™) Al (mgkeg™) Na (mg kg™ K@k Pke™
SCIC 4.7 260.7 71.8° 279,37 33,14 34 500
SCIS 5.8 949 gre 256" 357,404 18.4 33.80°™
SBPC 6.5 285 4t 15.3° 592,50 29.1¢ 39.60°
SBPS 5.6 304.7 15.3° 194.6¢ 13.3¢ 25 4000
SISC 6.1 220.8° 28.3% 247 47 21 .30 35 50
SISS 4.5 220.1° 23,7 191.3% 39 Frbe 19 4094
SWMC 4.8 179.8 20.6% 611.9% 36.8° 38.40
SWMS 4.9 286.3 24 T 700.4° 31.6% 35.40°™
SRSC 4.3b= 1843 33.2° 359,105 195 14104
SRSS 3.4 1092062 32.8° 204, 74 13.2¢ 7.80¢
BUTC 6.1° 1699.0° 24.3% 3448.0° 62.2° B4 50
0GDC 5.gbe 460.9% 70.5° 330.5 21 6% 22 Heeid

tMeans with the same letter within a column are not significantly different at p=<0.05

mushroom. Among the mushroom collection, preferential accumulation of some elements can be
seen in either caps or stems of certain mushrooms. For instance, mushrooms obtained from grocery
stores have higher K content in caps relative to stems. The K content in caps (SCIC and SBPC) was
21-54% higher relative to stems (SCIS and SBPS). In addition, preferential accumulation of Na can
be observed in caps (SBPC and SISC) relative to stems (SBPS and SISS) with 23 and 67% higher
Nalevels in SISC and SBFC, respectively. Comparison of the mineral content in button and oyster
mushrooms shows significant variationfor Ca, Na and K, in which the Na and K levels were 90%
and 65% higher in oyster mushroom than button mushroom; whereas, the Ca levels in button
mushroom was 72% higher than oyster mushroom. No significant differences were found in Mg
levels of button and oyster mushroom caps. The Ca, Na, K and F levels in caps of button mushroom
(BUTC) were 73, 90, 65 and 59% higher than oyster mushroom (OGDC), respectively, indicating
higher nutritional value in these locally grown button mushreooms relative to oyster mushroom.
Mineral elements and trace elements that are essential for the growth of mushrooms are generally
supplied by the media or the substrate. Variations in mineral content of mushrooms may depend
on the type of mushroom or the substrate in which they were grown, as well as other factors
including species and age of mushreoms and pilei/substratum diameter. Accumulation of greater
amounts of elements in pileus than in the stipe has been observed with several mushroom species
{(Demirbas, 2001; Falandysz et af., 2001; Mattila et al., 2001; Bernas et al., 2008).

As shown in Fig. 2, significantly higher accumulation of Al was seen in oyster mushroom caps
(OGDQC) relative to button mushroom caps (BUTC). The Al level in BUTC and OGDC were 24.3 and
79.5 mg kg™l respectively, indicating that Al content in BUTC is 70% higher than OGDC. In
addition, significant variation in distribution of Al was also found in shiitake mushroom caps
(5CIC) and stems (SCIS) obtained from a grocery store, in which the caps contained 69% more Al
than the stems. The Al content in other shiitake mushroom lecally grown on hardwoeod bark
contained Al ranging from 20.6-33.2 mg kg™ distributed in caps and stems with no preferential
accumulation in caps. In previous studies, species such as Amanita rubescens, Leccinum scabrum,
Xerocomus chrysenteron were reported as Al accumulators grown in unpolluted areas and the Al
levels in the fruiting bodies of these mushrooms were in the range of 20-150 mg kg™ (Kalac, 2013).
Therefore, some of the mushrooms analyzed in our study can be considered as potential Al
accumulators for phytoremediation of Al.
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Table 5: Heavy metal levels of mushroom collections®

Heavy metals (mg kg™)

Mushroom Pb Cu n Mn Ni Fe Co Cd
SCIC 1.8v2 &85.7 283.92 44.8% 033 97.6° 0.08b 3.70°
SCIS 0.86¢t= 25,3 184.7% 60,2 ND# 60.7° ND 0.66°
SBPC 1.2k 44.1% 184.8% 45,75 0.18* 850 ND 1. 70"
SBPS 0.66%2 26.5¢ 99.4% 25.94 0.242 44.4° ND 0.60
SISC 1.2k 19.2¢ 146.7% 42,7 0.062 505 0.02 1.40rbd
SI1S8S ND 13.7 148.9% 41.9% 0.022 58.2 ND 1.70rbd
SWMC 0.86%2 40,414 200.3% 18.2¢ 0.542 85.1° 0.300 0.7104
SWMS ND 37.4°0 218.1%= 38.3b¢ 0.23* 53.4° 0.69° 1.3°H
SRSC 0.14* 24,24 96.2% 66.8° 0.50° 52.5° 0.71* 2.00°
SRSS ND 19.8+¢ 59.3° 73.22 0322 a7.4° 087 0.48°¢
BUTC 0.42b2 182.42 223 .9ta 18.74 0112 69.9% ND 0.27¢
oGDC 222 21.9¢ 275.82 31.9¢ 038 12512 0.09 1.5(rbd

tMeans with the same letter within a column are not significantly different at p<0.05, *Not detected

To some degree, the major element. levels in the mushroom collection in cur study followed the
pattern observed by other researches (Mattila et al., 2001; Gulati ef af., 2011; Manjunathan and
Kaviyarasan, 2011; Liu et af., 2012; Mallikarjuna ef al., 2013). Major element content in
mushrooms varies and the ranges reported in literature as mg per 100 g dry weight basis are
K (2500-1400), P (120-2000), Ca (1.8-59.0), Na (6.0-92), Mg (60-250) and Mg (60-250)
{(Mallikarjuna et al., 2013). Normally, most prevalent nutrient elements in fruiting bodies of
mushrooms were reported as I, Ca, P and Mg with low availability of Na (Mallikarjuna et al.,
2013). Fruiting bodies of . edodes grown on sawdust were reported to contain
K (1302 mg 100 g™' £101), P (769.9 mg 100 g~! +£64.1), Ca (174.9 mg 100 g™' =£34.3),
Na (327.4 mg 100 g~ £51.8) and Mg (40.7 mg 100 g~' £1.2) levels. On the other hand, the mineral
content of wild grown shiitake mushroom L. cadopus was reported to contain much lower
concentrations of these elements (Mallikarjuna ef al., 2013). High levels of K (7.53 mg g™) followed
by Ca (2.66 mg g Y, Mg (2.45 mg g ") and Na (1.30 mg g ') have been detected in cultivated edible
oyster mushroom L. fuberregium grown in India (Manjunathan and Kaviyarasan, 2011). In
addition, wild grown Lentinus species from India appear to have mineral contents that vary with
the species in which L. conatus contained high Ca and Mg, L. squarrosulus, high Na and
L. cladopus, high K levels (Gulati et al., 2011). These studies, along with our study, provide
information that variation of nutritional elements in fruiting bodies of mushroom may vary with
the species and composition of substrate.

Heavy metals in mushroom collection: The heavy metal concentrations in the mushroom
collection are given in Table 5. The trace element. distribution shows Zn (59.3-283.9 mg kg™) as the
most abundant metal found in the mushrooms studied here followed by Fe (44.4-125.1 mg kg™),
Mn (18.2-73.2 mg kg™ and Cu (13.7-182.4 mg kg™"). Only trace amounts of toxic heavy metals,
Cd (0.48-3.7 mg kg™, Co (0-0.87 mg kg™, Ni (0-0.54 mg kg™) and Pb (0-1.8 mg keg™) were found
in our mushreom collection. Comparison of metal contents across the whole mushroom collection in
our study does not show any statistically significant differences for preferential accumulation of
metals in any particular mushroom. Mushreooms are considered Zn accumulators and high Zn
conecentrations have been cbserved with several mushroom species (Bano et af,, 1981; Kalac and
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Svoboda, 2000; Isildak ef al., 2004). Copper coneentrations ranging from 100-300 mg kg™ per dry
weight has been reported for Cu accumulating mushroom species and these levels are not
considered as levels for health risks (Kalac and Svoboda, 2000; Soylak et al., 2005). Zhu et al.
(2011) report Fe as the most abundant metal found in a wild edible mushroom collection from
China. Accumulation of Zn, Cu and 5Sn in fruiting bodies of wild grown mushrooms has been shown
to depend on the metal content of sal (Elekes ef al., 2010).

Specific accumulation of heavy metals in pileus than in the stipe has been reported for metals
such as Cu, Mn, Fe, Ni and Cd in edible mushrooms (Latiff et al., 1996; Elekes et al., 2010;
Avodele and Odoghili, 2010), Elekes ef al. (2010) ocbserved higher concentration of Cu accumulated
in stipe; whereas, 7Zn accumulation was higher in the caps of some wild growing edible mushrooms.
In our study, as with the mineral distribution, preferential accumulation of certain elements in caps
can be seen with some mushrooms (Fig. 2). For instance, significantly high levels of Zn, Cu and Fb
were found in caps (SBFC) relative to stems (5BPS) in mushrooms obtained from a grocery store
{(Table 5). The Zn and Cu levels in the caps of this mushroom were 46 and 40% higher relative to
the stems. In addition, caps of one of the shiitake mushrooms (SISC) grown on sawdust also showed
significantly higher accumulation of Cu with 29% higher Cu level in caps relative to stems (SISS).
However, majority of the mushroom collection does not show selective accumulation of metals in
caps relative to the stems.

Comparison between button and oyster mushroom caps shows 82% higher concentration of Cu
in button mushroom relative to oyster mushroom. In addition, the Mn level in oyster mushroom was
41% higher than the button mushroom. Comparison between button and oyster mushroom caps
shows 88% higher concentration of Cu in button mushroom relative to oyster mushroom.

Heavy metals have been detected in many wild edible mushroom species (Latiff et al., 1996;
Mattila et al, 2001; Zhu et al., 2011; Radulescu et al., 2010; Ayodele and Odoghili, 2010;
Stihi et al., 2011). Previous study on heavy metal content in L. edodes grown on sawdust provides
data that demonstrate Fe, Zn, Cu, Mn and Ni levels of 14.8+2.3, 9.44+0.24 and 1.48+0.03
1.00+0.32 mg per 100 g dry weight basis, respectively (Mallikarjuna et «l., 2013). Higher Fe
content (35.3 mg 100 g™") and much lower concentration for other elements were also reported by
Mallikarjuna et al. (2013) for the wild grown L. cadopus. In addition, significantly lower levels of
toxic metals had been found in cultivated mushrooms relative to wild-grown mushreoms of similar
species or taxonomically related mushrooms (Kalac and Svoboda, 2000). Comparison of our findings
with similar studies reported agrees with the facts that heavy metal absorbing capacity of
mushrooms may depend on the substrate, age of mycelium, selective uptake and capability of
storage of such elements in tissues and mushroom species (Latiff ef al., 1996; Demirbas, 2001;
Kalac and Svoboda, 2000; Mattila et al., 2001; Isiloglu ef al., 2001; Zhu ef al., 2011; Ayodele and
Odogbili, 2010; Gulata et al., 2011; Stihi ef al., 2011).

CONCLUSION

This study provides information on nutritional values of an edible shiitake, button and oyster
mushroom collection and selective accumulation of certain nutrients, trace elements/heavy metals
in caps relative to stems of these mushrooms. Information 1s also provided on nutrient and metal
accumulation of L. edodes mycelia strains grown under laboratory conditions on a defined media.
The Al and Zn accumulating ability of shiitake mushrooms should be further investigated to
evaluate them as potential Al and Zn accumulators, especially if the substrates utilized have and
anthropomorphic origin. In addition, health effects associated with relatively high levels of Al in
certain edible mushrooms will be of concern. Our study as well as findings by several other
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researchers suggests that L. edodes can be considered safe when they are grown in defined culture
media or in log and sawdust growing environments. At the same time, we must remain vigilant for
toxic heavy metal accumulation in edible species should always be our concern due to health risks.
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