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Abstract:  

BACKGROUND: Agaricus blazei Murrill has become a popular food source of high 

nutritional and medicinal values in many Asian countries. However there are growing 

health concerns on cadmium (Cd) accumulation by A. blazei. Experiments were 

conducted to investigate Cd accumulation patterns in A. blazei and to determine the 

impact of fruit body yield, yield components and phosphorus (P) uptake on Cd 

accumulation. RESULTS: Results showed that Cd concentrations in the substrates and 

in the subsequent fruit-bodies declined rapidly after the 1st, 2nd and 3rd wave of 

harvests. A quick rinse of fruit bodies in water can reduce Cd concentration by 27-54% 

depending on the strains. The Cd concentration in fruit bodies decreased as the 

fruit-body yield m-2 or fruit-body numbers m-2 increased, while it increased as an 

increase in the substrate Cd content or in the fruit-body size. Cd accumulation was 

positively associated with P uptake. CONCLUSION: These results suggest that Cd and 

P concentrations in the substrates and the casing soil should be reduced in order to 
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effectively minimize Cd accumulation in the fruit bodies. It is also necessary to 

improve fruit body yield through increasing the numbers of medium-sized fruit bodies. 

The over-growth of individual fruit bodies stimulates Cd accumulation in A. blazei. 

 

Keywords: Agaricus blazei Murrill; Cadmium; Substrate; Fruit body; Accumulation; 

Yield components; Modelling 
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INTRODUCTION 

Agaricus blazei Murrill is a mushroom species of higher Basidiomicetes, originating 

from Brazil.1 A. blazei is a medicinally important mushroom widely consumed and 

prescribed in developing countries, such as China, Japan, South Korea and Turkey.2,3,4 

A. blazei is rich in protein, amino acids, micro-elements and polysaccharides. Since its 

introduction into Japan in 1965 by Takatoshi Furumoto, it has gradually gained 

popularity and it is now widely known as “Himematsutake”.1,3 In 1992, the mushroom 

was introduced from Japan into China, successfully cultivated, and followed by a large 

scale of commercial production.5,6  

The high nutritional and medicinal values of A. blazei have been well 

documented.3 A. blazei has been widely used as a folk medicine for various diseases 

including diabetes, hyperlipidemia, arteriosclerosis osteoporosis, gastric ulcer and 

cancer.1,7,8 Extensive research has been conducted to identify bioactive substances 

from A. blazei. A range of bioactive substances have been identified from A. blazei, 

such as polysaccharides, cytotoxic steroids, lectin and antimutagens.9,10,11 Among them, 

various polysaccharides and protein-polysaccharide complexes isolated from the fruit 

bodies of A. blazei possess antitumor activity.3,12 Ohno et al.12 reported that a highly 

branched 1,3–ß–glucan, a main component of the polysaccharides, showed strong 

antitumor activity. It has been demonstrated that the aqueous extract of A. blazei 

provides significant protection against mutagenicity induced both in vivo by 

cyclophosphamide and in vitro by methyl methanesulfonate.7 The most anticipated 

pharmacological effect of A. blazei is the modulation of the immune system against 
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cancer. Recent research has shown that extracts of A. blazei selectively up-regulate the 

genes related to immune function, particularly the proinflammatoric genes such as the 

interleukins IL1B and IL8.13  

However, accumulation of cadmium (Cd) in A. Brazei has been receiving 

increasing attention in the past decades due to its potential health hazard of this heavy 

metal. The genus Agaricus has been able to accumulate high concentration of Cd, up to 

100-300 mg kg-1 dry matter.14,15 Accumulation of Cd in A. blazei ranged from 3 to 35 

mg kg-1 dry matter.16  Cadmium is accumulated mainly in kidneys, spleen and liver 

and its concentration in blood serum increases considerably following mushroom 

consumption.17 

Cadmium is a toxic element, exerting profound adverse effects on many life 

processes such as on kidney and the male reproductive system.18,19 Uptake of a high 

concentration of Cd via food chain is detrimental to human body, causing anemia, high 

blood pressure, osteoporosis, kidney dysfunction, lung impairment, damage on 

reproduction function and carcinogenesis.20,21 FAO/WHO listed the Cd as the 3rd 

important food pollutant just after the aflatoxins and Arsenic (As). FAO/WHO 

provisional tolerable weekly intake for cadmium has a limit of 0.007 mg kg-1 of 

bodyweight and the maximum permissible dose for an adult is 0.5 mg Cd per week.22 

If an average person with a bodyweight of 60-70 kg consumes a 300 g portion of fresh 

mushrooms per meal, which generally contains 10% of dry matter,3 the tolerable 

weekly intake is thus easily reached by a single portion of 300 g of fresh mushrooms 

containing 14 mg Cd kg-1 dry matter. It is therefore that Cd accumulation in A. blazei 
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could potentially affect food safety, and eventually cause direct or indirect impact on 

human health. However, there is little information available on Cd distribution and 

accumulation in A. blazei. The present study aimed to investigate the accumulation 

patterns of Cd in A. blazei and to determine the impact of fruit-body yield, yield 

components and phosphorus (P) update on Cd concentration in order to maximize 

mushroom production with minimum accumulated Cd in the fruit body. 

 

MATERIALS AND METHODS 

A. blazei strains and site selection 

Two strains of A. blazei: N-2 (narrow-stalk type) and A-6 (broad-stalk type), were 

obtained from the Institute of Plant Protection, Fujian Academy of Agricultural 

Sciences, Fuzhou, China. Experiments were conducted in the township of Xin Du, 130 

km South of Fuzhou. The research site was located in a rural area, about 30 km away 

from industrial sites. Local farmers have a long history of growing common mushroom 

(Agaricus bisporus) and A. blazei. A. blazei is normally grown twice a year in spring 

and autumn. In this experiment it was carried out in the spring season. Drinking water 

was used to minimize the risk of water contamination from other sources. 

 

Substrate preparation and cultivation 

The substrates consisted of 1000 kg of rice straw, 200 kg of dry cow manure, 150 kg 

commercial fertilizers (N:P:K = 2.5:1:2.5), 200 kg ammonium carbonate and 100 kg of 

gypsum (CaSO4·2H2O). On the 1st day, a layer of rice straw 20 cm in thickness was 
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spread onto a levelled ground to form a rectangular pile of 2 m × 4 m. A thin layer of 

cow manure and fertilizers was then evenly spread on the top of the straw and covered 

with another layer of rice straw. This process was alternated 6 times until the pile 

reached a height of 1.5 m. The pile was turned on the 5th day, mixing the ingredients 

thoroughly. This turning process was periodically repeated 3 more times on the 9th, 12th 

and 14th days. Gypsum was added during the 1st turning operation on the 5th day. 

Drinking water was used to irrigate the pile thoroughly and maintain a moisture level 

of 65% during layering, turning and throughout the entire composting period. The 

substrate was then subjected to steam pasteurization and evenly spread onto culture 

beds in a temperature-controlled culture room. After the temperature of the pasteurized 

substrate dropped to about 25 oC, wheat-grain spawn was introduced at a rate of 1000 

ml m-2 and thoroughly mixed into the substrate. A layer of casing soil (peat moss) was 

spread over the surface of the substrate beds to a depth of 3 cm when the substrate 

surface was completely colonized by the spawn. The final substrate bed had a height of 

15 cm. The bed was irrigated periodically. Common district practices were used to 

manage the continuous growth of A. blazei.6  

 

Substrate and fruit body sampling  

Substrates were consecutively sampled at different times, i.e. right after the steam 

pasteurization stage, after the complete substrate colonization by the spawn 

(colonization stage), as well as at the 1st, 2nd and 3rd harvest stages. The substrate 

samples were oven dried at 65 oC for 48 h. Fruit-bodies of the 1st and 2nd harvests were 
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sampled from 9 fixed quadrats of 1 m2 each, which were randomly selected to cover 

the range of various numbers of fruit bodies and, hence yield m-2. The samples of the 

3rd harvest were taken from another 9 random quadrats (1 m2). The fruit bodies from 

each quadrat were assessed for fresh weight (g m-2) and no. of fruit bodies m-2. The 

fresh fruit bodies were then bulked, oven-dried and weighted prior to analyses.  

 

Different A. blazei strains, rinsing treatments and fruit body parts on Cd 

accumulation 

For each of two A. blazei strains A-6 and N-2, one kg of fresh fruit bodies was 

randomly obtained from the 1st harvest and subjected to a quick rinse with tap water 

for two minutes to remove the scales. Rinsed and non-rinsed samples (1 kg fresh 

weight each) were oven-dried prior to Cd quantification. Another one kg of non-rinsed 

fresh samples was taken and separated into caps and stalks. The caps and stalks were 

oven-dried prior to Cd analyses. 

 

Quantification of Cd in cultivation substrates and in fruit bodies  

Dried samples of fruit bodies and substrates were subjected to atomic absorption 

spectrometry measurement by Fujian Centre for Instrumental Analysis. A national 

standard protocol for element analysis was used for the determination of cadmium 

(GB/T 5009.15-2003).23 Briefly, each dried sample was homogenized and stored in 

pre-cleaned polyethylene bottles until analysis. Five g of sample was placed in a 

porcelain crucible and ashed at 500 oC for 8 h. The ash was then dissolved in 1 ml of 
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mixture of nitric acid (HNO3) and perchloric acid (HClO4) (4:1), evaporated to dryness, 

and heated again at 500 oC for 4 h. The material obtained from this mineralization 

process was further treated with 10 ml hydrochloric acid (HCl) (0.5 mol l-1) then 

diluted with double deionized water to a final volume of 50 ml. Three blank samples 

were treated in the same manner. An atomic absorption spectrometer (Model AA6800, 

Shimadzu) was used to determine the Cd concentrations in the mushroom samples at 

the wavelength of 228.8 nm.  

 

Quantification of phosphorus in cultivation substrates and fruit bodies  

Phosphate was determined in accordance with a standard protocol GB/T5009.87-200323 

based on the molybdenum blue method. Briefly, each dried sample was acid-digested 

and subjected to reacting with molybdic acid for the formation of a heteropoly 

molybdenum-blue complex. Phosphorus (as P2O5) is then spectrophotometrically 

determined by measurement of the absorbance at a wavelength of 660 nm with a UV 

visible spectrophotometer (Model 7220, Beijing Rayleigh Instrument Corporation). 

 

Data analysis  

From the sampling procedure, a wide range of data for the fruit-body yield m-2, of 

fruit-body numbers m-2, the dry weight per fruit body and Cd concentration were 

obtained. The data were subjected to linear and nonlinear regression analyses. 

Assumptions were made that Cd accumulation in the fruit body (Cd, g m-2) is primarily 
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related to the fruit-body yield (Y, g m-2) and follows the principle of enzyme kinetics.24  

Thus, the Cd accumulation is a function of fruit-body yield as described by 

YY
YCdCd mx

+
=

5.0

              (1) 

where Cdmx is an asymptote for Cd accumulation as the fruit-body yield approaching to 

infinite. Y0.5 is the fruit-body yield for Cd accumulation at a half of Cdmx. The Cd 

concentration (CCd, g g-1) can be defined as 

Y
CdCCd =                (2) 

Thus, combined eqs. (1) and (2), giving 

YY
CC mx

Cd +
=

5.0

              (3) 

Eq. (3) was used to express the Cd concentration in the fruit body as a function of 

fruit-body yield by a nonlinear least squares regression analysis. In addition, the 

relationships between fruit-body yield, average fruit-body dry weight per fruit and 

fruit-body numbers m-2 were also analyzed using a similar equation. The nonlinear 

least squares regression analysis was conducted by a nonlinear module in SHAZAM.25  

 

RESULTS AND DISCUSSION 

Dynamics of Cd accumulation in the substrates and in fruit bodies during 

fructification and harvesting period 

There were slight changes in Cd concentrations in the substrates between the steam 

pasteurization and the substrate colonization stages, at 0.29 and 0.32 × 10-6 g g-1 dry 

matter, respectively. However, its concentrations in the substrates declined rapidly after 
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the 1st, 2nd and 3rd harvests of fruit bodies, resulting in 29%, 44% and 58% reduction in 

Cd concentrations, respectively, when compared to the Cd concentration at the 

complete colonization stage by the spawn. Heavy metals are transported to the fruit 

body via mycelium during the start of fructification.17 After the first harvest, a 

significant amount of Cd in the substrates was exported due to the removal of fruit 

bodies, thereby resulting in a decreasing Cd concentration detected in the substrates. 

Similarly, the Cd concentrations in fruit bodies also decreased after the 

consecutive harvests of 1st, 2nd and 3rd flushes of mushrooms, at 5.51, 5.22 and 4.73 × 

10-6 g g-1 dry matter, respectively. Kalac and Svoboda17 also reported that metal 

concentrations were the highest in the initial harvest wave of A. bisporus. This 

declining trend of Cd concentrations in the fruit bodies after consecutive harvests is a 

result of the decreasing Cd concentrations in the substrates due to the harvest of fruit 

bodies. 

 

Cadmium concentrations as affected by A. blazei strains, body parts and rinsing 

Rinsing is an effective tactics to reduce the Cd concentration in the fruit bodies after 

harvest. After a quick rinse in water for two mins to remove the scales, Cd in the fruit 

bodies was reduced from 10.6 to 7.70 × 10-6 g g-1 dry matter for the A. blazei strain 

N-2 and from 10.9 to 5.00 × 10-6 g g-1 dry matter for the strain A-6. In a similar study, 

Zrodlowski26 found that washing and peeling of A. bisporus decreased concentrations 

of cadmium, lead, copper and zinc by 30-40%. 
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Cd concentrations differ between body parts. Its concentration was 14.3 and 6.20 

× 10-6 g g-1 dry matter in the cap and stalk of the strain N-2, respectively. For the A. 

blazei strain A-6, the Cd concentration was 15.00 × 10-6 g g-1 dry matter in the cap and 

5.00 × 10-6 g g-1 dry matter in the stalk. The uneven distribution of heavy metals within 

a fruit body has also been reported by Kalac and Svoboda.17 They found that the 

highest concentrations are in the sporophore (but not in spores), less in the rest of the 

cap and the lowest in the stalk. Similarly, Melgar et al.27 reported that the Cd 

concentration in Agaricus macrosporus is about two times higher in the cap than in the 

other parts of fruit bodies. Seeger15 found that the Cd concentration in the gills is 5 

times more than in the other parts. 

 

Relationship between A. blazei yield and its components 

The fruit-body dry weight per fruit of A. brazei decreased as the fruit-body numbers 

m-2 increased, following a linear relationship between the reciprocal of its fruit-body 

dry weight and fruit-body numbers m-2 (Fig. 1). Similar trends were found for the 1st 

and 2nd harvest as well as the two harvest-combined. The total dry weight of fruit 

bodies m-2 can be fitted by a hyperbolic relationship to fruit-body numbers m-2 by 

adopting a characteristic yield-density relationship described by Willey and Heath26 

(Fig. 2). Although lower numbers of fruit bodies m-2 resulted in higher weights per 

single fruit body, the high fruit-body yield m-2 can only be achieved by increasing the 

number of fruit bodies m-2 rather than the size (weight) of each individual fruit body. 
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Effect of fruit-body yield m-2 on Cd accumulation 

The Cd concentration in the fruit body decreased as the fruit-body yield m-2 increased 

(Fig. 3), which follows a similar relationship between the fruit-body size (weight) and 

fruit-body numbers m-2 as shown in Figure 5. The fitted parameters for Eq. (3) suggest 

that the relationship is valid after the fruit-body yield was greater than 60 g m-2. Within 

the experimental range of the fruit-body yield, a relative low Cd content (< 6.0 mg kg-1) 

in the fruit body can be maintained when the fruit-body yield of higher than 110 g m-2 

is achieved. 

 

Cd accumulation as affected by yield components 

Linear regression analyses showed that the Cd concentrations in the fruit body can be 

well related to the yield components of A. brazei, i.e. the fruit-body numbers m-2, the 

fruit-body size (weight) and their interactions (Fig. 4). The fruit-body numbers m-2 had 

the greatest positive contribution to the Cd accumulation, while the interactions 

between the fruit-body size and the fruit-body numbers m-2 showed a smaller but 

negative effect. The results indicate that the decline of Cd concentration in the fruit 

body might be due to a dilution effect as a result of the increased numbers of fruit 

bodies per unit area. 

 

Cd accumulation as affected by substrate Cd concentration and the fruit-body 

size 

The Cd content in the substrates is the source for Cd accumulation in the fruit body. Cd 
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concentration in the fruit body can be well predicted as a function of Cd content in the 

cultivation substrates (CCd,E), together with the fruit-body size (w). Cd concentration in 

the fruit body can approach an asymptote of 13.4 mg (kg dry weight)-1 if Cd 

concentration in cultivation substrate approaches infinite (Fig. 5). The effect of the 

fruit-body size was expressed as a negative value of the coefficient β (-0.37), showing 

an increase of Cd concentration in the fruit body as the size of the fruit body increased. 

The model for the Cd concentration in the fruit body as a function of Cd concentration 

in cultivation substrates and the size of the fruit body counted for 87% variance in 

observed Cd concentration in the fruit body. It is therefore imperative to control the 

over-growth of individual fruit body to ensure the production of a large number of 

medium-sized and uniform fruit bodies. On the other hand, it is also critical to limit the 

initial Cd concentration in the substrates. 

It has been estimated that the Cd concentration was 0.06 mg kg-1, 0.35 mg kg-1, 

0.52 mg kg-1 and 0.1 mg kg-1 in rice straw, cow manure, calcium superphosphate 

[Ca(H2PO4)2·H2O] and the casing soil used, respectively. Therefore, selection of 

suitable production materials for substrate preparation is an important step of reducing 

Cd concentrations in A. blazei. In the present study, potassium dihydrogen phosphate 

(KH2PO4) and gypsum were used to replace calcium superphosphate which contained 

relatively high concentrations of Cd and As. The usage of cow manure was also 

significantly reduced, from the commercial rate of 22-30% to 12% and resulted in no 

significant impact on fruit-body yield. The cultivation substrates prepared and used in 

the present research was around 0.17 mg kg-1. Bioaccumulation factor (Cd in the fruit 
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body to substrate ratio) was estimated as 27.8-32.4 in the present study. Kalac and 

Svoboda17 reported that bioaccumulation factor of Cd ranged from 50 to 300 depending 

on mushroom species. 

Substrate composition is considered to be an important factor in determining the 

heavy metal concentrations in the fruit bodies.17 Cadmium concentration increases as 

its concentrations in the substrates increases. Si et al.29 reported that addition of 50 mg 

kg-1 of Cd to the cultivation substrates significantly increased the Cd concentration in 

the fruit bodies of a number of mushroom species, including Lentinula edodes, 

Flammulina velutipes and Auricularia aulicula. The accumulated Cd concentrations in 

the fruit bodies cultivated with Cd-added substrates were 200 times higher when 

compared to non-Cd-added substrates. Lei and Yang30 also demonstrated that the Cd 

concentrations in the fruit bodies of Lentinula edodes were higher when cultivated in 

Cd-contaminated substrates than in non-contaminated substrates. Therefore, the degree 

of Cd contamination in cultivation substrates has a significant impact on the 

accumulation of Cd in the fruit bodies. 

 

Cd accumulation and phosphorus (P) uptake 

Cd concentration in the fruit body showed a modified exponential function of P 

content in the fruit body (Fig. 6). The results suggest that Cd accumulation is highly 

associated with P uptake. However, there was no significant association between Cd 

accumulation and calcium content (data not shown). The positive relationship between 

Cd accumulation and P absorption suggests that it might be possible to limit Cd 
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accumulation in the fruit body by reducing P input in the cultivation substrates. Meisch 

and Schmitt31 isolated a Cd-mycophosphatin organic complex from Agaricus 

macrosporus. The P-containing organic compound has a molecular weight of 12,000 

Da. The presence of this Cd-P-organic complex might contribute to the positive 

association of P and Cd. Higher P levels might also stimulate the Cd accumulation and 

increase Cd-tolerance in A. blazei. 

In a separate study, we have found that there was a slight increase (2.2%) in the 

content of total amino acids as the Cd concentration in the fruit body increased 

(unpublished data). Among the 17 amino acids tested, arginine proline, phenylalanine 

and alanine were the top four amino acids that were significantly increased. It is not 

clear if amino acids have involved in the chelation process of Cd.  

 

CONCLUSIONS 

Cadmium accumulation in A. blazei imposes potential health threat to consumers. The 

popular demand for A. blazei products has prompted the need to significantly reduce 

Cd accumulation in the harvested fruit bodies. The present research has identified a 

number of control measures which can be taken to effectively reduce Cd concentration 

in the fruit body: by limiting the initial Cd and P contents in the substrates, rinsing the 

fruit bodies in water, and improving cultivation techniques to increase fruit-body yield 

m-2 through the production of sufficient numbers of medium-sized fruit bodies. 

Excessively-grown fruit bodies should be avoided due to the risk of high Cd 

accumulation. 
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Fig. 1. The relationship between the fruit-body numbers m-2 (ρ) and the fruit-body dry 

weight per fruit (w). The solid line is fitted to the combined data of the two harvests 

by 
ρρ +

=
5.0

mxww , wmx = 193.55, ρ0.5 = 30.53, R2 = 0.87.  

Fig. 2. The relationship between fruit-body numbers m-2 (ρ) and fruit-body yield/m2 (Y). 

The solid line is fitted the combined data of the two harvests by 
ρρ

ρ
+

=
5.0

mxYY , 

where Ymx = 187.75 and ρ0.5 = 28.08, R2 = 0.69. 

Fig. 3. The relationship between Cd concentrations in the fruit body (CCd) and the 

fruit-body yield m-2 (Y). The solid line is fitted to the combined data of the two 

harvests by 
YY

CC mx
Cd +

=
5.0

, Cmx = 289.01, Y0.5 = -59.20, R2 = 0.87.  

Fig. 4. The relationship between the observed Cd concentration (CCd, Obs) and the 

predicted Cd concentration (CCd, Prd) in the fruit body as a function yield components 

of A. brazei. CCd, prd is fitted by ρρ wEEwEEC prdCd 3210, +++= , where  E0 = 

2.40, E1 = 3.87, E2 = 0.091 and E3 = -0.094.  

Fig. 5. The relationship between the observed (CCd, obs) and predicted (CCd,prd) Cd 

concentrations in the fruit body as a function of substrate Cd content and size of the 

fruit body. CCd,prd is fitted by the equation of 
wC

CC
C

ECd

ECdmxcd
prdCd βα ++

=
,

,,
, 1

, where CCd, E 

is the Cd content in the substrates and w is dry weight per fruit body. CCd,mx is the 

maximum CCd concentration in the fruit body, α is the coefficient for the effect of 

CCd,E and β the coefficient for the effect of w. The parameter values are CCd,mx = 

13.40, α = 2.16 and β = -0.37. 
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Fig. 6. The relationship between Cd (CCd) and P (Cp) concentrations in the fruit body as 

a function of 
PC

kCd
CdCd e

C
CC µγ−

+=
1

,
0, , where the coefficients have values of CCd,k = 

3.55 CCd,k = 0.16, γ = 0.35 and μ = 0.10. R2 = 0.93. 
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