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Abstract       Medicinal mushrooms have currently become a hot issue due to 
their various therapeutic properties. Of these, Agaricus blazei Murrill, also 
known as the ‘‘almond mushroom’’, has long been valued by many societies 
(i.e., Brazil, China, USA). 
Compost production is the most important and integral part of mushroom 
cultivation and its quality parameters mainly determine success or failure of a 
crop. It is a product of fermentation brought about by the activities of 
thermophilic organisms and among them fungi especially, Scytalidium 
thermophillum, have a decisive role in bringing about the selectivity and 
productivity of the compost. 
This study evaluates the Agaricus blazei Murrill mushroom production by 
using Scytalidium thermophillum at compost preparation. This research was 
conducted on classical pasteurized horse manure compost, supplemented 
with 1% coffee grounds.   
Mycelial growth of Agaricus blazei Murrill on sterilized compost is strongly 
stimulated by preincubating the compost with the thermophilic fungus 
Scytalidium thermophilum. This stimulatory effect is not species specific, for 
either Agaricus blazei Murrill or Scytalidium thermophilum. Normal mushroom 
compost is almost completely colonized with Scytalidium thermophilum.  
Scytalidium thermophilum provides for compost selectivity: it protects against 
negative effects of compost bacteria on mycelial growth of Agaricus blazei 
Murrill. Scytalidium thermophilum are inactivated by the growth of Agaricus 
blazei Murrill mycelium.   
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Agaricus blazei Murrill was called the “almond 

mushroom” due to its almond taste, and cultivated and 

consumed in the Atlantic states of the United States 

from the late 19th to the early 20th century [4]. In 

1960, this mushroom was discovered again in Brazil, 

and called the “Piedade mushroom” due to the name of 

the village, in the Province of Sao Paolo, where it was 

collected by T. Furumoto who sent it to Japan in 1965 

to study its medicinal properties. This mushroom was 

named Agaricus blazei Murrill by the Belgian botanist 

P. Heinemann in 1967. Other common names for this 

mushroom are Himematsutake in Japan, medicinal 

mushroom or Sun Mushroom® (Cogumelo do Sol in 

Portuguese) in Brazil, and Royal Sun Agaricus® in 

other countries. After the death of Furumoto, the 

cultivation of A. blazei was abandoned in Japan, but 

because of the interest in the Japanese market, 

mushroom cultivation commenced in Brazil. A. blazei 

had become an important export product for Brazil, 

fetching higher prices in comparison to other 

mushrooms [7]. 

Agaricus blazei Murrill is a gilled fungus belonging to 

the family of the Agaricaceae in the order Agaricales 

[7] within the phylum Basidiomycota. A. blazei has 

been thoroughly described by Kerrigan [19] and the 

illustration and description was also published by 

Firenzuoli [2] and by Wisitrassameewong [19]. The 

basidiomata morphology of this species is variable. 

Sporocarps can be robust or gracile, both due to the 

genotype and environmental influences [4]. The cap is 

2070 mm broad in button stage and 60-150 mm broad 

in mature stage hemispherical to convex to plano-

convex shape and fleshy. The surface is dry and 

covered by fibrillose squamous hairs. The pileus colour 

is somewhat variable and sensible to the light, ranging 

from brownish-gold, reddish brown, purple brown to 

brownish orange, more or less pale and sometimes 

completely white. The basidiospores are chocolate 

brown (5 x 4 μm) [2, 19]. 

Compost production is the most important and integral 

part of Agaricus ssp. mushroom cultivation. It is a 

product of fermentation brought about by the variety of 

organisms including bacteria, actinomycetes and fungi. 

http://www.ciupercaria.com/
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These organisms convert and degrade the straw to form 

lignin humus complex and also convert soluble form of 

nitrogen into microbial cell substances [15-17]. This 

decomposed straw along with microbial biomass both 

become a source of organic and inorganic nutrition for 

the mushroom mycelium [20]. The process of 

composting is governed by a carefully ordered 

changing population of organisms [1]. Further, these 

mycoflora also play a key role towards selectivity and 

conditioning of the compost and make the growth of 

competitor microorganisms more difficult [5, 9, 14]. 

Compost if properly prepared, Agaricus ssp. 

mushrooms, can only successfully grow in it at the 

practical exclusion of the competing organisms [3]. 

Various kinds of flora encountered during whole 

process of composting have different role to play. 

Mesophilic flora present in the initial process of 

composting bring about the biodegradation of the straw 

and other ingredients which results in heat energy 

resulting in establishment of thermophilic flora in the 

compost which later on govern the whole process of 

composting. Of the thermophilic fungi generated in the 

compost during the course of composting, Scytalidium 

thermophillum, are of utmost importance as they are 

responsible for nutrition of Agaricus ssp. mushrooms 

and faster composting process [10,13,18]. 

 

 

 

 

 

 

Material and Method 

 
Strains.  

The biological material used in experience was a pure 

culture of VAB strain of Agaricus blazei Murrill, 

which was used to produce grain spawn [8] and 

Scytalidium thermophillum isolated from mushroom 

compost. 

Culture of S. thermophilum and preparation of model 

mushroom compost.  

Stocks and inoculum were grown on yeast/glucose agar 

at 45°C in the dark. Model compost was prepared 

according to Straatsma et al. [6] from 100 g rewetted 

dried and ground mushroom compost, and pasteurized 

in small polycarbonate containers (150 x 105 x 78 mm, 

l x w x h). If required, S. thermophilum was inoculated 

and cultured for 3 days. Inactivation of fully grown 

cultures was achieved by autoclaving cultures for 10 

min at 121 °C (then S. thermophilum cannot be 

recovered from compost when tested on agar). The 

compost was prepared according to the methodology 

described by Siquerira et al. [6] with modifications, 

using as ingredients: horse manure and 1% coffee 

grounds.   

Culture of A. blazei and growth recording. Sterile 

compost and sterile compost fully grown with S. 

thermophilum was dispensed in 9 cm Petri dishes at 30 

g per dish (figure 1). Petri dishes were inoculated 

centrally. The lids of the Petri dishes were fixed with 

parafilm tape, to achieve gas exchange. Dishes were 

routinely placed in plastic bags to prevent desiccation 

and were incubated at 24 °C in the dark (figure 2).

 

 

 

 

 

The position of the mycelial front was marked under a 

dissection microscope (12-5 x) with a needle scratch on 

the lid every 1 or 2 day. When cultures were fully 

grown, the marks were measured from the periphery of 

the inoculum with a ruler at 1 mm accuracy and growth 

parameters were calculated. Growth was also studied in 

tubes according to Straatsma et al. [11], and in small 

containers. The latter were inoculated in a vertical 

profile on the narrow side of the box. Growth was 

marked at 2-3 day intervals with a marker. In these 

cases, early growth is difficult to measure and growth 

parameters of this period are indicative only. The 

peripheral growth zone, was determined according to 

Trinci [12]. 

Conditions resembling commercial cultivation. 

Untreated fresh mushroom compost and casing soil 

were used. Small, 1 litre pvc containers (9 cm inner 

diam.) were filled with 300 g compost randomly 

seeded with Mg spawn (about 115 grains) and 

compacted to 700 ml. Cultures were loosely covered 

and incubated at 24 °C in the dark. Casing soil (225 g) 

was placed on top of the compost in beakers after 15 

days (figure no. 3). Casing soil invasion was marked 

every 2 days (figure no. 4).

Figure 1. Inoculated Petri dishes. Figure 2. Incubation of Petri dishes. 
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The first harvest took place 35 days after the induction 

of fructification and the total duration of the cultivation 

cycle was 128 days, with 3 harvest cycles. On the day 

of maximum production, in the first flow, samples 

were collected for determination of the protein content 

of the mushroom for each treatment. 

The production cycle, from the inoculation to the end 

of the harvest, was conducted under temperature, 

relative humidity and carbon dioxide conditions 

recommended for Agaricus blazei Murrill, maintaining 

the temperature at 26-27ºC and the relative humidity at 

85-90%. The carbon dioxide concentration was 

reduced from 6500-7000 ppm during the compost 

colonization phase to 700-800 ppm for induction the 

fructification, maintaining these condition until the end 

of the cycle. 

The treatments were divided into four groups: T1 – 

without added microorganisms; T2 - Scytalidium 

thermophillum at a concentration of 10
5
 CFU g

-1
 of 

moist compost; T3 – S. thermophillum at a 

concentration of 10
6
 CFU g

-1
 of moist compost; T4 – S. 

thermophillum at a concentration of 10
7
 CFU g

-1
 of 

moist compost. The cultures were initially diluted in 

water and added to the compost on 10
th

 day of the 

composting process. Classical Agaricus bisporus strain 

were used as control. 

 

Results and Discussions 

 
It was observed that the choice of additive and the 

inoculate concentration can interfere in the preparation 

and obtaining of an appropriate substrate for the 

development of the mushroom. 

Taking into account the unilateral influence of 

treatment used in experience on the number of 

harvested mushrooms, we can be seen that T3 has 

recorded a difference of 2.94 mushrooms, being 

significant positive, to T1 taken as controls which 

registered a negative difference of -2.56 mushrooms 

compared to mean (11.56). (Table no. 1).

 

Table 1 

Unilateral influence of treatment used in experience on the number of harvested mushrooms 

Treatment 
Harvested mushrooms Difference    ±D 

mushrooms 

Signification of 

difference Number  % 

T0 11.56 100.0 0.00 Mt 

T1 9.00 77.8 -2.56 00 

T2 11.5 99.5 -0.06 - 

T3 14.5 125.4 2.94 ** 

T4 11.25 97.3 -0.31 - 

DL (p 5%) 1.30 

DL (p 1%) 1.97 

DL (p 0,1%) 3.16 

 

In combining experimental factors, treatment and 

species, on number of harvested mushrooms, were 

recorded significant values (table no. 2).  

Watching the influence of combined factors, treatment 

and species, the highest values were recorded at by S2 

strain with T3 treatment with 16.50 numbers of 

mushrooms, followed by S2 strain with T2 treatment 

with 12.50 numbers of mushrooms. On the last place 

was located T1 treatment with the both S1 and S2 

species.

 

 

Figure 3. Applying casing layer. Figure 4. Casing soil invasion. 



 161 

Table 2 

Combining experimental factors, treatment and species, on number of harvested mushrooms 

 

Tratment 

 

Strain* 
Number of harvested 

mushrooms 
Significance** 

T3 S2 16.50 A 

T2 S2 12.50   B 

T3 S1 12.50   B 

T4 S1 11.50    BC 

T4 S2 11.00    BC 

T2 S1 10.50     C 

T1 S2 10.50     C 

T1 S1 7.50       D 

DS 1.83-1.96  

*S1 – Agaricus bisporus, S2 – Agaricus blazei Murrill  

** Values marked with different letters are significant 

 

Taking into account the unilateral influence of 

treatment used in experience on the weight of harvested 

mushrooms, we can be seen that T3 has recorded a 

difference of 61.56g of mushrooms, being very 

significant positive, to T1 taken as controls which 

registered a very significant negative difference -

74.69g of mushrooms compared to mean. (Table no. 

3). 

 

Table 3 

Unilateral influence of treatment used in experience on weight of harvested mushrooms 

Treatment 
Wight of harvested mushrooms Difference    ±D 

mushrooms 

Signification of 

difference Grams/casserole  % 

T0 224.69 100.0 0.00 Mt 

T1 150.00 66.8 -74.69 000 

T2 212.50 94.6 -12.19 - 

T3 286.25 127.4 61.56 *** 

T4 250.00 111.3 25.31 * 

DL (p 5%) 16.91 

DL (p 1%) 25.61 

DL (p 0,1%) 41.14 

 

In combining experimental factors, treatment and 

species, on weight of harvested mushrooms, were 

recorded significant values (table no. 4).  

Watching the influence of combined factors, treatment 

and species, the highest values were recorded at by S1 

strain with T3 treatment with 287.50 grams/casserole 

of mushrooms, followed by S2 strain with T3 treatment 

with 285.00 grams/casserole of mushrooms. On the last 

place was located T1 treatment with the both S1 and S2 

species.

 

Table 4 

Combining experimental factors, treatment and species, on weight of harvested mushrooms 

 

Tratment 

 

Strain* 

Weight of harvested 

mushrooms 

(grams/casserole) 

Significance** 

T3 S1 287.50 A 

T3 S2 285.00 A 

T4 S2 267.50 A 

T4 S1 232.50    B 

T2 S2 230.00    B 

T2 S1 195.00       C 

T1 S2 160.00          D 

T1 S1 140.00          D 

DS 23.89-25.54  

*S1 – Agaricus bisporus, S2 – Agaricus blazei Murrill  

** Values marked with different letters are significant 

 



 162 

Taking into account the unilateral influence of 

treatment used in experience on the dry matter content 

of harvested mushrooms, we can be seen that T3 has 

recorded a difference of 2.32% DM of mushrooms, 

being positive, to T1 taken as controls which registered 

a negative difference -2.08% DM of mushrooms 

compared to mean. (Table no. 5).

 

Table 5 

Unilateral influence of treatment used in experience on dry matter of harvested mushrooms 

Treatment 
DM of harvested mushrooms Difference    ±D 

mushrooms 

Signification of 

difference Dry Matter  % 

T0 89.67 100.0 0.00 Mt 

T1 87.59 97.7 -2.08 0 

T2 90.00 100.4 0.33 - 

T3 91.99 102.6 2.32 * 

T4 89.09 99.4 -0.58 - 

DL (p 5%) 1.62 

DL (p 1%) 2.46 

DL (p 0,1%) 3.95 

 

In combining experimental factors, treatment and 

species, on dry matter content of harvested mushrooms, 

were recorded significant values (table no. 6).  

Watching the influence of combined factors, treatment 

and species, the highest values were recorded at by S2 

strain with T3 treatment with 93.14% DM of 

mushrooms, followed by S2 strain with T2 treatment 

with 91.48% DM of mushrooms. On the last place was 

located T1 treatment with the both S1 species.

 

Table 6 

Combining experimental factors, treatment and species, on dry matter of harvested mushrooms 

 

Tratment 

 

Strain* 
Dry matter of harvested 

mushrooms (%) 
Significance** 

T3 S2 93.14 A 

T2 S2 91.48  AB 

T3 S1 90.84   ABC 

T4 S2 90.29     BC 

T1 S2 88.88      BCD 

T2 S1 88.53         CDE 

T4 S1 87.90           DE 

T1 S1 86.30             E 

DS 2.29-2.45 

*S1 – Agaricus bisporus, S2 – Agaricus blazei Murrill  

** Values marked with different letters are significant 

 

Taking into account the unilateral influence of 

treatment used in experience on the protein content of 

harvested mushrooms, we can be seen that T3 has 

recorded a difference of 2.62% of protein content, 

being very significant positive, to T1 taken as controls 

which registered a very significant negative difference 

-2.37% of mushrooms compared to mean. (Table no. 

7).

 

Table  7 

Unilateral influence of treatment used in experience on the protein content of harvested mushrooms 

Treatment 
Protein of harvested mushrooms Difference    ±D 

mushrooms 

Signification of 

difference Protein  % 

T0 26.10 100.0 0.00 Mt 

T1 23.72 90.9 -2.37 000 

T2 25.36 97.2 -0.74 - 

T3 28.72 110.0 2.62 *** 

T4 26.59 101.9 0.49 - 

DL (p 5%) 0.81 

DL (p 1%) 1.22 

DL (p 0,1%) 1.96 



 163 

In combining experimental factors, treatment and 

species, on dry matter content of harvested mushrooms, 

were recorded significant values (table no. 8).  

Watching the influence of combined factors, treatment 

and species, the highest values were recorded at by S1 

strain with T3 treatment with 287.50 grams/casserole 

of mushrooms, followed by S2 strain with T3 treatment 

with 285.00 grams/casserole of mushrooms. On the last 

place was located T1 treatment with the both S1 and S2 

species.

 

Table 8 

Combining experimental factors, treatment and species, on protein content of harvested mushrooms 

 

Tratment 

 

Strain* 

Protein content of 

harvested mushrooms 

(%) 

Significance** 

T3 S2 29.83 A 

T3 S1 27.60    B 

T4 S2 27.08    B 

T4 S1 26.10       C 

T2 S2 26.06       C 

T2 S1 24.65        CD 

T1 S2 24.53          D 

T1 S1 22.92             E 

DS 1.14-1.22 *S1 – Agaricus bisporus, S2 – Agaricus blazei Murrill ** Values marked with different letters are 

significant 

 

Conclusions 
 

Treatment 3 – S. thermophillum at a concentration of 

10
6
 CFU g

-1
 of moist compost, presented the highest 

total number of harvested mushrooms, total weight, dry 

matter and protein content when compared to the other 

treatments. In contrast, treatment 1, characterized by 

the absence of microbial additives, presented the 

lowest amount and total weight of the harvested 

mushrooms, as well as the lowest dry matter and 

protein values. This suggest that a higher microbial 

activity, can be beneficial to the productivity of 

mushrooms.  

The obtained results demonstrate that the microbiota of 

the substrate, as well as microbial additives, can 

promote higher productivity when compared with 

substrate that present low microbial activity, because 

the microbial activity contributed to the degradation of 

the substrate and metabolite formation that stimulate 

the mushroom strain growth. 

In the present work, the obtained data suggest that 

certain concentrations of microbial additives act in a 

quite specific way. Therefore, it is necessary to know 

what species occur naturally in the compost, and 

multiplication of these species in laboratory conditions 

and use them as additives in commercial mushroom 

composts. 

 

References 
 

1.Chang Y and Hudson HJ., 1967, The fungi of wheat 

straw compost. 1. Ecological Studies. Trans. Brit. 

Mycol. Soc. 50: 649-666. 

2.Firenzuoli, F., Gori, L., Lombardo, G., 2008. The 

medicinal mushroom Agaricus blazei Murrill: Review 

of literature and pharmaco-toxicological problems. 

Advance Access Publication 27, 3-15.  

3.Huang CH., 1978, Studies and experiments on 

mushroom culture in Taiwan. Mushroom Sci. 10: 575-

587.  

4.Kerrigan, R.W., 2005, Agaricus subrufescens, a 

cultivated edible and medicinal mushroom, and its 

synonyms. Mycologia 97 (1), 12-24. 

5.Ross RC and Harris PJ., 1983, The significance of 

thermophilic fungi in mushroom compost preparation. 

Scientia Hort. 20: 61-70.  

6.Siqueira F.G., Martos E.T., Silva E.G., Silva R., Dias 

E.S., 2011, Biological efficiency of Agaricus 

brasiliensis cultivated in compost with nitrogen 

concentrations. Horticultura Brasileira 29, 157-161. 

7.Souza Dias, E., Abe, C., Schwan, R.F., 2004, Truths 

and myths about the mushroom Agaricus blazei. 

Scientia Agricola 61 (5), 545-549.  

8.Stamets P., 2000, Growing Gourmet and Medicinal 

Mushrooms, Ten Speed Press, Berkeley, New York.  

9.Stanek M., 1969, Effect of cellulose decomposing 

micro-organisms on the growth of mushrooms. 

Mushroom Sci. 7: 161-171.  

10.Straatsma G et al., 1989, Population dynamics of 

Scytalidium thermophilum in mushroom compost and 

stimulatory effects on growth rate and yield of 

Agaricus bisporus. J. Gen. Microbiol. 135: 751-759.  

11.Straatsma, G., Gerrits J.P.G., Augustijn M.P., 

Vogels G.D., Van Griensven L.J., 1989, Population 

dynamics of Scytalidium thermophilum in mushroom 

compost and stimulatory effects on growth rate and 

yield of Agaricus bisporus. Journal of General 

Microbiology 135, 751-759.  

12.Trinci A.P.J., 1971, Influence of the width of the 

peripheral growth zone on the radial growth rate of 

fungal colonies on solid media. Journal of General 

Microbiology 67, 325-344.  



 164 

13.Vijay B et al., 1997, Mycoflora of Agaricus 

bisporus compost. In : Advances in Mushroom Biology 

and Production. RD Rai et al. Eds. MSI, Solan. 140-

159.  

14.Vijay B et al., 2002, Role of thermophilic fungi in 

compost production for Agaricus bisporus. J. Mycol. 

Plant Pathol. 32: 204-210.  

15.Waksman SA and Cordon TC., 1939, Thermophilic 

decomposition of plant residues in composts by pure 

and mixed cultures of micro - organisms. Soil Sci. 47: 

217-224.  

16.Waksman SA et al., 1939, Influence of temperature 

upon the micro-biological population and 

decomposition processes in composts of stable manure. 

Soil Sci. 47: 81-112.  

17.Waksman SA et al., 1939b, Thermophilic 

actinomycetes and fungi in soil and in composts. Soil 

Sci. 47: 37-60.  

18.Wiegant WM., 1992, Growth promoting effect of 

thermophilic fungi on the mycelium of the edible 

mushroom, A. bisporus. Appl. Environ. Microbiol. 58: 

2654-2659.  

19.Wisitrassameewong, K., Karunarathna, S.C., 

Thongklang, N., Zhao, R., Callac, P., Chukeatirote, E., 

Bahkali, A.H. and Hyde, K.D., 2011, Agaricus 

subrufescens: New to Thailand. Chiang Mai Journal of 

Science (In press).  

20.Wood DA and Fermor TR., 1981, Nutrition of 

Agaricus bisporus in compost. Mushroom Sci. 11: 63- 

71. 

 


