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INTRODUCTION

Mushrooms have contributed many advantages to 
nature such as forest preservation, replanted tree 
enhancement, recycling woodland debris, and strength-
ening sustainability of ecosystem.  Meanwhile, they are 
highly nutritious to animals and humans (Stamets, 
2005).  All edible mushrooms, healthy foods, are high in 
the B vitamin and other vitamins including vitamin C, 
ascorbic acid, ergosterol, a provitamin D, which is high 
in protein of a good quality (Chang and Hayes, 1978).  
Furthermore, Mushrooms have been used as medicines 
and tonics for a long history (Miles and Chang, 1997).  
Due to their attractively nutritional foods and sources of 
the development of drugs, various mushrooms have 
attracted the attention of the biological researches and 
the artificial cultivations.  A. blazei, an edible mushroom 
originally discovered near a coastal village, Piedade, out-
side of São Paulo (Bernardshaw et al., 2005), in south-
ern Brazil, is attracting the attention of the scientists in 
many countries (Lin and Yang, 2006).  It, popularly 
known as mushroom of god (Stamet, 2005), the sun 
mushroom or Cogumelo do Sol in Brazil, has been 
exported in Japan since 1965.  This mushroom has then 
become popularly known as Himematsutake or 
Kawariharatake (Pinheiro et al., 2003), largely produced 
approximately 100,000–300,000 kg of the dried bodies 
every year in Japan (Takaku et al., 2001).  This mush-
room has been considered to contain the largest quanti-
ties of beta glucan among all the mushrooms.  Beta glu-

can enhances immune systems to fight off predatory 
environmental and infectious microorganism that can 
invade and damage virtually every part of the body.  
Therefore, this mushroom has been commonly used in 
the treatment and the prevention of cancer, immune 
deficiency–related diseases, hepatitis, other chronic syn-
dromes, stress–related diseases, diabetes, blood pres-
sure, cholesterol, the danger of bone loss, digestion, and 
wound or skin problems.  Moreover, it posses the benefi-
cial effect on slowing the aging process (Ley, 2001).  The 
A. blazei, basidiomycete, belonging to the Agaricaceae 
family (Fukuda et al., 2003), is the secondary sapro-
phyte, which prefers growing in actively composting soils.  
It naturally occurs along forest edges or in pasture rich 
in debris and decaying woods mixed with animal ordure, 
requiring high temperature, light, and wet and ventilate 
environment.  Therefore, materials or substrates normal-
ly used for cultivation of A. blazei are already partially 
degraded by microorganism, particularly fermented com-
posts.  Agricultural wastes, cheap and easily available, 
namely rice straw, wheat straw, sawdust, rice bran, sugar 
cane bagasse, and animal manure, are important sub-
strates in mushroom cultivation.  Various studies have 
been conducted to find out the suitable substrates for 
the cultivation of mushrooms.  Meanwhile, cattle com-
post as well as other agricultural waste composts has 
been endlessly tested to find out good substrates for the 
cultivation of A. blazei.  Therefore, the aim of the study 
was to determine potential of cattle compost and sugar-
cane compost with sawdust and supplements on the 
development of A. blazei.
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Potential of compost on the development of Agaricus blazei Murill was evaluated on various compost 
concentrations with two kinds of supplementary materials.  Sugarcane compost as well as cattle compost 
added with sawdust and rice bran was influential substrates on mycelial growth and fruit body develop-
ment.  The fast spawn running was realized on cattle compost concentrations, but primordial formation and 
fruit body development took a short period on sugarcane compost concentrations.  All cattle compost con-
centrations produced the highest biological efficiency, which ranged from 92.29% to 77.37%, followed by 
new sugarcane compost concentrations (ranged from 76.78% to 58.55%) and old sugarcane compost con-
centrations (ranged from 71.81% to 51.95%).  On cattle compost as well as on sugarcane compost, compost 
with 50% and 60% were the highest potential substrates of the other compost concentrations to produce 
yield, BE, and mushroom size.  The yield was the greatest on 50% and 60% cattle compost concentrations, 
with BE of 92.29% and 81.04%.  New sugarcane compost with 50% and 60% concentrations also gave a 
higher yield and bigger mushroom size, with BE of 72.26% and 76.78%.  Similarly, old sugarcane compost 
with 50% and 60% yielded greatly with BE of 71.81% and 62.77%, respectively.  Out results indicated that 
compost concentrations was a potential substrate in A. blazei cultivation; nevertheless, increasing the com-
post ratio did not result in increased mushroom yields with bigger mushroom sizes.
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MATERIALS AND METHODS

Microorganism
A strain of Agaricus blazei Murill KS–72 originated 

from Kyushu University was used in the experiment.  It 
was cultured on Potato Dextrose Agar (PDA) at 24 °C in 
darkness.  A 5 mm diameter disc of the third generation 
of mycelium extension media was transferred to various 
parameters.

Compost source and substrate preparation
Three kinds of composts such as cattle compost, 

new sugarcane compost, and three– year sugarcane com-
post were used as a basal ingredient for producing spawn 
as well as substrates.  The composts were directly 
obtained from a local livestock company (Susuki Co. Ltd. 
Fukuoka, Japan).  Data on chemical and physical compo-
sition of the compost and supplements used as sub-
strates are presented in Table 1. 

Sawdust and rice bran were chosen as supplementary 
substances to increase mushroom yields and to achieve 
faster growth.  As presented in Table 2, the compost was 
mixed with sawdust rates of 0%, 10%, 20%, 30%, 40%, 
50%, and 100%.  Each mixture of the substrate was sup-
plemented with rice bran 20% of the total weight.  The 
moisture of the completed substrate was adjusted to 65% 
with tap water.  The 100 g wet substrate was put into the 
glass Petri dishes, sterilized at 121 °C for 90 min, and 
cooled.  A 5 mm in diameter mycelial agar disc was inoc-
ulated onto the top of the substrate in glass Petri dishes.  
The inoculated Petri dishes were incubated at 30 °C in 

darkness.  Five replications were used for each growing 
trial.  The diameter of mycelium growth was measured 
in 10 days and spawn running was based on the direct 
observation.  After spawn running was completed, the 
Petri dishes were cased with 1.5 to 2 cm of sterilized soil 
and transferred to the mushroom house for fruit body 
formation.  The temperature of mushroom house was 
adjusted 24 °C±1, relative humidity was maintained at 
90–95% and CO2 level was less than 1000 ppm.  A light 
intensity of 500 lux was automatically changed from dark 
to light (12/12h) by way of a fluorescent lamp.  The pH 
was determined by the HORIBA pH METER F–12 and 
Ec by CM–60V conductivity meter, respectively.  Water 
holding capacity (WHC) was calculated from the follow-
ing equation: W= (wet mass × 100/dry mass).  Biological 
Efficiency (BE) is the ratio of gram of fresh mushrooms 
harvested per pram dry substrate and expressed as a 
percentage.  Mean mushroom size (MS) was determined 
as follow: total weight of fresh mushrooms harvested/ 
total number of mushroom harvested.  These data were 
also analyzed by means ± SD (standard deviation) at 
P<0.05.

RESULTS AND DISCUSSION

Effect on vegetative growth
Ten–day mycelial extension on differently mixed 

substrates is given in Table 2.  Mycelial extension varied 
in different compost concentrations and compost kinds, 
except non–compost substrates.  The mycelial extension 
was significantly different in the substrate with different 

Table 1.	 Physical and chemical composition of composts and casing soil

Cattle compost

New sugarcane compost
Old sugarcane compost
Casing soil

WHC–water holding capacity, Ec– Electrical Conductivity, Moist– Moisture

65

32
34
60

6.26

5.48
5.38
7.25

147.5
(Ms/m)
0.286
0.337
11.72

417.6

327.9
298.4
163.7

4.97

3.43
3.73

–

41.84

28.75
26.54

–

2.34

2.93
2.46

–

2.38

2.05
1.88

–

0.72

0.40
0.31

–

3.30

5.08
5.96

–

Ingredients
Moist
   (%)    

pH
Ec

(S/m)
WHC
  (%)

H
(%)

C
(%)

N
(%)

K
(%)

P
(%)

K/P
(%)

Table 2.	 Comparison of ten–day mycelial extension of A. blazei Murill on various compost concentrations

Values are the mean±SD of mycelial growth measurement (mm)

0
50
60
70
80
90

100

100
50
40
30
20
10
0

20
20
20
20
20
20
20

4.48
5.06
5.14
5.06
5.04
4.99
4.90

–
45.5±6.3
41.3±7.2
43.7±7.5
49.2±6.8
55.3±4.2
43.2±6.8

4.48
4.35
4.43
4.48
4.52
4.56
4.43

–
25.8±3.1
26.0±3.0
30.5±6.6
26.6±7.9
27.7±3.8
29.0 ±7.0

4.48
5.13
5.28
5.37
5.52
5.63
5.80

–
21.0±1.0
22.2±1.3
22.3±2.2
22.8±0.6
32.8±5.7
35.6±3.4

Compost
(%)

Sawdust
(%)

Rice 
bran
(%)

pH
Mycelial 

extension
pH

Mycelial 
extension

pH
Mycelial 

extension

New sugarcane compost Old sugarcane compost Cattle compost
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composts for ten days of incubation.  Mycelia grew fast 
in new sugarcane compost substrates followed by old 
sugarcane compost substrates and cattle compost sub-
strates.  This was because of high nitrogen contents in 
sugarcane compost.  Substrates containing higher com-
posts promoted better mycelial extension.  In cattle com-
post, the substrates containing 100% compost were the 
best for mycelial growth followed by 90%, 80%, 70%, 
60%, and 50%, respectively.  In new sugarcane compost, 
composts at 90% and 80% were also good at mycelial 
growth.  In old sugarcane compost, the mycelial exten-
sion was not significantly different from compost at 
100% to 70%.  Therefore, nitrogen was the main factor 
to lead mycelial extension and increasing compost con-
centration provided better results in mycelial growth 
because of high mineral nutrients, moisture, and tem-
perature inside the compost substrates.  Naturally, A. 
blazei favors high temperature, so its mycelia can grow 
vigorously in the increasing concentration of compost 
substrates. 

Effect on spawn running, primordial formation, 
and fruit body development

Spawn running was completed when mycelia colo-
nized whole substrates.  The result of duration to spawn 
running, primordial formation, and fruit body develop-
ment are presented in Table 3.  The most rapid substrate 
colonization took place in cattle compost concentrations 
followed by old sugarcane compost substrates and new 
sugarcane compost substrates.  In cattle substrates, high-
er compost concentrations took a longer colonization 

period than lower compost concentrations.  The fastest 
colonization occurred with 60%, 50%, and 70% on 32 
days and 33 days.  It was followed by 35days, 36days, 
and 37 days with 100%, 90%, and 80%, respectively.  In 
old sugarcane compost, the fastest spawn running took 
place in 32 days with 100% compost followed by 36 days, 
38 days, 44 days, and 52 days with 80%, 60%, 50%, 70%, 
and 90%.  Any way, in new sugarcane compost sub-
strates, higher compost concentrations promoted a 
shorter colonization period.  The shortest duration of 
colonization was 31 days with 100% compost.  It was fol-
lowed by 32 days with 80% compost, 38 days with 90% 
compost, 47 days with 70% compost, 51 days with 50% 
compost, and 57 days with 60% compost.  Therefore, the 
result of mycelial extension at 10 days was not correlat-
ed with spawn running.  Furthermore, the results of pri-
mordial formation and fruit body development did not 
correspond with the results of spawn running.  Cattle 
compost concentration substrates promoted a longer 
duration of primordial formation and fruit body develop-
ment, if compared with new sugarcane compost sub-
strates and old sugarcane compost substrates.  In cattle 
compost substrates, there were no significant differenc-
es in primordial formation and fruit period among 70%, 
90%, and 100% compost.  The longest duration of pri-
mordia formation appeared on 44 days and the first crop 
obtained on 47 days with 50% compost concentration 
(Fig. 1).  The shortest period of primordial formation 
was 27 days with 60% and 80% compost and the first 
crop took 30 days with 60% compost concentration.  
However, in new sugarcane compost substrates, the 

Table 3.	 Total day to spawn running, primordial formation, and fruit body development of A. blazei

SR– spawn running, PF– primordial formation, FD– fruit body development, TDF– total day to the first flush

0
50
60
70
80
90

100

–
51
57
47
32
38
31

–
27
23
31
31
25
24

–
30
27
35
35
29
27

–
81
84
82
67
67
58

–
38
36
44
36
52
32

–
25
24
26
22
24
22

–
28
27
29
26
28
26

–
66
63
73
62
80
58

–
33
32
33
37
36
35

–
44
27
33
27
35
33

–
47
30
36
31
39
37

–
80
62
69
68
75
72

Compost
(%) SR PF FD TDF SR PF FD TDF SR PF FD TDF

New sugarcane compost Old sugarcane compost Cattle compost

Fig. 1.	 Fruit body development on 50% cattle com-
post.

Fig. 2.	 Fruit body development on 80% new sugar-
cane compost. 
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longest period of primordial formation was on 31 days 
with 70% and 80% compost, which provided fruit body 
development on 35 days (Fig. 2) and the shortest dura-
tion of primordial formation was obtained on 23 days 
with 60% compost, which the first crop was 27 days.  
There were no significant differences in primordial for-
mation and fruit duration among 60%, 100%, 90%, and 
50% compost.  Any way, in old sugarcane compost, the 
longest duration of primordial formation was 26 days 
with 70% compost, which promoted fruit body develop-
ment on 29 days (Fig. 3) and the shortest period of pri-
mordial formation was 22 days with 80% and 100% com-
post, which fruit body development took 26 days.  There 

were no considerable differences in primordial initiation 
and fruit periods among old sugarcane compost concen-
trations.  Satmets (2000) reported that A. blazei on com-
post took 28–40 days for spawn running, 18–24 days for 
primordial formation after applying casing soil, and 4–8 
days for fruit body development after primordial forma-
tion, which total day to the first flush is 50–72 days.  
Hence, our results were supportive of this finding. 

Effect on yields
The effect of various compost concentrations on the 

productivity of A. blazei was determined by yield, bio-
logical efficiency, and size of mushrooms.  The most 
desirable stage to harvest A. blazei was when an intact 
partial veil covered the gills and the pileus (cap) became 
box–like in form before fully expanding.  Average mush-
room yields of the two flushes from the five replicates 
are given in Table 4 (new sugarcane compost), Table 5 
(old sugarcane compost), and Table 6 (cattle compost).  
Results indicated that the first flush provided double or 
triple products of the second flush because of high nutri-
ent content of substrates at the first flush.  This result 
was not consistent with Stamets (2000).  On new sugar-
cane compost substrates, the highest yield was 29.56 g 
on 60% compost followed by 27.82 g on 50% compost, 
26.30 g on 80% compost, 25.08 g on 70% compost, and 
24.30 g on 90% and 100% compost with a corresponding 
biological efficiency of 76.78%, 72.26%, 62.62%, 62.70%, 

Fig. 3.	 Fruit body development on 70% old sug-
arcane compost.

Table 4.	 Mushroom yield (fresh wt. (g)/100 g wet substrate), biological efficiency, and mushroom size of A. blazei on 
various concentrations of new sugarcane compost

Values are the mean±SD

50
60
70
80
90

100

72.26
76.78
62.70
62.62
59.27
58.55

2.78±0.47
2.96±0.45
2.28±0.26
2.02±0.28
2.03±0.65
2.43±0.38

20.80±3.53
20.24±4.05
16.18±4.38
19.30±5.02
15.20±6.10
16.78±2.29

7.02±1.65
9.32±1.99
8.90±2.19
7.00±2.44
9.06±3.97
7.52±1.96

27.82±4.70
29.56±4.46
25.08±2.83
26.30±3.70
24.30±7.86
24.30±3.82

Compost
(%)

Biological
Efficiency (%)

Size g/
mushroomFirst flush Second flush

Total fresh 
weight

Fresh weight of mushroom by flushes (g)

Table 5.	 Mushroom yield (fresh wt. (g)/100 g wet substrate), biological efficiency, and mushroom size of A. blazei on 
various concentrations of old sugarcane compost

Values are the mean±SD

50
60
70
80
90

100

71.81
62.77
58.73
56.62
51.95
53.14

2.51±0.24
2.30±0.52
2.50±0.30
2.16±0.23
2.21±0.32
2.34±0.33

22.84±2.40
19.06±4.15
17.10±3.42
18.08±2.83
13.58±1.80
13.72±2.25

7.32±1.21
8.56±3.16
7.82±2.32
5.70±1.42
8.50±1.52
9.66±3.13

30.16±2.90
27.62±6.21
25.00±3.01
23.78±2.53
22.08±3.18
23.38±3.29

Compost
(%)

Biological
Efficiency (%)

Size g/
mushroomFirst flush Second flush Total fresh weight

Fresh weight of mushroom by flushes (g)
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59.27%, and 58.55%, respectively.  Mushroom size on 
50% compost (2.78 g) and 60% compost (2.96 g) was 
not significantly different.  Furthermore, mushroom side 
on compost concentration from 70% to 100% did not dif-
fer significantly, ranging from 2.02 g to 2.43 g. 

On old sugarcane compost substrates, the two flush-
es crop gave a maximum yield of 30.16 g on 50% com-
post followed by 27.62 g on 60% compost with a corre-
sponding biological efficiency of 71.81% and 62.77%, 
respectively.  The low yield was 22.08 g on 90% compost 
and 23.38 g on 100% compost with a corresponding bio-
logical efficiency of 51.95% and 53.14%, whereas moder-
ate yield of 25.00 g on 70% compost and 23.78 g on 80% 
compost with a corresponding biological efficiency of 
58.73% and 56.62%, respectively.  Size of fruit bodies 
was slightly larger on low compost concentration sub-
strates, which was 2.51 g on 50% compost and 2.50 g on 
70% compost. 

Similarly, on cattle compost substrates, the highest 
yield (31.84 g) was obtained from 50% compost and the 
moderate yield was 27.96 g on 60% compost with a cor-
responding biological efficiency of 92.29% and 81.04%, 
respectively.  However, yields did not differ considerably 
from 70% compost to 100% compost, which was 25.90 g 
on 70% compost, 26.54 g on 80%, 24.64 g on 90% com-
post, and 24.70 g on 100% compost.  In addition, there 
were not significant differences of their biological effi-
ciency, which was 77.37% on 70% compost, 79.22% on 
80% compost, 79.48% on 90% compost, and 78.41% on 
100% compost.  Size of fruit bodies was large on 50% 
compost (3.18 g) and on 60% compost (2.80 g), and was 
not significantly different from 70% compost to 100% 
compost.  As a result, various ratios of new sugarcane 
compost provided better yield and higher biological effi-
ciency than that of old sugarcane compost because new 
sugarcane compost contained higher nutrient contents 
than old sugarcane compost.  Moreover, various concen-
trations of cattle compost produced the best yield and 
the highest biological efficiency if compared with new 
and old sugarcane compost.  It was because the cattle 
compost contained higher nutrient contents and water 
holding capacity than sugarcane compost.  Meanwhile, the 
result also revealed that the higher concentration of sug-
arcane compost as well as cattle compost produced less-
er yield and biological efficiency.  Thus, more addition of 

compost to the substrate significantly decreased mush-
room yield probably because of a high content of nitro-
gen and ammonia as growth inhibitor of this fungi in 
compost.  Our result was consistent with the result of 
Baysal, et al. (2003) and Laborde, et al. (1984).  
Generally, selection of a variety of substrate materials 
for the cultivation of mushroom is largely based on low 
cost but highly obtained yield.  Substrates used for culti-
vation of A. blazei in the experiment was agricultural 
wastes, cheat and easily available.  Cattle compost as well 
as sugarcane compost in particular when added to saw-
dust and rice bran was able to promote development of 
A. blazei.  In the present study, it is clearly showed that 
50% and 60% compost concentration added with supple-
ments sawdust and rice bran can produce good yields. 

CONCLUSIONS

The A. blazei, secondary saprophyte, grows in fer-
mented substrates particularly composting soil rich in 
plant debris.  Non–compost substrates were not advan-
tageous for its growth.  Compost substrates, sugarcane 
compost as well as cattle compost, were massive poten-
tial for its cultivation.  Sugarcane compost substrates led 
better mycelial extension than cattle compost sub-
strates, but their spawn running took a longer period 
than cattle compost concentrations.  Any way, sugarcane 
compost substrates produced earlier primordial initia-
tion and fruit body development than cattle compost 
concentrations; however, they provided lower yield, 
mushroom size, and biological efficiency than cattle 
compost substrates.  Meanwhile, this study also revealed 
that new sugarcane compost concentrations gave better 
results for biological efficiency than old sugarcane com-
post concentration.  Furthermore, on sugarcane compost 
as well as cattle compost, high compost concentrations 
did not provide better results for biological efficiency 
and yield with bigger sized mushrooms; nevertheless, a 
higher percentage of supplementary materials could 
stimulate higher yield and biological efficiency.
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