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ABSTRACT: White button mushroom (Agaricus bisporus) is the most popular mushroom throughout the 
world. In this study, effect of three amino acids (Asparagine, Glutamine and Glycine) on the protein 
content, height, pileus diameter and the number of fruit bodies was evaluated in completely randomized 
design with 3 replications. Treatments encompassed 150 and 300 mg/L of each amino acids and a 
combination of three amino acids in 150 mg/L concentration. Asparagine in 150 mg/L concentration led 
to 25.6 kg/m

2 
yield of fruit bodies. Mushrooms that treat with 150 mg/L Asparagine had 21% more 

protein content than control. Asparagine in 150 mg/L concentration showed highest pileus diameter (79 
mm) and larger number of fruit bodies that were significantly different with other treatments and control. 
No amino acids treatments affected on height of mushroom. To sum up, Asparagine in 150 mg/L 
concentration showed the best result in all characteristics, except height among different treatments. 
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INTRODUCTION 
 

 Approximately 35 species of mushrooms are grown commercially throughout the world and of these; only 20 
species are cultivated on an industrial scale. 35 to 45 percent of total world wide production of edible mushrooms is 
white button mushrooms (Agaricus bisporus) that were popular mushroom in the whole world (Elibuyuk  and 
Bostan, 2010). According to the statistics of Food and Agriculture Organization of the United Nations (FAO) the 
edible mushroom production in Iran in 2009 was 26,708 tons. Per capita consumption of mushrooms in Iran is only 
450 grams while the global per capita consumption is 4500 grams. Good growth and production of button 
mushroom depends on sufficient diet and type of compost (Beyer and Muthersbaugh, 1996). More precisely, in 
order to increase the production of button mushrooms, we need to optimization of media kinds and components, 
nutritional supplements application time and mushroom quality. The major of compost was plants waste that has 
between 0.5 to 0.8% of nitrogen content (Upadhyay et al., 2002), while the suitable nitrogen content for the 
production of fruiting body should be between 2 to 2.3%. Because of difficulty of availability of basic compost 
materials and variety of these, the formulation of compost with different nitrogen sources has been widely studied. 
Adding of nutritional supplements to the mushroom medium increased the yield and quality of fruiting body (Biswas 
et al., 2009). Nutritional supplements that widely used often were rich in carbohydrates, proteins, amino acids and 
high and low consumption elements (Royse et al., 2008). Specifically the role of nitrogen as an essential element in 
button mushroom compost has been studied by many researchers. Fungal fruiting body production in series with 
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the flash happened approximately 7 days. After the second flash, mushroom production due to reduced availability 
of nutrients in compost greatly reduced (Sinden and Schisler, 1962; Sinden and Schisler, 1964; Flegg and Smith, 
1982; Flegg et al., 1985; Schisler, 1990; Royse et al., 2008) therefore the growers terminate the process of 
mushroom production and begin a new cycle of product. This results in additional costs in preparing the spawns, 
compost material and its preparation in unit time. So finding the right supplement can improve the quality and 
quantity characteristics of button mushroom per kg/m

2
 of compost. Asparagine was the first amino acid which 

purified from plants. Its molecular mass is 132.12, the molecular formula is C4H8N2O3 and the C:N ratios 4:2 (Lea et 
al., 2006). Glutamine molecular formula is C5H10N2O3, molecular weight is 146.15 and the C:N ratio is 5:2 (Ikan, 
2008). The simplest amino acid is glycine, with C2H5NO2 molecular formula, 75.07 molecular mass and ratio of C:N 
is 2:1 (Ikan, 2008). In this study, the effect of three amino acids Asparagine, glutamine and glycine on yield, protein 
content, size, cap diameter and button mushrooms size was evaluated. 
 

MATERIALS AND METHODS 
 

 This experiment was carried out in agricultural research and edible mushrooms trial chamber of the Persian 
Gulf University, in a completely randomized design with eight treatments and three replications. In order to compost 
production, 2 to 3 centimeter of wheat straw that had been pre-wet was mixed with calcium sulfate with 4% weight 
ratio. After adding chicken manure, urea and beet molasses respectively to 50, 1.6 and 1.3 kg per kg of straw, 
compost production was stirred during 20 days every four days, to prevent a rise in temperature to over 60 degrees 
Celsius during the fermentation process. After  20 days semi-fermented straw was pasteurized in wooden boxes at 
70 ° C for 6 h and then at 45 ° C for 36 hours. Compost was inoculated with white button mushroom spawn in 1% 
weight ratio (10 g/kg) (Noble et al., 2003) and 50 cm diameter nylon bags filled with 10 pounds of compost. 
Moisture of the bag and the temperature of the room were set respectively in 85 to 95% and 25 to 23 ° C. The color 
of the compost surface after 14 days convert to white, then solution spray treatments was applied and the soil 
cover are added to the culture medium. The treatments were 0, 150 and 300 mg/L Asparagine, 0, 150, and 300 mg 
L-Glutamine, 0, 150, 300 mg/L glycine and 450 mg/L of a mixture of three amino acids (150 mg each).When 80 
percent of mycelium spawning, for the change of vegetative phase to reproductive phase heat shock was used. To 
accomplish this aim room temperature was decreased to 18° C and air operation was well. Yields period lasted 50 
days and mushrooms were harvested when the cap opening and surface blade was coming to view. Fresh weight 
and numbers of harvested mushrooms were daily notes, and performance was declared based on the kg area of 
bags of fruiting body. Total nitrogen was obtained from micro–Kjeldahl method of plant dry matter (AOAC, 1975) 
and total protein content was calculated by multiplying the nitrogen content in the 6.25 (Van-Gelder, 1981). Cap 
diameter and height of the mushrooms from tip of the cap to the end after moved stem was measured with a 
caliper and the size of fruiting body was gotten by dividing wet weight to the number of fruiting body. Analysis of 
data from these experiments were performed using SPSS statistical software and at the 1% level compare of 
averages with this software and Duncan's new multiple range test were obtained. 
 

RESULTS AND DISCUSSION 
 

 Given a table of data analysis, the results of this study indicate that Asparagine, glutamine and glycine had 
significant effect on the qualitative and quantitative characteristics of button mushrooms (Table 1). results show 
that the concentration and the kind of amino acids both had significant impact on performance (Figure 1). Increase 
in performance level to 117.7% was obtained as Asparagine was used of 150 mg/L in the treated compared to the 
control group. This report compliance with(Chandra et al.,1977) expressed that the Asparagine and aspartic acid 
cause to increase mycelium growth and ultimately produce more fruiting body of the mushroom. (Upadhyay et al. 
,2002) reported that the presence of amino acids or proteins accessible enough for the mycelium fungus can lead 
to increased performance.  
 

Table 1. Analysis of variance of the Effect of Amino acid on Quantity and Quality Characteristics of White button mushroom 

Source of variation 
 
df 

MS 

Percent of protein yield of fruit bodies size of fruiting pileus diameter height 

Treatment 7 123
** 

75.9
** 

33.7
** 

714.758
** 

3.049
** 

Error 16 1 128750 1 1 0.133 
CV (%) - 9.7 4.4 3 2.06 13.8 

**, Statistically significant at p≤0.01 
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 Also (Upadhyay et al. ,2002) reported that nitrogen loss in the media cause to function reduction. (Sanchez et 
al.,2002) also reported that additional amino acids available to oyster mushroom significantly increase the 
performance. So we can say, amino acids with nitrogen as a source of organic nitrogen are used as supplementary 
matter. (Delphina et al.,2007) expressed that addition of a mixture of culture media containing organic nitrogen may 
create a balance between organic and inorganic nitrogen and increases the yield.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The lowest performance was obtained in the treatment of 150 mg/L concentration of glutamine, as compared 
to the control with 17.7 percent decreased. Also, a combination of three amino acids reduced the yield as 11 
percent. In this experiment, the kind of amino acids and their concentrations cause to decreased performance that 
refer to much higher nitrogen levels linked because( Hayes,1981) reported that increase or decrease of Asparagine 
concentrations can effect on performance or Inhibit mycelium fungi growth. Also Naraian et al., 2009) and Lelley 
and Jansen ,1993) reported that a high content of nitrogen in soybean meal were used as complementary Fungal 
reduced performance and stated that high nitrogen in supplement increases the substrate temperature and this rise 
of temperature caused to decrease of fungal mycelium, therefore resulting in loss of yield. The results of this study 
are consistent with these reports, because in higher concentrations of Asparagine and high concentration of 
composition of the three types of 450 mg/L amino acids was observed that yield reduced, which can be caused by 
excessive nitrogen.   

Table 2. effect of amino acids in two concentrations and mixture treatment on height, pileus diameter, number of 
fruit bodies and percent this characteristic difference compared to the control in white button mushroom 

Treatment 
(mg/L) 

height 
(cm) 

difference
1 

(%) 

pileus 
diameter 
(mm) 

difference
1 

(%) 

size of 
fruiting 
(g) 

difference
1 

(%) 

Asparagine 
150  4.2

a
 +13.5 79

a
 +61.2 35.7

b 
-15 

300  2.8
b
 -24.3 57

b
 +16.3 43

b
 +2.3 

         

Glutamine 
150  1.8

c
 -51.3 40

d
 -18.3 44.5

a
 +5.9 

300  1.3
c
 -64.8 56

b
 +14.2 44

a
 +4.7 

         

Glycine 
150  3

b
 -18.9 41

d
 -16.3 43

a
 +2.3 

300  2.6
b
 -27.9 33

e
 -32.6 44

a
 +4.7 

         
mixture  1.75

c
 -52.7 33

e
 -32.6 41

a
 -2.3 

1- Control used to calculate % difference. Difference (%) = [(a-x)/x]100 where a = parameter from non-control 
treatment, x = parameter of control 

 
 However, the high concentrations of glutamine and glycine, their performance has not decreased at higher 
concentrations, that these conflicting results are probably related to the C: N ratio of different amino acids, as 
(Syamets ,2000 and Okhuoya et al., 2000) stated that the ratio of carbon to nitrogen is important in the 
development and performance characteristics, thus  a proper balance of carbon to nitrogen increases the growth of 
the fungus thereby reverse condition cause to preventing their growth. Adding different concentrations of amino 
acids significantly increased the proteins (Fig. 2) which is consistent to the results of (Royse et al., 2008), showed 
that deferent amino acids used in the context as a supplementation increased the protein. With the addition of 150 

  

Fig.1 effect of amino acid in two concentrations and 
mixture treatment on yield of white button mushroom 

Fig. 2  effect of amino acid in two concentrations 
and mixture treatment on protein content of  white 

button mushroom 
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mg/L Asparagine the highest protein content was obtained that had significant deferent with the other treatments. 
(Bernal et al., 1996 and Martins and Dewes,1992) reported that increasing nitrogen in oyster medium culture cause 
to increase the protein content. (Also Rustu et al.,2000) were expressed that inorganic nitrogen application as urea 
sources can increase fungal protein content. The results of this study are consistent with the mentioned finding. 
Because adding amino acids to medium cause to increases the amount of nitrogen as a result protein content was 
increased. The treatment effects on height, only treatment with 150 mg/L Asparagine 13.5% more height did than 
controls, but this increase was not statistically significant (Table 2). Aside from this treatment in the other 
treatments the height compared to control group decreased. Thus, total amino acid treatments did not increase 
height significantly. The treatment with 150 mg/L Asparagine 79 mm diameter creates greatest diameter (Table 2) 
that was significantly different between all treatments. 300 mg/L Asparagine and 300 mg/L Glutamine treatments 
were not statistically significant differences. Apart from these treatments, other treatments had smaller cap 
diameter than the control group were statistically different. In terms of amount of germinal organs, treatments with 
150 mg/L glycine, 300 mg/L of glycine, 300 mg/L Glutamine and blend with a range of 22 to 27 mushrooms in 0.1 
m

2
 compost were not significant statistical differences with control ones (Table 2). This factor also treated with 150 

mg/L of Asparagine 53 per square meter increased by 225 percent fruiting body of evidence that treatment was 
superior. Finally, treatment of 150 mg per liter in all traits except height Asparagine treatment was superior 
because it may be proper carbon to nitrogen ratio is compared with glutamine and glycine that is effective at lower 
concentrations. As (Mantovani et al., 2007) reported that the ratio of 10:1 to 50:1 carbon to nitrogen increases the 
overall growth and improvement as attributes button mushrooms. Also have been identified that Asparagine 
involved in the storage and transport of nitrogen in living organisms (Lea et al., 2006). In addition (Mansfield et al., 
2006) proof the key role of this amino acid in the enzyme active sites. 
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