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                      Introduction 

The human demand for protein-rich food is ever-
increasing which contributes to the expansion of 
mushroom industry in the world. Statistically, the 
word production of mushroom industry has reached a 
level greater than 25 million tons (Yang et al., 2015). 
In spite of many advantages, the production of 
mushrooms generates large volumes of solid waste 
products (called spent mushroom substrate) which 
constitute one of the most significant environmental 
issues for the mushroom industry (Topas et al., 2014) 
as about 5 kg of waste substrates are generated from 
the production of 1 kg of mushrooms (Medina et al., 
2012).  
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At present, the management of organic waste is a 
major concern worldwide, as unscientific disposal of 
waste can adversely affect the environment. 
Inadequate management of waste leads to problems 

that impair human and animal health. It leads to land 
pollution if openly dumped, water pollution if 
dumped in low lands and air pollution if burnt (Hai 
and Ali, 2005). The open dumped sites of organic 
waste act as breeding ground for various disease 
vectors.  

The waste disposal problems can be reduced by 
waste minimization, reuse and recycling of its 
components and converting the organic components 
of the waste into a valuable product and reused 
without adversely affecting the environment (Fathi et 
al., 2014). Composting is an economic and 
sustainable option for organic waste management as 
it is comparatively easy to manage properly to 
produce a good quality product. It is a technique 
which facilities mass reduction of waste resulting in 
its stabilization (Nair et al., 2006). 

Abstract 
Disposal of spent mushroom substrate (SMS) generated by the mushroom production industry has an adverse 
effect on the environment which leads to a deterioration of soil, air and water quality. Scope exists to use this 
substrate to produce good quality compost. The present study was done to assess the quality of SMS compost 
through evaluation of their characteristics and the chemical changes that occur during composting. Physical, 
chemical and microbial characteristics were determined by observing color, moisture (%), size reduction, 
weight loss, pH, EC, different nutrient contents and abundance of E. coli and Salmonella spp. The result 
showed an increasing trend for the pH, N, P& S concentration and a decreasing trend for EC, OC & C/N ratio 
during composting period. As determined, the pH value (7.38) and the C/N ratio (21) were within the 
recommended range that used in different countries. The concentrations of N, P, K, S, Ca, Mg, Fe, Mn & B 
were measured as 1.17%, 0.08%, 1.04%, 0.11%, 2.76%, 0.43%, 0.51%, 0.03% and 0.01%, respectively, all of 
which were within the recommendation limits. Heavy metals such as Zn, Cu and Ni contents were recorded as 
0.007%, 0.001%, and 0.33 ppm, respectively showing their values within the maximum allowable limits. The 
concentration of Pb and Cd was below the detection limit. The SMS compost was free of E. coli and Salmonella 
spp. Hence, all these properties indicate that the SMS can be effectively used to produce good quality compost.  
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A wide range of physico-chemical and biochemical 
changes occurs during composting (Irshad et al., 
2013). It has a significant value to provide further 
information regarding the nutritional and toxicity 
status of manure amendments. Compost prepared 
from different organic wastes differ in their quality 
and stability, which further depends upon the 
composition of raw material used for the compost 
production (Ranalli et al., 2001). Proper 
characterization of the compost is necessary to 
predict potential beneficial and harmful effects of 
compost applications in the environment. 
Understanding the composting processes and 
compost characteristics also allows optimal design of 
compost amendments and allows for decomposing 
the organic materials into a more compact form for 
management. The present study aimed at examining 
the physical, chemical and biological characteristics 
including heavy metals concentration at different 
stages of SMS composting and hence to determine 
their quality as a good compost. 

Materials and Methods 

Preparation and production of compost using spent 
mushroom substrate 

Composting was done at the Field Laboratory of the 
Department of Soil Science, BAU, Mymensingh 
during April to July 2010. Spent mushroom substrate 
(SMS) was collected and then separated from the 
polythene bag, broken by hammer and heaped into 
piles over a 12-week period. The size of compost pile 
was 5 ft × 2 ft × 3 ft (length × width × height). 
Compost pile was constructed by maintaining a layer 
of 8 inch height. Cowdung and grasses were applied 
between 2 layers for rapid composting. The 
composting materials were turned at 15-day intervals 
over 12 weeks period and kept 1 month for curing. 
Compost samples were collected from the pile at 
prefixed time that means just after mixing of the 
materials (start of composting process) and after 4, 6, 
8, 10 and 12 weeks of composting. Samples were 
dried in an oven at 60°C, ground and sieved by 1-mm 
sieve and then analyzed to monitor the changes in 
physical, chemical and biological properties. 

 

Phytotoxicity test 

Phytotoxicity test was performed with radish seeds. 
This test was conducted by sowing radish seed in 
earthen pots containing three types of soil-compost 
mixtures i.e. 100% soil, 100% compost and compost 
with soil 1:1 ratio. After germination of seed, 
seedlings were allowed to grow for 10 days and then 
uprooted carefully to observe whether any toxic 
symptoms were shown on the shoots and roots of the 
seedlings. 

Characterization of mature compost 

Following active composting method, the composted 
material was allowed for curing over a minimum of 
one month to create more stable compost and to 
reduce the potential for plant phytotoxicity. Then the 
spent mushroom compost was sampled to measure 
physical, chemical and biological characteristics. 
Compost color and compost odor were observed. 
Moisture percentage was determined by weighing 
SMS compost before and after oven drying. Size 
reduction and weight loss percentage were measured 
by measuring size and weight at the beginning and 
end of composting. pH was determined by Corning 
glass electrode pH meter (Jackson, 1973). The 
samples were analyzed after digestion with sulphuric 
acid for the determination of N and with nitric-
perchloric acid for other nutrients. Nitrogen in the 
digest was estimated by distilling the digest with 10N 
NaOH followed by titration of the distillate trapped 
in H3BO3 indicator solution with 0.01N H2SO4

The bacteriological analysis of the samples was 
performed by using Salmonella-Shigella (SS) agar, 
Nutrient Agar and Methylene Blue (EMB) agar. 
Isolation and identification of bacteria were done 
following the method, as outlined by Carter (1986). 

 
(Page et al., 1982). Organic carbon was measured by 
dry combustion method. Phosphorus and boron was 
determined by spectrophotometric molybdovanadate 
method (Yoshida et al., 1976) and the S 
concentration by turbidity method (Chapman and 
Pratt, 1964). The K concentration in the acid digest 
was determined directly by flame photometer and 
other nutrients viz. Ca, Mg, Cu, Fe, Zn, Mn, Cd, Pb, 
Ni & Cr by atomic absorption spectrophotometer 
(Yoshida et al., 1976). 
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Identification of bacteria was made on the basis of 
colony morphology, Gram staining reaction and 
biochemical test. Colony characteristics were studied 
after 24 hours’ of incubation at 37°C. Gram’s 
staining of the pure culture was performed according 
to the method described by Cheesbrough (1985). 
Finally the sugar fermentation test was accomplished 
by inoculating a loop full of NB culture into each 
tube containing two basic sugars of lactose and 
manitol separately and incubated for 24 hours at 
37°C.            

Results and Discussion 

Changes in physical and chemical properties 
during composting of SMS  

The chemical changes that occur over 0 - 12 weeks 
were studied.There is an appreciable change in the 
physical and chemical properties during composting 
of spent mushroom substrate (Fig. 1). The pH of the 
compost showed a little change, the values being 
6.62-7.11 which however indicates a change from 
acidic to neutral. Initial low pH of sample might be 
due to production of organic acid and incomplete 
oxidation of organic matter and finally increased pH 
might be due to the ammonia production during 
mineralization reaction (Beck-Friis, 2003; Zameer et 
al., 2010). The electrical conductivity (EC) was 
reduced drastically from 1.20 in 0 week to 0.67 in 
week 12, the variation was highly significant.Warma 
and AngLopez (2002) reported an eventual decrease 
in EC which could be the effect of release of 
Fe3+&Mn2+ 

The N content of compost was increased by the end 
of the 12 weeks (1.11% N) in comparison with the 
initial value of 0.78% N at the start of the 
experiment. Significant decrease of organic carbon 
(25.3%) was noticed in week 12 as compared to the 
initial value (32.9%). As a result, considerable 
variations were observed in the carbon to nitrogen 
(C/N) ratio of compost samples which varied from 
42 to 23 showing a reduced C/N ratio at week 12. 
These findings agree well with many other 
researchers. Warma and AngLopez (2002) has 
reported a 20-45% loss of carbon as CO

ions (Zameer et al., 2010).  

2

 

 during 
vermicomposting of municipal or industrial waste 

and a 42-85% increase of total N in vermicomposting 
wastes after 45 and 68 days, respectively. Organic 
carbon decreased due to substrate decomposition 
(Tajbakhsh et al., 2008) and the increase of total N 
during composting was caused by the decrease of  
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Fig. 1:  Changes in chemical properties; (a) pH, (b) 

EC, (c) OC, N and C/N ratio, (d) P, (e) K 
and (f) S during composting of spent 
mushroom substrate 

 
substrate carbon resulting from the loss of CO2

Compost colour as observed at maturity was 
blackish. There was no bad odor of finished compost 
(Table 1). According to Gazette Notification by the 
Ministry of Agriculture, Bangladesh on 02 April, 
2008 (FRG, 2012), the organic fertilizer should be 
dark grey to black in color and odorless, with no bad 
smell. Moisture content of SMS compost was 27.3% 
which is less than the upper limit set by 
recommended standards ranged between 20 and 40% 

 
(Zorpar et al., 2003). The results of C/N ratio of this 

study are in line with the findings of Tajbakhsh 
(2008) who reported a 56% decrease in C/N ratio 
during 0-12 week period. In case of P, K and S 
concentrations, total P content at 12 weeks’ (0.65% 
P) composting increased significantly compared to 
the initial value at 0 week composting (0.35%). 
Increased S (0.10%) and decreased K (1.10%) 
content were observed in week 12 compared to initial 
values of S (0.06%) and K (1.41%), the difference 
being significant. Phosphorus content varied from 
0.35–0.65%. The variation of sulphate concentrations 
can be attributed to the decomposition of solid 
wastes (Shivakumar et al.,2004). Elango et al. (2009) 
reported gradually increase of phosphorous during 
composting process. 

Characteristics of the compost of spent mushroom 
substrate 

Indeed, for evaluation of compost quality, there is no 
universal standard. Several countries in Europe have 
produced and used their own set of standards. The 
Govt. of Bangladesh has promulgated a regulation 
entitled “Fertilizer (Management) Regulation, 2007” 
under the Fertilizer (Management) Act, 2006 by a 
Gazette Notification (SRO No. 92-Law/2007) in May 
2007. To ensure the quality of organic fertilizers, 
maximum allowable limits (MAL) of different 
heavy/toxic metals have been fixed which have been 
published as Gazette Notification by MoA during 
April 2008 (FRG, 2012). In this study, quality of the 
compost of spent mushroom substrate was assessed 
by determining physical characteristics (color, odor, 
moisture, size reduction, weight loss and 
contaminants), concentrations of different nutrients 
and heavy metals, presence of pathogenic bacteria 
(E. coli and Salmonella spp) and phytotoxicity. 

Physical characteristics  



Ashrafi et al (2014), Progressive Agriculture 25: 1-8 

 

5 
 

(BSI, 2005). The upper limit of moisture content in 
compost is set to prevent odor problems and the 
development of anaerobic conditions during storage 
(Lasaridi et al., 2006). Composting leads to a volume 
reduction due to loss of carbon dioxide, water and 

other minor gases to the atmosphere. In the present 
study, size reduction and weight loss occurred by 
37% and 54%, respectively at the mature stage of 
composting. No unwanted materials, especially glass, 
metal and visible plastic were found in the compost.

 

Table 1. Physical and chemical characteristics of the compost of spent mushroom substrate 
 

Parameters  
 

Characteristics of the compost of spent mushroom 
substrate 

Recommended standards 

Physical characteristics   
Color Blackish Dark grey to black (FRG, 

2012) 
Odor Earthy  Odourless, have bad smell 

(FRG, 2012) 
 Moisture 27.3% 20-40% (BSI, 2005)  
 Size reduction 37% NA 
 Weight loss 54% NA 

 Contaminants Free of contaminants such as glass, metal and visible 
plastic 

NA 

Nutrient concentration  
 pH  7.38 6.9-8.3 (Bordna Mona, 2003) 
EC 0.67 (mmhos/cm) 2-6 (ds/m) (Bord na Mona, 

2003) 
Organic carbon 
(OC) 24.7 (%) NA 

Nitrogen (N)  1.17 (%) 1.0-3.0 (Barker, 2009) 
C:N ratio 21:1 <25 ((BSI 2005; GCST, 

2006) Phosphorus (P)  0.80 (%) 0.4-1.1 (Bordna Mona, 2003) 
Potassium (K)  1.04 (%) 0.6-1.7 (Bordna Mona, 2003) 
Sulphur (S)  0.11 (%) NA 
Calcium (Ca)  2.76 (%) 1.0-4.0 (Barker, 2009)  
Magnesium 
(Mg)  0.43 (%) 0.2-0.4 (Barker, 2009)  

Copper (Cu)  0.001 (%) 150 mg/kg (BSI, 2005) 
Iron (Fe)  0.51 (%) NA 
Zinc (Zn)  0.007 (%) 350 mg/kg (BSI, 2005) 
Manganese 
(Mn)  0.03 (%) NA 

Boron (B)  0.01 (%) NA 
Heavy metal concentration  
Cadmium (Cd) 0.00 ppm 10 ppm (FRG, 2012)  
Lead (Pb) 0.00 ppm 100 ppm (FRG, 2012)  
Nickel (Ni) 3.33 ppm 50 ppm (FRG, 2012)  
Cromium (Cr) 2.31 ppm 500 ppm (FRG, 2012)  
    NA = Not available 

Chemical characteristics 

Compost pH was near to neutral (7.38) (Table 1 
which is within the recommended limit, 6.9-8.3 
(Bordna Mona, 2003).  One of the often used 
parameters to assess the rate of decomposition in the 

composting process is the C/N ratio, since it can 
reflect the maturity of the compost (Jusoh et al., 
2013). In the present study, C/N ratio in SMS 
compost was found 21, the recommended value 
being less than or equal to 25 (Shymala and Belagali, 
2012). The concentrations of N, P, K, S, Ca and Mg 
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in the SMS compost were observed as.17%, 0.80%, 
1.04%, 0.11%, 2.76% and 0.43%, respectively (Table 
1). The SMS compost also contained substantial 
amount of Fe, Mn and B with the values of 0.51%, 
0.03% and 0.01%, respectively. Concentrations of N, 
P and K are very important to determine the quality 
of compost. Nitrogen concentration was in the 
typical range of 1.0-3.0% (Barker, 2009). The 
concentrations of P, K, Ca & Mg were also found 
within the recommended standards (Bordna Mona, 
2003) (Table 1).  

The Zn and Cu contents in SMS compost were found 
0.007% and 0.001%, respectively which were lower 
than the maximum permissible concentrations (BSI, 
2005; GCST, 2006). Heavy metal present in organic 
fertilizer may create health hazards as they may enter 
into human body through food chain. So, heavy 
metal content higher than permissible limit 
woulddeteriorates the quality of fertilizers. The 
heavy metal concentrations of Cd, Pb, Ni & Cr of 
SMS compost were studied and found lower than the 
maximum allowable limits set by Fertilizer 
(Management) Act, 2006 (FRG, 2012).  

Pathogenic bacteria (E. coli and Salmonella spp) 

In the cultural characteristic study, colony of opaque, 
smooth, round with black centred and metallic sheen 
(greenish black) was not observed on SS agar media 
and EMB agar media, respectively. After that, for 
confirmation, Gram staining and biochemical tests 
were performed. In Gram staining test, there was no 
negative reaction found. Again, no bubbles was 
indicated in Durham’s tube which resulted no change 
of color of lactose and manitol sugar. Identification 
test confirmed the absence of pathogenic bacteria, 
particularly E. coli and Salmonella spp. in the final 
compost product. Compost requires the absence of 
faecal coliform bacteria (GCST, 2006) or to be less 
than 1000 cfu g-1 

Phytotoxicity test was conducted to ensure about the 
compost maturity or toxicity. Direct germination 

rates, or a modified germination index have been 
used as indicators of phytotoxicity in composts. After 
10 days of germination, normal growth of root and 
seedlings were observed which indicate that SMS 
compost was free from phytotoxic compounds and 
the SMS compost attained maturity. Phytotoxicity 
levels almost reached zero after eight weeks of 
composting (Himanen and Hanninen, 2011).  
 

Conclusions 
Spent mushroom substrate (SMS) can be effectively 
used to produce good quality compost. The present 
study showed that pH value and the concentrations of 
N, P& S increased and the EC, OC, C/N ratio 
decreased with the advancement of composting. 
Composting reduced the volume of solid waste prior 
to disposal. The SMS compost contains a good 
amount of micro and macro nutrients which are 
essential for plant growth. The concentration of 
heavy metals such as Zn, Cu, Pb, Cd, Ni and Cr was 
very low and were very much within the permissible 
limits. The SMS compost was also free of pathogenic 
bacteria. The SMS compost has good physical and 
chemical properties, with low electrical conductivity, 
optimal C:N ratio, optimal stability and maturity and 
free from pathogenic bacteria. So, it can be 
concluded that SMS is not just an agricultural waste 
but has potentiality to turn it into a good quality 
organic fertilizer through composting. Composting 
can convert mushroom waste into value added 
material. 
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