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ABSTRACT 

 

Calocybe indica a new introduction in mushroom world but not yet popularized like other 

mushrooms such as Pleurotus sp have been successfully cultivated in North Bengal and 

standardized the technique for better production. Cultivation techniques using simple 

composting method as well as suitable casing materials for Agaricus bisporus in foot hills 

of Darjeeling district have also been successfully standardized for the first time. Easy, low 

cost and less time consuming composting processes which were standardized and these 

techniques were provided to the rural mushroom growers in selected farms. Four species 

of another most popularly grown edible oyster mushroom such as Pleurotus ostreatus, P. 

sajor-caju, P. djamor and P. florida were selected for cultivation in this environmental 

condition throughout the year. Several lignocellulosic wastes and casing materials were 

evaluated for their suitability for cultivation of milky mushroom (Calocybe indica). Paddy 

straw, wheat straw, sugarcane bagasse, young coconut fiber, tea leaf, maize stalk as 

growing medium and vermicompost, coconut fiber, spent mushroom substrate (SMS), 

sand soil were used as casing materials to evaluate their effect on yield. Different compost 

formulations as well as composting duration were further evaluated for fruit body 

production of A. bisporus and for improvement of their quality. Morphological and 

histological characteristics were studied with special reference to their fruiting body 

structure, gill and spore characters. Scanning electronic microscopy (SEM) of 

basidiospores of oyster and button mushrooms were studied. Mycelial growth pattern as 

well as growth rate of these mushrooms were studied on three different media. Molecular 

characterization (18S rDNA sequencing) of four species of Pleurotus, Agaricus bisporus, 

and Calocybe indica were carried out using  primer pairs - ITS 1 and ITS 4 (for oyster and 

milky mushroom) ITS1and ITS 6 (for button mushroom) . BLAST query of 18S rDNA 

sequences of these mushrooms were analyzed and identified as Pleurotus ostreatus, P. 

sajor-caju, P. djamor and P florida, Agaricus bisporus and Calocybe indica. These 

sequences of the identified mushroom species were submitted in NCBI Gen-Bank under 

the accession number KT768095, KT818506, KT 768094 and KT826605 for P. ostreatus, 

P sajor-caju, P. djamor and P. florida ; KT818508 for A. bisporus and MF804327 for C. 

indica respectively. In North Bengal, P. ostreatus, P sajor-caju and P. florida are 

commonly being cultivated by the farmers. However, a new species of Pleurotus namely P 
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djamor, the pink oyster mushroom have been introduced in this area and being 

successfully cultivated in this area during winter season. The seasonal productivity of all 

these mushrooms was evaluated. The results clearly indicate the variable seasonal 

productivity throughout the year. Depending upon the temperature, relative humidity and 

rainfall, the productivity was found to be different. In case of P. ostreatus and P. sajor-

caju, it was found that throughout the year it can be cultivated with good productivity rate. 

But the production rate was less during June-September due to high humidity. In summer 

time the C. indica can be cultivated as it requires high temperature and humidity. It was 

found that winter season is suitable for cultivation of A. bisporus in foot hill region of 

Darjeeling district but throughout the year in hills regions. Seasonal productivity of P. 

florida and P. djamor was found to be quite similar. It was observed that the production 

rate decreased during May to September, while production rate increased during winter 

season in North Bengal. Economy of North Bengal is based on tea productivity and leaf 

pruning is one of the important practices of tea plantation. Here the pruned tea leaves 

basically used as fuel by the tea workers. In the present investigation pruned tea leaves 

were dried and utilized for mushroom cultivation. Besides, tea leaf based compost was 

further used for cultivation of A. bisporus successfully. Tea waste was also used as casing 

of materials and it was found that it gave good result for mushroom cultivation especially 

for A. bisporus and C. indica. Biochemical constituents of the fruit body of mushroom 

were influenced by the substrate on which it grows. It was found that the casing materials 

have the effect on biochemical constituents of fruit body of milky and button mushrooms.  

During the cultivation of Pleurotus sp. several fungal species like Coprinus, Fusarium as 

well as Trichoderma; bacterial species like Pseudomonas and pastes like Sciarid, phorid 

and Beetle fly drastically affected the growth and yield of Pleurotus. Management 

strategies were developed using Bavistin, phenyl, carbendazim and formaldehyde which 

reduces contamination effect. Racks in production unit were covered with nylon nets 

which helped in reducing the attack of flies on the substrates. 

Antioxidant activity of selected four species of Pleurotus, A. bisporus and C. indica were 

also estimated and it was found that all four species showed very high amount of 

antioxidant activity such as DPPH scavenging activity, ferric reducing power activity. 

Among the cultivated Pleurotus species, P. djamor and P. ostreatus showed 

comparatively higher antioxidant activity. The oral administration of mushroom 
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suspension helps in regaining the body weight as well lowering the plasma glucose level. 

Blood urea, creatinine, triglyceride, cholesterol as well as liver enzymes like serum 

glutamic pyruvate transaminase (SGPT) and serum glutamic oxaloacetic transaminase 

were also estimated and the oral administration of P. djamor and  P. ostreatus found to be 

very effective in recovering the other blood parameters. 

Chemical constituents of three edible mushrooms, Agaricus bisporus, Calocybe indica and 

four species of Pleurotus were evaluated by GC-MS analysis. The common compounds 

such as phenolic, flavonoid and total free amino acid content responsible for antioxidative 

activity were determined in methanolic extract of these mushrooms. The GC-MS analysis 

revealed that the presence of phenolic derivatives, organic acids and essential fatty acids in 

these three mushrooms which are associated with some beneficial health activities like 

antioxidant. Fumaric acid, acetic acid, malic acid were detected as organic acid in the 

mushroom samples. Pyrazin, a phenolic derivative responsible for antidiabetic activity was 

detected in the mushroom samples.  

Spent mushroom substrate is an important byproduct of mushroom cultivation and this 

spent mushroom substrate were applied as fertilizer for crop improvement. Capsicum 

chinense, C. annuum, Solanum lycopersicum and some leafy vegetables Coriandrum 

sativum, Amaranthus sp. and Spinacia oleracea were tested using the spent mushroom 

substrates (SMS) which was found to be very effective as a soil conditioner and also 

helped in increasing growth and yield of crop plants in compare to untreated plants. Spent 

mushroom compost (SMC) amendment in soil significantly increased the bell pepper yield 

in addition to improving the quality. Incidence of soil borne fungal diseases decreased to a 

considerable level due to the incorporation of SMS in soil.  As a whole, SMC and its 

combination helped in increasing yield by increasing the fruiting life of the plant and 

quality of Capsicum along with decreased levels of disease incidence. SMC of button 

mushroom was further used in mandarin plants (Citrus reticulata) as soil amendment 

against root rot pathogen (Fusarium oxysporum). Disease severity was reduced by 

application of SMC which was evident with increased activity of defense enzymes (PAL, 

POX, and β-1,3-glucanase and chitinase) and cellular localization of β-1,3-glucanase and 

chitinase were confirmed by indirect immunofluorescence using PAbs of chitinase and 

glucanase and FITC conjugates.   
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Large number rural educated unemployed youth as well as women self-help groups of 

North Bengal were facilitated with proper training about mushrooms cultivation and 

spawn preparation. Publicity and awareness camp about mushrooms and its health benefits 

were also displayed at the Krishi Mela organised by the Department of Agriculture, Govt. 

of West Bengal. 
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CHAPTER -1 

INTRODUCTION 
--------------------------------------------------------------------------------------------------------- 

Mushrooms were used even before man understood the nature of other organisms 

(Quimio, 2014). Mushroom cultivation started in the ancient times for their nutritional 

value and flavor (Chakraborty 2011). Mushrooms, also called 'white vegetables' or 

'boneless vegetarian meat' contain ample amounts of proteins, vitamins and fiber apart 

from having certain medicinal properties (Thakur et al., 2013, Meng et al., 2016). 

Mushrooms have rich nutritional value with high content of proteins, vitamins, 

minerals, fibers, trace elements and low calories and cholesterol (Wani et al., 2010, 

Rajeshbabu et al., 2012). Oyster mushroom was collected as wild specimen from the 

forest of Florida and later its spread in several countries around the world as most 

cultivated oyster mushroom species. This Oyster mushroom is very commonly grown 

in India under seasonal growing conditions at temperature ranging between 20-28ºC, 

but growth stops at air temperature above 28
o
C (Thakur et al., 2001).  Out of the over 

total 200 species of fungi being reported as edible, 20 of them are cultivated for their 

edible purposes in different parts of the world. Oyster mushrooms are characterized by 

the rapidity of the mycelial growth and high saprophytic colonization activity on 

cellulosic substrates. They have the ability to directly break-down cellulose and lignin 

bearing materials without fermentation (Thakur et al., 2014). Cultivation of any type of 

mushroom implies principles of microbiology, environmental engineering and solid 

state fermentation in the conversion of domestic agricultural, industrial, forestry wastes 

into food for humans (Thakur et al., 2012). Pleurotus florida white oyster mushroom, is 

white in color from primordial head head formation to maturity, and this mushroom 

also grows in bunches. The pileus of this mushroom is with thin margins, smooth and 

pileus thickness is lesser as compared to P. ostreatus and P. sajor-caju. Pleurotus 

ostreatus is the second most cultivated edible mushroom worldwide after Agaricus 

bisporus (Sanchez, 2010). The main materials for the production of mushroom were 

tree stumps and wood logs. In 1995 the innovation of the cultivation of mushroom after 

the successful cultivation of Agaricus bisporus paved the way to the cultivation of P. 

ostreatus on wood. Today A. bisporus is widely cultivated throughout the world. 

Currently large-scale commercial production of A. bisporus was reported in North 

America, European country like the Netherland, France and Asiaan countries 

(Sonnerberg et al., 2011). The agricultural waste constitutes mainly of cellulose, 
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hemicellulose and lignin. Lignin fraction which is generally considered as recalcitrant 

in nature, but in mushroom fields this fraction has remained as the material of choice as 

mushroom possesses the specific type of hydrolytic enzyme system with capacity of 

utilizing lignin for fruit body production (Bokaria et al., 2014).  

Mushrooms production in India has became very popular in almost all the states of 

the country having temperate, sub tropical and tropical climate (Thakur et al., 2011). 

The seasonal production of tropical and subtropical species of oyster mushroom in 

different states of India as well as the industrial units has risen to about 15-20,000 tons 

per year (Verma, 2013, Thakur et al., 2013). In North Bengal area people belonging 

tribal community collect mushrooms from forest and consume for nutrition. Here 

mostly oyster mushroom (Pleurotus sp) is cultivated by the rural people of North 

Bengal. However milky mushroom commonly known as summer mushroom (Calocybe 

indica) is being introduced relatively as a new addition among mushroom growers. C. 

indica was first recorded from west Bengal, India (Purakayashta 1974). A first attempt 

on the induction of fruit bodies of C. indica in culture was made by Purkayastha and 

Chandra (Purkayastha and Nayak, 1981). The advantages of this mushroom over other 

mushrooms are its very attractive fruiting body, pleasing milk white color, long shelf 

life, more nutritious and less time to grow (Bokaria et al., 2014, Navathe et al., 2014). 

Cultivation of button mushroom (Agaricus bisporus) is mainly prepared from a mixture 

of agro-organic materials subjected to a composting process for growth and 

development of sporocarp (Colak, 2009). The compost for production of A. bisporus is 

generally produced from wheat straw, straw bedded horse manure, chicken manure and 

gypsum (Straatsma et al., 1993). There are mainly two distinct phases in the 

preparation of compost for A. bisporus; phase I during which raw material are mixed, 

wetted and stacked with considerable dry matter losses and phase II, which includes 

pasteurization and conditioning treatment to produce a selective and pathogen free 

substrate (Yilmaz et al., 2007). During phase I, fungal and bacterial activity produces 

large quantities of heat. Temperature ranges (80-85
o
C) in the compsting matreila. The 

casing layer is an essential part in the artificial culture of A. bisporus in artificial 

compost (Yilmaz et al., 2007).  

Edible mushrooms are a popular and valuable food, low in fats but high in minerals, 

essential amino acids, unsaturated fatty acids, vitamins and fibres (Afieroho et al., 

2013). Mushrooms having potential medicinal effects attributed to the presence of 

bioactive compounds like terpenoids, steroids, phenolics and alkaloids (Chien et al., 
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2015; Zhang et al., 2016, Meng et al., 2016). One of the compounds Ergosterol can be 

present either in free form or esterified with fatty acids (that is ergosteryl esters). Being 

an important factor for membrane fluidity in fungi and yeast, free ergosterol is located 

predominantly in cell membranes (Yuan et al., 2008). Several researchers have already 

investigated the ergosterol content of cultivated and wild mushrooms (Villares et al., 

2014). Shao et al., (2010 & 2015) investigated different parts of button mushrooms at 

various development stages but did not detect any esterified ergosterol in these samples. 

Organisms are well protected against free radical damage by enzymes such as 

superoxide dismutase and catalase or compounds such as ascorbic acid, tocopherols and 

glutathione.  

Ergosterol has been linked with antioxidative activity and is the natural precursor of 

vitamin D2, which is formed from the former under UV light irradiation (Shao et al., 

2010; Phillips et al, 2016). There is no doubt that edible mushrooms are nutritionally 

sound tasteful food source for most people and can be a significant dietary component 

for vegetarians. Prior epidemiological studies have shown that the intake of natural 

antioxidants is allied with reduced risks of several diseases like diabetes and anti 

inflammatory disease. Laboratory and clinical studies suggested that the diet 

supplemented with fruit and vegetables had beneficial effects on diabetes (Adams et al., 

2014). Modern drugs including insulin control blood glucose level only when they are 

regularly administered but they have several side effects (Upadhyay, 1996). 

Hyperglycemia is characterized by the increased level of glucose in blood associated 

the the alteration of metabolisms (Rushita et al., 2013). Contributory factor in the 

pathogenesis of diabetes also comprises of oxidative stress (Sonawane et al., 2013). 

Mushrooms have a history of traditional use in oriental therapies and modern clinical 

practices continue to rely on mushroom derived preparations (Ferreira et al., 2010). 

Edible mushrooms and their constitutive active compounds have been described to have 

beneficial effects on hyperglycemia and hypercholesterolemia. White button mushroom 

has high content of acidic polysaccharides, dietary fiber, and antioxidants including 

vitamins C, B12, and D, folate-ergothioneine and polyphenol (Mattila et al., 2002) 

suggested that it has potential anti-inflammatory, hyperglycemic and 

hypocholesterolemic effects. Given the high dietary fiber and antioxidants in button 

mushroom may be advantageous in lowering the dietary glycemic load (Jeong et al., 

2010). 



4 
 

The use of spent mushroom substrate (SMS) as well as spent mushroom compost 

(SMC) compost in growing agricultural crop has been recognized in recent times as a 

possible means of enhancing sustainable agriculture (Jonathan et al., 2011, 2014, 

Barman et al., 2015). Spent mushroom substrate has been reported to contain nutrients 

which could be used for the growth of useful plants. These materials are generally non-

toxic to the cultivated plant crops; and it could be used as soil amendment for crop 

systems (Jonathan et al., 2014). In the crop system to provide the balanced nitrogen and 

carbon source for the growing plants, SMS further degraded in the soil humus which is 

very important to maintain soil structure, good aeration, and water holding capacity and 

maximize the fruit crop productivity (Adedokun et al., 2013). The addition of spent 

compost to agricultural field has been found to be an effective soil manure and 

conditioner and has been found to increase the yield of some leafy vegetables crops 

(Kadiri et al., 2010; Barman et al., 2015). The SMS has potential to bio-remediate 

several agricultural grade fungicides and pesticides (Ahlawat et al., 2011). The yield 

and quality of different crops systems increase upon using the SMS as manure alone or 

combination with inorganic fertilizer (Ahlawat et al., 2011). Spent mushroom substrate 

is being used for disease suppression of plant. Plant diseases like Pythium-damping off, 

apple scab, cucumber anthracnose caused by fungal pathogen have been found to be 

suppressed by using water extract of SMS treatment (Parada et al., 2012). Kwak et al., 

(2015) used water extract of SMS as an eco-friendly disease control agents. SMC 

extract was successfully applied as bio-control agents to suppress the Fusarium wilt of 

tomato by Adedeji et al., (2016). Antagonistic activity of SMC extract against a broad 

range of plant pathogens have been demonstrated by Isah et al., (2014). Up to 55% 

disease index was reduced by the treatment of spent mushroom compost (SMC) against 

Fusarium oxysporum in tomato plant (Adedeji et al., (2016). Disease severity caused by 

Fusarium oxysporum, Sclerotium rolfsii and Rhizoctonia bataticola was reduced by 

SMS treatment (Ahlawat et al., 2011). Spent mushroom substrate (SMS) having bio-

agents, supply nutrition to the soil as well as helps in management of soil-borne plant 

pathogens (Verma et al., 2017). In the rural areas of North Bengal, agro-waste and 

organic materials are available in plenty amount, which often end up in waste thus 

contributing to the pollution woes. The major part of North Bengal including Terai and 

Dooars are located in the foothills of the Himalaya and having large and small sized tea 

gardens in both banks of river Tista. Tea plantations are abundant in this region and 

form a major part of the economy of this region. The people of rural ethnic groups of 
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this region are very much dependent on tea gardens for their economy. Besides tea 

garden, paddy cultivation is one of the most important crops in North Bengal. The 

economy of southern part of North Bengal is basically based on paddy crop. So a huge 

amount of paddy straw as well as pruned tea leaves is produced every year in North 

Bengal. Tea waste includes discarded tea leaves and tender stems of tea plants if which 

not disposed properly, can pollute the environment like soil, water and air (Chowdhury 

et al., 2016). Depending on the crops grown, cropping intensity and productivity in 

different regions of India, there is a large variability in generation and management of 

these crop residues. In some part of West Bengal paddy straw and husk is used as 

domestic fuel or in boilers for parboiling rice. Paddy straw as well as wheat straw is 

being used for compost preparations which are generally utilized for button mushroom 

cultivation.   

Hence the present investigation was undertaken with the following aims and 

objectives to develop suitable year long cultivation strategy of three popular edible 

mushrooms in order to fulfill the demand of mushroom as nutritional food for the 

common people of North Bengal and to explore organic crop production using the spent 

mushroom substrate (SMS) and spent mushroom compost (SMC) for sustainable 

agriculture.  

Objectives  

a. Development of cultivation methods of Calocybe indica (milky mushroom).      

b. Preparation of compost and their utilization for cultivation of                

Agaricus bisporus (Button mushroom). 

c. Standardization of cultivation practices for different Pleurotus species 

throughout the year. 

d. Evaluation of biochemical constituents in Milky, Button and Oyster 

mushrooms during their growth and development. 

e. Evaluation of antioxidant and antidiabetic properties of Milky, Button and 

Oyster mushroom. 

f. Field evaluation of spent mushroom substrate for crop improvement  

 

 

 

 

 



6 
 

CHAPTER -2 

LITERATURE REVIEW 
 

Mushrooms are a widely distributed food resource on earth and have been consumed 

because of their nutritional value and medicinal properties for over 2000 years. For 

their enjoyable flavor and taste, human health was improved by mushrooms due to their 

nutrients, including digestible proteins, carbohydrates, fiber, vitamins, minerals, and 

antioxidants (Acharya et al., 2017, Zhang et al., 2016). A wide variety of bioactive 

compounds from medicinal mushrooms, which are widely used in eastern Asia, have 

been studied extensively, and these compounds including polysaccharides, lectins, 

lactones, terpenoids, and alkaloids have been reviewed (Rahi et al., 2016; Toledo et al., 

2016). Nagy et al., (2017) reviewed bioactive mushroom polysaccharide composition 

and their synthesis and function. Besides their pharmacological features, mushrooms 

are becoming more important in our diet due to their nutritional value, high protein and 

low fat/energy contents. The mushroom protein contains all the nine essential amino 

acids required by humans. In addition to their good protein content, mushrooms are a 

relatively good source of the other nutrients like phosphorus, iron and vitamins, 

including thiamine, riboflavin, ascorbic acid, ergosterol, and niacin. Mushrooms are the 

sources of bioactive substances such as secondary metabolites (organic acids, 

terpenoids, polyphenols, sesquiterpenes, alkaloids, lactones, sterols, metal chelating 

agents, nucleotide analogs and vitamins) glycoproteins and polysaccharides, mainly 1, 

2-glucans. Due to the presence of biologically active compounds of medicinal value 

they are used as anticancer, antiviral, hepatoprotective, immunopotentiating and 

hypocholesterolemic agents. Present review is aimed to discuss the high nutritional and 

therapeutic potential of mushrooms and their applications as functional foods or as a 

source of nutraceuticals for maintenance and promotion of health and life quality  

2.1. World scenario of Edible mushroom production 

Among the numerous species of mushroom, Oyster Mushrooms are more advantages 

over other mushroom in terms of easy for cultivation, role in biodegradation and bio-

remediation, extracellular enzymes production and neutraceuticals production (Rashad 

et al., 2009). Pleurotus species, commonly known as oyster mushrooms, are edible 

fungi cultivated worldwide especially in south East Asia, India, Europe and Africa 

(Mandeel et al., 2005). Oyster mushrooms is the third largest (Obodai et al., 2003) 

commercially produced mushroom in the world. Sanchez (2010) stated that P. ostreatus 
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is the second largest cultivated cushroom species next to A. bisporus in the world 

market. Mushroom cultivation is the fifth largest agricultural sector in China (Zhang et 

al., 2014). The expansions of mushroom cropping decline the price of mushrooms and 

hence it safe guard food insecurity (Zhang et al., 2014). Although edible mushrooms 

represent an important agricultural product worldwide, only a few of them (Agaricus, 

Lentinula, Pleurotus, Auricularia, Volvariella, Flammulina, Tremella and a few others) 

can be cultivated. The most significant progress in mushroom cultivation occurred in 

France in the seventeenth century when A. bisporus was grown in a composted 

substrate (Chang et al., 2004). The cultivation process of A. bisporus is complex but 

highly efficient with up to 9 crops per year at modern mushroom farms, resulting in an 

annual crop value of about $4.7 billion worldwide (Sonnenberg et al., 2011). China, the 

United States and the Netherlands are the largest mushroom producers in the world and 

a large part of the produced mushrooms is exported. According to State Department of 

Agriculture/Horticulture, in India, in seventies and eighties button mushroom was 

grown as a seasonal crop in the hills, but with development of technologies increased 

understanding of the cropping systems, and mushroom production shot up from mere 

5000 ton in 1990 to 1, 00,000 ton in 2006. The appropriate production based on the 

report is as given in Table1. In India the total production of mushroom is about 1,13, 

315 tons (Wakchaure, 2013), of which 80 % share goes to button mushroom the 20% 

share goes to other tropical mushroom such as oyster, paddy straw mushroom, milky 

mushroom. In India, at present, four mushroom varieties such as A. bisporus, Pleurotus 

sp, Volvariella spp. and C. indica have been recommended for the year round 

cultivation. The Indian subcontinent is known worldwide for its varied agro climatic 

zones with a variety of habitats that favour rich mushroom biodiversity (Thakur et al., 

2006; Thakur et al., 2011). 

Table1. Contribution of states in mushroom production in India  

States  
Production (tons per year) 

Button Oyster Milky Others Total production 

Andhra Pradesh 2,992 15 15 0 3,022 

Arunachal Pradesh 20 5 0 1 26 

Assam 20 100 5 0 125 

Bihar 400 80 0 0 480 

Chattishgarh 0 50 0 0 50 

Goa 500 20 0 0 520 

Gujrat 0 5 0 0 5 

Haryana 7,175 0 3 0 7,178 

Himachal Pradesh 5,864 110 17 2 5,993 
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J&K 565 15 0 0 580 

Jharkhand 200 20 0 0 220 

Karnataka 0 15 10 0 25 

Kerala 0 500 300 0 800 

Maharashtra 2,725 200 50 0 2,975 

Madhya Pradesh 10 5 0 0 15 

Manipur 0 10 0 10 60 

Meghalaya 25 2 0 0 27 

Mizoram 0 50 0 0 50 

Nagaland 0 75 0 250 325 

Orissa 36 810 0 5,000 5,846 

Punjab 58,000 2,000 0 0 60,000 

Rajasthan 100 10 0 10 120 

Sikim 1 2 0 0 3 

Tamil Nadu 4,000 2,000 500 0 6,500 

Tripura 0 100 0 0 100 

Uttarakhand 8,000 0 0 0 8,000 

Uttar Pradesh 7,000 0 0 0 7,000 

West Bengal 50 50 0 0 
100 

 

Union Teriitories 

Andaman-Nikobar 

Islands 
0 100 0 0 100 

Chandigarh 0 0 0 0 0 

Dadar&Nagar 

Haveli 
0 0 0 0 0 

Daman & Diu 0 0 0 0 0 

Delhi 3,000 50 20 0 3,070 

Lakshadweep 0 0 0 0 0 

Pondicerry 0 0 0 0 0 
Source: Mushrooms Cultivation, Marketing and Consumption, Directorate of Mushroom 

Research (Indian Council of Agricultural Research) Chambaghat, Solan-173213 (HP)  

 

2.2. Button mushroom cultivation  

Agaricus bisporus (Lange) Imbach is the most wild and cultivated edible mushroom 

and presents more than 40% of world mushroom production followed by Lentinula 

edodes, Pleurotus sp and Flammulina velutipes (Mostafa, 2014; Sharma et al., 2016). 

The global production in 1990s was more than $ 800 million/year and increased to $ 

12,250 in 2002 (Andersson et al., 2004). A. bisporus has delicious taste, high 

nutritional value, high aroma or flavoring taste and is used as a food and in food 

industries (Mattila et al., 2010). It has high biological activity, low toxicity and is used 

in folk classical medicines, flavouring of food products, perfume, cosmetics and 

pharmaceutical industries, as defoaming agents and to improve the shelf life and safety 

of minimally processed fruits (Dastager, 2009). 
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2.2.1.  Compost preparation for cultivation of Button Mushroom 

Composting is the biological decomposition and stabilization of organic substrates 

under condition which allow development of thermophilic fungi as a result of 

biologically produced heat, with a final product sufficiently stable for storage and 

application to land without adverse environmental effect.  Composting is the process by 

which various aerobic micro-organisms decompose raw organic materials to obtain 

energy and matter they need for their growth and reproduction. Good composting 

comes about through a process involving microorganisms, organic matter, air, moisture, 

and time (Mitchell et al., 2015). In composting, micro and macro organisms such as 

bacteria, fungi, insects, worms, mites, protozoans, actinomycetes etc., in an aerobic 

reaction, convert the carbon from dead plants into energy for their own growth and in 

so doing release nutrients from the decaying plants into their body and later into the soil 

(Mitchell et al., 2015). 

The composting process starts with the activities of macro organisms such as and 

beetles which break the bulk organic material into smaller particles. This increases the 

exposure and the surface area of the materials for microbial attack (Chen et al., 2011). 

After the attack of macro-organisms, micro-organisms such as bacteria, fungi, 

actinomycets and protozoa colonize the organic material and initiate the composting 

process (Chen et al., 2011). Since the oxygen remaining in the pile is quickly consumed 

by the resident microorganisms, the compost pile must be regularly aerated by turning 

to prevent anaerobic conditioning. The composting process is done by several 

microorganisms of specific temperature requirements; mesophilic microbes which 

function best at 24
o
 C to 47

o
C initiate the composting process. Their activities raise the 

temperatures which cause their inactivation and therefore paving the way for 

thermophilic microorganisms which love to work in the high temperature such as 47 

o
C. Decomposition at this phase is very active until most of the nutrients are used up by 

the thermophiles. Decomposition then slows down andtherefore decreasing the 

temperature. Mesophiles then take over again and complete the decomposition process 

(Chen et al., 2011). 

Factors that affect the composting include nutritious food for the microbes, suitable 

moisture, pH, oxygen and temperature (Chen et al., 2011).  Micro-organisms need 

nutrients such as nitrogen, phosphorus, sulfur etc. to grow and to reproduce and these 

nutrients occur in the raw materials used in the compost mix and therefore additional 
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fertilizer is often not needed (Mitchell et al., 2015). Good compost must have a balance 

of carbon-rich and nitrogen rich material. Too much carbon slows decomposition 

because nitrogen will be used up and some organisms may die, but other organisms 

may form new cell material using their stored nitrogen. Thus in the process more 

carbon is burned and therefore reducing the carbon content while nitrogen is recycled 

(Chisholm et al., 2012). Generally a C: N ratio of 30:1 is ideal for microbial activity. 

Thus bean straw which has high content of nitrogen will serve as good compost. To 

ensure effective and active work of the microbes on the substrates so as to release the 

nutrients. Mitchell et al., (2015) suggested that the particle size of the materials can be 

reduced through grinding, chopping or cutting. Small particles have more surface area 

for microbial activity and are easier to break down for the release of the nutrients. 

Moisture is one of the important factors for composting. Microbes need water for their 

activity and therefore must be supplied. All materials in the pile must be moist, but not 

soaking wet (Mitchell et al., 2015). The mixed material should be moist but water 

should not be squeezed out of it when handled with the hand. For aerobic composting, 

the maximum moisture content should be kept at a level that allows the whole 

composting process to be aerobic (Chen et al., 2011). The optimal water content of 

composting should be between 50 and 60% by weight. Too low water will slow down 

the activities of the microbes whilst too much water will lead to anaerobic conditions 

(Chen et al., 2011).  Since microbes work within a specific pH medium, there is the 

need to monitor the pH of the compost to ensure proper microbial activity. The optimal 

pH for the activities of the microbes ranges from 6.0 to 7.5 for bacteria and 5.5 to 8.0 

for fungi (Chen et al, 2011). This means fungi have a wide range of pH for operation of 

which oyster mushroom is not an exception.  

Oxygen is one of the most important factors for effective composting. This is because 

the microorganisms need oxygen for their growth and multiplication. As microbial 

activity in the compost increases, more oxygen is consumed and must therefore be 

replaced by regular turning (Chen et al., 2011). Without sufficient oxygen, anaerobic 

process can set in and will produce undesirable odor. The pile needs to be porous to 

pull air into it from outside (Mitchell et al., 2015).To ensure air circulation within the 

pile, it is important to turn the pile regularly and it is also important to include a range 

of different sized and shaped materials. To turn the pile, the temperature of the pile 

should be checked first and a shovel is used to dig the middle of the pile to notice the 

appearance of a steam. The materials outside should then be turned in and the materials 
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within should be turned outside. Temperature as the amount of heat dissipated by the 

body is also important for composting. Temperature affects microbial growth, 

microbial activity and hence the rate at which the raw materials decompose (Chen et 

al., 2011). Higher temperatures favor faster breakdown of the organic materials. 

However extreme temperature can inhibit the activities of the microbes (Chen et al., 

2011). The pile must be turned after the correct temperature has been established. The 

area for the composting must be flat and free from stones, tree stumps, drainage lines 

and weeds. The materials can also be covered if there is excessive rainfall. 

2.2.2. Role of Fungal diversity in composting 

A variety of microorganisms bring about composting. One of the most important 

microorganisms is fungi. Fungi have the ability to degrade decay-resistant materials 

such as waxes, proteins, hemicelluloses, lignin and pectin (Chen et al., 2011). During 

preparation of compost, microorganisms degrade about 40% of the dry matter of 

compost, the dry matter being of potential value for the nutrition of A. bisporus. 

Thermophilic microorganisms in compost have been studied extensively by Fermor et 

al., (2010). It remained difficult to state the dominating species among actinomycetes, 

other bacteria, and fungi. Microbial diversity of compost is important because it takes 

part in breakdown of organic matter to humus matter. Mesophilic microflora from the 

pioneer community while thermophilic represents the climax community (Agrawal et 

al., 2014). According to Rosenberg (1978) and Satyanarayana (1992) the typical 

pioneers for composting is Rhizomucor spp. and Aspergillus fumigates that have pH 

optima just below 7 and the temperature optimum about 40°C. When self-heating and 

ammonification start and the pH reach 9, the pioneers disappear. Talaromyces 

thermophilus and Thermomyces lanuginosus have relatively high pH and temperature 

optima. Their high thermal death points give a selective advantage in the period of 

maximum heat production. Scytalidium thermophilum and Chaetomium thermophilum 

grow fast and degrade cellulose strongly (Straatsma et al., 1993). The density of S. 

thermophilum in compost was found to be positively correlated with mushroom yield 

(Agrawal et al., 2014) and S. thermophilum strongly stimulated the extension rate of 

growth of mushroom mycelium (Straatsma et al., 1991). The community succession 

pattern of microbs in mushroom compost changes along with the temperature gradients 

(Agrawal et al., 2014). 

Although fungi have the ability to degrade most of the resistant materials, fungi cannot 

survive in high temperatures (above 60
o
C) as bacteria do and also have low tolerance 
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for low oxygen environments (Fuchs, 2010). This is clear as fungi give way to only 

bacteria at the peak of the composting where only thermophilic fungi can survive. The 

fungal activity is inhibited as a result of the intense heat during the thermophilic stage 

of composting. During the later stage of the composting, bacteria activity paved way for 

the activities of fungi (Fuchs, 2010). Thus the bacteria first of all degrade the substrates 

and then produce 25 metabolites thereby creating a new physio-chemical environment 

for the fungi to continue the work (Fuchs, 2010). The activity of the fungi is impeded 

after the maturation stage when all the cellulose in the substrate is used up by the 

microbial culture. Since the fungi have a right time to effect composting, monitoring 

the fungal population in compost is important to determine their quality and field of 

application (Anastasi et al., 2005). Fungi mostly take over after bacteria have started 

the composting process and therefore degrade the cellulose and the lignin in the 

compost (Agrawal et al., 2014). 

2.2.3. Compost timing and cultivation 

In mushroom production the composting time is important to ensure the effectiveness 

of the mushroom which is a macro-fungus. There is therefore the need to study the 

composting time before inoculation to enhance easy colonization of the mycelia for 

fruiting. Substrate production is one of the most critical stages of cultivation of 

mushrooms because it has a dramatic consequence on the yield and quality of the crop 

and consequently the economic viability of the crop (Diego et al., 2011). The main 

purpose of composting for preaparation of compost for button mushroom production is 

to preapare a substrate in which the growth of mushroom is promoted to practical 

exclusion of other microorganisms and also to ensure the timely release of the nutrients 

to the crop (Oei, 2003; Obodai et al., 2010). Low C: N ratio, optimum moisture content, 

and regular turning of substrate increase microbial activity (Nutongkaew et al., 2014). 

The longer time interval between turnings, it takes more time for the compost to be 

ready. The compost pile must also be turned every three days interval to regulate 

aeration and moisture content. It is therefore imperative that the composting time 

should be managed to know exactly when to inoculate the spawns to ensure proper 

mycelia formation and fruiting. The fungi are not good starters of the composting 

process but good finishers (Fuchs, 2010). Different substrates have different 

composting periods (Obodai et al., 2010; Markson et al., 2012). A lignocellulolytic 

mushroom such as Pleurotus sp and Calocybe indica can be grown on raw 

lignocellulosic material without composting but other mushrooms such as Agaricus and 
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Lentinula species need composting for their production (Diego et al., 2011). To use 

straw as a substrate, the straw must first be chopped into reasonable sizes and then 

soaked in water for about 1-2 hours, and then it is rinsed 2 to 3 times in clean water and 

left for 3 to 4 hours before spawning can be done (Roy et al., 2015).  

2.2.4. Pasteurization of compost 

Pasteurization is a partial sterilization of substrates at a temperature that destroys 

harmful microorganisms without major changes in the chemistry of the substrate. 

Pasteurization is applied to reduce weeds, diseases and pests (Kurtzman, 2010). The 

methods available for mushroom substrate pasteurization include; hot water treatment 

with boiling water for 30 minutes; chemical sterilization with formalin and 

pasteurization through steam by using steam drum where the plastic bags are kept in the 

steam drum filled with 4-5 inches bottom layer of water and heated at 80
o
C for one 

hour (Dias, 2012). Steam pasteurization was found to be the best method for substrate 

pasteurization since substrates from steam pasteurization produced the fastest mycelia 

formation (Ali et al., 2007). 

2.2.5. Spawn and Spawn Running  

Mushrooms see are known as spawn, are only pure mushroom mycelia which are 

growing on a sterilized grain medium (Maheshwari, 2013). Once a pure culture of 

mushroom is obtained, the spawn could be made from it. The spawn is the vegetative 

phase of mushroom on soild material. To get good quality of spawn, the most important 

is the quality of the inoculums. The inoculums should be fresh and pure. If the 

inoculums are preserved in refrigerator, they should be activated before they are used 

for spawn production (Thakkar, 2010; Tesfaw et al., 2015). Mostly grains are used to 

produce spawns due to their faster ramification of the substrate and their ease of 

planting (Stanley et al., 2010). The first stage in the production of the spawn is the 

culturing of the mushroom mycelia on nitrified agar media before the starter culture is 

used to make the grain spawn then grain spawn is used to make the final fruiting 

substrate (Ogden et al., 2004). After the mycelia is added to the grain, the grain and the 

mycelia are shaken 3 times at 4 days intervals over a 14 day period for active mycelia 

growth. Stanley et al., (2010) performed experiments on using different grains to 

produce mushroom spawns and then concluded that the best grain to use for mushroom 

spawn was white maize grain. The maize grain ensured faster mycelia growth than the 

red sorghum that was normally used. The factors that affect spawn preparation include 

CO2, oxygen, light, pH, temperature and humidity. The time needed for the mycelia to 
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colonize the compost depends on the rate and distribution of the spawns, the moisture 

content, quality and nature of the compost and temperature (Thakkar, 2010). Many 

factors such as mushroom cultivar used, compost factors, sanitation etc. can determine 

the proper spawn growth (Royse, 2014). The inoculated bags must be kept in the dark 

until the mycelia fully invades the substrate. The reproductive phase is reached when 

the mycelia fully colonize the substrate and perhaps when some nutrients run out 

(Thakkar, 2010). 

2.2.6. Cropping of mushroom 

Cropping is the developing of the mycelia into pinheads and then the fruit. Although 

spawn run needs dark room, high CO2 and even a moderate humidity of about 65-70% 

(Thakkar, 2010), formation of pinhead and fruiting need less CO2 of below 2% and 

high humidity of about 80-90% and low temperature of about 16-18
o 

C . In order to 

keep these conditions constant, there is the need of constant supply of ventilation to 

reduce the CO2 content in the cropping room. The pinheads are too delicate that heavy 

watering may damage the pin head (Hasan et al., 2015).  

2.3. Milky mushroom(Calocybe indica) 

The milky mushroom (Calocybe indica) is a potentially new species to the world 

mushrooms growers. This was reported first time from West Bengal in India in 1974 

(Purkaystha et al., 1974) and its edibility was confirmed later by Purkaystha, (1976). It 

is suitable for hot humid climate. A substrate is an important substance for growing 

mushrooms. In Asia, rice straw is widely used as the substrate for cultivating oyster 

mushroom, (Yang et al., 2016) and is also considered the best substrate for yield and 

high protein content. A cultivation practice of oyster mushroom in tea waste was also 

recorded by Yang et al., (2016). This edible mushroom has a long shelf life (5-7 days) 

compared to other commercially available counterparts. It has become the third 

commercially grown mushroom in India, after button and oyster mushrooms 

(Purkayastha et al., 1976). It can grow at temperature range of 25-40°C. Its productivity 

is influenced by substrate and environment factors (Kumar et al., 2015). Its robust size, 

sustainable yield, attractive color, delicacy, long shelf-life, moderate protein content 

and lucrative market value have attracted the attention of both mushroom consumers 

and prospective growers. At present this mushroom variety is being cultivated in 

southern India but recently its production has started in northern India. Recent literature 

showed that, edible mushroom C. indica possessed profound antioxidant, antibacterial, 

antitumour, antioxidant, antidiabetic and antiinflammatory activities (Selvi et al., 
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2011). Wheat bran, rice bran, soybean flour, pigeon pea powder, black gram powder, 

green gram powder, lentil powder, mustard cake, neem cake, lobia powder and cotton 

cake were used as organic supplements. These supplements were mixed with wheat 

straw (Kumar et al., 2012). As casing garden soil (GS), vermi compost (VC), farm yard 

manure (FYM) alone and in combinations can be used (Kumar et al., 2012). Rice bran, 

maize powder, and wheat bran were used as supplements for rice straw substrate to 

cultivate milky white mushrooms (Alam et al., 2010).  

2.4. Oyster mushroom cultivation  

Oyster mushrooms of the genus Pleurotus (Fr.) Kumm belongs to Basidiomycota are 

well known as valuable edible mushrooms which are broadly cultivated in the world. 

Mushrooms of Pleurotus spp. are commonly known as “oyster mushroom”. These are 

the second most popular mushroom after button mushroom all over the world (Adejoye 

et al., 2006). Among the oyster mushrooms Pleurotus ostreatus was first cultivated in 

Germany during the first World War and is now grown commercially around the world 

for food (Patil et al., 2010). Due to the high nutritional value, delicate taste, and 

variable vitamins and minerals content, oyster mushrooms rank second in terms of 

industrial cultivation worldwide after a white button mushroom, Agaricus bisporus 

(Baars et al., 2008). Since oyster mushrooms are secreting cellulolytic and lignolytic 

enzymes, they can be used for biotechnological purposes (Sanchez, 2010). A wide 

range of substrates including wheat straw, barely straw, sinar straw and saw dust 

banana leaves, bean straw were used for P. ostreatus cultivation (Tesfaw et al., 2015; 

Iqbal et al., 2016; Manimuthu et al., 2015; Raina et al., 2014). Supplements are 

additives which increase the yields by providing specific nutrients for the growth of the 

mycelium (Khare et al., 2010; Tesfaw et al., 2015). Supplements increase the risk of 

contamination at least by 25% (Yildiz, et al., 2002). Tesfaw et al., (2015) also stated 

that supplements change physical conditions of substrates more suitable for cultivation 

of mushrooms. Addition of supplements (rice husk) to waste paper significantly 

increase spawn running, pin head formation, fruit body formation and mushroom yield 

(Tesfaw et al., 2015, Ruiz-Rodriguez et al., 2010). The substrates used for cultivation 

of oyster were used again for other cultivation. The reused of substrates that contained 

additional supplements exhibited better growth on both pasteurized and sterilized 

substrates (Tesfaw et al., 2015). 
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2.5. Nutritional value of mushrooms 

Mushroom is considered to be a complete, health food and suitable for all age groups, 

child to aged people. The nutritional value of mushroom is affected by numerous 

factors such as species, stage of development and environmental conditions. 

Mushrooms are rich in protein, dietary fiber, vitamins and minerals (Chakravarty, 2011; 

Da Silva, 2012, Thatoi et al., 2014). Mushrooms are good source of protein, vitamin 

and minerals (Alam et al., 2008). It has protein (25-30%), fat (2.5%), sugar (17-44%), 

mycocellulose (7-38%) and mineral; (potassium, phosphorus, calcium and sodium) of 

about 8-12% (Stanley, 2011). The nutritional constituent depends upon the substrate on 

which they are cultivated (Alam et al., 2007; Chakrabort et al., 2016). Cultivated 

mushrooms have higher protein contents and minerals, low in fat and rich in vitamin B, 

D, K, sometimes the presence of vitamins A and C were also reported (Manzi et al., 

2001). Mushrooms contain 18 essential amino acids such as methionine, isoleucine, 

lysine, glutamic acid, cysteine, aspartic acid phenylalanine, tyrosine, tryptophan, valine, 

arginine, histidine, alanine, glycine serine and proline (Djarijah et al., 2001). 

Mushrooms are also rich in essentials unsaturated fatty acids including oleic, linoleic, 

alfa-linolenic and palmitic acids. Nutritive values of different mushrooms are given in 

Table 2 & 3. 

Table2. Nutritive values of different mushrooms (dry weight basis g/100g) 
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Agaricus bisporus 46.17 20.90 33.48 3.10 5.70 499 Kalac, 2009 

Pleurotus sajor-caju 63.40 48.60 19.23 2.70 6.32 412 kalac, 2009 

Lentinula edodes 47.60 28.80 32.93 3.73 5.20 387 kalac, 2009 

Pleurotus ostreatus 57.60 8.70 30.40 2.20 9.80 265 Barros 2008 

Volvariella volvaceae 54.80 5.50 37.50 2.60 1.10 305 Barros 2008 

Calocybe indica 64.26 3.40 17.69 4.10 7.43 391 Manzi 1999 

Flammulina velutipes 73.10 3.70 17.60 1.90 7.40 378 Manzi 1999 

Auricularia auricula 82.80 19.80 4.20 8.30 4.70 351 Manzi 1999  
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Table3. Essential amino acid composition of some edible mushrooms 
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Agaricus bisporus  2.5 7.5 4.5 5.5 0.9 0.1 4.2 2.0 Rahi et al.,2016 

Lentinus edodes  3.7 7.9 4.9 5.9 1.9 3.9 5.9 Nd  Bano et al.,1982 

Pleurotus florida 6.9 7.5 5.2 6.1 3.0 9.9 3.5 1.1 Bano et al.,1982 

Volvariella 

diplasia  

9.7 5.0 7.8 6.0 1.2 6.1 7.0 1.5 Bano et al.,1982 

Rahi et al.,2016 

V. volvacea 5.4 4.5 3.4 3.5 1.1 7.1 2.6 1.5 Bano et al.,1982, 

Rahi et al.,2016 

P. ostreatus 0.91 1.1

3 

0.62 1.10 0.28 0.7

1 

0.73 0.15 Rahi et al.,2016 

P. sajor-caju  0.98 1.3 0.75 0.98 0.34 0.7

8 

0.86 0.09 Rahi et al.,2016 

 Note. Values are expressed on dry weight basis (µg/100g of sample)  

Nd- not determined. 

2.6. Medicinal and therapeutic value of mushrooms  

2.6.1. Bioactive compounds detected in edible mushrooms 

 Mushrooms are also recognized as an important source of biologically active 

compounds (Alves et al., 2013; Vasundhara et al., 2016). A.bisporus has many 

medicinal metabolites responsible for the therapeutic activity for which the treatment 

and prevention of many human diseases act as anti-cancer agents such as 

polysaccharides, fatty acids and ergosterol, N,N,Ntris” hydrazine carbonyl” phosphoric 

triamide, selenium and vaccenic acid; anti-hyper cholesterol agents such as fatty acids, 

glycoproteins, sterols and vaccenic acid (Hammann et al., 2016); anti-microbial agents 

(Cristiane et al., 2016) anti-cardiovascular disease metabolites such as fatty acids, 

sterols and pyran derivative hepato protective agent triterpenoids (Hammann et al., 

2016) uman health supporting agent's (fatty acids,sterols and sugar alcohols); immune 

enhancer metabolites like fatty acids, glycoproteins, polysaccharides and sterols 

(Hammann et al.,2016; Jananie et al., 2012). These medicinal metabolites such as β-

glucan and G-glucan; polysaccharide K or PSK “protein bound polysaccharide; 

phenols; polyketides, triterpenoids and sterols (De Barros, 2008); triterpenoids, lectins 

glycoprotein's, ergothioneine (Ey et al., 2007) selenium, pyran derivative, essential 

fatty acids (Andersson et al., 2004; Ji et al., 2006). Mushrooms have not just been 

consumed for their culinary importance because of their unique taste and flavour 
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(Kalac, 2013), but also because of their potential therapeutic properties as well as 

effective to treat and prevent varieties of disorders (Moro et al., 2012; Paul et al., 

2017). These bioactive metabolites include phenolic compounds, terpenoids, 

polysaccharides, lectins, steroids, glycoproteins and several lipid components (Reis, 

2012). Several studies have been conducted to evidence the bioactive properties of 

mushroom extracts as well as of their secondary metabolites such as antioxidant 

(Heleno et al., 2015), antitumour (Ferreira et al., 2010), antimicrobial (Alves et al., 

2013), immunomodulator, antiatherogenic, hypoglycemic and anti-inflammatory (Han 

et al., 2013; Moro et al., 2012; Choi et al., 2014; Taofiq et al., 2015) activities. 

Mushrooms are also considered as functional foods because they elicit their positive 

effect on human being (Patel et al., 2012).  

Table4. Source, type, and bioactivity of some polysaccharides isolated from 

different edible mushrooms 

Mushrooms  Polysaccha

ride source  

Type of 

polysaccharide  

Bioactivity  Reference  

Pleurotus tuber-regium Sclerotium, 

mycelium 

Beta-glucan Hepatoprotective 

and antibreast 

cancer   

Zhang et al.,(2007) 

Ganoderma lucidum Fruit body, 

culture 

broth 

Heteroglycan, 

Mannoglucan, 

Glycopeptides  

Hyperglycemia, 

Immunomodulating

, antitumor, 

antidecrepitude 

Zhang etal.,(2007) 

Rahi et al.,(2016) 

Lentinus edodes  Culture 

broth, 

fruiting 

body 

Mannoglucan, 

polysaccharide-

protein 

complex, 

glucan, lentinan 

Immunomodulating

, antitumor, 

antiviral  

Zhang et al.,(2007) 

Agaricus blazei  Fruit body, 

mycelium  

Glucan, 

Heteroglycan, 

glucan protein, 

Glucomannan-

protein complex  

Antitumor  Zhang et al.,(2007) 

Rahi et al., (2016) 

Ganoderma 

applanatum  

Fruit body Glucan  Antitumor  Zhang et al.,(2007) 

Polyporus umbellatus  Mycelium  glucan Antitumor, 

immunomodulating  

Zhang et al.,(2007) 

Pleurotus 

citrinopileatus  

Fruit body  galactomannan Antitumor  Zhang et al.,(2007) 

Pleurotus ostreatus   Glycoprotein  Antitumor, 

hyperglycemia, 

antioxidant  

Zhang et al.,(2007) 

Volvariella sp Fruit body, Polysaccharides  Cardiac tonic  Chang et al.,(2004) 

Trametes coriolus  Fruit body, 

mycelium   

Polysaccharide, 

PSP-a 

glycopeptides  

Antitumor and 

Immunostimulant 

Chang et al.,(2004) 
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Tricholomopsis rutilans  Fruit body, 

mycelium   

Polysaccharides  Anticarcinogenic 

activity  

Antioxidative and 

anti inflammatory  

Chang et al.,(2004) 

Morchella esculenta  Fruit body Heteroglycan  Hyperglycemia, 

antitumor   

Zhang et al.,(2007) 

Rahi et al.,(2016) 

Tricholoma mongolium Fruit body  Glucan  Antitumor activity Zhang et al.,(2007) 

     
Table5. Therapeutic metabolites of different edible mushrooms and their bioactivity 

Mushrooms  Compounds  Medicinal properties  Reference 

Ganoderma lucidum  Triterpenes  

Ganoderiol F 

Ganodermanontriol 

Ganodermadiol  

Ganopoly 

Ganoderon B 

Glycoprotein 

 

Ganoderic acid B 

Beta-glucans   

 

Active against HIV 

Cytotoxic to hepatoma 

cells, protection against 

atherosclerosis,  

Hypoglycemic effect 

Antitumor activity  

Augments immuno-

system, antitumor 

activity, Liver protection,  

Antibiotic properties, 

Inhibit cholesterol 

sysnthesis 

Nahata (2013) 
Chang et al.,(2004) 

 

Nahata (2013) 
Rahi et al.,(2016) 

Lin et al.,(2010) 

Wang et al.,(2007) 

Moradali et al.,(2007) 

Rahi et al.,(2016) 

 

Ganoderma frondosa Polysachharides  

Lectins  

Increase insulin secretion  

Decrease blood glucose  

Rahi et al., (2016) 

 

Lentinula edodes  Eritadenine 

(derivative of 

nucleotide) 

Lentinan  

 

Oxalic acid present 

on caps 

 

Emitanin  

Soluble lignin  

Antilipidemic activity 

Anticancer agent 

 

Antibacterial activity 

Inhibits sarcoma 180 and 

HIV induced cytopathic 

effect 

Used in tumor/ chemo/ 

radiotherapy/surgery 

Anti HIV activity 

Rahi et al., (2016) 

Nahata (2013) 
 

Nahata (2013) 
 

Nahata (2013) 
 

 

Nahata (2013) 
 

Agaricus bisporus  Lectins  

 

 

Conjugated linoleic 

acid 

Enhance insulin secretion  

Immunomodulatory 

Anti-carcinogenic and  

anti-mutagenic activity 

Anti-proliferative activity 

Antioxidant activity 

Tumor-suppressive 

activity  

Ahmad, (2014) 

Chang et al., (2004) 

 

Adams et al., (2014) 

Nahata (2013) 
Gan et al., (2013) 

Sharma et al.,(2016) 

Kim et al., (2014) 

Agaricus brasiliensis L-ergothionene Antioxidant activity Gan et al., (2013) 

Calocybe indica  Glucan 

 

Antiinflamatory activity Prabu et al., (2014) 

Selvi et al., (2010) 

P. pulmonarius  Saponins Antiinflamatory activity Josh et al., (2004) 

Pleurotus florida  Glucan 

 Pleuran 

Antiinflamatory activity Josh et al.,(2004) 

 

Contd…. 
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Mushrooms Compounds Medicinal properties Reference 

P. Sajor-caju  Lovastatine  

Proteins having 

polysaccharide 

xyloglucan, 

xyloproteins 

Lower cholesterol  

 

Antitumor activity 

Gunde et al.,(1999) 

 

Rahi et al., (2016) 

 

Pleurotus ostreatus  Aqueous 

Polysaccharides  

 

 

Polyphenols  

Ubiquitine  

Glucan 

Pleuran 

 

 Ribonucleases 

 

Lovastatine  

 

Induces anti-proliferative 

and pro-apoptotic effects 

on colon cancer cells 

Antioxidant activity 

Anti-viral activity 

 

 

Antiinflamatory activity  

 

 

Neutralize HIV by 

degrading genetic 

materiall 

Artherosclerotic activity 

Lavi et al.,(2012) 

 

Ivette et al., (2016) 

Pumtes et al., (2016) 

Zhang et al., (2007) 

 

 

Josh et al., (2004) 

 

 

Nahata (2013) 
Rahi et al., (2016) 

P. citrinopileatus Homodimeric Lectin  Anti-tumor activity Li et al., (2008a) 

P. tuber-regium Water soluble 

Polysaccharides 

Anti-proliferative activity Wong et al., (2007) 

Pleurotus flabellatus Phenolics  

Lycopene,  

alpha-tocopherol and  

L-ergothionene 

Antioxidant activity  Pumtes et al., (2016) 

Adhiraj et al., (2014) 

Vamanu, (2013) 

Vangkapun et al., (2011) 

Auricularia auricula  Acidic 

Polysachharides  

Decrease blood glucose  Yuan et al.,(2008) 

Flammulina velutipes Ergothioneine  

Proflamin 

Velutin protein  

Enokipodins  

Sesquiterpenes  

Antioxidants  

Anticancers activity 

Antitumor, antifungal 

and anti bacterial activity  

Pumtes et al., (2016) 

Nahata (2013) 
Nahata (2013) 
 

Trametes versicola  Polisachharide-k 

(kresin) 

Decrease Immuno-

system depression  

Chang et al., (2004) 

Cordyceps sinensis Cordycepin 

 

 

 

Adenosine, 

ergosterol 

Cure lung infections, 

Hypoglycemic activity, 

Cellular health properties 

Antidepressant activity 

Antioxidative property 

Li et al.,(2007) 

Rahi et al.,(2016) 

Lavi et al.,(2012) 

 

Pumtes et al., (2016) 

Pleurotus tuber-

regium 

Water insoluble 

Glucans  

Antiviral activity Zhang et al., (2007) 

Auricularia 

polytricha  

Antiplatetet 

compound 

Adenosine  

Artherosclerotic activity Nahata (2013) 
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2.6.2. Antimicrobial properties of mushroom  

Inhibitory activity of methanolic extract of Pleurotus sp against Bacillus megaterium, S. 

aureus, E. coli, Klebseilla pneumonia, Candida albicans, C. glabrata, species of 

Trichophyton and Epidermophyton was demonstrated to different degrees that were 

lower with respect to two antifungal agents‟ streptomycin and Nystatin (Akyuz et al., 

2010). Ether and acetone extracts of oyster mushroom was effective against B. subtilis, 

E. coli and S. cerevisiae, Pseudomonas aeruginosa (Nithya et al., 2009). Extract of A. 

bisporus has the antibacterial activity against a wide rane of pathogenic bacteria as well 

as fungi (Sharareh et al., 2016, Waithaka et al., 2017). Parashare et al., (2013) reported 

that mushroom extract showed the antibacterial activity against Staphylococcus aureus, 

Escerichia coli and Pseudomonas. 

2.6.3. Anti-tumor activity 

Lavi et al., (2006) reported an aqueous polysaccharide, extracted from P. ostreatus 

induces anti-proliferative and pro-apoptotic effects on colon cancer cells. The water 

soluble polysaccharide from P. ostreatus was considered as a potential candidate for 

developing a novel low-toxicity anti-tumor agent (Maiti et al., 2011). Li et al., (2008a) 

isolated a homodimeric lectin from fresh fruiting bodies of P. citrinopileatus and 

reported as considered as potent anti-tumor activity in mice bearing sarcoma. Wong et 

al., (2007) studied the in vitro anti-proliferative activities of the water soluble 

polysaccharides extracted from fruit body and mycelium of Pleurotus tuber-regium 

where fruit body extract showed the strongest cytotoxicity and anti-proliferative 

activity. The extract Immunomodulatory, anticarcinogenic and anti-mutagenic 

properties of Agaricus sp have studied by Delmanto et al., (2001). Lectin from 

Agaricus bisporus and Agaricus polytrica protein are stable immuno-stimulants (Chang 

et al., 2010). Kim et al., (2014) reported that the extract from Agaricus sp showed the 

most potent tumor selective growth inhibitory activity against human leukemia. Adams 

et al., (2014) evaluated the effect of A. bisporus extract in vivo and its major 

component conjugated linoleic acid on prostate cancer cell lines in vitro and reported 

that the extracted linoleic acid inhibited proliferation in the prostate cancer cell lines in 

vitro.  

2.6.4. Antioxidant activity  

The antioxidant activity of Agaricus bisporus was determined by means of DPPH and 

TCA, and H2O2 assay (Waithaka et al., 2017). High phenolics and flavonoid content in 

Pleurotus flabellatus have been detected by Pumtes et al., (2016). The phenolic and 
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flavonoid content has an impact on antioxidant activity (Pumtes et al., 2016). 

Mushrooms containing high phenolics compound are normally well correlated with 

antioxidant activity (Ahmad et al., 2014). The phenolic content are among the phenolic 

compounds in mushrooms such as phenolic acids, gallic acids, caffeic acid, quercetin, 

flavonoids ant tannins, in which the phenolic hydrogen is a major contributor to 

antioxidant activity (Siu et al., 2014). In mushrooms gallic acids, ascorbic acids, beta-

carotene, Lycopene, alpha-tocopherol and L-ergothionene are the main compounds 

with antioxidant effect (Vamanu, 2013, Vangkapun et al., 2011). Adhiraj et al., (2014) 

reported P. flabellatus can be a potential source of natural antioxidant to treat variuor 

oxidative stress related diseases. Antioxidant activity of Agaricus bisporus and 

Agaricus brasiliensis was determined by Gan et al., (2013). Phenolics are considered to 

be beneficial antioxidants as they exhibit scavenging activity of harmful active oxygen 

species (Jiang et al., 2015). Mushroom Pleurotus ostreatus contains high protein, 

vitamin and mineral contents very lower amount of carbohydrates sugar and very less 

amount of cholesterol (Patel et al., 2012). However Gil-Ramirez et al., (2016) reported 

that the mushrooms do not contain flavonoids and those found in the hyphae could be 

due to the facility of these organisms to absorb many nutrients and compounds from the 

substrate where they grow or from neighboring plants by spreading their hyphae. All 

water and methanolic extract of Pleurotus ostreatus possess phenolics compound and 

flavonoid and they suggested that the antioxidant activity could not be by poly phenol. 

The antioxidant activity may be as a result of the presence of others molecules which 

are present in the extract (Ivette et al., 2016). He also investigated the antioxidant 

properties of aqueous and 95% ethanol extracts of two species of fungi, Pleurotus 

ostreatus and P. sajor-caju, obtained from a local farm in Thailand. The aqueous 

extracts showed the highest amount of total polyphenols and better antioxidant activity 

than ethanol extracts for both fungi. Kim et al., (2014) investigated the antioxidant 

activity and the total polyphenol amount, of methanol extracts of mycelium and fruiting 

body of P. sajor-caju, P. ostreatus and P. sapidus. The polyphenolic compounds with 

antioxidant activity are multifunctional and act according to the majority of these 

mechanisms. Furthermore, it is known that the antioxidant properties depend on the 

type of solvent used in the extraction and complexity of compounds, since must involve 

different methods to determine their antioxidant activity. Fruiting bodies of Pleurotus 

possessed higher concentration of antioxidants than other commercial mushrooms (Lo, 

2005). Oyster mushrooms are now widely used as ingredients in dietary supplements in 
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the hope of maintaining health and preventing diseases due to their higher free radical 

scavenging activities (Kim et al., 2004). Fruiting bodies of oyster mushroomhave 

higher phenol concentration when compared with mycelium and fermentation broth 

filtrate of P. citrinopileatus (Jose et al., 2004). 

2.6.5. Anti-inflamatory activity   

Pleuran, isolated from fruiting bodies of oyster mushroom possesses antiinflammatory 

activity. Extracts of many of P. florida, P. pulmonarius give a lowering response in 

both acute as well as in chronic inflammation (Jose et al., 2004). Nozaki et al. (2008) 

reported the mechanism that glycosphingo-lipid isolated from P. eryngii, induced 

secretion of IFN-g and IL-4 from T-cells, whereas (1-3), (1-6)-linked-glucan isolated 

from P. ostreatus inhibited leukocyte migration to acetic acid-injured tissues. Recently 

a nonlectin glycoprotein isolated by Chen et al., (2011) from fresh fruiting body of P. 

citrinopileatus down-regulated the pro-inflammatory mediators.  In their experiments 

they also observed that anti-inflammatory activity of oyster mushroomthat was 

mediated through the inhibition of NF-kB and AP-1 signalling. Another potent anti-

inflammatory agent, a polysaccharidehas been extracted from the P. pulmonarius that 

acted against carrageenan and formalin-induced paw edema in rats (Adebayo et al., 

2014). Tannin and terpenes concentration detected in the mushroom have been found to 

possess astringent properties, which hasten the healing of wounds and inflamed mucous 

membrane (Okwu, 2004). C. indica extract inhibited the proteinase trypsin and display 

the most potent inhibitory activity of proteinases as reported by Prabu et al., (2014). 

Jose et al., (2004) reported that methanolic extracts of Pleurotus pulmonarius and 

Pleurotus floridacause decrease of induced paw edema and ameliorated acute 

inflammation in mice. Ajith et al., (2001) found that the methanolic extract of Phellinus 

rimosus (Berk.) Pilat inhibited significant antiinflammatory activity in acute and 

chronic inflammations in mice. Selvi et al., (2010) studied that the aqueous and 

ethanolic extracts of C. indica for its antilipid-peroxidative activity through in vitro 

model of goat. 

2.6.6. Antiviral activity of mushrooms  

Pleurotus mushroom contain substances that exert direct or indirect antiviral effects as 

a result of immune-stimulatory activity. Ubiquitin, an anti-viral protein was isolated 

and identified from fruiting body of oyster mushroom (Selvi et al., (2010). Water-

insoluble-glucans isolated from sclerotia of P. tuber-regium and their corresponding 

water-soluble sulphated derivatives were active against herpes simplex virus type-1 and 
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type-2 (Zhang et al., 2007). The anti-viral activity was due to binding of sulphated-

glucans to viral particles thereby preventing them from infecting the host cells. Not 

only intracellular proteins of P. ostreatus but its extracellular extract also contains 

polysaccharides that have Immuno-modulating effects. 

2.6.7. Anti-ageing activity 

Extracts of P. abalonus and P. ostreatus elevated levels of vitamin C and E, increased 

activities of catalase, superoxide dismutase and glutathione peroxidase in aged rats 

(Jayakumar, 2009). Different extracts (methanol, ethanol, acetone or water extract) of 

Pleurotus can improve the antioxidant status during ageing leading reducing the 

occurrence of age-associated disorders like stroke, Parkinson‟s disease, atherosclerosis, 

diabetes, cancer and cirrhosis. The polysaccharides from mushrooms are potent 

scavengers of super oxide free radicals. This antioxidant prevents the action of free 

radicles and consequently reducing the ageing process.  

2.6.8. Hepatoprotective activity  

Chen et al., (2014) reported the hepatopreventive and therapeutic activity of hot-water 

extract of mushrooms  by mechanism of inhibition through preventive regimen caused 

less leakage of alkaline phosphate, less pronounced increase in hepatic malodialdehyde 

concentration, less notable reduction in hepatic total protein,  RNA and DNA contents 

and in contrast increased hepatic superoxide dismutase, glutathione reductase activity, 

glutathione peroxidase activities. Polysaccharides extracted from fruit body of P. 

ostreatus alleviated the thioacitamide-induced alterations, inflammation, steatosis 

necrosis and fibrosis in the therapeutic regimen as reported by Chen et al., (2014). He 

also observed that water soluble polysaccharides extracted from P. eryngii removes the 

free radicals and also increase the activity of the antioxidant enzyme in liver injury 

mouse model.  

2.6.9. Anti HIV properties of mushrooms 

Ribonucleases have been isolated and characterized from the P. ostreatus that has the 

potentiality to neutralize HIV through degradation of viral genetic material (Wang et 

al., 2012). Oyster mushrooms have been reported to have a nopvel ubiquitin-like 

protein having HIV-reverse transcriptase inhibitory activity (Wang et al., 2005). 

Similarly hot water extracts of P. sajor-caju and P. pulmonarius inhibit HIV-1 reverse 

transcriptase activity by SU2 (Wang et al., 2007). A Lectin isolated from fresh fruiting 

bodies of P. citrinopileatus also inhibited HIV-1 reverse transcriptase (Li et al., 2008a). 
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2.6.10. Anti-mutagenic activity  

Extracts of 89 different mushrooms species were tested for their antigenotoxic and bio-

antimutagenic activities on S. typhimurium and E. coli and mushroom extracts was 

found to be most effective. Methanolic extracts of P. ostreatus showed significant 

inhibition of mutagenicity elicited through mutagens requiring activation (Lopez et al., 

2016). Dried P. ostreatus, in diet, reduced pathological changes in dimethylhydrazine-

induced colon cancer, in rats. Furthermore, extracts of P. cornucopiae significantly 

reduced HO
- 

induced DNA damage in Chinese hamster lung cells and P. ostreatus 

extract mitigated genotoxicity through suppression of DNA damage induced by 

different mutagens in the Drosophila DNA repair test. P. citrinopileatus fruiting body 

extracts have shown antioxidant activities in vitro and in hyperlipidemic hamster rats. 

Li et al., (2007) observed up-regulated gene expression of antioxidant enzymes and 

consequently their activities were increased.  

2.6.11. A new source of compounds with potential hypocholesterolemic activity 

The World Health Organization estimated that 17.3 million lives were lost in 2008 and 

an expected 23.6 million people will die of cardiovascular diseases by the year 2030. 

About 80% of mortality rates were reported from the lower and middle income 

countries. The treatment of hypercholesterolemia is targeted by decreasing the low 

density lipoprotein by medications. A wide variety of biological active compounds are 

produced by fungi (De Silva et al., 2012a, 2012b, 2013) including statins (anti-

cholesterol compounds). Lovastatin is an interesting fungal metabolite. It functions as a 

competitive inhibitor of the enzyme, 3-hydroxy-3methyl-glutaryl enzyme in cholesterol 

biosynthesis. HMG Co-A reductase is an important enzyme in the process of converting 

HMG CoA to mevalonate. Mushrooms fruiting bodies or their extracts might be 

considered as a new source of compounds with potential hypocholesterolemic activity 

because they are rich in ergosterol-derivatives, β-glucans and HMGCoA-red inhibitors. 

The presence of lovastatin in the mushroom Pleurotus ostreatus, P. saca and P. sapidus 

was confirmed by Cimerman, (2006) and Radha et al., (2013), Dhar et al., (2015). 

Agaricus campestris, C. indica, Ganoderma applanatum and Tricholoma giganteum 

also prooduced lovastatin (Pushpa et al., 2016). The presence of lovastatin in Pleurotus 

has been reported by Mowsumi et al., (2013). Choudhury et al., (2013) reported that the 

intake of P. ostreatus improves glycemic status and effective in controlling blood 

pressure in diabetic hypertensive subjects.  
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2.6.12. Mushrooms as pre-biotics  

Mushrooms are highly nutritive with high content of carhohydrate, protein, vitamin, 

fibers, and low in cholesterol (Thatoi et al., 2014). Recently many research studies 

revealed that the mushrooms contain some polysaccharides that have been successfully 

used as nutraceuticals (Giannenas et al., 2011). Among these edible mushrooms, 

Pleurotus eryngii, L. edodes and Flammulina velutipes contain ribose, xylose, fructose, 

mannose, glucose and trehalose (Kim et al., 2014). Different mushrooms produce 

different types of polysaccharides that can be either water soluble or water insoluble. 

Some polysaccharides have only glucose moiety while some have proteins attached 

with them. Polysaccharides are mostly β-linked glucose molecules but some also have 

galactose and mannose; yet some are heteropolysaccharides and others are glucan-

protein complexes. These polysaccharides can beutilized in treatment of simple to 

complex diseases like cancer, AIDS and other present day diseases (Ooi et al., 2008). 

The balance of intestinal flora is crucial for human health and disease prevention. In 

this context, prebiotics are the most promising health foods because they can regulate 

the structure and number of intestinal flora. Mushrooms (P. ostreatus and L. edodes) 

can significantly modify intestinal flora composition by promoting the 

metabolismandproliferation of beneficial microorganisms suchas Lactobacilli and 

Bifido-bacteria, as well as by inhibiting pathogenic bacteria such as E coli, Clostridium 

and Salmonella (Zhou et al., 2011). The major components rendering prebiotics 

function in mushroom are non-digestible polysaccharides such as glucan, chitin and 

hetropolysaccharides. Mushrooms also prevent viral infection by enhancing the growth 

of probiotic bacteria in the large intestine (Villares et al., 2012). Several mushroom 

polysaccharides likepleuran, lentinan, schizophyllan, β and α- glucans, mannans, 

xylans, galactans, chitin, inulin and hemi-celluloses can be credited to promising 

prebiotics effects. Pleuran from P. ostreatus and lentinan from Lentinus edodes 

mushrooms are currently the most frequently used β-glucans as prebiotics. Both of 

them show positive effects on the intestines. They increase the resistance of intestinal 

mucosa to inflammation and inhibit the development of intestinal ulcers in rats 

Lentinan also shows a positive effect on peristalsis in weaned piglets (Van et al., 2003).  

2.7. Spent mushroom Compost as Soil Conditioner and Organic Fertilizer 

Spent mushroom compost is a noxious byproduct of mushroom farming (Tuhy, 2015). 

Jonathan et al., (2012) considered SMS as remnant substrate of cultivate mushroom. 
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The use of organic manure such as spent mushroom substrate in growing agricultural 

crops especially leafy vegetables has been recognised in recent times as a possible 

means of enhancing sustainable agriculture or sustainable production of food crops 

(Okokon et al.,2009). Ezugwu et al., (2000) who worked on the influence of organic 

manure rates and inorganic fertilizer formulations on some quantitative parameters of 

fluted pumpkin stated that the SMS can be used as an alternative of inorganic fertilizer. 

Tuhy et al., (2015) obtained healthy effect when he conducted an experiment on tomato 

plants. SMS contribute significantly to the number of branch, number of leaves in the 

vegetables depending on the rate of application (Saalu et al., 2010; Roy et al., 2015).  

According to Akanbi et al., (2015) organic fertilizer improved cell activity, enhance cell 

multiplication and enlargement of fluted pumpkin. Organic manure is known to be 

capable of activating diverse microorganisms which release hormones like substances 

that stimulate nutrient absorption and plant growth (Arisha et al., 2003). Spent 

mushroom compost is rich in organic matter and constitutes an important source of 

macro-micro nutrients for plants and microorganisms thereby increase the soil micro 

flora, soil biological activity and enhance soil enzyme activity (Debosz et al., 2002; 

Crecchio et al., 2001). It contains calcium carbonate which provides short term 

buffering of the acidic water and elevates soil pH. The SMC is able to bind mineral 

particles together promoting a good soil structure and improving aeration and moisture 

retention (Piccolo et al., 1994). Use of SMC in reduces the quantity of biodegradable 

waste disposed in landfill sites and also transforms them into economical useful 

agricultural product. The significant influence of SMS on the yield of Telfaira revealed 

that SMS can be used as soil amendment to promot the yield of crop (Dauda et al., 

2008). Applications of SMS of Pleurotus ostreatus have a direct effect on the growth 

and yield of T. occidentialis (Orluchukwu, 2016). SMS of Calocybe indica has direct 

effect on growth parameters of leafy vegetables (Barman et al., 2015).  Addition of 

leached SMC to growing media significantly improved the cucumber plants growth as 

recorded by Gonani et al., (2011). Jonathan et al., (2011) used SMC of Pleurotus 

pulmonarius as possible organic fertilizer for the improvement of growth of vegetables 

in Nigeria. SMC could be applied greenhouse soil at agronomic rates without heavy 

metal and salinity defects. SMS also effect on nutritional constituents of vegetables 

fruits (Priadi et al., 2016). His study also showed that growing media containing SMS is 

the best to improve seedlings growth. 
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2.8. Appropriate uses of spent substrate or compost in plant disease management   

SMS is excellent to spread on top of newly seeded lawns. The SMS provides cover 

against birds eating the seeds and will hold the water in the soil while the seed 

germinate. Since some plant and vegetables are sensitive to high salt content in soil, 

avoid using fresh substrate around these plants.  In these case 6 months or more 

weathered spent substrate can be used. As a soil amendment, SMS adds organic matter 

and structure to the soil. Spent substrate primarily improves soil structure and provides 

nutrients. Spent substrate is the choice ingredients by those companies making the 

potting mixture solid in garden centres. Plant diseases like Pythium-damping off, apple 

scab, cucumber anthracnose caused by fungal pathogen was suppressed by water extract 

of SMS treatment (Parada et al., 2012). Mushroom mycelial leachate was applied as 

biocontrol agents to control plant diseases like bacterial wilt of tomato. Water extract of 

SMS play an important role to induce expression of systemic acquired resistance (SAR) 

related to defense genes in plants (Parada et al., 2011). Kwak et al., (2015) used water 

extract of SMS as an eco-friendly disease control agents. SMC extract was successfully 

applied as bio-control agents to suppress the Fusarium wilt of tomato by Adedeji et al., 

(2016). Antagonistic activity of SMC extract against abroad range of plant pathogens 

have been demonstrated by Verma et al., (2017). Up to 55% disease index was reduced 

by the treatment of spent mushroom compost against Fusarium oxysporum in tomato 

plant. Apple scab disease was managed by water extract of spent mushroom compost in 

filed condition. Disease severity caused by Fusarium oxysporum, Sclerotium rolfsii and 

Rhizoctonia bataticola was maintained by treatment of SMS (Ahlawat et al., 2011). The 

microbial diversity of Pseudomonas and Bacillus present in SMS exert antagonism to a 

number of soil pathogens (Mohapatra et al., 2011). Spent mushroom substrate (SMS) 

having bio-agents, supply nutrition to the soil as well as helps in management of soil-

borne plant pathogens (Verma et al., 2017). The presence and antagonism of different 

fungal microorganisms has been worked out by Verma et al., (2017) in which they have 

reported that the organic substrates such as spent mushroom compost can suppress a 

variety of plant pathogenic fungi including soil borne pathogens like Rhizoctonia spp. 

and Pythium spp.  
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CHAPTER -3 

MATERIALS AND METHODS 

 

3.1. Fungal Culture 

The pure culture of Pleurotus ostreatus, Pleurotus sajor-caju, Pleurotus djamor, 

Pleurotus florida, Calocybe indica and Agaricus bisporus was obtained from the 

Directorate of Mushroom Research, ICAR Solan, Himachal Pradesh, India. The 

cultures were maintained on Potato Dextrose Agar (PDA) and 2% Malt Extract Agar 

(MEA) slants and stored at 4
0 
C (Jong, 1978). 

A. Potato Dextrose Agar 

Material Quantity 

Potato 400gm 

Dextrose anhydrous 20gm 

Agar Agar Type I 20gm 

Distilled Water  1ltr 

 

B. Malt Extract Agar 

Materials Quantity 

Malt extract 30gm 

Peptone   2gm 

Agar Agar Type I 15gm 

Distilled water   1 ltr 

 

C. Richard‟s synthetic media  

Ingredients  Quantity 

Potassium nitrate  10gm 

Monopotassium dihydroge phosphate    5gm 

Magnesium sulphate  2.5gm 

Ferric Chloride   0.020gm 

Sucrose  15gm 

Agar agar Type I 20gm 

Distilled water   1ltr. 

3.2. Maintenance of culture  

The culture of Calocybe indica was stored in 15˚C and Agricus bisporus, Pleurotus 

ostreatus, Pleurotus sajor-caju, Pleurotus djamor and Pleurotus florida, P. flabellatus, 

P. eryngii, kept in 4˚C using refrigerator. To maintain the pure line of culture sub-

culturing was done after every 35 days intervals.  
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3.3. Molecular identification of C. indica, A. bisporus and Pleurotus sp 

3.3.1. Isolation of genomic DNA  from fungal mycelia 

Isolation of fungal genomic DNA was done by growing the fungi for 3-4 days. Liquid 

nitrogen was used for crushing the cell mass for both cases. 

3.1.1.1. Preparation of genomic DNA extraction buffer 

The following buffer for DNA extraction were prepared by mixing appropriate amount 

of desired chemicals with distilled water and adjusted the desired pH.  

DNA Extraction buffer composition  

1M Tris-HCl pH 8.0 

5M Nacl 

0.5 mM EDTA, pH 8.0 

10% SDS 

3.3.1.2.  Genomic DNA isolation 

The fungal mycelia was grown in PDB for 6-7 days and then harvested. Total genomic 

DNA was extracted as described by Kuramae-Izioka (1997). The mycelium was ground 

into the fine powder under liquid nitrogen and suspended in 700 μL extraction buffer. 

Upon homogenization, the tubes were incubated for 30 minutes at 65ºC. DNA samples 

were purified with equal volumes of chloroform: isoamyl alcohol (24:1) mixture (1X), 

and precipitaded with isopropanol. The tubes were centrifuged at 15,400 g for 10 

minutes and DNA pellets were rinsed with 70% ethanol, air dried, suspended in TE 

buffer (pH 8.0) and stored at 4° till further use. 

3.3.1.3. Purification of genomic DNA 

The extraction of total genomic DNA from the isolated microorganisms as per the 

above procedure was followed by RNAase treatment. Genomic DNA was resuspended 

in 100 μl 1 X TE buffer and incubated at 37
o 

C for 30 min with RNAse (60μg). After 

incubation the sample was re-extracted with PCI (Phenol: Chloroform: Isoamylalcohol 

(25:24:1) solution and RNA free DNA was precipitated with chilled ethanol as 

described earlier. The quality and quantity of DNA was analyzed both 

spectrophotometrically and in 0.8% agarose gel. The DNA from all isolates produced 

clear sharp bands, indicating good quality of DNA. 

3.3.2. Quanitification of isolated DNA 

The pure sample was (without significant amounts of contaminants such as a proteins, 

phenol, agarose, or other nucleic acids), used to quantify DNA. For quantating DNA, 
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absorbance was taken at wave-length of 260nm and 280 nm. Quantification was done 

as follows:  

1 OD at 260 nm for double stranded DNA =50ng/µl of dsDNA 

1 OD at 280 nm for single stranded DNA=20-33ng/µl ssDNA 

Pure preparations of DNA have OD260/OD280 value 1.8. If there is contamination with 

protein or phenol, this ratio will be significantly less than the value given above, and 

accurate quantification of the amount of nucleic acid will not be possible. 

3.3.3. Agarose gel Electrophoresis 

Gel electrophoresis is an important molecular biology tool. Gel electrophoresis enables 

us to study DNA. It can be used to determine the sequences of nitrogen bases, the size 

of an insertion and deletion or the presence of poin mutation.  It can also be used to 

distinguish between variable sized alleles at a single locus and to assass the quality and 

quantity of DNA present in a sample.  

3.3.3.1.  Preparation of Agarose gel  

Agarose (0.8%) in 1X TBE buffer was melted, cooled and poured into the gel casting 

tray with ethidium bromide. Gels solidify in 15-20 min. 

3.3.3.2.  Gel Electrophoresis for DNA fraction 

15μl of sample and 5μl of DNA loading dye mixed properly was loaded in each well of 

agarose gel (1%).The electrical head of the gel tank was attached firmly and electric 

supply was applied at constant current 90 mA and voltage 75 volt (BioRAD Power Pac 

3000) at least for 90 min. The DNA migrated from cathode to anode. Run was 

continued until the bromophenol blue had migrated an appropriate distance through the 

gel. Then electric current was turned off and gel was removed from the tank and 

examined on UV trans-illuminator and photographed for analysis. 

3.3.4. PCR amplification  

3.3.4.1. Reagents and the optimal PCR reaction mixture 

PCR amplification of ITS region was done in 20 µl of the reaction mixture containing 

PCR buffer, 1X (kappa, SA); Mgcl2, 3mM; dNTP mix, 0.25mM; Taq DNA 

polymerase, 0.05U; primer, 1 picomol and template DNA, 50 ng, sterile nuclease free 

water was used as negative control. 

3.3.4.2.  ITS- PCR analysis  

All mushroom fungus was taken up for ITS-PCR amplification.  

Genomic DNA was amplified by mixing the temple DNA (50ng), with the polymerase 

rection buffer, dNTP mixture, primers and Taq polymerase. Polymerase chain reaction 
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was performed in total volume of 100µl, containing 78 µl deionized water, 10 µl 10 X 

Taq pol buffer, 1 µl of 1 U Taq polymerase enzyme, 6 µl 2mM dNTPs, 1.5 µl of 100 

mM reverse and forward primers and 1 µl of 50ng template DNA.  

PCR was programed with an initial denaturing at 94 
o
C for 5 min followed by 30 cycles 

of denaturation at 94 
o
C for 30 sec. annealing at 59 

o
C for 30 sec and extension at 70 

o
C 

for 2 min and the final extension at 72 
o
C for 7 min in a primus 96 advanced gradient 

thermocycler. PCR product (20µl) was mixed with loading buffer (8 µl) containing 

0.25 % bromophenol blue, 40 % w/v sucrose in water, and then loaded in 2 % agarose 

gel with 0.1% ethidium bromide for examination with electrophoresis.  

ITS- PCR primers: The following primers were used to amplify ITS regions 

Primer Sequence (5‟-3‟) GC % Length TM 

Value 

Product 

Size 

ITS-1 TCTGTAGGTGAACCTGCGG 57 19 63 
0
C 700 bp 

ITS-4 TCCTCCGCTTATTGATATGC 45 20 51 
0
C 700bp 

ITS-6 GAAGGTGAAGTCGTAACAAGG 90 21 56 
0
C 700bp 

 

3.3.4.3. Amplification condition  

Temperature profile, 94
o
C for 5 min. followed by 30 cycles of denaturation at 94

o
C for 

30 sec, annealing at 59
o
C for 30 sec and extension at 70

o
C for 2 min and the final 

extension at 72
o
C for 7 min in a Primus 96 advanced gradient Thermocycler. 

3.3.4.4.  Sequencing of rDNA gene 

The rDNA was used for sequencing purpose. DNA sequencing was done 

bidirectionally using the ITS primer pairs by SciGenom, Kerala. DNA sequence 

information was analyzed using bioinformatic algorithms tools e.g. Bioedit, MEGA 4, 

NTSYSpc as well as the few online softwares. The chromatogram of the DNA 

sequence was analysed by the software Chromus. All the DNA sequences was edited 

by using the software BioEdit and aligned with Clustal algorithms. 

3.3.5. Sequence analysis 

DNA sequence information was analyzed using bio-informatics algorithms tools e.g. 

MEGA4 software.  

3.3.5.1. Chromatogram of sequence  

The chromatogram of the DNA sequence was analyzed by the software Chromus Lite. 

3.3.5.2. Alignment of sequence data and Phylogenetic analysis  

The sequenced PCR product was aligned with ex-type strain sequences from NCBI 

Genbank and established fungal taxonomy for identification. Sequences were aligned 

following the Clustal Walgorithm (Thompson et al., 1994), included in the Megalign 
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module (DNASTAR Inc.). Multiple alignment parameters used were gap penalty =10 

and gap length penalty =10. Both of these values are aimed to prevent lengthy or 

excessive numbers of gaps. The default parameters were used for the pair wise 

alignment. The use of Clustal W determines that, once a gap is inserted, it can only be 

removed by editing. Therefore, final alignment adjustments were done manually in 

order to artificial gaps. Phylogenetic analyses were completed using the MEGA 

package (version 4.01). Neither gaps (due to insertion-deletion events) nor equivocal 

sites were considered phylogenetically informative. Hence, complete deletion 

prevented the use of any of these sites in further analyses. Phylogenetic interference 

was performed by the UPGMA method (Sneath and Sokal, 1973). Bootstrap tests with 

19 replications were conducted to examine the reliability of the interior branches and 

the validity of these trees obtained. Phylogenetic analyses were conducted in MEGA 4 

as described by Tamura et al., (2007). 

3.3.5.3.  BLAST analysis of sequence 

The DNA sequences were analyzed using the alignment software of BLAST algorithm 

(http://ingene2.upm.edu.my/Blast, Altschul et al., (1997) for the different characteristic 

of DNA sequence for the identification of microorganism Identification of 

microorganism was done on the basis of homology of sequence. 

3.3.5.4.  Submission of rDNA gene to NCBI Gene bank 

The DNA sequences were deposited to NCBI GenBank through Bank-Iit procedure and 

approved as the ITS sequence after complete annotation and given accession numbers. 

3.4. Cultivation techniques developed for Agaricus bisporus, Calocybe indica and 

Pleurotus sp 

3.4.1.  Preparation of spawn  

3.4.1.1. Spawn preparation using Solid culture 

The preparation of mycelial inoculum in Petri dishes and its conservation in test tube 

slants was performed according to Singh (Singh et al., 2009). The spawn was prepared 

according to the standard procedure given by Tandon et al., (2004). Spawn was 

prepared by boiling wheat grains for 15 minutes followed by draining and cooling and 

calcium carbonate (5g/kg) and gypsum (25g/kg) were added, mixed well and then 

transferred double polypropylene bags, with a mean thickness of 0.6 mm, and its upper 

portion was plugged with non-absorbent cotton. The grains were filled up to 2/3rd of 

500 ml capacity wide mouthed glass bottles. The bottles were plugged with non-

absorbent cotton. These bottles were then sterilized at 121
o
 C (15 lbs pressure) for 1.30 
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hour and allowed to cool at room temperature. The mycelial inoculum discs (5 mm) of 

10 days old were aseptically inoculated in the spawn bottles and incubated at 25± 2
o 

C 

in dark chamber for mycelial growth and shaking was done after 3 days (Figure.1). The 

fine mycelial growth on grains is species specific. Calocybe indica and four species of 

Pleurotus takes 13-18 days for full mycelial growth but Agaricus bisporus takes 25-30 

days to cover the Entire grains packet. 

3.4.1.2. Spawn preparation using liquid culture  

Mother culture was prepared in PDB and kept for growth for 12 days. Then the young 

and soft mycelial mat was fragmented by shaking the culture flask and used as 

inoculum for spawn preparation. For preparation of spawn 5 ml of liquid culture was 

used for 250 gm of grain. This type of culture inoculum technique generally takes less 

time for spawn growth.  

 

Figure 1: Steps for spawn preparation  

3.4.2.  Compost  preparation for button mushroom (Agaricus bisporus)  

Composting was carried out in out-door composting where raw materials were mixed 

and periodically turned. Rice straw was wetted to the maximum capacity, on concrete 
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floor. Preliminary stack was prepared and wheat bran was added @ 8kg/250 kg straw, 

urea (3kg/250kg of straw) or poultry manure (10kg/250kg straw) was added and mixed 

uniformly. The whole mixed material was kept in heap (4ftx5ft) form for five days 

untouched (Figure. 2G).  First turning was done after 5 days. Compost heap was cut 

from each end and put equally in the central portion. Stack aeration was done by 

breaking and mixing the material uniformly and kept for next 3 days (Figure.2H). Free 

turning was done every three days interval upto 11 days and at11
th
 and 17

th
 day addition 

of gypsum 3kg/250 kg of straw was done. The free turning was continued until the 

excess ammonia was released from the composting materials. The inner compost 

temperature was recorded.  
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Figure 2: Raw materials and Successive events for preparation of Compost, A. paddy 

straw, B. poultry manure. C. Gypsum, D. wheat bran E. washing and mixing of raw 

material, F. piling of the materials, G. pile of the composting materials, H. turning of 

the piled materials during which temperature raised upto 85
0
C. I. Appearance of 

thermophilic fungi on the compost materials, J. mixing of gypsum to reduces the NH3, 

K. final ready compost. 

 

3.4.3.  Substrate preparation for C. indica and Pleurotus sp 

The substrate preparation is same for both the mushroom cultivations. Different agro 

wastes mainly paddy straw, wheat straw were used for the cultivation of different 

species of Pleurotus and Calocybe indica. For cultivation of C. indica coconut fiber, 

sugar can, dried tea leaf were also used. Dried chopped (2-5cm) straw was washed 3- 4 

times with tap water. Then the substrates were allowed to soak in water for overnight 

and washed for 2-3 times until the brown water drained off fully. After cleaning, the 

substrates were pasteurized at 55-65
0
 C for 20-30 min and allowed to cool at room 

temperature. 

3.4.4.  Spawning  

For Pleurotus sp and Calocybe indica cultivation, spawning was done using in layer 

method in polypropylene bags (12 inch X 18 inch). Cooled pasteurized substrates were 

used and layer spawning was done using the fully grown spawn @ 100gm/kg substrates 
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following the methodology Sarkar et al., (2007). The cylinders were closed tightly and 

small pores were made for aeration. The cylinders were then incubated at room 

temperature for 10-12 days. Mycelia cover the substrate and the polypropylene bags or 

the containers were removed and water sprayed over the fully grown mycelia to 

maintain the 80-90% humidity. But for button mushroom spawning was done @ 5% 

50gm spawn in 1kg compost. Spawning room was maintained as 25°C temperature 

with 80% relative humidity without ventilation.  

3.4.5.  Casing placement  

Casing soil layer is very important for initiation of primordial for button and milky 

mushroom. When the substrate was completely colonized by the vegetative mycelium 

of mushroom fungus, the upper surface of each bag was opened and the surface was 

applied with casing soil such as garden soil and sand, tea waste, coconut fiber (Figure. 

3A-D), hard paper, vermicompost, spent mushroom compost crud and vermicompost 

form, saw dust to a thickness of 2-3 cm over the spawn run substrate. Water was 

uniformly and regularly sprayed to keep the surface of substrate moist. Watering was 

done after and before casing layer placement. When garden soil was used it was 

pasteurized with 5% formaldehyde. During pasteurization it was kept closed with 

plastic sheet for 3days till smell of formaldehyde was totally removed and was mixed 

twice a day. For cultivation of oyster mushrooms (Pleurotus sp) no such casing layer 

was required. 

 

Figure 3 (A-D): Casing materials used for cultivation of Calocybe indica, A. 

young coconut fiber, B. tea waste, C. vermicompost, D. spent mushroom substrate 
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3.4.6.  Fruiting  

The fruit body was harvested from the base carefully so that there will be no damage on 

the grown mycelia. Humidity was maintained by spraying water after the harvest of the 

mushrooms.  

3.5. Histological study of sporocarp  

Transverse sections of the mushroom gills were washed with sterile distilled water and 

stained with lacto phenol-cotton blue (1:1) and incubated for 2-3 min for staining. After 

staining mounted with cover slip and observed in the Leica DM3200 microscope using 

20X and 40 X magnifications. Photographs were taken using Leica Application Suit 

(LAS Version 4.4.0) software. 

3.6. Biochemical analysis of sporocarp    

3.6.1.  Protein estimation   

3.6.1.1. Extraction and estimation of soluble protein    

Protein contents in mushrooms fruit body grown on different substrate were determined 

followed by protocol proposed by Lowry et al., (1951). 

3.6.1.2. SDS-PAGE analysis of soluble protein  

Sodium dodecyl sulphate polyacrylamide gel electrophoresis was performed for 

detailed analysis of protein profile following the method of (Laemmli, 1970). For the 

preparation of gel the following stock solution were prepared. 

3.6.1.2.1. Preparation of stock solution   

I. Acrylamide and N’N’- methylene bis acrylamide 

Stock solution containing 29% acrylamide and 1% bis-acrylamide was prepared in 

warm water, as both of them are slowly dominated to acrylic and bis acrylic acid by 

alkali and light. The pH of the solution was kept below 7.0 and the stock solution 

was then filtered through Whatman No. 1 filter paper and kept in brown bottle, 

stored at 4ºC and used within one month. 

II. Sodium Dodecyl Sulphate (SDS) 

A 10% stock solution of SDS was prepared in warm water and stored at room 

temperature. 

III. Tris buffer  

i) 1.5M Tris buffer was prepared for resolving gel. The pH of the buffer was 

adjusted to 8.8 with concentrated HCl and stored at 4ºC for further use. 
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ii) 1.0 M Tris buffer was prepared for use in the stacking and loading buffer. 

The pH of this buffer was adjusted to 6.8 with conc. HCl and stored at 4ºC for 

use. 

IV. Ammonium Persulphate (APS) 

Fresh 10% APS solution was prepared with distilled water each time before use. 

V. Tris- Glycine electrophoresis buffer 

Tris running buffer consists of 25mM Tris base, 250mM Glycine (pH 8.3) and 0.1% 

SDS. A 1X solution was made by dissolving 3.02 g Tris base, 18.8 g Glycine and 10 

ml of 10% SDS in 1L distilled water. 

VI. SDS gel loading buffer 

This buffer contains 50 mM Tris-HCl (pH 6.8), 10 mM ß- mercaptoethanol, 2% 

SDS, 0.1% Bromophenol blue, 10% glycerol. A 1x solution was prepared by 

dissolving 0.5ml of 1M Tris buffer (pH 6.8), 0.5ml of 14.4 M ß- mercaptoethanol, 2 

ml of 10% SDS, 10 mg bromophenol blue, 1ml glycerol in 6.8 ml of distilled water. 

3.6.1.2.2. Gel casting  

Mini slab gel (plate size 8cm x10cm) was prepared for analysis of proteins patterns 

through SDS-PAGE. For gel preparation, two glass plates (8 cmx10 cm) were washed 

with dehydrated alcohol and dried to remove any traces of grease. Then 1.5 mm thick 

spacers were placed between the glass plates at the two edges and the three sides of the 

glass plates were sealed with gel sealing tape or wax, clipped tightly to prevent any 

leakage and kept in the gel casting unit. Resolving and stacking gels were prepared by 

mixing compounds in the following order and poured by pipette leaving sufficient 

space for comb in the stacking gel (comb+1cm). After pouring the resolving gel 

solution, it was immediately over layered with isobutanol and kept for polymerization 

for 1h. After polymerization of the resolving gel was complete, overlay was poured off 

and washed with water to remove any unpolymerized acrylamide. Stacking gel solution 

was poured over the resolving gel and the comb was inserted immediately and over 

layered with water. Finally the gel was kept for polymerization for 30-45 minutes. After 

polymerization of the stacking gel the comb was removed and the wells were washed 

thoroughly. The gel was then finally mounted in the electrophoresis apparatus. Tris-

glycine buffer was added sufficiently in both upper and lower reservoir.  Any bubble 

trapped at the bottom of the gel, was removed carefully with a bent syringe. 
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Name of the 

compound 

10% Resolving 

Gel (ml) 

5% 

Stacking 

Gel (ml) 

Distilled Water 2.85 2.10 

30% Acrylamide 2.55 0.50 

Tris* 1.95 0.38 

10%SDS 0.075 0.030 

10%APS 0.075 0.030 

TEMED** 0.003 0.003 

*For 1.5 M tris pH 8.8 in resolving gel and for 1M Tris pH 6.8 in stacking gel 

** N,N,N„,N„ -Tetramethyl ethylene diamine 

 

3.6.1.2.3. Sample preparation 

Sample (50μl) was prepared by mixing the protein extract (35 μl) with 1xSDS gel 

loading buffer (16 μl) in cyclomixer. All the samples were floated in a boiling water 

bath for 30 minutes to denature the proteins samples. After boiling, the sample was 

loaded in a predetermined order into the bottom of the well with T-100 micropipette 

syringe. Along with the protein samples, a marker protein consisting of a mixture of six 

proteins ranging from high to low molecular mass (Phosphorylase b-97,4000: Bovine 

Serum Albumin-68,000; Albumin-43,000; Carbolic Anhydrase-29.000; Soybean 

Trypsin inhibitor-20,000; Lysozyme-14,300) was treated as the other samples and 

loaded in separate well. 

3.6.1.2.4. Electrophoresis  

Electrophoresis was performed at 18mA current for a period of two to three hours or 

until the dye reached the bottom of the gel. 

3.6.1.2.5. Fixing and staining 

After completion of electrophoresis, the gel was removed carefully from the glass 

plates and the stacking gel was cut off from the resolving gel and finally fixed in glacial 

acetic acid: methanol: water (10:20:70) for overnight. The staining solution was 

prepared by dissolving 250mg of Coomassie brilliant blue (Sigma R 250) in 45 ml of 

methanol. When the stain was completely dissolved, 45ml of water and 10ml of glacial 

acetic acid were added. The prepared stain was filtered through Whatman No.1 filter 

paper. The gel was removed from the fixer and stained in this stain solution for 4 h at 

37 ºC with constant shaking at low speed. After staining the gel was finally destained 

with destaining solution containing methanol, water and acetic acid (4.5: 4.5:1) at 40 ºC 

with constant shaking until the background become clear. 
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3.6.1.2.6. Scanning and band analysis 

The SDS-PAGE was subjected to scan by BIO-RAD scanner and was analyzed the 

band number and band intensity of the gel.    

3.6.2. Extraction and estimation of carbohydrate 

Extraction of carbohydrate from mushroom sample was done following the 

methodology of Harbone (1973). 1gm sample was homogenated in 95% ethanol and 

kept on water bath for evaporation of the alcoholic fraction. The residue was then 

resuspended in distilled water. The sample mixture was centrifuged at 10000 rpm for 

15 min and the supernatant was collected for the estimation as crude sample extract.  

3.6.2.1. Estimation of total sugar 

Carbohydrate content of different parts of fruit body grown in different substrates was 

measured. Ethanol (95%) was used for extract preparation. Total sugar was estimated at 

630nm using Anthrone‟s reagent. The mushroom tissue was hydrolysed by dilute HCL 

and then neutralised by NaOH.  

3.6.2.2.  Estimation of reducing sugar  

Determination of reducing sugar content using arseno molybdate was carried out at 620 

nm following Nelson-Somogyi Method as described by Plummer (1978). Reducing 

sugar estimation was done using 2 ml of alkaline copper tartrate in 2ml of ethanolic 

extract of sample.  

3.6.3.  Determination of lipid content  

Total lipid of the mushrooms were determined following the method of Folch et al., 

(1957), in which five gm sample mushroom powder was suspended in 50ml of 

chloroform: methanol (V/V) solution and the mixture will be kept for three days and 

after incubation the solution was filtered and centrifuged at 10000 rpm for 15 min. the 

upper layer of the methanol was removed by pipette and chloroform was evaporated by 

heating. The remaining part was measured as the crude lipid content in the sample. 

3.6.4. Determination of moisture content  

Moisture content of fresh mushroom sample was measured following the methodology 

proposed by Raghuramulu et al., (2003). 100 g of fresh mushroom was dried in hot air 

oven at 100-110 C and cooled in room temperature. The moisture content was 

calculated using the following formula, 

Moisture content (%) = (initial weight–final weight) ×100/initial weight of sample  
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3.6.5. Amino acid separation and identification by TLC  

Thin-layer chromatography was performed on plates of 15 cm-6cm silica gel Polygram 

Sil G (Marck). In each case 1.5 cm was measured from the base of the TLC plate, 

marked with a pencil and labeled. Before applying the sample the TLC plate was 

charged by heating at 80
o
C for 1hours. Thin layer chromatography was performed on 

the ethanolic crude extracts of sample. Capillary tube was used to spot the plates with 

the sample extract. The spot plates were then placed in a vertical chamber saturated 

with butanol: acetic acid: water (80:20:20) and covered and ensuring that the solvent 

was just below the spot. The plate was removed after about two hours when the solvent 

had risen close to the top edge, marking the distance travelled by solvent with a pencil. 

It was then dried at room temperature. The dried plate was then placed in a container 

and ninhydrin solution was sprayed over the plate. Different colour spots developed 

according the separation of amino acids. The samples were run along with standard 

amino acid to identify the presence of amino acid in the samples. 

3.6.6.  Profiling of Bio-constituents in mushroom extract by GCMS  

3.6.6.1. Sample and extract preparation 

Fresh mushroom Calocybe indica was obtained from the cultivation unit. The sample 

was cleaned, washed under tap water several times to remove the dirt, dried and 

powdered using a mixer. The powdered mushroom sample was stored in clean bottles 

until when required. The crude extracts from the mushroom sample was obtained by 

means of cold extraction method. About 10g of the powdered mushroom sample was 

added to 100ml of methanol and ethanol in a conical flask, covered with aluminium foil 

and kept on a rotary shaker for 24 hours at room temperature. The solution was filtered 

with the help of Whatman No.1 filter paper and the filtrate obtained was evaporated. 

The dried extracts were then dissolved in methanol and in ethanol and utilized for GC-

MS analysis.  

3.6.6.2.  Gas chromatography-mass spectrometry (GC-MS) programming  

GC-MS-QP2010 ultra gas chromatograph was equipped with direct injector with linear 

velocity. A split injection was used for sample introduction and the split ratio was set to 

10:0. The oven temperature program was programmed to start at 50˚c, hold for 2 

minutes then ramp at 20˚c per minute to 280˚c and hold for 20 minutes. The helium 

carrier gas was set to 1.21ml/minute flow rate. ACQ top double focusing magnetic 

sector mass spectrometer operating in electron ionization (EI) mode with TSS-3333 

software was used for all analyses. High resolution mass spectra were acquired at a 
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resolving power of 5000 (20% height definition) and scanning the magnet from m/z 40 

to m/z 650 at 1 second per scan.  

3.6.7.  Phenolic profiling by Thin-layer chromatography 

Thin-layer chromatography was performed on plates of 15 cm-6cm silica gel Polygram 

Sil G (Marck). In each case 1.5 cm was measured from the base of the TLC plate, 

marked with a pencil and labeled. Before applying the sample the TLC plate was 

charged by heating at 80
0
C for 1hours. Thin layer chromatography was performed on 

the crude extracts of ethanol. Capillary tube was used to spot the plates with the sample 

extract. The spot plates were placed in a vertical chamber saturated with butanol: acetic 

acid: water (80:20:20) and covered and ensuring that the solvent was just below the 

spot. The plate was removed after about two hours when the solvent had risen close to 

the top edge. It was then dried at room temperature and Folin-ciocalteu phenol reagent 

solution was sprayed over the plate. Dark blue violet colour spot developed according 

the separation of phenolic. The samples were run along with standard phenolic.  

3.7. Antioxidant activity 

3.7.1.  Preparation of mushroom extract 

All of the edible mushrooms verities were cleaned to remove any residual compost/ soil 

and subsequently air-dried in the oven at 50 °C for about 3 h. All of the dried 

mushrooms were ground to fine powder and stored in airtight plastic bags in desiccators 

at room temperature for further analysis. 10 grams of each of dried mushroom sample 

was mixed with 100 ml of different solvent such as ethanol, methanol (HPLC grade) 

and distilled water. Samples were stirred for 24hrs for effective extraction and 

centrifuged at 2000g for 15 min and filtered with filter paper (watchman no. 1). 

Filtrates were evaporated in rotary evaporator at 40°C and redissolved the residues with 

their respective solvent at the 20mg/ml wet basis. The solution referred to as ethanolic 

extract (EE), and methanolic extract (ME), water extract (WE) respectively and stored 

at 4 °C until the completion of the analysis.  

3.7.2.  Reducing Power Ability (RPA) 

The reducing power of ethanolic extract (EE) of A. bisporus was determined according 

to the method of Oyaizu (1986). Amounts of ml of mushroom extracts sample was 

mixed with an equal volume of distilled water and 2.5 ml of 0.2 M phosphate buffer, 

pH 6.6, and 2.5 ml of 1% potassium ferricyanide. The mixture was incubated at 50 °C 

for 20 min. 2.5 ml of 10% trichloro-acetic acid was added to the mixture and 

centrifuged at 10000g for 15 min. The upper layer of the solution was mixed with 2.5 
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ml of distilled water and 0.3 ml of 0.1% FeCl3 and the absorbance was measured at 700 

nm. Gallic acid (5-40mg/ml) was used as control. 

3.7.3.  Free radical DPPH scavenging activity                                                                           

The effect of EE of the mushroom species Agaricus bisporus on DPPH radical was 

estimated according to the method of Bloise (1958). 1000 µl of mushroom extracts 

were mixed with 50 µl of DPPH solution that was made by addition of 2ml ethanol in 

5mg of DPPH powder. The mixture was shaken vigorously and left to stand for 20 min 

at room temperature in the dark. The absorbance of the resulting solution was measured 

spectrophotometrically at 517 nm. The capability to scavenge the DPPH radical was 

calculated using the following equation: 

 
An antioxidant value of 100% indicates the strongest antioxidant activity and 95% 

ethanol as blank and the DPPH and ethanol mixture solution as control was used for 

absorbance. 

3.7.4.  Analysis of total Phenolics  

3.7.4.1. Sample preparation for quantitative estimation  

A fine dried mushroom powder sample (3gm) was extracted by stirring with 100ml of 

methanol at 25
0
C at 150 rpm for 24 hrs and filtered through Whatman no. 4 paper. The 

residue was then extracted with two additional 100ml of methanol, as described earlier. 

The combined methanolic extract were evaporated at 40 C to dryness and redissolved in 

a known concentration of methanol. 

3.7.4.2. Folin-Ciocalteu’s assay 

1 ml of the methanolic extract was mixed with equal volume of Folin-Ciocalteu 

reagent. After 3 min saturated sodium carbonate solution (1ml) was added to the 

mixture and adjusted to 10ml with distilled water. The reaction was kept in the dark for 

90 min, after which the absorbance was read at 725 nm. Gallic acid was used to prepare 

the standard curve and the results were expressed as mg of gallic acid equivalents 

(GAEs) per g of extract.  

3.7.5. Flavonoid content  

The flavonoid contents EE in the mushroom species Agaricus bisporus was estimated 

according to the method of Barros et al., (2008). 100 µl of mushroom extracts was 

mixed with 500 µl of distilled water and 30 µl of 5% sodium nitrite incubated for 5 min 

at room temperature in the dark. 60 µl of 10% aluminium chloride (Alcl3) was added to 
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the mixture solution and incubate for 6 min at room temperature. After incubation 200 

µl of sodium hydroxide (NaOH) (1M) and 110 µl distilled water was added. The 

absorbance of the resulting solution was taken spectrophotometrically at 510 nm. 

Catechine used as standard curve calibration. 

 

Figure 4: Schematic representation showing extraction process with dry mushroom 

(fruit body) powder for antioxidant assays 
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3.7.6. Free amino acid content  

Amino acid assay was carried out by ninhydrin colorimetric method proposed by 

Hwang et al., (1975) with some modification in which 1 ml of sample extract was 

mixed with 3 ml of water and then 1 ml of ninhydrin was added and kept of boiling 

water bath for 15 mints. After cooling 1 ml of 50% ethanol added and a ping colour 

was appeared and absorbance was taken at 540 nm. Increasing absorbance values 

indicate the increasing concentration of total free amino acid in the sample. Tryptophan 

was use as standard amino acid. Three solvent such as water extract, ethanolic and 

methanolic extract used for the determination of total free amino acid concentration in 

the sample grown in different substrates.  

3.7.7. Rapid screening of antioxidants by dot-blot Analysis  

Mushroom extract in different solvent was carefully loaded onto a 20cm X 10cm TLC 

plate (silica gel, Mark) in order to increase concentration (100-300 µl/ml) and allowed 

to dry for 10 min. along samples the glutathione was loaded as standard. The TLC plate 

bearing the dry sample spots was treated with 0.05 % 2, 2-diphenyl-1-picrylhydrazyl 

(DPPH) solution by spraying method on the surface of the plate and the plate was 

allowed to air dry. The stained silica layer of the plate revealed a purple background 

with yellow spots at the location (samples spots) where radical scavenging capacity 

presented. The intensity of the yellow color depends upon the amount and nature of the 

radical scavenge present in the sample (Hatano et al., 1988).  

3.7.8. Thin layer chromatography analysis for antioxidant 

About 60µl of extract was loaded on TLC plates. The plates were developed in butane: 

acetic acid: water (8:2:2) to separate various constituents of extracts. The developed 

plates were air dried. The methanolic solution of 2, 2-diphenyl-1-picrylhydrazyl 

(DPPH) at 0.05% was sprayed on the surface of developed TLC plates and incubated 

for 10 mints at room temperature. The active antioxidant constituents of the mushroom 

extracts were detected as yellow spots appeared via reduction of DPPH by resolved 

spots against purple back ground on the TLC plates.  

3.8.  Antidiabetic activity 

3.8.1.  Experimental design  

Male albino rates of 5 week-old purchased from Ghosh Enterprise, Kolkata were 

housed individually in stainless steel cages in a room with control temperature 25 -27
o
 

C, a relative humidity of 60 % and 24 hours light. Twenty five Wister albino male rats 

were used for this study between the months of May to June, 2016. The rats were 

divided into five groups of five rats each.  
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Group I- Rats were maintained with normal conventional diet, (normal 

control),  

Group II- Rats were induced with streptozotocin (diabetic control),  

Group III- diabetes induced Rats were treated with commercial anti-

diabetic medicine Metformin,  

Group IV -Diabetes induced rates were fed daily with ABP powder water 

suspension (100mg/kg BW) and  

Group V -Diabetes induced rats were fed daily with C. indica powder 

water suspension (100 mg/kg BW).  

Group VI- Diabetes induced rats were fed daily with Pleurotus djamor 

powder water suspension (100 mg/kg BW). 

Group VII- Diabetes induced rats were fed daily with Pleurotus sajor-caju 

powder water suspension (100 mg/kg BW). 

Group VIII- Diabetes induced rats were fed daily with Pleurotus ostreatus 

powder water suspension (100 mg/kg BW). 

Group IX- Diabetes induced rats were fed daily with Pleurotus florida 

powder water suspension (100 mg/kg BW). 

The administration of sample suspension to rats was given orally once a day for 15 

days. Blood glucose level measured in each 24 hours interval (Figure5). After the 

treatment the final blood samples obtained from all the groups and were subjected to 

different analysis such as estimation the blood WBC content (%), Haemoglobin content 

(gm/dl), serum urea, serum Creatinine (mg/dl), serum amylase content (U/L), plasma 

levels of triglyceride, total cholesterol (TC), high density lipoprotein cholesterol (HDL) 

and low density lipoprotein cholesterol (HDL). Food and water intakes and body 

weight were recorded daily. Body weight of rats was measured daily. The measurement 

of food intake was carried out on individual rats. Briefly each cage was supplied a 

known amount of the specific diet and the water. Each day, the remaining diet and 

water were measured. Fresh drinking water was also supplied daily. The above 

processes were followed throughout the experiment. After acclimatization for 1 week, 

the rats were induced by injection of streptozotocin (Sigma-Aldrich, 65mg/kg body 

weight) dissolved in citrate buffer at pH 4.5. Two days after STZ treatment, the rats 

were considered as diabetic as determined blood glucose levels more than 250 mg/dl. 

After induction of diabetes the rats were maintained on a conventional diet for the 

duration of the experiment.  
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Figure 5 (A-B): Maintenance of rats (A) and diabetes induction and observation of 

glucose level in blood (B). 

 

3.8.2. Sample preparation 

After freeze drying, the dehydrated fruit bodies were milted to a powder approximately 

less than 1 mm in particular size using grinder. For oral dosing, the mushroom powder 

was reconstituted in normal mineral water. A dose of mushroom powder suspension of 

100 mg/kg BW of rats was used for oral feeding.         

                                                             

3.8.3. Induction of diabetes 

Streptozotocin was dissolved in citrus buffer (pH-4.5) and induced in overnight fasted 

rats by a single intraperitoneal administration of 65 mg/kg BW. Hyperglycemia was 
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confirmed by the elevated glucose levels in blood after 48hrs. The rats with blood 

glucose levels higher than 250 mg/dl after 48 hrs of STZ injection were selected for the 

study. 

3.8.4.  Measurement of body weight of experimental rats 

Every 24 hours interval body weight of each group of rat was measured by a electric 

balance. 

3.8.5. Measurement of blood glucose level 

Every 24 hours interval blood glucose level of each group of rat was measured by one 

touch device.  

3.8.6.  Measurement of blood serum parameters 

Two milliliters of fasting blood samples was obtained from all groups via cardiac 

puncture after each of the animals had been anaesthetized with chloroform. Each blood 

sample was collected and blood serum was separated after centrifugation at 4° C at 

1100 rpm for 10 minutes. The serum was collected into a vial tube and stored at 20°C 

until the analysis. Plasma glucose levels, total cholesterol (TC), triglyceride (TG), high-

density lipoprotein (HDL) cholesterol and LDL cholesterol were measured 

spectrophotometrically at 505 nm. Commercial Laboratory kits reagents (Erba 

Mannheim laboratory analysis kits) were used for all biochemical analysis and their 

absorbances were read using a UV-Vis spectrophotometer. In this study, lipid 

parameters in induced diabetic rats treated with two mushroom suspensions was 

evaluated and compared result with the result (group III) of the commercial anti-

diabetes drugs effect in the induced diabetic rats.  

3.8.6.1. Creatinine (CRE)  

Measure of serum Creatinine (CRE) was done following the Jaffe‟s Method (Bowers 

1980) in which the reaction mixture was prepared with the addition of 1000 µl of 

working reagent with 100 µl of serum sample. 1000 µl of working reagent with 100 µl 

of standard solution was used as standard. The initial absorbance (A1) was taken at 20 

sec. after the solution preparation and the final absorbance (A2) was taken at 80 second 

after mixing. The absorbance was taken at 505 nm.  Distilled water was used as blank. 

The serum cholesterol was measured following the formula  
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3.8.6.2. Urea 

Serum urea was determined using the ERBA-UREA (bun) kit (product code-120214). 

Measure of serum urea was done following the GLDH-Urease method proposed by 

Young (1990) in which the reaction mixture was prepared with the addition of 1000 µl 

of working reagent with 20 µl of serum sample. 1000 µl of working reagent with 20 µl 

of urea standard solution was used as standard. The initial absorbance (A1) was taken at 

20 sec. after the solution preparation and the final absorbance (A2) was taken at 80 

second after mixing. The absorbance was taken at 340 nm.  Distilled water was used as 

blank. The serum urea was measured following the formula  

Urea content mg/dl=                                                 × concentration of standard 

 

3.8.6.3. Triglyceride (DES) 

Measurement of Serum Triglyceride level following the GPO-Trinder method proposed 

by McGowan et al., (1983) with slide modification where the reaction mixtures were 

made by using 1000µl working reagent mixed with 10 µl sample (serum). 1000µl of 

working reagent with 10 µl of standard solution was used as standard. 10µl of distilled 

water with 1000 µl of working reagent was used as blank during taking the absorbance. 

The mixtures ware mixed well and incubated at 37
o
C for 10 mints. Then the absorbance 

of the standard and each test was taken at 505 nm against reagent blank. The serum 

triglycerides was measured using the following the formula; 

 

3.8.6.4.  Total Cholesterol (TC)  profiling  

Measurement of Serum Cholesterol level following the Chod-Pap method proposed by 

Roeschlau et al., (1974) with slide modification where the reaction mixtures were made 

by using 1000µl working reagent mixed with 20 µl sample (serum). 1000 µl of reaction 

mixture of and 20 µl of standard solution was used as standard. Distilled water with 

1000 µl working reagent was used as blank during taking the absorbance. The mixture 

ware mixed well and incubated at 37
o
C for 10 mints. Aspirate blank followed by 

standard and sample. The absorbance of standard and sample was taken against blank 

in UV-Vis spectrophotometer at 505 nm. The serum cholesterol was measured 

following the formula.  

 

 

 

A2-A1 of sample 

A2-A1 of standard solution    
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3.8.6.5. HDL–Cholesterol  

Measurement of Serum High Density lipoprotein Cholesterol level following the 

Phosphotungstic acid Method proposed by Burstein et al., (1970) where the reaction 

mixtures were made by using 1000µl working reagent mixed with 50 µl samples. The 

solution of reaction mixture (1000 µl) and of HDL standard (50 µl) was used as 

standard. Distilled water (50 µl) with 1000 µl working reagent was used as blank 

during taking the absorbance. The mixture ware mixed well and incubated at 37
o
C for 

10 mints. Aspirate blank followed by standard and sample. The absorbances of standard 

and sample was taken against blank in UV-Vis spectrophotometer at 505 nm. The 

serum cholesterol was measured following the formula.  

 

3.8.6.6. Serum glutathione pyruvate transaminase (SGPT) activity 

It is an important liver enzyme secreted due to abnormal level of glucose in blood. 

Measurement of SGPT level was analyzed following the methodology proposed by 

International Federation of Clinical Chemistry (IFCC) (Bradley et al., 1972) using the 

ERBA-SGPT kit (product code 120206). The reaction mixtures were prepared by using 

1000µl working reagent mixed with 100 µl of test sample and aspirated for 10-15 min. 

then the absorbance was taken at 340nm. Mean absorbance per mints was calculated for 

each sample and the SGPT activity was calculated using the following formula;  

 

3.8.6.7. Serum glutathione oxaloacetate transaminase (SGOT) activity 

Serum glutathione oxaloacetate transaminase an important liver enzyme associated with 

the liver chronic diseases. The increased levels are associated with myocardial 

infarction, liver damage, and muscular dystrophy. Measurement of SGOT activity was 

analysed following the methodology proposed by International Federation of Clinical 

Chemistry (IFCC) (Tietz 1986) using the ERBA-SGPT kit (product code 120204). The 

reaction mixtures were prepared by using 1000µl working reagent mixed with 100 µl of 

test sample and aspirated at 37° C for 60 sec. then the absorbance was taken at 340nm. 

Mean absorbance per mints was calculated for each sample and the SGOT activity was 

calculated using the following formula;  
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International unit (IU/L) =   

 

[ T.V.= Total reaction volume in µl, S.V.= Sample volume in µl 

P= Cuvette lightpath=1cm, Absorptivity= Milimolar absorptivity of 

NADH at 340nm] 

 

3.9. Post harvest practices  

3.9.1.  Short term processing  

3.9.1.1. Mushroom soup 

Different mushroom dishes were prepared as one of the method of short term 

processing. Mushroom soup was prepared by using the freshly harvested mushroom 

which was chopped into small pieces and then dipped into boiling water and kept for 10 

min for the dispersal of spores and dirt particles. Then the mushroom was washed and 

fried with onion pieces, ginger, salt, and garlic cloves for 15-20 min. The fried paste 

mixture was boiled for 10-15 min. Finally black peeper was added to the soup and 

served with soup-sticks. The following ingredients were used for the preparation 

Ingredients Quantity 

Fresh Mushroom 500gm 

Onion 100gm 

Ginger 50gm 

Garlic 10-15cloves 

Salt To taste 

Black peeper To taste 

Butter 200gm 

Water 1.5ltr. 

 

3.9.1.2. Mushroom pakora 

Mushroom pakora was prepared using the freshly harvested mushroom. The fruit body 

was washed with warm water and chopped into suitable pieces. Onion, chilli and 

capsicum were also chopped into small pieces. Gram flour paste was prepared and to it 

onion, chillies, salt, turmeric powder was added and mixed thoroughly. The chopped 

mushroom was then dipped in the paste and fried in hot edible oil until brown. 

Following ratio of ingredients were used to prepare mushroom pakora. 

Ingredients Quantity 

Mushroom 1 kg 

Onion 300gm 

Capsicum 2pcs 

Chili 50gm 

Salt To taste 

Turmeric ½ teaspoon 

Gram flour 350gm 

Oil As required 

(Absorbance change/min)× T.V. × 10
3 
 

              S.V. × Absorptivity × P  
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3.9.1.3. Mushroom curry 

Mushroom, tomato, pea and capsicum were washed and chopped, separately. Chopped 

onion, grand garlic, and ginger was fried with the cumin seeds until it turns to brown 

and then the mushroom, tomato and capsicum was added and again fried well. All 

spices and salt added and again boiled for five minutes. 

Ingredients Quantity  

Mushroom 500gm 

Tomato 200gm 

Onion 100gm 

Capsicum 2pcs 

Garlic 30gm 

Ginger 50gm 

Oil As required 

Salt To taste 

Turmeric ½ teaspoon 

Black peeper To taste 

Chili 20gm 

 

3.9.1.4. Mushroom egg scramble  

Mushroom, green pea and green chili tomato were washed and chopped, separately. 

Egg, green pea and tomato were fried until it turns to light brown and then the 

mushroom and chili was added and again fried well. All spices and salt added and again 

boiled for five minutes. 

3.9.2. Long term processing 

3.9.2.1. Drying process 

Dehydrated mushrooms are used as an importantingredient in several food formulations 

including instant soup, pasta, snack seasonings, casseroles, and meat and rice dishes. 

Fruiting bodies were separated according to their size and then dried. Sun dry, oven dry 

and freeze drying processes were adopted for drying. In case of sundry, fruiting bodies 

were kept in a tray covered by a thin cloth for 4 hrs for 3-4 days for complete drying. 

Oven drying was practiced using the hot air oven in which mushroom fruiting body 

were kept for 1-2 hrs at 35-40
0
 C for 3-4days. In case of freeze drying, mushroom 

fruiting body were stored at 4
0
 C for 5-6 days for complete drying.  

3.9.2.2. Preparation of Mushroom powder 

Preparation of mushroom powder is also an effective step for long term storage of 

mushroom. Mushroom fruit body was dried following different drying methods after 

which the dried fruitbodies were ground using the mixer grinder and then the powder 
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was sieved. Sieving was done to get the finely ground powder. Then the powder was 

kept in airtight container for further use. 

 

3.9.2.3. Mushroom biscuits 

Delicious and crunchy mushroom biscuits were prepared by using mushroom powder 

and various ingredients viz., maida, sugar, butter, mushroom powder, crushed cashew 

nut, backing soda, and milk powder. Dough was prepared by mixing all the ingredients 

for 15-20 minutes. After that dough was kept for 10 minutes. Thereafter, thin sheets of 

dough was made and cut into different shapes of biscuits. These raw cut biscuits were 

kept in the trays in systematic manner and then these trays were shifted to micro wave 

oven (60
0
C) for baking purpose for 10-15 minutes. After baking, trays were removed 

from the micro wave oven and cooled; the biscuits were ready for packaging and or for 

serving. The ingredient like sugar gives desired sweetness; butter gives smoothness to 

the biscuits.The various ingredients required for preparation of mushroom biscuits are 

as follows: 

Ingredients Quantity 

Maida 1000gm 

Mushroom powder 150gm 

Butter 250gm 

Crushed Sugar To taste 

Milk  250ml 

Cashew nut (crushed) 200gm 

Baking Powder 5gm 

Water As required 
 

3.10. Application of spent mushroom substrate for crop improvement  

After the cultivated mushroom fruit body has exhausted the nutrients within the 

substrates and there is no more fruit body to grow, the substrate so called remains is 

known as spent mushroom substrate. Spent compost or substrate is rich in organic 

matter and constitute an important source of macro and micronutrients for plants and 

micro-organisms thereby increase the soil micro-flora, soil biological activity and 

enhance soil enzyme activity. This spent compost can be used as soil conditioner or 

organic fertilizer to improve the plant health status. There are many ways to use the 

spent mushroom substrate. SMS is excellent to spread on top of newly seeded lawns. 

The SMS provides cover against birds eating the seeds and will hold the water in the 

soil while the seed germinate. Since some plant and vegetables are sensitive to high salt 

content in soil, avoid using fresh substrate around these plants.  In these case 6 months 
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or more weathered spent substrate can be used. As a soil amendment, SMS adds 

organic matter and structure to the soil. Total four field trials have been conducted to 

evaluate the effect of spent mushroom substrate for improvement of plant health status. 

3.10.1. Use of Spent mushroom substrate of Calocybe indica in leafy vegetables  

Spent mushroom substrate of C. indica was used as amendment for leafy vegetables 

like Coriandrum sativum, Spincia olerecea and Amarathus sp. The spent mushroom 

substrates were covered with polythene and further fermented for 40 days. Thereafter, 

the fermented spent substrate was sun dried for 6 hours and used in the experiment 

field. The experimental was conducted in a randomized complete block design. The 

seeds of three green leafy vegetables local variety were collected and sowing was done 

in the sandy land. The experimental field area of 6x7sq ft was supplemented with 5kg 

of SMS (wet weight) of C. indica. Spent substrate was applied in open field condition. 

These treatments were applied at the depth of 6 inch and mixing properly. SMS was 

applied and incorporated into the soil manually 2 days before of sowing the seed. 

3.10.2. Application of SMC of Agaricus bisporus for organic cropping of   Solanum 

lycopercicum L.  

The experimental design was a randomized complete block design with 15 replicates 

plants. Each plot (6x7ft) was amended with 5kg of fresh SMC. The SMC was applied 

and incorporated into the soil at the depth of 10-15cm manually 3 days before of 

planting the seedlings. Direct planting method was employed. After 3 days of 

amendment tomato seedlings of 10cm height were transplanted in the untreated soil and 

the treated soil. The seedlings were planted maintaining the distance of 30 cm from 

each other‟s. This experiment was carried out in open field condition. Vegetative 

growth parameters such as plant height, number of leaves and number of branches was 

recorded. Flowering time, number of fruits, quality of fruits, fruiting time duration 

(self-life of plant) was measured. Mycorrhizal root association was also studied. The 

data generated from these investigations were subjected to test of significance. 

3.10.3. Application of SMC and SMS as organic fertilizer over inorganic 

fertilizer in Bell Pepper (Capsicum sp.) 

The experiment was conducted at Department of Botany, University of North Bengal, 

India during the month of May-July, 2015, growing season. The experimental setup 

was designed as open field potted condition in five replications and the treatments were 

applied in ten fertilizers combinations. Organic inoculums such as of cow manure, 

Tricho-compost, PGPR-powder, SMC of Agaricus bisporus, SMS of Calocybe indica 

and vermicompost. In this experiment the nine differenttreatments were applied soil 
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(2kg) + SMC (500gm), soil (2kg) + crude trico-compost (500gm), soil (2kg)+ 

vermicompost (500gm), soil+ SMC (250g) + vermi-compost (250g), soil+ PGPR, soil 

+ cow dung, soil + urea 200gm, soil+ urea100gm, vermi + PGPR. Control was 

maintained with only soil and ash. Capsicum annuum seeds were procured from local 

market and Seedlings were grown in mother bed. The seeds were placed in small plastic 

pots (5 cm diam.) tray in 24◦C ± 2 temperature conditions and were grown for two 

weeks. They were irrigated thrice weekly. When the seedlings reached the 4-leaf stage, 

the uniform-height seedlings were transplanted to earthen pots (32 cm diameter) 

containing different soil mixtures and watered every alternate day.  

3.10.3.1.  Preparation of plant growth promoting rhizobacteria (PGPR) 

formulation 

The PGPR bacterial isolate Bacillus altitudinis (NAIMCC-B01484) was collected from 

Immuno-phytopathology laboratory, Department of Botany, NBU, West Bengal, India. 

The isolate was cultured in nutrient Broth. After 48 hours of inoculation the culture 

medium was centrifuged at 5,000 rpm for 15 mints. The pellet was collected and 

dissolved in 200 ml distilled water. A pinch of twenty 20 was added to it as adhesive 

and the suspension was mixed with talcum powder (200ml/kg) using a properly cleaned 

and fumigated mass mixture machine in a closed chamber. The inoculated talcum 

powder was packed with proper sealing in aluminum coated packet and stored in low 

temperature for use.  

3.10.3.2.  Preparation of tricho-compost 

The bio-inoculum tricho-compost was prepared using spent substrate of oyster 

mushroom (Pleurotus ostreatus) as a substrate collected from „Mushroom Production 

Unit‟, Department of Botany, University of North Bengal. The spent mushroom 

substrate was inoculated with Trichoderma harzianum (NAIMCC-F-01966) and kept 

them in shaded condition (Figure 7). Water sprinkled in regular 2 days interval to 

maintain moisture. After 55 days of inoculation the brownish tricho-compost was 

collected and used for experiment. 

3.10.3.3.  Preparation of vermicompost 

A layer about 30-45 cm of organic waste such as aquatic plants i.e. Eichornia sp, 

vegetables waste or spent mushroom substrate was spread into the vermibed (4x4x3ft). 

The top of the waste layer in the vermibed was sealed with the dry cow dung and earth 

worm was added to the vermibed and water sprinkled. The vermibed was kept in shade 

to avoid rain (Figure 7). In regular 3 days interval water sprinkle was applied to avoid 

the dryness of the composting materials and to maintain the proper moisture in it that 
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will make favorable environment to the earth worm. The vermi-product was ready in 

about 40-45 days. The processed vermi-product was brownish black, light in weight 

with no bad smell. The vermi product was collected by separating earth worm from it 

and dried and sieved for use. 

 

 

Figure 6: A model scheme of solid waste management through mushroom cultivation 
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Figure 7: Conversion of spent mushroom substrate into vermicompost and 

Tricho-compost  

 

3.10.4. Evaluation  the effect of  spent mushroom substrate in growth parameter 

of crop plant 

Growth parameters in terms of on germination period and plant height, number of 

leaves, number of branch and leaf size was recorded regularly in an interval basis.  

3.10.5. Evaluation   the effect of  spent mushroom substrate in biochemical levels 

of plants 

3.10.5.1. Extraction and quantification of phosphate from soil, roots and leaves 

One  gram  of  oven  dried  Soil  samples  and  plant  samples from each plot was  used 

for extraction and quantitative estimation of phosphate following the ammonium-

molybdate-ascorbic acid method as described by Knudsen and Beegle (1988), where 

dried samples were suspended in 25 ml of the extracting solution made up of 0.025 (N) 

H2SO4 and 0.05 (N) HCL to which activated charcoal .01gm was added, shaken well 

for 30 mints on a shaker and filtered through Whatman no. 1 filter paper (Mehlich, 

1984). 

3.10.5.2. Chlorophyll content 

Extraction of chlorophyll was done following the methodology proposed by Harborne 

1973, by homogenizing one gram plant sample in 80% acetone using mortar and pestle. 
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The homogenate was filtered through Whatman no. 1 filter paper and the volume made 

up to 10 ml and chlorophyll was measured from the absorbance taken at 645nm and 

663 nm using Arno‟s formula: Total chlorophyll= [(20.2 A 645) + (8.02 A663)]µg/ml. 

3.10.5.3. Carotenoid content 

Carotenoid were extracted and estimated according to the method described by 

Lichtenthalar HK (1987). Extraction of Carotenoid was done by homogenizing 1gm of 

plant sample in 80% methanol. The homogenate was filtered using Whatman no. filter 

paper and the final volume made up accordingly. Carotenoid content was determined 

by taking the absorbance of filtrate at 480 nm, 645 nm and 663 nm using UV-VIS 

spectrophotometer. 

3.10.5.4.  Lycopene content 

Lycopene was extracted from the fruit using acetone by making it pulp with the help of 

mortar and pestle and then the 5gm of the pulp extract was transferred to a separating 

funnel containing about 20 ml of petroleum ether and mixed gently. 20ml of 5% 

sodium sulphate solution was added and shaken gently followed by the addition of 

same volume of petroleum ether. The two phases were separated and the lower aqueous 

phase was re-extracted until the aqueous phase become colorless. The petroleum ether 

extract were pooled out and washed once with little distilled water. The washed 

petroleum extract containing Carotenoid poured into brown bottle and kept aside for 

30mints. Then the petroleum ether extract was decanted into a 100ml volumetric funnel 

containing cotton wool. The sodium sulphate slurry was washed with petroleum ether 

until it was colorless and washing were also transfer to the volumetric flask. The 

volume was made up and absorbance was taken in spectrophotometer at 503nm using 

petroleum ether as blank. Quantification was done on the basis of this absorbance using 

the formula, Absorbance (1 unit) = 3.1206µg/ml. 

3.10.5.5. Ascorbic acid  

Plant material was homogenized in cold mortar pestle with 10 ml of 6% of TCA. The 

filtrate was than extracted at 0
o 
C and 2 ml of DNPH and 1 drop of 10% thiourea added 

to the 4ml of extract. Mixture kept in water bath for 15 mints and cooled down using 

ice and after cooling 5ml of 80% H2SO4 added to it at 0
o
 C. Quantitative estimation of 

ascorbic acid was done by following the method as described by Lichtenthalar HK 

(1987), using ascorbic acid as standard. 
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3.10.5.6. Determination of total soluble protein content 

Protein content (mg gt
-1

) in plant sample was extracted and estimated following the 

method described by Lowry et al.,(1951) in which one gram of plant sample was 

crushed in chill condition and protein was extracted using phosphate buffer (pH-7.2). 

The protein content was determined using BSA as standard. 

3.10.5.7. Extraction and estimation of Carbohydrate  content of fruits 

Extraction of carbohydrate from fruit vegetables was done following the methodology 

of Harbone (1973). 1gm sample was homogenized in 95% ethanol and kept on water 

bath for evaporation of the alcoholic fraction. The residue was then re-suspended in 

distilled water. The sample mixture was centrifuged at 10000 rpm for 15 min and the 

supernatant was collected for the estimation as crude sample extract.  

3.10.5.7.1. Estimation of total sugar 

Carbohydrate content of different parts of vegetables was measured. Ethanol (95%) was 

used for extract preparation. Total sugar was estimated at 630 nm using Anthrone‟s 

reagent. The sample tissue was hydrolyzed by dilute HCL and then neutralized by 

NaOH. 

3.10.5.7.2. Estimation of reducing sugar  

Determination of reducing sugar content using arseno-molybdate was carried out at 620 

nm following Nelson-Somogyi Method as described by Plummer (1978). Reducing 

sugar estimation was done using 2 ml of alkaline copper tartrate in 2ml of ethanolic 

extract of sample. 

3.10.6. Evaluation of the effect of SMS on Mycorhhizal association and 

population in the rhizospheric soil of treated crop plant 

3.10.6.1. Study of mycorrhizal association in root system 

3.10.6.1.1. Root sample Collection and treatment  

From each study plot 5 healthy plants were selected. The roots of two variety samples 

were collected at 12-16 cm soil depth. The root samples were washed thoroughly free 

of attached soil particles and cut into small (cm) pieces and washed with tap water and 

boiled in 2% NaOH in water bath for 1 hour. NaOH was then decanted and washed 

with tap water thrice. The samples were then treated with 1% HCL for 30mints in room 

temperature. After that the HCL decanted again and the sample was washed thrice with 

tap water. It was stained with lacto-phenol cotton blue solution (lactic acid: cotton blue: 

glycerol=1:1:1) and observed under microscopy. Root segments were mounted on glass 

slide with lacto-phenol and observed compound microscope at 10X magnification. A 
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minimum 10 segments for each sample were observed for the assessment of percentage 

root colonization by mycorrhiza. The mycorrhizal colonization percentage was 

calculated by using following formula. 

 

3.10.6.2. Study of Mycorrhizal spore population in the rhizospheric soil  

3.10.6.2.1. Isolation and Quantification of AM fungal spores 

The AM  fungal  spores  were  separated  from  the  soil  by  wet sieving  and  

decanting  technique (Gerdman et al.,1963). 100 gram of rhizospheric soil sample was 

mixed in 1000 ml of distilled water in a large beaker. After 1 hr. the contents of the 

beaker were decanted through the sieves which were arranged in a descending order 

from 200 µm to 60 µm size. The process was repeated for thrice. The procedure was 

repeated until the upper layer of soil suspension is transparent. The retained material on 

the sieve was decanted into a beaker with a stream of water and estimation of spores 

was carried out followed by method of Gaur and Adholeya (1994) with modification. A 

circular filter paper was taken and folded into four equal quadrants. The paper was 

reopened; two lines were drawn along the two folds to divide the filter paper into four 

equal quadrants. The suspension was then decanted through the stack of sieves 180 and 

60 µm (arranged in decreasing order of mesh size from top to bottom).  Same process 

was repeated 2-3times and the residue from each sieve was collected into Petri plates 

with little distilled water. Intact AM fungal spores were examined and counted under 

microscope.  

3.11. Application of SMC in disease suppression 

3.11.1.  Evaluation the effect of SMC extract on radial growth of Fusarium 

oxysporum in vitro 

To prepare the water extract 10gm of SMC were suspended in 100ml of sterile distilled 

water. The suspension was stirred for 2 hours at 40rpm to obtain even particle 

distribution and then filtered with sterile muslin cloth. Two portions of the suspension 

were prepared. One portion was sterilized by autoclaving at 121˚ C for 15mins and 

other was not. One ml of the portion of SMC suspension was poured into sterile petri 

dishes. 10 ml of cooled molten PDA was aseptically poured into petri-plates and rotated 

gently to ensure uniform distribution of the extract. Control plates maintained with 1ml 

sterilized distilled water and cooled molten PDA. The plates were left to solidify. After 
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solidification of the media, inoculation was done by placing a 5mm diameter mycelia 

disc taken from a fresh culture (12 days old). All plates were incubated at 25 ±2˚C. 

Data was collected on mycelia growth and recorded from 3 days after inoculation till 

when control plates were fully covered with mycelia growth. Percent inhibition in 

mycelia growth was determined using the formula I=(C-T)/Cx100.  

3.11.2. Evaluation of SMC in management the of Fusarium oxysporum mediated 

wilting in Solanum sp 

3.11.2.1. Inoculum preparation  

Conidial suspension was prepared by culturing the fungus on PDA media at 28±2 ˚C 

for 15 days. 100ml of sterile distilled water was dispensed into the pure culture and the 

culture was scrapped slightly with a sterile scalpel to dislodge the conidia from the 

mycelia. The suspension was filtered through a double layer muslin cloth to remove the 

mycelial fragments. The filtrate was re-suspended in 250ml of sterile distilled water and 

mixed well. The conidia suspension was used for inoculation. 

3.11.2.3.  Experimental set up 

25 day old egg-plant seedlings were inoculated by standard root dip inoculation 

method. Seedlings were removed from the pot, shaken to remove adhering particles and 

washed carefully under running water. The roots were trimmed with a sterile scissor 

and were submerged in the micro-conidial suspension for 30 mins. The inoculated 

seedlings were transplanted to six flasks containing sterilized distilled water. In three of 

these flasks 25 ml of SMC crude extract was added. The set was named as treated 

inoculated and the other three named as untreated inoculated. Two control set were 

made, one control set was treated with only normal distilled water and other control 

with PDB. There are three replica of each set. All sets of replica plants were placed in 

same growth conditions. The percentage incidence of the wilt was estimated using the 

formula proposed by Michel et al., (1996). The severity of the wilt disease was assessed 

every 24 hours starting from 24hours after inoculation up to 15 days.   

3.11.3. Evaluation of SMC in management the of F. oxysporum mediated wilting 

in Citrus reticulata  

The experiment was conducted in potted condition with three replicate. 16” earthen pot 

was fulfilled by 1.5 kg dry soil which was amended with 500gm fresh spent compost of 

A. bisporus. Seedling of 2years old was transplanted in the pot and observation was 
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carried out for next eight (8) months. After that again 500gm of SMC was added to the 

treated potted plant and kept them for 25 days and finally Fusarium oxysporum 

mycelial water suspension was mixed with the soil of all potted plants. The effect and 

severity of the disease was observed. The presence of pathogen in root and leaf was 

confirmed by FITC labeling analysis. 

3.11.3.1.  Extraction and Assay of defense enzyme activity  

3.11.3.1.1.  ß-1, 3- glucanase (E.C. 3.2.3.39) 

Extraction of ß-1, 3- glucanase was done following the methoddescribed by Pan et al., 

(1991). One g of root and leaf samples were crushed inliquid nitrogen and extracted 

using 5ml of chilled 0.05 (M) sodium acetate buffer (pH-5)by grinding at 4 ºC using 

mortar and pestle. The extract was then centrifuged at 10000rpm for 15 min at 4 ºC and 

the supernatant was used as crude enzyme extract.Estimation of the ß-1, 3-glucanase 

was done by following theLaminarindinitrosalicylate method (Pan et al., 1991). The 

crude enzyme extract of 62.5μl was added to 62.5 μl of laminarin (4%) and then 

incubated at 40ºC for 10 minutes. Thereaction was stopped by adding 375μl 

dinitrosalicylic reagent and heating for 5 min inboiling water bath. The resulting 

colored solution was diluted with 4.5 ml of water, vortexed and absorbance was taken 

at 500nm. The blank was the crude enzymepreparation mixed with laminarin with zero 

time incubation. The enzyme activity wasexpressed as μg glucose released min-1 g-1 

fresh tissues. 

3.11.3.1.2.  Chitinase (E.C. 3.2.1.14) 

Extraction of chitinase was done by following the methoddescribed by Boller and 

Mauch (1988) with modifications. 1g root and leaf sample frommandarin plants were 

crushed in liquid nitrogen and extracted using 5ml of chilled 0.1MSodium Citrate 

buffer (pH5). The homogenate was centrifuged for 10minutes at 12,000 rpm and the 

supernatant was used as enzyme source.Chitinase activity was measured according to 

the method described by (Boller et al., 1988). The assay mixture consisted of 10μl Na-

acetate buffer (1M) pH 4, 0.4mlof enzyme solution, 0.1ml of colloidal chitin (1mg). 

Colloidal chitin was prepared as perthe method of (Roberts et al., 1988). After 2h of 

incubation at 37 ºC thereaction was stopped by centrifugation at 10,000g for 3minutes. 

An aliquot of supernatant (0.3ml) was pipetted into a glass reagent tube containing 30μl 

of potassium phosphatebuffer (1M) pH7.1 and incubated with 20μl of (3%w/v) desalted 

snail gut enzyme Helicase (Sigma) for 1hour. After 1h, the pH of the reaction mixture 
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was brought to 8.9by addition of 70μl of sodium borate buffer (1M) pH9.8. The 

mixture was incubated in aboiling water bath for 3minutes and then rapidly cooled in 

an ice water bath.Afteraddition of 2ml of DMAB (ρ-dimethyl-aminobenzal-dehyde) 

reagent the mixture wasincubated for 20 min at 37 ºC. Therefore absorbance value at 

585nm was taken UV-VIS spectrophotometrically. N-acetyl glucosamine (GlcNAc) 

was used as standard. The enzymeactivity was expressed as μg GLcNAc min 
-1

 mg 
-1

 

fresh tissues. 

3.11.3.1.3. Phenylalanine ammonia lyase (PAL) (E.C. 4.3.1.5) 

Extraction of PAL was done by following the method described by Chakraborty et al., 

(1993) with modifications. 1gm root and leaf sample was crushed in0.1M sodium 

borate buffer pH 8.8 (5ml/gm) with 2mM of ß-mercaptoethanol in ice coldtemperature. 

The slurry was centrifuged in 15,000 rpm for 20 minutes at 4ºC. Supernatantwas 

collected and after recording its volume, was immediately used for assay or stored at-

20ºC. Phenylalanine ammonia lyase activity in the supernatant was determined by 

measuring the production of cinnamic acid from L-phenylalanine 

spectrophotometrically. The reaction mixture contained 0.3 ml of 300μM sodium borate 

(pH 8.8), 0.3 ml of 30μM L- phenylalanine and 0.5ml of supernatant in a total volume 

of 3ml. Followingincubation for 1 h at 40 ºC the absorbance at 290nm was read against 

a blank without theenzyme in the assay mixture. The enzyme activity was expressed as 

μg cinnamic acid produced min
-1

 g 
-1

 fresh weight of tissues. 

3.11.3.2. Indirect Immune florescence  

Indirect immune florescence of root and stemand leaf section was conducted with 

homologous polyclonal antibody. The fungal mycelium and the samples treated with 

PAbs raised against F. oxysporum and labeled with FITC showed apple green 

fluorescence. 

3.11.3.3. Immuno-localization of Chitinase and Glucanase enzymes by indirect 

immune-fluorescence staining of leaf, stem and root tissue  

Root rot incidence in mandarin plants was successfully reduced after application of 

SMC in the rhizosphere of mandarin saplings prior to pathogen challenge. Disease 

reduction was found to be brought about by enhanced activities of key defenseenzymes 

like chitinase, glucanase, phenylalanine ammonia lyase and peroxidase whichincreased 

significantly after pathogen challenge.Cellular localization of chitinase in leaves and 

roots of citrus plants was determined following indirect immunofluorescence test using 
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FITC binding and treatment with PAbs raised against chitinase and glucanase. Leaf and 

root sections from untreated control plants and inoculated and treated inoculated plants 

were taken. Immune-localization of chitinase and glucanase in treated leaf and root 

sections of citrus plants were observed using FITC after treatment with PAbs raised 

against chitinase and glucanase.  
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CHAPTER -4 

RESULTS  
---------------------------------------------------------------------------------------------------------- 

4.1. Study on mycelial growth pattern of Calocybe indica, Agaricus bisporus and 

Pleurotus sp 

Three different media such as potato dextrose agar, malt extract agar and Richard‟s 

agar media were used to evaluate the mycelial growth rate and growth pattern of four 

species of oyster mushroom (Pleurotus ostreatus, Pleurotus sajor-caju, Pleurotus 

djamor and Pleurotus florida), Calocybe indica (milky mushroom) and Agaricus 

bisporus (button mushroom). Results have been presented in Figure 8-12 and table 6. It 

was observed that all the six fungal species grew fast in malt extract agar and Richard‟s 

agar when incubated at 25±2
o
C (Figure 8). In case of P. djamor, the mycelial 

appearance was white in early stage but it became light pink at maturity. The mycelial 

mat covered the media with regular wavy manner in case of P. sajor-caju and P. 

djamor. Among the eight fungi A. bisporus showed the slower growth comparatively. 

Initially the mycelial mats grow very thin and after that the mats get cottony. P. sajor-

caju and P. ostreatus showed white cottony growth of mycelial mat in concentric 

manner (Figure 9).  

 

Figure 8: Mycelial growth pattern of C. indica and A. bisporus in potato dextrose 

agar (PDA), malt extract agar (MEA) and Richard‟s agar (RA) media (culture age-15 

days, temperature 25
o
C ±2). 
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Figure 9: Mycelial growth pattern of P. djamor, P. ostreatus, P. florida and P. sajor-

caju in potato dextrose agar (PDA), malt extract agar (MEA) and Richard‟s agar (RA) 

media (culture age-15 days, temperature 25
o
C ±2). 
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Table 6. Study on growth rate and growth pattern of C. indica, A. bisporus and 

Pleurotus sp on three different media 

F
u
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Mycelia growth (cm) 

Intervals (hour) 

 

48 72 96 120 

C. indica Potato dextrose agar 

(PDA) 

36 White Cottony 1.5 2.3 2.9 3.4 

Malt extract agar 

(MEA) 

36 1.8 2.8 3.5 4.2 

Richard‟s agar (RA) 36 1.3 1.8 2.7 3.8 

A. bisporus Potato dextrose agar 48 White Fabric 

cottony 

1.2 1.5 1.7 2.2 

Malt extract agar 48 1.3 1.7 1.9 2.6 

Richard‟s agar 48 0.9 1.1 1.4 1.7 

P. ostreatus Potato dextrose agar 24 White Cottony 1.6 2.6 3.3 4.5 

Malt extract agar 24 1.8 2.8 3.5 4.6 

Richard‟s agar 24 1.3 2.3 3.1 3.8 

P. sajor-caju Potato dextrose agar 24 White Cottony 

with 

weave 

1.7 2.9 3.4 4.1 

Malt extract agar 24 1.9 3.1 3.8 4.4 

Richard‟s agar 24 1.3 2.2 2.9 3.3 

P. djamor Potato dextrose agar 24 Initially 

White, 

after 15 

days 

pinkish 

Cottony 

with 

weave 

2.1 3.3 3.9 4.2 

Malt extract agar 24 2.4 3.5 4.1 4.4 

Richard‟s agar 24 2.3 3.9 4.5 4.8 

P. florida Potato dextrose agar 24 White 

 

 

Cottony 1.3 2.1 3.2 4.1 

Malt extract agar 24 1.4 2.4 2.9 3.8 

Richard‟s agar 24 1.2 2.3 2.8 3.2 
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Figure 10: Mycelial Growth rate of P. djamor and P. sajor-cajuin Potato Dextrose 

Agar, (PDA), Malt Extract Agar (MEA), Richard‟s Synthetic Agar (RA) 
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Figure 11: Mycelial Growth rate P. ostreatus and P. florida in Potato Dextrose Agar, 

(PDA), Malt Extract Agar (MEA), Richard‟s Synthetic Agar (RA) 
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Figure 12. Mycelial Growth rate of button mushrooms (A. bisporus) and milky 

mushroom (C. indica) in Potato Dextrose Agar, (PDA), Malt Extract Agar (MEA), 

Richard‟s Synthetic Agar (RA)  



72 
 

4.2.  Morphology and Histological study of sporocarp of edible mushrooms 

The fruit body of milky mushroom looks like umbrella shaped with a long stipe 

(Fig13.A&B).The diameter of the pileus ranges from 10-25cm. In young stage it 

remains small but with age it become wide. Whole fruit body was milky white so 

named milky mushroom. Spore of this mushroom was white in colour as evident from 

the spore print (Figure13C).The anatomical study of gills revealed that it contains four 

basidiospores in each basidium i.e. it is tetrasporic in nature (Figure13D-F). 

Fruit body of button mushroom is button shaped with very short stipe. The diameter of 

the cap pileus ranges from 3-6 cm. In young stage it remains closed cap like structure 

(Fig 14A & Fig 15A) but with age it became open umbrella like shaped (Figure14B-D). 

Whole fruit body is flesh with attractive aroma. The anatomical study of gills revealed 

that it contains two basidiospores in each basidium i.e. it is bisporic in nature 

(Figure15B-D). Scaning electron microscopic observation has been presented in Figure 

15E-G. Spore colour of this mushroom was found to be varied with the age of the fruit 

body as white to brown (Figure16 A-R). 

Pileus of oyster mushroom is thick, fleshy with a very short stipe. Diameter of the 

young pileus is about 7-10 cm and the whole part of the fruit body is edible. 

Anatomical study of Pleurotus sp. revealed that the basidiospores are long, oval shaped 

with quite prominent edges. Basidiospores are attached with the basidium by the corner 

of the basal part of the spores (Figure17 and 18). Pleurotus djamor is a new 

introduction of oyster mushroom in North Bengal. It looks very gracious on bed; pileus 

is pink in colour with very small stipe. Sometimes stipes is absent. Pileus diameter is 

about 10-15 cm, fleshy with light aroma.   
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Figure 13 (A-F): Histological study of spore bearing tissue of C. indica, A. Growing 

fruit body, B. Length rage of fruit body; C. Spore print showing white colour of spore 

mass; D-F. Basidium and basidiospores 
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Figure 14 (A-D): Different stages of fruit body of Agaricus bisporus; A. young 

sporocarp. B-D. Over mature stages of sporocarp 
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Figure 15 (A-G): Histological study of fruit body of A. bisporus, A. fruit body, B-D. 

TS of gills bearing basidiospores, E-G. Basidiospores under scanning electron 

microscopy   
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Figure 16 (A-R): Different stages of sporophore of Agaricus bisporus and the spore 

colour; A-C. 72 hours old, D-F. 84 hours old, G-I. 96 hours old, J-L. 108 hours old, 

M-O. 120 hours old, P-R. 132 hours old. 
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Figure17: Histological study of fruit body of P. ostreatus and P. sajor-caju 

 

Figure 18: Histological study of fruit body of P. djamor and P. florida 
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4.3. Molecular characterization of milky mushroom (C. indica) 

4.3.1. 18S rDNA sequence  

Genomic DNA of Calocybe indica was suspended in 100μl 1X TE buffer treated with 

RNAase (60μg) until further use. Agarose gel electrophoresis of genomic DNA 

revealed that they were RNA free. Purity of DNA evaluated in terms of the ratio 

between absorbance of A260 and A280 showed that genomic DNA was ~1.8. ITS region 

of rDNA was amplified using genus specific T/ITS4 and T/ITS6 primers where the 

amplified product of 700 base pair size was produced by both the primers. 

4.3.2.  Chromatogram 

The BLAST query of the 18S rDNA sequence of T/ITS4 and T/ITS6 for C. indica 

against Genbank database confirmed their identity. The sequence chromatograms have 

been represented in Figure 19.The sequences have been deposited in NCBI, Genbank 

database under the accession no.MF804327. 

4.3.3.  Multiple sequence alignment 

A multiple sequence alignment of ITS gene sequences of Calocybe indica was 

conducted. Sequences of other strains obtained from NCBI Genbank database showing 

maximum homology with our strain was conducted using CLUSTAL-W algorithm 

which is a general purpose multiple sequence alignment program for DNA of MEGA-

4.1 software. There were quite a number of gaps that were introduced in the multiple 

sequence alignment program within the region that were closely related and similar 

sequence indicated the relationship among the isolates. The differences in these highly 

conserved regions are shown in different colours (Figure20).Translated protein 

sequencealignments of C. indica (IPL/MC/CI-1) with other ex-type isolates was 

prepared and presented in Figure21. Phylogenetic analysis was carried out with ex-type 

strain sequences obtained from NCBI Genbank database (Table7) which showed 

maximum homology with our isolates of C. indica (Figure 22). Amino acid frequency 

alignments of C. indica with other ex-types isolates was analyzed with MEGA4 

software and have been presented in Table 8. 
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Figure 19: Chromatogram and sequence of 18S rRNA region of C. indica                    

(IPL/MC/CI) deposited in NCBI Genbank 
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Figure 20: 18S rDNA sequence alignments of C. indica (IPL/MC/CI-1) with other 

ex-type isolates. The conserved regions of the gene are demonstrated in different 

colours.  
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Table 7. Genbank accession numbers of the ex-type strais of different mushrooms 

that showed the homology with the isolate.  

 

Sl 

No 

GenBank 

Accession No 

Ex-type isolates rDNA 

sequence 

1 JN874408 Calocybe indica 639 bp 

2 AY636067 Calocybe indica 630 bp 

3 LN877898 Calocybe indica 1551 bp 

4 GQ259881 Calocybe indica 652 bp 

5 MF804327 IPL/MC/CI 650 bp 

6 KR819126 Tricholoma Sp  563 bp 

7 EU622252 Pleuotus sp 635 bp 

8 EU622250 Pleuotus sp 635 bp 

9 EU622249 Pleuotus sp 575 bp 

10 DQ071811 Pleuotus sp 677 bp 

11 KT768094 Pleuotus sp 677 bp 

12 KP026246 Pleuotus sp 632 bp 

13 KP012957 Pleuotus sp 656 bp 

14 KJ831854 Pleuotus sp 698 bp 

15 FJ641895 Agaricus bisporus 204bp 

16 KM677957 Agaricus bisporus 652 bp 

17 KT781515 Agaricus bisporus 656 bp 

18 KT002157 Agaricus bisporus 563 bp 

19 HM561976 Agaricus bisporus 637 bp 

20 AF438555 Agaricus bisporus 635 bp 

 

 
Figure 21: Translated protein sequence alignments of C. indica (MF804327) with 

other ex-type isolates. 
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4.3.4.  Phylogenetic analysis of IPL/MC/CI 

The optimal tree with the sum of branch length= 47.05976541 is shown. The tree is 

drawn to scale, with branch lengths in the same units as those of the evolutionary 

distances used to infer the phylogenetic tree. Codon positions included were 

1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were 

eliminated from the dataset (Complete deletion option). There were a total of 202 

positions in the final dataset.  

 

Figure 22: Phylogenetic placement of C. indica with other ex-type strain sequences 

obtained from NCBI Genbank database 
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4.4. Molecular characterization of  button mushroom (A. bisporus) 

4.4.1. 18S rDNA sequence and Phylogenetic analysis of the fungus 

Genomic DNA of Agaricus bisporus was suspended in 100μl 1X TE buffer treated with 

RNAase (60μg) until further use. Agarose gel electrophoresis of genomic DNA 

revealed that they were RNA free. Purity of DNA evaluated in terms of the ratio 

between absorbance of A260 and A280 showed that genomic DNA was~1.8. ITS region 

of rDNA was amplified using genus specific T/ITS1 and T/ITS4 primers where the 

amplified product of 700 base pair size was produced by both the primers. 

4.4.2.  Chromatogram 

The BLAST query of the 18S rDNA sequence of T/ITS1 and T/ITS4 for A. bisporus 

against Genbank database confirmed their identity. The sequences have been deposited 

in NCBI, Genbank database under the accession no. KT818508. The sequence 

chromatograms have been represented in Figure 23. 

4.4.3.  Multiple sequence alignment 

A multiple sequence alignment of ITS gene sequences of different species of Agaricus 

bisporus was conducted. Sequences of other strains obtained from NCBI Genbank 

database (Table 9) showing maximum homology with our strain was conducted using 

CLUSTAL-W algorithm which is a general purpose multiple sequence alignment 

program for DNA of MEGA-4.1 software. There were quite a number of gaps that were 

introduced in the multiple sequence alignment program within the region that were 

closely related and similar sequence indicated the relationship among the isolates. The 

differences in these highly conserved regions are shown in different colours (Figure24). 

Phylogenetic analysis was carried out with ex-type strain sequences obtained from 

NCBI Genbank database which showed maximum homology with our isolates of A. 

bisporus.The sequence alignments regarding the translated protein of A. bisporus with 

the other ex-types analysed by MEGA 4 software have been presented in Figure 25. 

Amino acid frequency alignments of A. bisporus with other ex-types isolates was 

analyzed with MEGA4 software and has been presented in Table.10. 
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Figure 23: Chromatogram and sequence of 18S rDNA region of Agaricus bisporus 

(strain IPL/MC/AB1) deposited in NCBI Genbank 
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Figure 24: 18S rDNA sequence alignments of A. bisporus (IPL/MC/AB1) with other 

ex-type isolates. The conserved regions of the gene are demonstrated in different 

colours  
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Table 9. Genbank accession numbers of the ex-type strains of different mushroom 

that showed the homology with the isolate.  
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1 AF438564 Agaricus bisporus 639 bp 

2 HM561976 Agaricus bisporus 637 bp 

3 JN234843 Agaricus bisporus 1551 bp 

4 KM677957 Agaricus bisporus 652 bp 

5 AF432886 Agaricus bisporus 648 bp 

6 JN867461 Agaricus bisporus 563 bp 

7 LN877898 Calocybe indica 1551bp 

8 GQ259881 Calocybe indica 652 bp 

9 KP886806 Calocybe indica 575 bp 

10 JN874408 Calocybe indica 677 bp 

11 KT818508 IPL.MC/AB1 680 bp 

12 JX965409 Lentinus sajar-caju 632 bp 

13 GU207309 Lentinus sajar-caju 656 bp 

14 KJ654474 Lentinus sajar-caju 698 bp 

15 KX342920 Lentinus sajar-caju 204bp 

16 KT968340 Pleurotus ostreatus 656bp 

17 AY368662 Lentinus florida 697bp 

18 KC894929 Volvariella volvacea 677bp 

19 HM367073 Volvariella volvacea 694bp 

20 KC894924 Volvariella volvacea 684bp 

 

 
Figure 25. Translated protein sequence of  A. bisporus analysed by MEGA-4 

software and compared with the other ex-types 
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4.4.4. Phylogenetic analysis of Agaricus bisporus 

The optimal tree with the sum of branch length = 121.16906992 is shown. The tree is 

drawn to scale, with branch lengths in the same units as those of the evolutionary 

distances used to infer the phylogenetic tree. Codon positions included were 

1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were 

eliminated from the dataset (Complete deletion option). There were a total of 430 

positions in the final dataset.  

 

Figure 26: Phylogenetic placement of A. bisporus (strain IPL/MC/AB1) with other 

ex-type strain sequences obtained from NCBI Genbank database 
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4.5. Molecular identification of Oyster mushroom (Pleurotus sp.) 

4.5.1. 18S rDNA sequence and Phylogenetic analysis of Pleurotus sp 

Genomic DNA of Pleurotus sp was suspended in 100μl 1X TE buffer treated with 

RNAse (60μg) until further use. Agarose gel electrophoresis of genomic DNA revealed 

that they were RNA free. Purity of DNA evaluated in terms of the ratio between 

absorbance of A260 and A280 showed that genomic DNA was ~1.8. ITS region of rDNA 

was amplified using genus specific T/ITS4 and T/ITS6 primers where the amplified 

product of 700 base pair size was produced by both the primers. 

4.5.2. Chromatogram 

The BLAST query of the 18S rDNA sequence of T/ITS4 and T/ITS6 for four species of 

Pleurotus against Genbank database confirmed their identity. The sequences have been 

deposited in NCBI, Genbank database under the accession no. KT768095 for P. 

ostreatus, KT818506 for P. sajor-caju, KT768094 for P. djamor and KT826605 for P. 

florida. The sequence chromatograms have been represented in Figure 27&28. 

4.5.3. Multiple sequence alignment 

A multiple sequence alignment of ITS gene sequences of different species of 

Pleurotuswas conducted. Sequences of other strains obtained from NCBI Genbank 

database (Table 11) showing maximum homology with our strain was conducted using 

CLUSTAL-W algorithm which is a general purpose multiple sequence alignment 

program for DNA of MEGA-4.1 software. There were quite a number of gaps that were 

introduced in the multiple sequence alignment program within the region that were 

closely related and similar sequence indicated the relationship among the isolates. The 

differences in these highly conserved regions are shown in different colours (Figure29). 

Phylogenetic analysis was carried out with ex-type strain sequences obtained from 

NCBI Genbank database which showed maximum homology with our isolates of 

Pleurotus sp. The sequence alignments regarding the translated proteins of four species 

of Pleurotus with the other ex-types analysed by MEGA 4 software have been 

presented in Figure30. Amino acid frequency alignments of Pleurotus sp with other ex-

types isolates was analyzed with MEGA4 software and is presented in Table12. 
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Figure 27: Chromatogram and sequence of 18S rDNA region P. ostreatus and            

P. sajor-caju deposited in NCBI Genbank 
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Figure 28: Chromatogram and sequence of 18S rDNA region P. djamor and                           

P. florida deposited in NCBI Genbank 
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Figure 29: 18S rDNA sequence alignments of P. ostreatus, P. sajor-caju P. djamor 

and P. florida with other ex-type isolates. The conserved regions of the gene are 

demonstrated in different colours. 
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Table 11: Genbank accession numbers of the ex-type strains of Pleurotus sp that 

showed the homology with the isolate.  

 

Sl 

No 

GenBank 

Accession No 

Ex-type isolates  rDNA 

sequence 

1 KT818506 IPL/MC/PS-1 656 bp 

2 KT826605 IPL/MC/PF-1 698 bp 

3 KT768095 IPL/MC/PO-1 204bp 

4 KT768094 IPL/MC/DJ1  

5 JX965409 Lentinus sajor-caju 652 bp 

6 GU207309 Lentinus sajor-caju 648 bp 

7 KX061789 Pleurotus djamor 563 bp 

8 KP026246 Pleurotus djamor 635 bp 

9 EU424303 Pleurotus flabellatus 635 bp 

10 AY368660 Pleurotus flabellatus 575 bp 

11 AY265827 Pleurotus flabellatus 677 bp 

12 EU622249 Pleurotus ostreatus 677 bp 

13 EU622250 Pleurotus ostreatus 632 bp 

14 EU622252 Pleurotus ostreatus 676bp 

15 EU622253 Pleurotus ostreatus 654bp 

16 EU622254 Pleurotus ostreatus 667bp 

17 JN126344 Pleurotus ostreatus 577bp 

18 JN126345 Pleurotus ostreatus 652 bp 

19 KX683410 Pleurotus ostreatus 648 bp 

20 KT968336 Pleurotus ostreatus 563 bp 

21 KT968338 Pleurotus ostreatus 635 bp 

22 KT968339 Pleurotus ostreatus 635 bp 

23 KT968340 Pleurotus ostreatus 676bp 

24 KF309193 Pleurotus ostreatus 654bp 
 

 
 

Figure 30: Translated protein sequence of P. ostreatus, P. sajor-caju, P. djamor and 

P. florida analysed by MEGA 4 software and compared with the other ex-types 

isolates 
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4.5.4. Phylogenetic analysis  

The optimal tree with the sum of branch length = 108.90977318 is shown. The tree is 

drawn to scale, with branch lengths in the same units as those of the evolutionary 

distances used to infer the phylogenetic tree. Codon positions included were 

1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were 

eliminated from the dataset (Complete deletion option). There were a total of 193 

positions in the final dataset.  

 

Figure 31: Phylogenetic placement of Pleurotus sp. with other ex-type strain 

sequences obtained from NCBI Genbank database 
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4.6.  Cultivation of Calocybe  indica 

4.6.1. Standardization of cultivation practices of C. indica using different 

substrates 

During the cropping period (April to September) of summer mushroom the room 

temperature and relative humidity both were recorded for three consecutive years of 

study (2013, 2014 and 2015) and the data presented in Figure32 A and B. In the present 

study, locallyavailable substrates such as paddy straw, maize stalk saw dust, bamboo 

leaves etc. were utilized for screening their suitability for cultivation of C. indicain 

three successive years (2013-2015). Mycelium colonization of C. indica in mushroom 

beds containing different substrates such as paddy straw, maize stalk, saw dust was 

initiated on day 2 and fully colonization on day 10. Minimum period (14 days) for 

substrate colonization was recorded in paddy straw while it was maximum (26 days) in 

bamboo leaves. This might be the probable reason for delayed colonization in this 

substrate. The effect of substrate on growth and development of C. indica fruit body is 

presented in Table14.The pin head of C. indica was observed on day 28 in mushroom 

bed containing paddy straw whereas maize stalk along with paddy straw took 29 days 

to initiate the pin head. The pin head was developed into matured fruit bodies on day 30 

in mushroom bed containing paddy straw whereas bamboo leaves took approximately 

41days. Overall 33-45 days were required for first harvest. Minimum (35) days 

required for first harvest of fruit body in the paddy straw encased with soil+sand. The 

highest number (23)of fruit bodies were harvested in the treatment with paddy straw 

substrate encased with SMC where 16 fruit bodies were harvested in paddy straw + 

maize stalk, 12 in paddy straw+saw dust (1:1 v/v), 10 in paddy straw+saw dust (1:2 

v/v), 7 in maize stalk and 4 in bamboo leaves. The average size of sporophore was 

recorded in each harvesting time. The result revealed that the sporophore size was 

significantly higher in paddy straw followed by the substrate combination of paddy 

straw + maize stalk, paddy straw + saw dust, maize stalk and minimum size observed in 

bamboo leaves. Maximum diameter of stalk was observed in paddy straw 

(3.2cm)followed by the combination of paddy straw + maize stalk (2.7 cm), maize stalk 

(2.2 cm) and in paddy straw + saw dust (1:1 v/v) (2.4cm). The minimum diameter of 

stalk was observed as 2.3cm in paddy straw + saw dust (1:2 v/v), 2.1 in bamboo leaves. 

The effect of casing materials on stalk diameter was also recorded. The stalk with 

parallel diameter in base to top was observed only in paddy straw encased with coconut 

young fiber. But in other treatments it was found that the diameter of stalk base is more 
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than the top portion. Sporocarp developed in different substrate is presented in Fig 

33.Among the six substrate combinations, paddy straw was found to be most suitable 

for the maximum production of fruit bodies (1961.90 g) with the bio-efficiency of 

196.19 %. Next to the paddy straw alone, the combination of paddy straw with maize 

stalk (1:1 v/v) and saw dust (1:1 v/v) yielded 1743.33 g and 1773.7gm respectively. 

Cultivation of C. indica on the substrate combination of paddy straw with maize stalk 

and paddy straw with saw dust, the recorded bio-efficiency was slightly less than paddy 

straw alone but higher than young coconut fibre and bamboo leaves alone. Comparison 

of the biological efficiency of C. indica on all the substrates revealed that maximum 

biological efficiency was on paddy straw (196.1%) which was followed by paddy straw 

+ saw dust (177.37%), paddy straw + maize 1:1 (174.33%), maize stalk (161.16%) and 

bamboo leaves (84.93%). 

 

The values are average of three years measurement (2013, 2014 and 2015) 

Figure 32 (A &B): Temperature range (A) and Relative humidity (B) in production 

unit during cultivation period (April -September) of milky mushroom (C. indica) 
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Figure 33 (A-G): Effect of substrates on biological efficiency of C. indica,A. paddy 

straw B. paddy straw+ maize, C. paddy straw + saw dust (1:1), D. saw dust alone, E. 

paddy straw + saw dust (1:2). F. bamboo leaves G.young coconut fibre waste (YCF) 
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Table14. Effect of substrates on growth and yield of C. indica 
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Paddy 

straw  

 

14 

 

 

32 

 

 

36.83 

±3.37 

 

6.67 

±0.61 

 

230.67 

±9.42 

 

1258.56 

±60.39 

 

420.67 

±17.4 

 

280.67 

±18.41 

 

1961.01 

 

196.1 

Maize 

straw  

17 36 

 

22.17 

±1.62 

4.33 

±0.56 

197.5 

±10.25 

1130.83 

±47.36 

253.33 

±11.45 

227.5 

±13.89 

1611.6 161.16 

Paddy 

straw  + 

maize 

leaf (1:1) 

13 

 

35 

 

32.83 

±2.43 

5.33 

±0.61 

208.83 

±8.03 

1250 

±18.07 

290 

±15.25 

203.33 

±8.53 

1743.3 174.33 

Paddy 

straw  + 

saw dust 

(1:1) 

15 36 

 

26.50 

±2.32 

5.17 

±0.31 

198.83 

±8.22 

1135.83 

±36.29 

375 

±17.27 

262.83 

±20.69 

1773.66 177.37 

Paddy 

straw  + 

saw dust 

(1:2) 

14 

 

36 

 

22.67 

±2.34 

4.67 

±0.56 

194.67 

±10.34 

736.17 

±24.11 

321.67 

±11.3 

294.17 

±22.89 

1352.01 135.2 

Bamboo 

leaves 

20 

 

41 

 

12.33 

±0.99 

3.5 

±0.43 

145.5 

±19.56 

311.84 

±9.88 

280.83 

±17.34 

246.67 

±20.76 

839.33 83.93 

Young 

coconut 

fiber 

18 

 

38 

 

16.35 

±1.62 

4.33 

±0.86 

149.83 

±10.25 

444.17 

±36.33 

310.15 

±15.56 

240.17 

±8.89 

994.49 99.44 

CD(P=0.05) on yield=37.60 
 Values are average of the 20 replicate cylinder, ±Standard error, each cylinder contain 1kg 

dry substrate 

4.6.2.  Effect of different casing materials used for cultivation of C. indica 

Following successful colonization of spawn of C. indica grown on paddy straw 

individual bag was encased separately with nine different casing materials viz., sand + 

soil (1:1v/v), vermicompost, tea waste +sand(1:1 v/v), saw dust + sand (1/1 v/v), tea 

waste +soil+ sand(1:1:1 v/v/v) and wet hard paper and saw dust alone, young coconut 

fibre and spend mushroom compost of A. bisporus to evaluate their effect on 

production and to assess their biological efficiency.Results (Table15) revealed that 

among the nine treatments maximum biological efficiency (207.14%) was obtained on 

paddy straw encased with the spent mushroom compost followed by the combination of 

sand+soil (196.19%), YCF (194.11), saw dust + sand (163.29%), wet hard paper 

(130%), tea waste + soil +sand (151.77%) and tea waste + sand, (144.57 %), and 

vermicompost (130.70%), and saw dust alone show the lowest biological efficiency 

(96.94%). 
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Table15. Effect of casing materials on growth, development and yield of C. indica  
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Vermicompost  16 40 5.14± 

0.69 

586.57± 

23.33 

400.71± 

22.96 

320.71± 

17.75 

1307.99 130.70 

Soil+ sand 15 42 6.29± 

0.52 

825.71± 

45.75 

635.43± 

23.63 

500.85± 

21.24 

1961.99 196.19 

Tea waste 18 23 4.71± 

0.47 

591.57± 

21.50 

510.71± 

27.39 

415.43± 

23.88 

1517.71 151.77 

Hard paper 11 41 4.57± 

0.65 

603.28± 

16.69 

495.28± 

17.33 

465.14± 

81.92 

1563.7 156.37 

Saw dust 18 29 4.43± 

0.43 

528.29± 

29.53 

230.71± 

16.96 

210.43± 

33.42 

969.43 96.94 

Saw dust+ sand 18 31 4.51± 

0.48 

621.57± 

27.18 

520.57± 

26.83 

490.85± 

28.31 

1632.99 163.29 

Tea waste + 

sand 

17 39 4.71± 

0.42 

556.57± 

30.48 

500.85± 

17.01 

391.29± 

29.20 

1448.71 144.87 

Young Coconut 

fibre  

18 26 8.43±.52 820.28± 

21.56 

610.54± 

24.5 

510.24± 

22.67 

1941.06 194.11 

Spent 

mushroom 

compost 

10 24 9.51± 

0.68 

930.57± 

16.48 

640.71± 

17.38 

500.14± 

23.88 

2071.42 207.14 

CD (P=0.05), on production 81.65;  

Values are average of the 20 replicate cylinders, ±Standard Error,  
 

 
Figure 34 (A-I): Effect of casing materials on production of C. indica A. sand+soil,              

B.sand+soil+ tea waste; C. saw dust, D.saw dust+ Sand, E. hard wet paper,F. sand+ tea 

waste, G. vermicompost, H. young Coconut fiber waste (YCF). I. Spent substrate of 

button mushroom 
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Figure 35 (A-F): Developmental stages of fruit bodies of milky mushroom (C. indica) 

grown in plastic packet  
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Figure 36 (A-C): Mass cultivation practice of C. indica in paddy straw  
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4.6.3. Utilization of dry tea leaves as alternative substrate for cultivation of           

C. indica 

Dry tea leaves following pruning practices in tea estate of North Bengal were used as 

alternative substrate in cultivation for C. indica and it was found that tea leaves were 

very much efficient as substrate for C. indica cultivation. Pruned tea leaves were 

initially sun dried for 7-10 days, chopped and washed 3-4 times with tap water and 

soaked in water for over-night. The result regarding the growth and development and 

yield were compared with the paddy straw and other substrate (Table16).The results 

relevant to cultivation of C. indica using tea leaves revealed that all developmental 

events was nearer to that of paddy straw. Biological efficiency was also more than 

bamboo leaves. Based on the previous experiment paddy straw was observed as the 

most suitable substrate and bamboo leaves was observed as worst substrate for Milky 

mushroom cultivation. So that in this experiment the suitability of tea leaves as 

substrate for milky mushroom cultivation was compared with the paddy straw and 

bamboo leaves.   

Table16: Table representing the performance of tea leaves as substrate for milky mushroom 
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Tea leaves  33* 16 5* 180.5± 

11.37* 

900± 

40.51* 

520± 

33.37* 

300± 

14.46* 

172* 

Paddy straw 30 36 6 230.67 

±9.42 

1258.56 

±60.39 

422.67 

±17.4 

285.69 

±18.41 

203.3 

Bamboo 

leaves 

43 12 3 145.5 

±19.56 

311.84 

±9.88 

280.83 

±17.34 

240.17 

±20.76 

67.43 

CD(P=0.05),  Yield=86.50 

Values are average of the 20 replicate cylinders, ±Standard Error,   
* P<0.01(significantly different when compared with bamboo leaves) 
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Figure 37(A-I): Successive stages of cultivation of C. indica in tea leaves as alternative 

substrate A. tea garden, B-C. Tea leaves collection and dry, D-E. Colonized tea leaves, 

F. primordial initiation of milky mushroom (C. indica), G-I. Fruit body of milky 

mushroom  

 

4.7. Standardization of button mushroom (A. bisporus) cultivation 

4.7.1. Weather condition of the production unit 

The normal room temperature and relative humidity was observed during the cropping 

session of A. bisporus. During the cropping period (December, January, February and 

March) temperature and humidity was measured (Figure 38) and it was found that the 

weather condition also have the effective role for growth and development of A. 

bisporus fruit body. 
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Values are average of three years measurement (2013, 2014, 2015) 

Figure 38 (A-B): AverageTemperature range and Relative humidity in production unit 

during the period (December -March) of button mushroom cultivation 

 

4.7.2.  Profiling of inner compost temperature during composting  

The inner compost temperature of the mean values 9 measuring points was determined 

for the three different composting formulas. Average temperatures of the compost of 

every day for the three different compost formulas are given in Figure 39. The highest 

temperature of all compost formulas were recorded at 7-10
th
 day stage.  It might 

probably be due to the activity of fungal diversity. Increase temperature at this stage is 

an indicator for rapid and exothermic microbial activity within compost.  
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Figure 39: Inner-compost temperature profile during the composting period of three 

different compost formulas 

 

4.7.3.  Effect of different formulation for fruit body production  

4.7.3.1. Development of sporophore of A. bisporus on paddy straw based 

composts (compost I) 

Time periods of pin head formation and developmental parameters of fruit body of A. 

bisporus on paddy straw based compost is presented in Table17. Among the casing 

materialsVermicompost was the most suitable casing material that needed 10-14 days 

for pining. Tea Garden soil gave the worst result in terms of pin head formation time as 

it required 21-24 days. Time periods of pin head formation and number of pinhead 

appeared in 1
st
 flush and otherdevelopmental parametersof A. bisporus on paddy straw 

based compost encased with different casing materials such as vermicompost, tea 

waste, tea garden soil and SMC are given in Table 17. The maximum sporophore 

formation was recorded as 36-50 number/bag with vermicompost. The worst result with 

regards to sporophore formation was recorded in tea waste. Maximum total yield 

(1506gm) was obtained from the bag encased with vermicompost followed by SMC + 

vermicompost (1460gm), SMC and SMC+ tea waste (1370gm), tea garden soil 

(1220gm), tea waste (1160gm). The sporophores grown in paddy straw compost 

encased with different casing materials is presented in Figure 42A-G. 

4.7.3.2. Development of sporophore of A. bisporus on waste tea leaf based 

composts (compost II) 

Time periods of pin head formation and developmental parameters of A. bisporus on 

waste tea leaves based compost are given in Table18. Vermicompost yielded the most 

suitable casing material with 19-23 days for pining. Time periods of pin head formation 

and number of pinhead appeared in 1
st
 flush and otherdevelopmental parametersof A. 
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bisporus on paddy straw based compost encased with different casing materials such as 

vermicompost, tea waste, tea garden soil and Spent mushroom compost (SMC) are 

given in Table18 and the sporophore grown in the compost presented in Figure 42 H-N. 

From the Table18 it is clear that the maximum sporophore formation ranges was 

recorded as no.6-12/bag with vermicompost followed by SMC (6-10/bag) and tea waste 

(4-7/bag)The worst result with regards to sporophore number (3-5/ bag) formation was 

recorded in garden soil. Maximum total yield (1028gm) was obtained from the bag 

encased with vermicompost followed by SMC + vermicompost (690gm), SMC 

(590gm), tea garden soil vermicompost (530gm), tea garden (500gm), tea waste + 

vermicompost  (440gm). The minimum yield was obtained in the tea waste treated bag 

as 400gm. 

4.7.3.3. Development of sporophore of A. bisporus on paddy straw and waste tea 

leaf based composts (compost III) 

On paddy straw and tea leaves based compost vermicompost was recorded as most 

suitable casing material that required 15-17 days for pining. Time periods of pin head 

formation and number of pinhead appeared in 1
st
 flush and otherdevelopmental 

parametersof A. bisporus on compost III encased with different casing materials such as 

vermicompost, tea waste, tea garden soil and SMC is given in Table19. The 

sporophores grown in the paddy straw and tea leave based compost presented in 

Figure42 O-U. The maximum sporophore formation range was recorded as 26-32 

number/bag with vermicompost followed by tea waste (21-25/bag) and SMC (19-

23/bag). The worst result with regards to sporophore number formation range as 5-

18/bag was recorded in tea waste casing material. Maximum total yield (1228gm) was 

obtained from the bag encased with vermicompost followed by SMC + vermicompost 

(1210gm), SMC (1060gm) and vermi + tea waste (980gm), tea garden soil + 

vermicompost (970gm), tea garden soil (910gm). The minimum total yield was 

recovered in tea waste casing as 80gm.  
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Table17. Pin head formation and development details of A. bisporus on paddy straw based 

compost (compost I) using locally available casing materials. 
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Vermicompost  10-14 37-53 36-50 586± 

27.81 

500± 

23.2 

420± 

28.8 

1506 

Tea Garden soil 21-24 27-31 18-27 500± 

36.57 

440± 

28.7 

380± 

54.0 

1220 

Tea waste 19-23 26-34 15-18 515± 

36.09 

380± 

41.4 

270± 

37.1 

1160 

Spent mushrrom 

compost 

16-20 27-39 24-36 521± 
34.66 

460± 
43.8 

390± 
35.6 

1370 

Vermicompost 

+soil 

14-17 28-39 25-31 520± 

35.84 

460± 

31.8 

320± 

24.5 

1300 

Tea waste + 

Vermicompost of spent 

mushroom substrate 

16-19 38-46 32-37 530± 

34.86 

500± 

33.1 

340± 

27.1 

1370 

Spent mushrrom 

compost + 

Vermicompost of spent 

mushroom substrate  

14-18 32-43 30-41 550± 
34.26 

500± 
33.8 

410± 
27.0 

1460 

CD(P=0.05), on yield=41.31 

Values are average of the 20 replicate cylinders, ±Standard Error,   

 

Table18. Pin head formation and development details of A. bisporus on tea leaves 

based compost (compost II) using locally available casing materials. 
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Vermicompost  18-23 13-21 6-13 300± 
21.03 

220± 
20.05 

100±9.
66 

1028 

Tea Garden soil 21-25 6-8 3-5 190± 

20.76 

200± 

17.95 

110±1

0.54 

500 

Tea waste 17-21 6-10 4-7 210± 

20.71 

100± 

13.17 

90±5.9

6 

400 

Spent mushrrom compost 19-23 10-16 6-10 270± 

42.67 

200± 

31.56 

120±1

4.29 

590 

Vermicompost  

+soil 

18-21 8-10 4-8 210± 

25.21 

210± 

24.98 

110±7.

68 

530 

Tea + Vermicompost of 

spent mushroom substrate 

17-19 7-11 6-9 220± 

26.50 

120± 

14.15 

100±1

0.85 

440 

Spent mushrrom compost 

+ Vermicompost of spent 

mushroom substrate 

17-22 11-18 6-12 290± 

28.13 

260± 

28.25 

140±1

5.71 

690 

CD (P=0.05), on yield=36.41 

Values are average of the 20 replicate cylinders, ±Standard Error,   
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Table19. Pin head formation and development details of A. bisporus on paddy straw 

and tea leaf based compost (compost III) using locally available casing materials 
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Vermicompost  15-17 32-

45 

26-32 500± 

33.16 

448±2

7.16 

380± 

23.04 

1228 

Tea Garden soil 18-24 14-

24 

11-15 420± 

34.48 

290±2

4.23 

200± 

20.26 

910 

Tea waste 18-21 26-

32 

21-25 400± 

39.36 

320±3

6.40 

150± 

19.27 

870 

Spent mushrrom 

compost 
16-23 22-

36 

19-23 490± 

43.09 

340±2

8.01 

230± 

24.31 

1060 

Vermicompost 

+soil 
16-19 17-

27 

14-19 440± 

28.25 

310±2

7.85 

220± 

20.09 

970 

Tea + 

Vermicompost of 

spent mushroom 

substrate 

16-20 27-

37 

26-34 410± 

39.34 
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2.76 
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19.49 

980 
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compost + 

Vermicompost of 
spent mushroom 

substrate 

15-19 28-

41 

26-39 500± 

32.38 

360±3

2.69 

350± 

27.65 

1210 

CD (P=0.05)  on yield=58.86 

Values are average of the 20 replicate cylinders, ±Standard Error, 
 

 
Figure 40(A-B): Growth and mycelial development (A) and yield (B) of A. bisporus in 

three successive flushes in three different compost formulas encased with 

vermicompost 
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Figure 41(A&B): Effect of compost formulas on morphological features of fruit 

bodyof A. bisporus; Single sporophore weight (A); Diameter (cm) of pileus and size 

of stipe of sporophore. 

 
Figure 42(A-U): Fruit body of A. bisporus in three different types of compost formulas 

encased with different casing materials, compost I(paddy straw based compost) (A-G); 

compost II (tea leaf based compost) (H-N); and compost III (pady straw and tea leaf 

based compost) (O-U). casing materials ; vermicompost (A,H,O);  garden soil (C,J,Q); 

tea waste (D,K,R); garden soil + vermicompost (E,L,S); tea waste + vermicompost 

(F,M,T); spent compost + vermicompost (G,N,U). 
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Figure 43(A-D): Button mushroom (A. bisporus) cultivation practice in plastic tray 

showing developmental stages (2-4 days) after primordial initiation 

 

 
Figure 44 (A-C): Mass Cultivation practice of button mushroom (A. bisporus) in 

flat floor, pin head stage (A) and button stage (B&C) 
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Figure 45 (A-H): Mass production of button mushroom in plastic packets and (I-J) 

harvesting of button mushroom  
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4.7.4.  Effect of composting duration of compost on yield and development of fruit 

body 

An interesting observation here was that different periods of composting play an 

important role in development and production of A. bisporus fruit body. All the 

developmental phases such as mycelium colonization, pin head appearance time, 

number and frequency of sporophore development were influenced by composting 

duration time of compost. The compost of 15 days fermented taken the minimum time 

i.e. 15±2 daysfor full colonization. The maximum colonization time was observed in 40 

days fermented compost. The effect of composting duration of compost on 

developmental stages of primordial initiation to button stage fruit bodies is presented in 

Table20. The result of this study revealed that the sporophore size also was influenced 

by the fermenting time of the compost. Surprisingly increased sporophore weight (g) 

was recorded in 40 days fermented compost. 

Table20. Effect of composting duration on growth, development and yield of A. bisporus 
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 p
e
r
 b

a
g
 i

n
  

1
s
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Number of sporophores per 

cylinder in successive flushes 

Yield (gm) in different flushes 

1
st
  2

nd
  3

rd
  1

st
  2

nd
  3

rd
  

15 15-17 10-14 17-28 12.4 

±1.03 

5.8 

±0.78 

4.2 

±0.37 

555.8± 

18.12 

329.2 

±7.64 

204 

±9.79 

20 16-18 10-16 16-27 

 

11.8 

±0.86 

4.6 

±0.87 

3.6 

±0.24 

584 

±18.57 

348 

±13.54 

211 

±12.86 

25 16-19 14-20 24-34 

 

22.4 

±1.20 

8.2 

±0.58 

4.6 

±0.51 

614 

±18.02 

336 

±15.97 

199.6 

±13.2 

30 19-23 15-20 15-21 

 

12.2 

±0.97 

5.2 

±0.97 

3.2 

±0.37 

502 

±31.15 

310 

±9.97 

177.2 

±15.1 

35 28-34 17-20 8-12 

 

5.8 

±0.86 

3.6 

±0.81 

2.6 

±0.39 

460 

±22.76 

285 

±20.11 

124 

±15.65 

40 31-39 20-24 10-16 

 

6.8 

±0.97 

4.6 

±0.68 

3.6 

±1.59 

480 

±12.72 

295 

±09.81 

154 

±13.42 

CD(P=0.05):  No.of sporophore=1.41, Yield=13.78 

Values are average of the 20 replicate cylinder ± Standard Error 
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A

C

B

 

Figure 46 (A-C): A. Seasonal productivity of A. bipsporus during December-March 

and B-C. Effect of composting period on size and weight of fruit body 
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4.8. Cultivation of oyster mushroom  

4.8.1. Yield performance of four species of Pleurotus (oyster mushrooms) 

throughout the year grown in paddy straw 

All the four species of Pleurotus was cultivated in paddy straw and evaluated their 

yield performance throughout the year in North Bengal. The results regarding the yield 

performances of P. ostrteatus and P. sajor-caju is presented inTable 21. The tabulated 

data indicated that the yield performance of the two mushroom was more or less similar 

throughout the yiear. During summer season the yield out come was less compared to 

other season. The total yield was calculated in terms of biological efficiency. The 

maximum BE was recorded during winter season. Decreased BE was recorded during 

rainy season due to the contamination.  Similarly increased BE of P. djamor and P. 

floridawas recorded during the winter season. Among the four oyster mushroom P. 

djamor was concidered with lowest BE and P. ostreatus and P. sajor-caju was 

considered with highest BE throughout the year. 

 

Figure 47 (A-E): Developmental stages of Pleurotus sajor-caju in paddy straw A. 24 

hours, days, B. 36 hours, C. 48 hours, D. 60 hours E. 72 hours 
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Figure 48(A-F): Developmental stages of Pleurotus djamor, A. 12 hours. B. 24 

hours, C. 36 hours, D. 60 hours, E. 72 hours, F. 96 hours 

 
Figure 49: Mass production of Pleurotus ostreatus in mushroom production unit, 

Department of Botany, NBU 
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4.8.2.  Use of spent mushroom substrate as inoculum 

The spent mushroom substrate was also used as mushroom inoculum in fresh paddy 

straw. Low production rate was observed. The colonization time, fruiting time, quality 

of fruit body and yield was recorded very poor. The growth and development stages of 

fruit body of P. sajor-caju developed using SMS have been presented in Figure 50. 

 
Figure 50: Use of Spent mushroom substrate (SMS) as inoculum for cultivation, A-

D. Developmental stages Pleurotus sajor-caju 

 
Figure 51: Developmental stages of Pleurotus florida, A. 36 hours. B. 48 hours,       

C. 60 hours, D. 72 hours, E-F. 84hours, F. 96 hours 
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Table 21.Yield performance of four species of Pleurotus ostreatus throughout the year 

Mushrooms  Months Day’s 

range  for 

pin head 

formation   

Yield (gm)/cylinder Biologval 

efficiency  

(%) 
1

st 

flush  

2
nd 

flush 

3
rd 

flush 

Pleurotus 

ostreatus  

January  17-20 1045±6.12 710±21.45 385±42.19 107 

February 17-20 1050±6.60 720±24.67 356±39.67 106.35 

March 17-19 1070±10.23 700±34.56 355±39.81 106.25 

April  16-19 980±5.6 582±32.67 335±42.64 94.85 

May  16-19 960±8.35 554±19.65 321±41.61 91.75 

June  15-18 940±9.23 570±23.57 310±43.81 91 

July  15-18 950±10.55 567±32.64 295±27.81 90.6 

August  15-18 956±19.67 590±35.61 288±32.67 91.7 

September  16-19 980±21.64 610±31.54 330±34.19 96 

October  16-19 990±12.19 676±27.19 310±35.64 98.8 

November  17-20 1025±9.55 680±34.67 345±32.61 102.5 

December 17-20 1055±8.34 725±25.29 360±38.67 107 

Values are average of the 20 replicate cylinders ± Standard Error;  

Table 22.Yield performance of four species of Pleurotus sajor-caju throughout the year  
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Yield (gm)/cylinder 
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a
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ff
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(%
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1
st

 

fl
u

sh
  

2
n

d
 

fl
u

sh
 

3
r
d

 

fl
u

sh
 

Pleurotus 

sajor-caju 

 

 

January  19-23 1035±9.35 710±21.19 385±46.19 106.5 

February 18-23 1040±5.33 720±19.68 356±41.84 105.8 

March 17-23 1030±3.87 700±13.27 355±42.67 104.25 

April  17-22 1034±10.34 582±17.61 345±38.19 98.05 

May  17-21 1000±11.66 554±21.64 334±41.57 94.4 

June  17-20 980±12.67 570±18.19 315±39.27 93.25 

July  17-20 990±9.13 567±16.34 298±32.41 92.75 

August  17-19 996±15.46 590±14.43 288±37.67 93.7 

September  18-19 1030±14.23 610±19.19 330±41.81 98.5 

October  18-20 1040±18.87 676±18.68 350±37.94 103.3 

November  18-22 1055±14.67 680±16.81 365±41.67 105 

December 19-23 1065±21.65 725±12.61 370±38.61 108 

 Values are average of the 20 replicate cylinders ± Standard Error 

 



121 
 

Table 23. Yield performance of four species of Pleurotus (oyster mushrooms) throughout 

the year grown in paddy straw  

M
u
sh
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M
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n
th
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a
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p
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 Yield (gm)/cylinder 

B
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e
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(%
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1
st
 f
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sh

 

2
n

d
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sh

 

3
rd

 f
lu

sh
 

Purotus 

djamor   

January  11-14 650±21.67 366±21.81 230±45.34 62.3 

February 12-14 650±19.23 340±30.64 250±42.81 62 

March 13-15 570±23.57 350±19.43 210±41.19 56.5 

April  14-15 580±23.87 345±21.61 180±39.54 55.25 

May  14-15 560±21.57 256±18.83 175±41.67 49.55 

June  15-17 540±12.47 250±21.81 190±34.54 49 

July  14-16 450±11.13 230±31.19 180±26.57 43 

August  15-17 456±13.19 290±21.54 180±21.34 46.3 

September  15-17 480±17.78 280±23.74 190±27.81 47.5 

October  15-17 590±19.23 260±21.67 200±29.67 52.5 

November  14-16 610±10.57 350±34.64 210±21.89 58.5 

December 11-14 640±15.17 320±37.19 220±20.19 59 

Values are average of the 20 replicate cylinders ± Standard Error 

Table24. Yield performance of four species of Pleurotus florida throughout the year 

Mushrooms  Months Day‟s 

range for  

pin head 

formation 

Yield (gm)/cylinder Biological 

efficiency 

(%) 
1

st
 flush 2

nd
 flush 3

rd
 flush 

Pleurotus florida 

 

January  15-17 845±9.34 510±18.27 370±21.76 86.25 

February 15-17 850±7.87 520±21.19 350±18.81 86 

March 16-17 870±5.67 500±19.67 330±23.57 85 

April  16-18 780±6.19 482±17.94 288±15.19 77.5 

May  17-18 760±9.27 474±21.61 285±17.67 75.95 

June  17-19 740±9.17 478±23.55 290±19.19 75.4 

July  17-19 750±6.97 467±28.76 280±37.36 74.85 

August  17-19 756±8.13 490±21.87 280±32.57 76.3 

September  17-18 780±8.57 510±27.67 290±39.13 79 

October  16-18 790±12.19 526±29.37 310±23.81 81.3 

November  16-17 825±7.36 510±23.37 345±19.17 84 

December 16-17 880±9.37 525±21.19 360±18.67 88.25 

Values are average of the 20 replicate cylinders ± Standard Error; 
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Table 25. Screening of Productive rate of six edible Mushrooms in different zones of North 

Bengal  

 

Month 
Foot hills of Darjeelings (North Bengal) 

Types of edible mushroom 

A
g
a
ri

c
u
s 

b
is

p
o
ru

s 

C
a
lo

c
y
b
e
 

in
d
ic

a
 

P
le

u
ro

tu
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d
ja

m
o
r 

P
. 

o
st

re
a
tu

s 

P
. 

sa
jo

r-

c
a
ju

 

P
. 
fl

o
ri

d
a

 

January High - High High Yes Moderate  

February High - High High Yes High 

March High Slow 

growth 

High High Yes High 

April Slow 

growth 

Slow 

growth  

High High Yes High 

May Slow 

growth 

Moderate High High Yes Moderate 

June - High Low Moderate  Yes Moderate 

July - High Low Moderate Yes Low 

August - High Low Moderate  Yes Low 

September Slow 

growth 

High Low Moderate  Yes Low 

October Low Low Yes High Yes High 

November Low Low Yes High Yes High 

December High - Yes High Yes High 

  Hills region of North Bengal   

January High - High Low Low Moderate 

February High - High Low Low Moderate 

March High - High Moderate Moderate Moderate 

April High - High Moderate Moderate Moderate 

May Moderate Low High Moderate Moderate Moderate 

June Moderate Low High High High High  

July Moderate Low High High High High  

August Moderate Low High High High Moderate 

September Moderate - High High High Moderate 

October High - High High High Moderate 

November High - High Moderate Moderate Moderate 

December High - High Low Low Moderate 

- No growth,  

The data is based on our village level production units and survey in North Bengal 

area.  



123 
 

4.9. Problems during mushroom cultivation and their management  

4.9.1. Sciarid fly  

Sciarid fly, Lycoriella auripila causes severe damage to tropical as well as subtropical 

mushroom Pleurotus sp and Agaricus bisporus tunnelling in the stalk and pileus by the 

maggot is the characteristic visible symptom. Growth may be often arrested when in the 

pin-head stage the maggot attack. Even when the infected pin-head develops into 

button, they become small brown and leathery. Colour of flies varies from brown black 

to black. Larvae feed on mainly mycelium and fruit body. In case of oyster mushroom 

when larval attack occurs at pin head stage, it was observed that further development of 

pinheads completely stops and pin heads eventually dried out. But in case of C. indica 

the infected pin head developed as abnormal fruit body. It was found that the mature 

fruit body of C. indica is not infected by the fly. Sciarid infestation can cause up to 50-

70% reduction in crop. All windows or ventilating vents were covered with insect proof 

net. Yellow sticky traps (yellow polythene sheets coated with vegetable oil) were used 

to monitor the presence of flies in the growing house. Yellow coloured bulbs of 15 W 

and yellow polythene sheets coated with vegetable oil (e.g. mustard oil) was used and it 

proven be very effective in management of mushroom flies without use of synthetic 

pesticides. Spent substrate was removed from cropping room and used as organic 

manure in crop field evaluation. After each cropping cycle the cultivation unit was 

bleach with calcium carbonate and weeds and rotting materials near mushroom 

cultivation unit was removed. 

 

Figure 52: Fly attack on fruit body of oyster mushroom  

4.9.2.  Ink Cap Disease 

Ink cap disease is one of the major disease severely affected the cultivation of oyster 

and milky mushroom caused by the attack of Coprinus cometus, C. logopus. Ink caps 

were appeared during the spawn run. They were slender, bell-shaped mushrooms. 

Initially they were cream coloured but later it turns into bluish black usually covered 

with scales. It was observed that the fungus grows in cluster on beds having a long stipe 
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immerged deeply into the substrate. Ink cap disease was one of the most severe diseases 

causing great loss in the production. Pre-treatment of substrate was done by proper 

pasteurization; fresh substrate was used during cultivation; watering was limited during 

the colonization of the mycelia over the substrates; young pileus of ink caps were 

removed immediately; the contaminated bags were removed immediately from the 

room and was completely burnt to avoid further spread to another bags. 

 

Figure 53(A-D): Appearances of frut body of Coprinus sp as contaminant 

during spawn run of Pleurotus sp (A&B) and after casing placement (C&D) for 

milky mushroom cultivation 

 

4.9.3. Bacterial infection  

Bacterial spot or yellow to brown blotches on the cap was observed during 3
rd

 flush of 

harvesting and it was found that that the spot exude sticky residues.Water should not be 

over sprayed during after 2
nd

 flush of harvesting. Free air flow should be maintained. 

Keep the mushrooms out of direct sun light 
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Figure54: Bacterial disease on fruit body of C. indica 

4.9.4. Effect of temperature stress on the development of sporocarp of button 

mushroom 

The formation of scales or "crocodile skin" on pileus was observed in mature fruit body 

of button mushroom. These could be caused by very dry air, strong air movementwith 

low relative humidity and shortcomings in the air supply and distribution system. After 

the scale formation the pileus get brown in colour and gradually degraded and infected 

by other fungus or bacteria (Figure 55). 

 
Figure55: Effect of Heat Stress on fruit body of A. bisporus 
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4.10. Nutritional value of fruit body of milky, button and oyster mushrooms 

4.10.1. Analysis of nutritional constituents of C. indica 

4.10.1.1. Evaluation of different substrate on biochemical constituents of            

C. indica 

Quantification of protein content of the different mushroom samples grown in different 

substrate did not show significant differences (Figure56). Among the substrates the 

highest protein content of the pileus of fruit body was observed as 135.67 mg/g tissue 

and 134.33 mg/g tissue in paddy straw and young coconut fiber grown samples 

respectively. The maximum protein content of stipe of fruit body was observed in 

sample grown in paddy straw followed by paddy straw + maize stalk, maize stalk 

(56.67 mg/g tissue), YCF (52.68 mg/g tissue), paddy straw + saw dust (1:2) 46.35mg/g 

tissue and the minimum protein content was found in both paddy straw + saw dust (1:2) 

and bamboo leaves as 45.67mg/g tissue. No significant difference in carbohydrate 

content was found in mature sporophores of C. indica grown in six different substrate 

combinations. Carbohydrate content (mg/g tissue) of C. indica grown in different 

substrate is represented in Figure 57A. Among the substrates, the lowest total sugar 

content was found in stipe of fruit body grown in paddy straw and maize stalk 

combination as 26.30 mg/g tissue where others substrate based fruit body showed avg. 

total sugar content of 32.62 mg/g tissue. On the other hand in case of pileus the lowest 

total sugar content was found in bamboo leaves (21.67 mg/g tissue) where maximum 

total sugar content (24.33 mg/g tissue) was found in YCF growing fruit body followed 

by paddy straw (23.67mg/g tissue) paddy straw + saw dust (23.67 mg/g tissue) and 

maize stalk singly (23.67mg/g tissue) and paddy straw + maize stalk (22.33 mg/g 

tissue). The SDS-PAGE analysis of soluble protein of developmental stages fruit body 

of C. indica grown in paddy straw was done using Image lab software and it was found 

that the protein band intensity is morein pileus than that of stipe (Figure58).The SDS-

PAGE analysis of soluble protein of pin head stage of C. indica grown in different 

substrates was analyzed using Image lab software and it was found that the protein 

band intensity is more in the pin head sample gown in paddy straw and coconut fiber 

followed by sugarcane and maize stalk and Less band intensity was observed in 

bamboo leaf growing sample (Figure59). 
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Figure 56: Effect of different substrates on protein content of fruit body; A. paddy 

straw, B. Paddy straw + maize stalk, C. Paddy straw + saw dust (1:1), D. Paddy straw 

+ saw dust (1:2), E. Maize stalk , F. Bamboo leaves, G. Young coconut fiber.  

 Figure 57: A. Effect of different substrates on Carbohydrate content (mg/g tissue) of 

fruit body; a. Pileus-paddy straw, b. Stipe- paddy straw, c. Pileus-paddy straw + 

maize stalk (1:1 v/v), d. Stipe-paddy straw + maize stalk (1:1v/v), e. Pileus--paddy 

straw + saw dust (1:1 v/v), f. Stipe-paddy straw + saw dust(1:1 v/v), g. Pileus- paddy 

straw + saw dust (1:2 v/v), h. Stipe- paddy straw +Saw dust (1:2 v/v), i. Pileous-maize 

stalk, j. Stipe-maize stalk, k. Pileus-bamboo leaves, l. Stipe-bamboo leaves, m. 

Pileus-Young coconut fiber. n. Stipe-Young coconut fiber, B. linpid content of 

development stages of fruit body of C. indica.  
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Figure 58(A-H): SDS-PAGE analysis of soluble protein of developmental stages fruit 

body of C. indica grown in paddy straw; A. Gel under fluorescence light showing the 

bands and B-H. Band intensity analyzed using Image lab software. 
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Table 26: Study of band profileof SDS PAGE analysis of different developmental 

stages of milky mushroom (Detection: Automatically detected bands with custom 

sensitivity: 39 Lane Background Lane background subtracted with disk size: 10) 
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Lane 1  

(Figure 58 B) 

1 200.0 0.494 331.32 10.4 8.5 

2 116.2 0.508 350.53 11.0 9.0 

3 97.4 0.535 87.49 2.8 2.2 

4 66.2 0.566 72.85 2.3 1.9 

5 45.0 0.576 59.57 1.9 1.5 

6 31.0 0.767 360.16 11.3 9.2 

7 21.5 0.909 873.27 27.5 22.4 

8 14.4 0.949 1,043.45 32.8 26.8 

Lane 2  

(Figure 58C) 
1 200.0 0.003 1.81 0 0 

2 200.0 0.219 249.14 4.4 3.3 

3 200.0 0.258 39.21 0.7 0.5 

4 200.0 0.321 32.43 0.6 0.4 

5 200.0 0.380 181.78 3.2 2.4 

6 200.0 0.424 37.95 0.7 0.5 

7 108.1 0.519 2,013.82 35.2 26.8 

8 40.9 0.625 1,318.65 23.0 17.5 

9 35.0 0.706 195.39 3.4 2.6 

10 30.5 0.773 688.14 12.0 9.2 

11 22.1 0.897 965.00 16.9 12.8 

Lane 3 

 (Fig 58 D) 

1 200.0 0.001 9.39 0.2 0.1 

2 200.0 0.139 6.12 0.1 0.0 

3 200.0 0.213 31.16 0.5 0.2 

4 200.0 0.258 13.52 0.2 0.1 

5 200.0 0.297 4.99 0.1 0.0 

6 200.0 0.318 65.63 1.1 0.4 

7 200.0 0.371 60.02 1.0 0.4 

8 200.0 0.412 2.99 0.1 0 

9 113.5 0.511 1,361.06 23.2 8.4 

10 41.6 0.617 919.09 15.7 5.7 

11 30.2 0.777 826.97 14.1 5.1 

12 26.3 0.831 2,569.38 43.8 15.9 

Lane4  

(Figure58 E)  
1 200.0 0.003 83.78 4.0 2.1 

2 200.0 0.114 39.17 1.9 1.0  

3 200.0 0.228 46.80 2.2 1.2 

4 200.0 0.267 14.64 0.7 0.4 

5 200.0 0.316 10.87 0.5 0.3 

6 200.0 0.360 9.40 0.4 0.2 

7 200.0 0.489 1,902.79 90.3 47.9 

Contd…. 
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Lane 5 

(Figure58 F) 
1 200.0 0.044 2.38 0 0.0 

2 200.0 0.075 14.86 0.3 0.2 

3 200.0 0.084 1.13 0.0 0.0 

4 200.0 0.096 2.20 0.0 0.0 

5 200.0 0.129 18.64 0.4 0.3 

6 200.0 0.154 8.55 0.2 0.1 

7 200.0 0.212 354.81 6.8 5.1 

8 200.0 0.256 9.46 0.2 0.1 

9 200.0 0.307 199.71 3.8 2.9 

10 200.0 0.375 154.22 2.9 2.2 

11 111.7 0.514 2131.86 40.7 30.9 

12 41.2 0.622 1274.66 24.3 18.5 

13 35.2 0.702 108.56 2.1 1.6 

14 27.9 0.807 957.47 18.3 13.9 

Lane 6 

 (Figure58 G) 
1 200.0 0.054 63.79 1.2 1.2 

2 200.0 0.107 29.79 0.6 0.6 

3 200.0 0.123 40.86 0.8 0.8 

4 200.0 0.153 28.21 0.5 0.5 

5 200.0 0.206 52.56 1.0 1.0 

6 200.0 0.226 5.31 0.1 0.1 

7 200.0 0.244 17.76 0.3 0.3 

8 200.0 0.277 20.32 0.4 0.4 

9 200.0 0.308 92.62 1.8 1.7 

10 200.0 0.362 49.25 1.0 0.9 

11 200.0 0.503 1049.35 20.4 19.7 

12 200.0 0.612 839.89 16.4 15.7 

13 200.0 0.793 636.10 12.4 11.9 

14 200.0 0.922 2,205.64 43.0 41.3 

Lane 7 

(Figure 58 H) 
1 200.0 0.011 38.56 0.4 0.3 

2 200.0 0.122 21.51 0.2 0.2 

3 200.0 0.192 33.89 0.3 0.3 

4 200.0 0.221 58.07 0.6 0.5 

5 200.0 0.232 77.15 0.8 0.7 

6 200.0 0.267 8.87 0.1 0.1 

7 200.0 0.298 65.02 0.6 0.6 

8 200.0 0.351 80.28 0.8 0.7 

9 200.0 0.490 2544.29 25.0 22.9 

10 93.0 0.539 691.95 6.8 6.2 

11 43.8 0.590 2127.99 20.9 19.2 

12 30.7 0.771 395.20 3.9 3.6 

13 29.1 0.792 711.90 7.0 6.4 

14 23.4 0.876 1699.97 16.7 15.3 

15 15.3 0.942 1629.29 16.0 14.7 
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Figure 59(A-H): SDS-PAGE analysis of soluble protein of pin head stage of C. indica 

grown in different substrates; A. Gel under fluorescence light showing the bands and B-

H. Band intensity analyzed using Image lab software. 
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Table 27: Study of band profiling of SDS PAGE analysis of Milky mushroom (pin 

head stages) 
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Lane 1  

(Figure 59 B) 

1 200.0 0.767 45.31 1.7 1.0 

2 116.2 0.860 666.48 25.2 14.0 

3 97.4 0.892 554.02  21.0 11.7 

4 66.2 0.905 294.35 11.1 6.2 

5 45.0 0.950 1,080.74 40.9 22.7 

Lane 2  

(Figure 59 C) 
1 200.0 0.032 6.80 0.1 0.1 

2 200.0 0.054 4.04 0.1 0.1 

3 200.0 0.067 4.44 0.1 0.1 

4 200.0 0.098 10.00 0.1 0.1 

5 200.0 0.130 12.54 0.2 0.2 

6 200.0 0.196 171.18 2.3 2.3 

7 200.0 0.242 21.78 0.3 0.3 

8 200.0 0.291 87.37 1.2 1.2 

9 200.0 0.357 153.93 2.1 2.0 

10 200.0 0.394 14.01 0.2 0.2 

11 200.0 0.431 46.11 0.6 0.6 

12 200.0 0.499 1,133.60 15.5 15.0 

13 200.0 0.601 1,404.77 19.2 18.6  

14 200.0 0.679 133.73 1.8 1.8 

15 200.0 0.737 327.68 4.5 4.3 

16 176.2 0.789 740.26 10.1 9.8 

17 105.4 0.878 1,004.02 13.7 13.3 

18 49.4 0.939 2,049.61 28.0 27.2 

Lane 3 

(Figure 59D)  
1 200.0 0.106 21.02 0.4 0.3 

2 200.0 0.181 18.20 0.4 0.3 

3 200.0 0.202 41.09 0.9 0.6 

4 200.0 0.280 15.18 0.3 0.2 

5 200.0 0.304 49.12 1.0 0.7 

6 200.0 0.357 62.27 1.3 0.9 

7 200.0 0.399 26.85 0.6 0.4 

8 200.0 0.478 564.85 11.9 8.0 

9 200.0 0.498 746.30 15.7 10.6 

10 200.0 0.604 1,846.49 38.9 26.3  

11 200.0 0.742 111.17 2.3 1.6 

12 166.5 0.798 434.58 9.2 6.2 

13 102.6 0.882 810.09 17.1 11.5  

Contd…. 
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Lane4  

(Figure 59 E) 
1 200.0 0.223 31.82 0.5 0.2 

2 200.0 0.269 10.11 0.2 0.1 

3 200.0 0.443 8.18 0.1 0.1 

4 200.0 0.485 75.12 1.2 0.5 

5 200.0 0.504 153.69 2.5 1.0 

6 200.0 0.515 191.47 3.1 1.2 

7 200.0 0.682 150.51 2.4 1.0 

8 187.7 0.778 1,333.62 21.5 8.7 

9 100.0 0.887 4,243.95 68.5 27.6  

Lane 5 

(Figure 59 F) 

1 200.0 0.026 11.15 0.2 0.1 

2 200.0 0.202 113.15 1.6 1.5 

3 200.0 0.244 13.82 0.2 0.2 

4 200.0 0.295 114.62 1.7 1.5 

5 200.0 0.365 130.35 1.9 1.7 

6 200.0 0.405 24.90 0.4 0.3 

7 200.0 0.436 71.37 1.0 1.0 

8 200.0 0.462 19.77 0.3 0.3 

9 200.0 0.490 315.22 4.5 4.2 

10 200.0 0.510 756.36 10.9 10.1 

11 200.0 0.547 86.64 1.2 1.2 

12 200.0 0.612 1,356.59 19.6 18.2 

13 200.0 0.690 212.42 3.1 2.8 

14 200.0 0.748 408.27 5.9 5.5 

15 167.7 0.797 811.79 11.7 10.9 

16 102.0 0.884 917.00 13.2 12.3  

17 52.6 0.932 791.93 11.4 10.6 

18 45.0 0.968 780.76 11.3 10.5  

Lane 6  

(Figure 59 G) 
1 200.0 0.214 14.94 0.3 0.3 

2 200.0 0.299 1.58 0 0 

3 200.0 0.318 23.78 0.5 0.5 

4 200.0 0.371 47.21 1.1 1.0 

5 200.0 0.415 28.21 0.6 0.6 

6 200.0 0.451 17.72 0.4 0.4 

7 200.0 0.495 130.24 2.9 2.7 

8 200.0 0.516 321.22 7.2 6.7 

9 200.0 0.579 319.06 7.1 6.7 

10 200.0 0.618 1,099.37 24.6 23.1 

11 200.0 0.689 196.06 4.4 4.1 

12 200.0 0.738 77.17 1.7 1.6 

13 167.7 0.797 210.57 4.7 4.4 

14 102.0 0.884 718.23 16.1 15.1 

15 52.1 0.933 657.81 14.7 13.8 

16 45.0 0.968 609.33 13.6 12.8 

Contd…. 
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Lane 7  

(Figure 59 H) 
1 200.0 0.212 9.80 0.2 0.2 

2 200.0 0.287 9.51 0.2 0.2 

3 200.0 0.316 19.90 0.4 0.4 

4 200.0 0.367 35.23 0.7 0.6 

5 200.0 0.411 17.92 0.3 0.3 

6 200.0 0.436 24.69 0.5 0.4 

7 200.0 0.490 114.24 2.2 2.0 

8 200.0 0.509 285.59 5.5 5.0 

9 200.0 0.581 379.04 7.3 6.7 

10 200.0 0.610 995.45 19.2 17.5 

11 200.0 0.678 178.84 3.5 3.1 

12 200.0 0.730 83.17 1.6 1.5 

13 173.7 0.791 361.95 7.0 6.4 

14 106.1 0.876 978.10 18.9 17.2 

15 56.0 0.924 736.42 14.2 13.0 

16 45.0 0.960 942.21 18.2 16.6  

 

4.10.1.2.  Evaluation of the effect of different casing materials on nutritional value 

of fruit body of C. indica 

 

Similar to previous result, protein content in different mushroom samples grown in 

paddy straw encased with different casing materials was also not significantly different. 

The highest protein content (mg/g tissue) was found in the mushroom sample encased 

with spent mushroom substrate followed the sample grown in paddy straw encased with 

young coconut fibre, soil + sand, vermicompost, hard paper, sand + saw dust, tea waste 

+ sand, saw dust. The lowest result found in the sample grown with tea waste. The 

protein content was always found to be high in pileus compared to stipe. It has been 

found that the various casing materials also have the effect in chemical constituent of 

fruit body of C. indica. Among all the casing materials the highest protein content of 

the pileus of fruit body was observed as 137.34 (mg/g tissue) in spent mushroom 

substrate followed by Young coconut fiber (136.67 mg/g tissue), soil and sand (136.33 

mg/g tissue), Vermicompost (135.34 mg/g tissue), hard paper (134.67 mg/g tissue), 

sand and saw dust (134.33 mg/g tissue),Tea waste and sand (133.67 mg/g tissue), Saw 

dust (132.34 mg/g tissue), tea waste (131.67mg/g tissue). The results regarding the 

protein content is presented in Figure 60. The maximum protein content (78.33 mg/g 

tissue) of stipe of fruit body was observed in SMC casing material followed by SOS 
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(77.67mg/g tissue), Young coconut fiber (75.67 mg/g tissue), Tea waste asnd sand 

(75.67), HP (73.67mg/g tissue), Vermicompost (73.33mg/g tissue), Tea waste (72.67 

mg/g tissue), Saw dust (72.33 mg/g tissue) and the minimum protein content was found 

in Sand and saw dust as 67.67 mg/g tissue.No significant difference in carbohydrate 

content was found in mature sporophores of C. indica grown treated with nine different 

casing materials. Carbohydrate content (mg/g tissue) of C. indica grown in different 

casing materials is represented in Figure 61. Among the casing materials, the maximum 

total sugar content (26.30 mg/g tissue) was found in stipe of fruit body grown in SMC 

followed by SOS (34.67), VR (34.33), Young coconut fiber and Tea waste (33.33 mg/g 

tissue), Tea waste and sand (33mg/g tissue) , Sand and saw dust, hard paper (32.67mg/g 

tissue). On the other hand in case of pileus the lowest total sugar content was found in 

Saw dust (24 mg/g tissue) where maximum total sugar content was recorded in SMC 

and soil and sand (26.33 mg/g tissue).   

 
Figure 60: Effect of different casing materials on Protein content of fruit body; VR-

vermicompost, SOS--Soil+ Sand, TW-Tea waste, HP-Hard paper,  SWD-Saw dust, 

SSWD- Sand+ saw dust, TWS--Tea waste, YCF--Young coconut fiber, SMC-Spent 

Mushroom Compost, 

 
Figure 61: Effect of casing materials on carbohydrate content of fruit body; VR-P- 

vermicompost pileous, VR-S-Vermi stipe, SOS-P- soil+ sand pileus, SOS-S- soil + 

sand stipe, TW-P-tea waste pileus, TW-S- tea waste stipe, HP-P-Hard paper pileus, 

HP-S- Hard paper-Stipe, SWD-P-saw dust pileous, SWD-S-saw dust stipe, SSWD-P-

sand+ saw dust pileous, SSWD-S- Sand + saw dust stipe, TWS-P-tea waste pileous, 

TWS-S- Tea waste Stipe, YCF-P-Young coconut pileus, YCF-S- Young coconut 

Stipe, SMC-P-Spent Mushroom Compost pileous, SMC-S- Spent Mushroom Stipe 
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4.10.1.3. Preliminary screening of phenolics and amino acid through TLC 

The methanolic extarct of C. indica showed dark blue colour spot in two Rf point which 

are at the same Rf point of Chlorogenic and ferulic acid (Figure 62).  From the result, 

priliminary it was concluded that methanolic extract of A. bisporus contain two 

phenolics. Amino acids such as Glutamic acid, valine, leucin, proline, aspartic acids 

and alanine were also detected methanolic extract of C. indica (Figure62). 

 
Figure 62(A &B): Detection and identification of phenolic and free amino acids in C. 

indica.by thin layer chromatogram (TLC) along with standard phenolic and amino 

acid 

4.10.2. Analysis of nutritional constituents of fruit bodies of A. bisporus 

4.10.2.1. Effect of different compost formulations  

Protein content of the mushroom samples grown in different casing materials did not 

show significant differences but it significance in compost levels. Among the compost 

formulation the highest protein content of the young fruit body was observed as 164.67 

mg/g tissue in paddy straw based compost and minimum protein content was 

determined as 156.33 mg/g tissue in tea leaves based compost grown fruit body 

respectively. SDS-PAGE analysis of soluble protein of different developmental stages 

of A. bisporus grown in compost I and II is presented in Figure 63 and 64. SDS-PAGE 

analyses of soluble protein of developmental stages of fruit body of A. bisporus grown 

in paddy straw, was done using Image Lab software and it was found that protein band 

intensity of young fruit body is maximum than that of pinhead and mature stage. 

Similarly the intensity of protein band was always high in pileus than stipe of fruit 

body. Protein band intensity of mature pileus was more than that of stipe (Figure63). 

Similar result regarding the protein band intensity in different developmental stages 

was recorded (Figure 64).  



137 
 

The Effect of compost formulations onnutritional constituents in young fruit body 

grown in different compost encased with vermicompost is shown in Figure 65.Fruit 

body grown in Compost II encased with vermicompost showed the total sugar content 

of 65 mg/g tissue as maximum content and minimum was measured as 58.33mg/g 

tissue in GS casing treatment. The results regarding carbohydrate content of fruit body 

grown in different compost encased with different casing materials is presented in 

Figure 66 and Figure 67. Maximum total sugar content was observed in TW + vermi 

casing treatment and minimum in SMC treatment in compost III. Among the casing 

materials vermicompost was recorded as best casing materials giving the maximum 

protein content as 164mg/g tissue in paddy straw based compost. The minimum protein 

content was measured as 153.67 mg/g tissue in fruit body grown in tea waste based 

compost. The results regarding protein content (mg/g tissue) of fruit body grown in 

three different compost encased with different casing treatment is represented in Figure 

68. The lowest total protein content was determined in the fruit body grown with 

compost II formula and encased with tea waste. 

 

Figure 63(A-H):  SDS-PAGE analysis of soluble protein of different developmental 

stages of A. bisporus (KT818508) grown in paddy straw based compost (compost I). 

A.  Gel under fluorescence light showing the bands and B-H. Band intensity analyzed 

using image lab software 
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Table 28: Study of band profileof SDS PAGE analysis of different developmental 

stages of button mushroom (paddy straw based compost-compost I) 
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Lan 1 

(Figure63 B) 

1 250.0 0.297 112.36 4.0 2.9 

2 150.0 0.349 314.70 11.1 8.0 

3 100.0 0.376 382.44 13.5 9.8 

4 75.0 0.544 276.71 9.8 7.1 

5 50.0 0.644 243.12 8.6 6.2 

6 37.0 0.741 216.83 7.7 5.5 

7 25.0 0.935 551.69 19.5 14.1 

8 20.0 0.981 727.80 25.8 18.6 

Lane 2 

(Figure 63 C) 
1 250.0 0.027 23.90 0.6 0.6 

2 250.0 0.075 76.94 2.0 2.0 

3 250.0 0.091 29.95 0.8 0.8 

4 250.0 0.153 239.37 6.3 6.1 

5 250.0 0.181 258.42 6.8 6.6 

6 250.0 0.197 234.13 6.2 6.0 

7 250.0 0.236 212.21 5.6 5.4 

8 161.0 0.342 748.84 19.8 19.1 

9 77.8 0.522 408.54 10.8 10.4 

10 52.4 0.632 420.73 11.1 10.7 

11 38.0 0.732 368.26 9.8 9.4 

12 33.4 0.792 67.47 1.8 1.7 

13 28.9 0.863 132.74 3.5 3.4 

14 26.1 0.913 129.27 3.4 3.3 

15 24.3 0.941 229.63 6.1 5.8 

16 20.4 0.977 196.37 5.2 5.0 

Lane 3 

(Figure 63 D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 250.0 0.111 23.89 0.5 0.5 

2 250.0 0.204 160.84 3.5 3.3 

3 250.0 0.246 371.26 8.0 7.7 

4 250.0 0.289 263.01 5.7 5.4 

5 132.0 0.357 865.39 18.6 17.8 

6 94.2 0.411 142.03 3.1 2.9 

7 85.7 0.466 20.72 0.4 0.4 

8 81.8 0.493 41.37 0.9 0.9 

9 75.6 0.540 367.38 7.9 7.6 

10 50.3 0.643 293.44 6.3 6.0 

11 43.7 0.687 80.64 1.7 1.7 

12 37.7 0.735 245.23 5.3 5.1 

13 33.2 0.795 50.40 1.1 1.0 

14 29.1 0.860 234.32 5.0 4.8 

15 22.1 0.961 990.67 21.3 20.4 

16 20.0 0.984 493.74 10.6 10.2 

Contd…. 
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Lane4 

(Figure63E) 
1 250.0 0.182 73.39 2.4 2.1 

2 250.0 0.234 309.44 10.2 8.9 

3 250.0 0.278 200.31 6.6 5.7 

4 152.1 0.347 675.26 22.3 19.3 

5 83.0 0.485 56.35 1.9 1.6 

6 76.9 0.530 403.94 13.3 11.6 

7 52.1 0.634 267.15 8.8 7.6 

8 44.7 0.680 64.13 2.1 1.8 

9 38.4 0.729 226.24 7.5 6.5 

10 29.8 0.848 75.62 2.5 2.2 

11 25.4 0.926 323.65 10.7 9.3 

12 22.7 0.955 267.01 8.8 7.6 

13 20.4 0.977 86.94 2.9 2.5 

Lane 5 

(Figure63F) 
1 250.0 0.169 155.90 4.6 4.2 

2 250.0 0.220 406.84 12.1 10.9 

3 250.0 0.266 272.72 8.1 7.3 

4 250.0 0.292 125.17 3.7 3.4 

5 180.4 0.330 750.96 22.3 20.2 

6 89.2 0.443 18.96 0.6 0.5 

7 83.9 0.479 52.52 1.6 1.4 

8 77.8 0.522 420.44 12.5 11.3 

9 53.0 0.630 291.61 8.7 7.8 

10 45.1 0.677 64.49 1.9 1.7 

11 38.2 0.731 258.81 7.7 6.9 

12 29.6 0.851 53.79 1.6 1.4 

13 24.7 0.938 260.79 7.7 7.0 

14 21.3 0.968 233.30 6.9 6.3 

Lane6 

(Figure63G) 
1 250.0 0.030 32.70 0.7 0.6 

2 250.0 0.090 80.66 1.6 1.5 

3 250.0 0.101 30.15 0.6 0.6 

4 250.0 0.143 87.61 1.8 1.7 

5 250.0 0.203 110.55 2.2 2.1 

6 250.0 0.221 136.13 2.7 2.6 

7 250.0 0.262 503.32 10.1 9.6 

8 220.0 0.310 421.27 8.5 8.0 

9 102.2 0.375 998.98 20.1 19.1 

10 88.1 0.450 49.86 1.0 1.0 

11 79.8 0.508 10.77 0.2 0.2 

12 72.0 0.554 372.02 7.5 7.1 

13 54.9 0.621 72.29 1.5 1.4 

14 49.3 0.648 411.26 8.3 7.9 

15 43.1 0.692 81.51 1.6 1.6 

Contd…. 
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Lane6 
(Figure 63G) 

16 37.7 0.735 386.89 7.8 7.4 

17 33.4 0.792 69.42 1.4 1.3 

18 29.6 0.851 213.68 4.3 4.1 

19 27.1 0.896 192.36 3.9 3.7 

20 26.0 0.916 185.33 3.7 3.5 

21 21.9 0.962 528.54 10.6 10.1 

Lane 7 

(Figure 63 H) 

1 250.0 0.001 2.36 0.1 0.1 

2 250.0 0.048 4.24 0.1 0.1 

3 250.0 0.071 6.34 0.1 0.1 

4 250.0 0.110 67.30 1.5 1.5 

5 250.0 0.152 149.86 3.4 3.3 

6 250.0 0.227 416.52 9.4 9.1 

7 250.0 0.253 235.92 5.3 5.1 

8 202.1 0.318 54.28 1.2 1.2 

9 95.2 0.405 679.29 15.3 14.8 

10 68.7 0.566 302.45 6.8 6.6 

11 48.2 0.656 374.06 8.4 8.2 

12 41.6 0.703 9.29 0.2 0.2 

13 37.5 0.737 266.96 6.0 5.8 

14 33.9 0.784 56.75 1.3 1.2 

15 29.5 0.854 470.28 10.6 10.3 

16 27.1 0.894 337.92 7.6 7.4 

17 24.0 0.944 994.92 22.5 21.7 
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Figure 64 (A-H): SDS PAGE analysis of soluble protein of different developmental 

stages of A. bisporus grown in tea leaves based compost (compost II). A. Gel under 

fluorescence light showing the bands and B-H. Band intensity analysis using Image 

lab software  
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Table 29: Band profiling of SDS PAGE analysis of different developmental stages of 

button mushroom (compost II) 
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Lane1 

(FigureB 64 

1 250.0 0.297 112.36 4.0 2.9 

2 150.0 0.349 314.70 11.1 8.0 

3 100.0 0.376 382.44 13.5 9.8 

4 75.0 0.544 276.71 9.8 7.1 

5 50.0 0.644 243.12 8.6 6.2 

6 37.0 0.741 216.83 7.7 5.5 

7 25.0 0.935 551.69 19.5 14.1 

8 20.0 0.981 727.80 25.8 18.6 

Lane 2 

(Figure64 C) 
1 250.0 0.027 23.90 0.6 0.6 

2 250.0 0.075 76.94 2.0 2.0 

3 250.0 0.091 29.95 0.8 0.8 

4 250.0 0.153 239.37 6.3 6.1 

5 250.0 0.181 258.42 6.8 6.6 

6 250.0 0.197 234.13 6.2 6.0 

7 250.0 0.236 212.21 5.6 5.4 

8 161.0 0.342 748.84 19.8 19.1 

9 77.8 0.522 408.54 10.8 10.4 

10 52.4 0.632 420.73 11.1 10.7 

11 38.0 0.732 368.26 9.8 9.4 

12 33.4 0.792 67.47 1.8 1.7 

13 28.9 0.863 132.74 3.5 3.4 

14 26.1 0.913 129.27 3.4 3.3 

15 24.3 0.941 229.63 6.1 5.8 

16 20.4 0.977 196.37 5.2 5.0 

Lane 3 

(Figure64 D) 

1 250.0 0.111 23.89 0.5 0.5 

2 250.0 0.204 160.84 3.5 3.3 

3 250.0 0.246 371.26 8.0 7.7 

4 250.0 0.289 263.01 5.7 5.4 

5 132.0 0.357 865.39 18.6 17.8 

6 94.2 0.411 142.03 3.1 2.9 

7 85.7 0.466 20.72 0.4 0.4 

8 81.8 0.493 41.37 0.9 0.9 

9 75.6 0.540 367.38 7.9 7.6 

10 50.3 0.643 293.44 6.3 6.0 

11 43.7 0.687 80.64 1.7 1.7 

12 37.7 0.735 245.23 5.3 5.1 

13 33.2 0.795 50.40 1.1 1.0 

14 29.1 0.860 234.32 5.0 4.8 

15 22.1 0.961 990.67 21.3 20.4 

Contd…. 
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Lane4 

(Figure64 E) 
1 250.0 0.182 73.39 2.4 2.1 

2 250.0 0.234 309.44 10.2 8.9 

3 250.0 0.278 200.31 6.6 5.7 

4 152.1 0.347 675.26 22.3 19.3 

5 83.0 0.485 56.35 1.9 1.6 

6 76.9 0.530 403.94 13.3 11.6 

7 52.1 0.634 267.15 8.8 7.6 

8 44.7 0.680 64.13 2.1 1.8 

9 38.4 0.729 226.24 7.5 6.5 

10 29.8 0.848 75.62 2.5 2.2 

11 25.4 0.926 323.65 10.7 9.3 

12 22.7 0.955 267.01 8.8 7.6 

13 20.4 0.977 86.94 2.9 2.5 

Lane 5 

(Figure 64 F) 
1 250.0 0.169 155.90 4.6 4.2 

2 250.0 0.220 406.84 12.1 10.9 

3 250.0 0.266 272.72 8.1 7.3 

4 250.0 0.292 125.17 3.7 3.4 

5 180.4 0.330 750.96 22.3 20.2 

6 89.2 0.443 18.96 0.6 0.5 

7 83.9 0.479 52.52 1.6 1.4 

8 77.8 0.522 420.44 12.5 11.3 

9 53.0 0.630 291.61 8.7 7.8 

10 45.1 0.677 64.49 1.9 1.7 

11 38.2 0.731 258.81 7.7 6.9 

12 29.6 0.851 53.79 1.6 1.4 

13 24.7 0.938 260.79 7.7 7.0 

14 21.3 0.968 233.30 6.9 6.3 

Lane6 

(Figure 64 G) 
1 250.0 0.030 32.70 0.7 0.6 

2 250.0 0.090 80.66 1.6 1.5 

3 250.0 0.101 30.15 0.6 0.6 

4 250.0 0.143 87.61 1.8 1.7 

5 250.0 0.203 110.55 2.2 2.1 

6 250.0 0.221 136.13 2.7 2.6 

7 250.0 0.262 503.32 10.1 9.6 

8 220.0 0.310 421.27 8.5 8.0 

9 102.2 0.375 998.98 20.1 19.1 

10 88.1 0.450 49.86 1.0 1.0 

11 79.8 0.508 10.77 0.2 0.2 

12 72.0 0.554 372.02 7.5 7.1 

13 54.9 0.621 72.29 1.5 1.4 

14 49.3 0.648 411.26 8.3 7.9 

15 43.1 0.692 81.51 1.6 1.6 

16 37.7 0.735 386.89 7.8 7.4 

17 33.4 0.792 69.42 1.4 1.3 

Contd…. 
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 18 29.6 0.851 213.68 4.3 4.1 

19 27.1 0.896 192.36 3.9 3.7 

20 26.0 0.916 185.33 3.7 3.5 

21 21.9 0.962 528.54 10.6 10.1 

Lane 7 

(Figure 64 H) 
1 250.0 0.001 2.36 0.1 0.1 

2 250.0 0.048 4.24 0.1 0.1 

3 250.0 0.071 6.34 0.1 0.1 

4 250.0 0.110 67.30 1.5 1.5 

5 250.0 0.152 149.86 3.4 3.3 

6 250.0 0.227 416.52 9.4 9.1 

7 250.0 0.253 235.92 5.3 5.1 

8 202.1 0.318 54.28 1.2 1.2 

9 95.2 0.405 679.29 15.3 14.8 

10 68.7 0.566 302.45 6.8 6.6 

11 48.2 0.656 374.06 8.4 8.2 

12 41.6 0.703 9.29 0.2 0.2 

13 37.5 0.737 266.96 6.0 5.8 

14 33.9 0.784 56.75 1.3 1.2 

15 29.5 0.854 470.28 10.6 10.3 

16 27.1 0.894 337.92 7.6 7.4 

17 24.0 0.944 994.92 22.5 21.7 

 

 
                 Compost I-Paddy straw based compost, compost II-tea leaves based compost, compost III-

paddy straw and tea leave based compost 

Figure 65: Effect of compost onnutritional constituents in young fruit body grown in 

different compost encased with vermicompost. 
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Figure 66: Effect of casing materials on total sugar content in young fruit body grown 

in different compost encased with different casing materials; Vermicompost (A), 

garden soil (B), Tea waste (C), Spent mushroom compost of C. indica (D), Garden 

soil and vermicompost (E), Tea waste and vermicompost (F), SMS and vermicompost 

(G).  

 
Figure67: Effect of casing materials on reducing sugar in young fruit body grown in 

different compost encased with different casing materials; Vermicompost (A), garden 

soil (B), Tea waste (C), Spent mushroom compost of C. indica (D), Garden soil and 

vermicompost (E), Tea waste and vermicompost (F), SMS and vermicompost (G).  
 

 
Figure 68: Effect of casing materials on protein content in young fruit body grown in 

different compost encased with different casing materials; Vermicompost (A), garden 

soil (B), Tea waste (C), Spent mushroom compost of C. indica (D), Garden soil and 

vermicompost (E), Tea waste and vermicompost (F), SMS and vermicompost (G).  
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Figure 69(A-H): SDS PAGE analysis of soluble protein of mycelial stages of             

A. bisporus and C. indica grown in PDB media; A. Gel under fluorescence light 

showing the bands and B-H. Band intensity analysis using Image-lab software, B. 

standard lane, C-E. C. indica mycelia, F-H. A. bisporus mycelia   
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Table 30. Study of band profile of SDS PAGE analysis of A. bisporus and C. indica 

(mycelial stages) 
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Lane  

(Figure69 B) 

1 250.0 0.297 112.36 4.0 2.9 

2 150.0 0.349 314.70 11.1 8.0 

3 100.0 0.376 382.44 13.5 9.8 

4 75.0 0.544 276.71 9.8 7.1 

5 50.0 0.644 243.12 8.6 6.2 

6 37.0 0.741 216.83 7.7 5.5 

7 25.0 0.935 551.69 19.5 14.1 

8 20.0 0.981 727.80 25.8 18.6 

Lane 2  

(C. indica) 

(Figure69 C) 

 

1 250.0 0.027 23.90 0.6 0.6 

2 250.0 0.075 76.94 2.0 2.0 

3 250.0 0.091 29.95 0.8 0.8 

4 250.0 0.153 239.37 6.3 6.1 

5 250.0 0.181 258.42 6.8 6.6 

6 250.0 0.197 234.13 6.2 6.0 

7 250.0 0.236 212.21 5.6 5.4 

8 161.0 0.342 748.84 19.8 19.1 

9 77.8 0.522 408.54 10.8 10.4 

10 52.4 0.632 420.73 11.1 10.7 

11 38.0 0.732 368.26 9.8 9.4 

12 33.4 0.792 67.47 1.8 1.7 

13 28.9 0.863 132.74 3.5 3.4 

14 26.1 0.913 129.27 3.4 3.3 

15 24.3 0.941 229.63 6.1 5.8 

16 20.4 0.977 196.37 5.2 5.0 

Lane 3 

(C. indica) 

(Figure69 D) 

1 250.0 0.111 23.89 0.5 0.5 

2 250.0 0.204 160.84 3.5 3.3 

3 250.0 0.246 371.26 8.0 7.7 

4 250.0 0.289 263.01 5.7 5.4 

5 132.0 0.357 865.39 18.6 17.8 

6 94.2 0.411 142.03 3.1 2.9 

7 85.7 0.466 20.72 0.4 0.4 

8 81.8 0.493 41.37 0.9 0.9 

9 75.6 0.540 367.38 7.9 7.6 

10 50.3 0.643 293.44 6.3 6.0 

11 43.7 0.687 80.64 1.7 1.7 

12 37.7 0.735 245.23 5.3 5.1 

13 33.2 0.795 50.40 1.1 1.0 

14 29.1 0.860 234.32 5.0 4.8 

15 22.1 0.961 990.67 21.3 20.4 

16 20.0 0.984 493.74 10.6 10.2 

Contd…. 
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Lane4  

(C. indica) 

(Figure 69 E) 

 

 

 

1 250.0 0.182 73.39 2.4 2.1 

2 250.0 0.234 309.44 10.2 8.9 

3 250.0 0.278 200.31 6.6 5.7 

4 152.1 0.347 675.26 22.3 19.3 

5 83.0 0.485 56.35 1.9 1.6 

6 76.9 0.530 403.94 13.3 11.6 

7 52.1 0.634 267.15 8.8 7.6 

8 44.7 0.680 64.13 2.1 1.8 

9 38.4 0.729 226.24 7.5 6.5 

10 29.8 0.848 75.62 2.5 2.2 

11 25.4 0.926 323.65 10.7 9.3 

12 22.7 0.955 267.01 8.8 7.6 

13 20.4 0.977 86.94 2.9 2.5 

Lane 5 

(A. bisporus) 

(Figure 69 F) 

1 250.0 0.169 155.90 4.6 4.2 

2 250.0 0.220 406.84 12.1 10.9 

3 250.0 0.266 272.72 8.1 7.3 

4 250.0 0.292 125.17 3.7 3.4 

5 180.4 0.330 750.96 22.3 20.2 

6 89.2 0.443 18.96 0.6 0.5 

7 83.9 0.479 52.52 1.6 1.4 

8 77.8 0.522 420.44 12.5 11.3 

9 53.0 0.630 291.61 8.7 7.8 

10 45.1 0.677 64.49 1.9 1.7 

11 38.2 0.731 258.81 7.7 6.9 

12 29.6 0.851 53.79 1.6 1.4 

13 24.7 0.938 260.79 7.7 7.0 

14 21.3 0.968 233.30 6.9 6.3 

Lane6 

(A. bisporus) 

(Figure 69 G) 

1 250.0 0.030 32.70 0.7 0.6 

2 250.0 0.090 80.66 1.6 1.5 

3 250.0 0.101 30.15 0.6 0.6 

4 250.0 0.143 87.61 1.8 1.7 

5 250.0 0.203 110.55 2.2 2.1 

6 250.0 0.221 136.13 2.7 2.6 

7 250.0 0.262 503.32 10.1 9.6 

8 220.0 0.310 421.27 8.5 8.0 

9 102.2 0.375 998.98 20.1 19.1 

10 88.1 0.450 49.86 1.0 1.0 

11 79.8 0.508 10.77 0.2 0.2 

12 72.0 0.554 372.02 7.5 7.1 

13 54.9 0.621 72.29 1.5 1.4 

14 49.3 0.648 411.26 8.3 7.9 

15 43.1 0.692 81.51 1.6 1.6 

16 37.7 0.735 386.89 7.8 7.4 

17 33.4 0.792 69.42 1.4 1.3 

18 29.6 0.851 213.68 4.3 4.1 

19 27.1 0.896 192.36 3.9 3.7 

20 26.0 0.916 185.33 3.7 3.5 

Contd…. 
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21 21.9 0.962 528.54 10.6 10.1 

Lane 7  

(A. bisporus) 

(Figure 69 H) 

1 250.0 0.001 2.36 0.1 0.1 

2 250.0 0.048 4.24 0.1 0.1 

3 250.0 0.071 6.34 0.1 0.1 

4 250.0 0.110 67.30 1.5 1.5 

5 250.0 0.152 149.86 3.4 3.3 

6 250.0 0.227 416.52 9.4 9.1 

7 250.0 0.253 235.92 5.3 5.1 

8 202.1 0.318 54.28 1.2 1.2 

9 95.2 0.405 679.29 15.3 14.8 

10 68.7 0.566 302.45 6.8 6.6 

11 48.2 0.656 374.06 8.4 8.2 

12 41.6 0.703 9.29 0.2 0.2 

13 37.5 0.737 266.96 6.0 5.8 

14 33.9 0.784 56.75 1.3 1.2 

15 29.5 0.854 470.28 10.6 10.3 

16 27.1 0.894 337.92 7.6 7.4 

17 24.0 0.944 994.92 22.5 21.7 

 
Figure 70 (A-H): SDS-PAGE analysis of soluble protein of dry fruit body powder of 

C. indica and A. bisporus; A. Gel under fluorescence light showing the bands, B-H. 

Band intensity analysis using image-lab software, B. standard lane, C-E. C. indica, F-

H. A. bisporus 
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Table 31: Study of band profile of SDS-PAGE analysis of milky and button 

mushrooms (dry fruit body powder) 
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Lane 1 

(Figure 70 B) 

 

1 250.0 0.297 112.36 4.0 2.9 

2 150.0 0.349 314.70 11.1 8.0 

3 100.0 0.376 382.44 13.5 9.8 

4 75.0 0.544 276.71 9.8 7.1 

5 50.0 0.644 243.12 8.6 6.2 

6 37.0 0.741 216.83 7.7 5.5 

7 25.0 0.935 551.69 19.5 14.1 

8 20.0 0.981 727.80 25.8 18.6 

Lane 2  

(Figure70 C) 
1 250.0 0.027 23.90 0.6 0.6 

2 250.0 0.075 76.94 2.0 2.0 

3 250.0 0.091 29.95 0.8 0.8 

4 250.0 0.153 239.37 6.3 6.1 

5 250.0 0.181 258.42 6.8 6.6 

6 250.0 0.197 234.13 6.2 6.0 

7 250.0 0.236 212.21 5.6 5.4 

8 161.0 0.342 748.84 19.8 19.1 

9 77.8 0.522 408.54 10.8 10.4 

10 52.4 0.632 420.73 11.1 10.7 

11 38.0 0.732 368.26 9.8 9.4 

12 33.4 0.792 67.47 1.8 1.7 

13 28.9 0.863 132.74 3.5 3.4 

14 26.1 0.913 129.27 3.4 3.3 

15 24.3 0.941 229.63 6.1 5.8 

16 20.4 0.977 196.37 5.2 5.0 

Lane 3  

(Figure70 D) 

 

 

1 250.0 0.111 23.89 0.5 0.5 

2 250.0 0.204 160.84 3.5 3.3 

3 250.0 0.246 371.26 8.0 7.7 

4 250.0 0.289 263.01 5.7 5.4 

5 132.0 0.357 865.39 18.6 17.8 

6 94.2 0.411 142.03 3.1 2.9 

7 85.7 0.466 20.72 0.4 0.4 

8 81.8 0.493 41.37 0.9 0.9 

9 75.6 0.540 367.38 7.9 7.6 

10 50.3 0.643 293.44 6.3 6.0 

11 43.7 0.687 80.64 1.7 1.7 

12 37.7 0.735 245.23 5.3 5.1 

13 33.2 0.795 50.40 1.1 1.0 

14 29.1 0.860 234.32 5.0 4.8 

15 22.1 0.961 990.67 21.3 20.4 

16 20.0 0.984 493.74 10.6 10.2 

Contd…. 
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Lane4 

(Figure70 E) 
1 250.0 0.182 73.39 2.4 2.1 

2 250.0 0.234 309.44 10.2 8.9 

3 250.0 0.278 200.31 6.6 5.7 

4 152.1 0.347 675.26 22.3 19.3 

5 83.0 0.485 56.35 1.9 1.6 

6 76.9 0.530 403.94 13.3 11.6 

7 52.1 0.634 267.15 8.8 7.6 

8 44.7 0.680 64.13 2.1 1.8 

9 38.4 0.729 226.24 7.5 6.5 

10 29.8 0.848 75.62 2.5 2.2 

11 25.4 0.926 323.65 10.7 9.3 

12 22.7 0.955 267.01 8.8 7.6 

13 20.4 0.977 86.94 2.9 2.5 

Lane 5 

(Figure70 F) 
1 250.0 0.169 155.90 4.6 4.2 

2 250.0 0.220 406.84 12.1 10.9 

3 250.0 0.266 272.72 8.1 7.3 

4 250.0 0.292 125.17 3.7 3.4 

5 180.4 0.330 750.96 22.3 20.2 

6 89.2 0.443 18.96 0.6 0.5 

7 83.9 0.479 52.52 1.6 1.4 

8 77.8 0.522 420.44 12.5 11.3 

9 53.0 0.630 291.61 8.7 7.8 

10 45.1 0.677 64.49 1.9 1.7 

11 38.2 0.731 258.81 7.7 6.9 

12 29.6 0.851 53.79 1.6 1.4 

13 24.7 0.938 260.79 7.7 7.0 

14 21.3 0.968 233.30 6.9 6.3 

Lane6  

(Figure70 G) 
1 250.0 0.030 32.70 0.7 0.6 

2 250.0 0.090 80.66 1.6 1.5 

3 250.0 0.101 30.15 0.6 0.6 

4 250.0 0.143 87.61 1.8 1.7 

5 250.0 0.203 110.55 2.2 2.1 

6 250.0 0.221 136.13 2.7 2.6 

7 250.0 0.262 503.32 10.1 9.6 

8 220.0 0.310 421.27 8.5 8.0 

9 102.2 0.375 998.98 20.1 19.1 

10 88.1 0.450 49.86 1.0 1.0 

11 79.8 0.508 10.77 0.2 0.2 

12 72.0 0.554 372.02 7.5 7.1 

13 54.9 0.621 72.29 1.5 1.4 

14 49.3 0.648 411.26 8.3 7.9 

15 43.1 0.692 81.51 1.6 1.6 

16 37.7 0.735 386.89 7.8 7.4 

Contd…. 
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Lane6  

(Figure70 G) 
17 33.4 0.792 69.42 1.4 1.3 

18 29.6 0.851 213.68 4.3 4.1 

19 27.1 0.896 192.36 3.9 3.7 

20 26.0 0.916 185.33 3.7 3.5 

21 21.9 0.962 528.54 10.6 10.1 

Lane 7 

(Figure70 H) 

 

1 250.0 0.001 2.36 0.1 0.1 

2 250.0 0.048 4.24 0.1 0.1 

3 250.0 0.071 6.34 0.1 0.1 

4 250.0 0.110 67.30 1.5 1.5 

5 250.0 0.152 149.86 3.4 3.3 

6 250.0 0.227 416.52 9.4 9.1 

7 250.0 0.253 235.92 5.3 5.1 

8 202.1 0.318 54.28 1.2 1.2 

9 95.2 0.405 679.29 15.3 14.8 

10 68.7 0.566 302.45 6.8 6.6 

11 48.2 0.656 374.06 8.4 8.2 

12 41.6 0.703 9.29 0.2 0.2 

13 37.5 0.737 266.96 6.0 5.8 

14 33.9 0.784 56.75 1.3 1.2 

15 29.5 0.854 470.28 10.6 10.3 

16 27.1 0.894 337.92 7.6 7.4 

17 24.0 0.944 994.92 22.5 21.7 

 

4.10.2.2.  Effect of fermentation duration of compost  

Thenutritional values of A. bisporus in powder form were also analyzed. It was found 

that A. bisporus is rich in excellent nutritional value with high protein and fiber 

contents and low ethereal extract content.  

4.10.2.2.1. Protein and carbohydrate content in fresh fruit body 

There is no significant differences were found in protein content and carbohydrate 

content in the fruit body grown in different compost (Figure71). The maximum protein 

content (164 mg/g tissue) was observed in 6 days young fruit body followed by mature 

fruit body (119 mg/g tissue), 3days fruit body and pin head stage. The minimum protein 

content (87mg/g tissue) was observed in over mature (open pileus) fruit body. Protein 

content gradually increased with the age of fruiting body but there was a decrease in 

protein content in opened pileus form of fruit body (over mature) (Figure 72). The 

carbohydrate content gradually increased with the age of fruit body (Figure 72). 
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Figure 71: Protein and carbohydrate content (mg/g tissue of dry mushroom) of A. 

bisporus.  

 

 
Figure 72: Protein and carbohydrate content (mg/g tissue) in different 

developmentals stages of A. bisporus 

 

2.10.2.2.2. Amino acids  

Methanolic extract of all the samples found the maximum absorbance followed by 

ethanolic and water extract. The sample extract in three different solvents showed 

significant difference in their absorbance and content. Amino acid content was 

measured using tryptophan as standard. Maximum amino acid content was observed in 

methanolic extract as 22 µg/g tissue of dry mushroom followed by ethanolic extract 

(18µg/gtissue) and water extract (15µg/gtissue). Results presented in Figure73A. The 

samples grown in different compost showed no significant difference in absorbance and 

amino acid content in respective solvent. 

2.10.2.2.3. Phenolic compound assay  

The total phenolic content assay of A. bisporus grown in different compost attained 

different fermenting time was done. The assay was carried out using different solvent 
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such as water, ethanol and methanol.The methanolicextract showed maximum 

absorbance indicates that it has maximum phenolic activity followed by ethanolic and 

water extract. The results are presented in Figure73B. The quantitative determination of 

total phenolic content of different extracts expressed as gallic acid equivalent per g dry 

weight of sample. The result clearly showed that the methanolic extract has the 

maximum phenolic content (2.5 µg GAE/g tissue of dry mushroom) followed by 

ethanolic (2.11µg/g tissue) and water extract (1.9µg/g tissue). The samples grown in 

different compost showed no significant difference in absorbance and phenolic content 

in respective solvent. 

 

Figure 73 (A-B): Nutritional constituents of A. bisporus, A. Total free amino acid 

assay, B. Phenolic content assay 

 

2.10.2.3.  Preliminary screening of phenolics and amino acid through TLC 

The methanolic extarct of A. bisporus showed dark blue colour spot in two Rf point 

which are at the same Rf point of Chlorogenic and ferulic acid. From the result, 

priliminary it was concluded that methanolic extract of A. bisporus contain two 

phenolics (Figure 74A). Amino acids such as Glutamic acid, valine, leucin, proline, 

aspartic acids and alanine were also detected methanolic extract of A. bisporus 

(Figure74B). 
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Figure 74 (A-B): Detection and identification of phenolic and free amino acids in 

Agaricus bisporus by thin layer chromatogram (TLC) along with standard phenolic 

and amino acid; A. Phenolic spots were detected by Folin-cieocalteu solution 

treatment and B. Amino acids spots are detected in the plate treated with ninhydrin 

solution. 

 

2.10.3. Analysis of nutritional constituents of Pleurotus sp 

Nutritional composition of four different species of Pleurotus was evaluated. The 

protein content of fresh young fruit body was estimated as 145-160 mg/g tissue 

(Figure 75A).Total sugar and reducing sugar content also was estimated and it was 

found that young fruit body of Pleurotus sp contain about 56-65 mg/g tissue of total 

sugar while 23-26mg/g tissue reducing sugar (Figure 75A).P.ostreatuswas observed 

to possess high amount of protein content (160 mg/g tissue) where lowest protein 

content was observed in P. djamor as 145mg/g tissue. Total phenolic and flavonoid 

also measured. Maximum phenolic and flavonoid was observed in P. djamor fruit 

body as 3.2 1 µg/g dry tissues where minimum content was observed in P. sajor-
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caju as 2.1 µg/g dry tissue (Figure 75 B).  Total amino acid content was estimated 

and it was observed that P. djamor contain the maximum total amino acid among the 

four species of Pleurotus (Figure75C). P. djamor contain highest lipid content as 

196mg/g dry tissue) and lowest lipid content was observed in fruit body of P. 

florida. Lipid content of different species of Pleurotus is presented in Figure76. 

Amino acids such as Glutamic acid, valine, leucin, proline, aspartic acids and 

alanine were detected in Pleurotus sajor-caju by thin layer chromatogram 

(Figure77). Chlorogenic and ferulic acid as phenoilcs was detected in P. ostreatus 

and P. florida,P. sajor-caju and P.djamor by TLC (Figure78 ). SDS-PAGE analyses 

of soluble protein of fruit body of different species of Pleurotus were done using 

Image Lab software and it was found that protein band intensity of ostreatus and P. 

sajor-caju more or less same but P. djamor showed less protein band intensity and 

frequency (Figure 79). 

 
Figure 75 (A-C): Biochemical constituents of different species of Pleurotus, A. Total 

sugar, reducing sugar and protein content (mg/g of fresh tissue) of four different 

species of Pleurotus, B. Total phenol and flavonoid content (mg/g tissue)  and C. 

Total free amino acid content (µg/g dry tissue) 
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Figure 76: Lipid content of different species of Pleurotus 

 
Figure 77: Detection and identification of free amino acids in Pleurotus sajor-caju by 

thin layer chromatogram (TLC) along with standard amino acid; spots are detected in 

the plate treated with ninhydrin solution 

 
Figure 78: Detection and identification of phenolic by TLC; A. P. ostreatus and   P. 

florida, B. P. sajor-caju and P. djamor 
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Figure 79: SDS PAGE analysis of soluble protein of fruit body of four different 

species of Pleurotus; A. Gel under fluorescence light showing the bands and B-H. 

Band intensity analyzed using image lab software. 

Table 32. Study of band profile of SDS PAGE analysis of oyster mushrooms 
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Lane  

(Figure 79 B) 

1 250.0 0.297 112.36 4.0 2.9 

2 150.0 0.349 314.70 11.1 8.0 

3 100.0 0.376 382.44 13.5 9.8 

4 75.0 0.544 276.71 9.8 7.1 

5 50.0 0.644 243.12 8.6 6.2 

6 37.0 0.741 216.83 7.7 5.5 

7 25.0 0.935 551.69 19.5 14.1 

8 20.0 0.981 727.80 25.8 18.6 

Lane 2  

(Figure79 C) 
1 250.0 0.027 23.90 0.6 0.6 

2 250.0 0.075 76.94 2.0 2.0 

3 250.0 0.091 29.95 0.8 0.8 

4 250.0 0.153 239.37 6.3 6.1 

5 250.0 0.181 258.42 6.8 6.6 

6 250.0 0.197 234.13 6.2 6.0 

7 250.0 0.236 212.21 5.6 5.4 

8 161.0 0.342 748.84 19.8 19.1 

9 77.8 0.522 408.54 10.8 10.4 

10 52.4 0.632 420.73 11.1 10.7 

11 38.0 0.732 368.26 9.8 9.4 

12 33.4 0.792 67.47 1.8 1.7 

13 28.9 0.863 132.74 3.5 3.4 

14 26.1 0.913 129.27 3.4 3.3 

15 24.3 0.941 229.63 6.1 5.8 

16 20.4 0.977 196.37 5.2 5.0 

Lane 3 

(Figure79 D) 
1 250.0 0.111 23.89 0.5 0.5 

2 250.0 0.204 160.84 3.5 3.3 

3 250.0 0.246 371.26 8.0 7.7 

4 250.0 0.289 263.01 5.7 5.4 

5 132.0 0.357 865.39 18.6 17.8 

6 94.2 0.411 142.03 3.1 2.9 

7 85.7 0.466 20.72 0.4 0.4 

8 81.8 0.493 41.37 0.9 0.9 

9 75.6 0.540 367.38 7.9 7.6 

10 50.3 0.643 293.44 6.3 6.0 

11 43.7 0.687 80.64 1.7 1.7 

12 37.7 0.735 245.23 5.3 5.1 

13 33.2 0.795 50.40 1.1 1.0 

14 29.1 0.860 234.32 5.0 4.8 

15 22.1 0.961 990.67 21.3 20.4 

16 20.0 0.984 493.74 10.6 10.2 

Contd…. 
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Lane4  

(Figure79 E) 

1 250.0 0.182 73.39 2.4 2.1 

2 250.0 0.234 309.44 10.2 8.9 

3 250.0 0.278 200.31 6.6 5.7 

4 152.1 0.347 675.26 22.3 19.3 

5 83.0 0.485 56.35 1.9 1.6 

6 76.9 0.530 403.94 13.3 11.6 

7 52.1 0.634 267.15 8.8 7.6 

8 44.7 0.680 64.13 2.1 1.8 

9 38.4 0.729 226.24 7.5 6.5 

Lane 5 

(Figure79 F) 

1 250.0 0.169 155.90 4.6 4.2 

2 250.0 0.220 406.84 12.1 10.9 

3 250.0 0.266 272.72 8.1 7.3 

4 250.0 0.292 125.17 3.7 3.4 

5 180.4 0.330 750.96 22.3 20.2 

6 89.2 0.443 18.96 0.6 0.5 

7 83.9 0.479 52.52 1.6 1.4 

8 77.8 0.522 420.44 12.5 11.3 

9 53.0 0.630 291.61 8.7 7.8 

10 45.1 0.677 64.49 1.9 1.7 

Lane6 

(Figure79 G) 

1 250.0 0.030 32.70 0.7 0.6 

2 250.0 0.090 80.66 1.6 1.5 

3 250.0 0.101 30.15 0.6 0.6 

4 250.0 0.143 87.61 1.8 1.7 

5 250.0 0.203 110.55 2.2 2.1 

6 250.0 0.221 136.13 2.7 2.6 

7 250.0 0.262 503.32 10.1 9.6 

8 220.0 0.310 421.27 8.5 8.0 

9 102.2 0.375 998.98 20.1 19.1 

10 88.1 0.450 49.86 1.0 1.0 

11 79.8 0.508 10.77 0.2 0.2 

12 72.0 0.554 372.02 7.5 7.1 

13 54.9 0.621 72.29 1.5 1.4 

14 49.3 0.648 411.26 8.3 7.9 

15 43.1 0.692 81.51 1.6 1.6 

16 37.7 0.735 386.89 7.8 7.4 

17 33.4 0.792 69.42 1.4 1.3 

18 29.6 0.851 213.68 4.3 4.1 

19 27.1 0.896 192.36 3.9 3.7 

20 26.0 0.916 185.33 3.7 3.5 

21 21.9 0.962 528.54 10.6 10.1 

Contd…. 
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Lane 7 

(Figure 79 H) 
1 250.0 0.001 2.36 0.1 0.1 

2 250.0 0.048 4.24 0.1 0.1 

3 250.0 0.071 6.34 0.1 0.1 

4 250.0 0.110 67.30 1.5 1.5 

5 250.0 0.152 149.86 3.4 3.3 

6 250.0 0.227 416.52 9.4 9.1 

7 250.0 0.253 235.92 5.3 5.1 

8 202.1 0.318 54.28 1.2 1.2 

9 95.2 0.405 679.29 15.3 14.8 

10 68.7 0.566 302.45 6.8 6.6 

11 48.2 0.656 374.06 8.4 8.2 

12 41.6 0.703 9.29 0.2 0.2 

13 37.5 0.737 266.96 6.0 5.8 

14 33.9 0.784 56.75 1.3 1.2 

15 29.5 0.854 470.28 10.6 10.3 

16 27.1 0.894 337.92 7.6 7.4 

17 24.0 0.944 994.92 22.5 21.7 

21 21.9 0.962 528.54 10.6 10.1 

 

2.11. Analysis of Medicinal property of C. indica, A. bisporus and Pleurotus sp 

4.11.1. Antioxidant activity analysis  

Three different solvent such as methanolic, ethanolic and aqueousextracts of different 

edible mushrooms showed positive antioxidant activity by fading the violet colour of 

DPPH solution to yellow to pale violet colour. Results revealed that the scavenging 

activity of DPPH were directly proportional with the concentration of the samples used. 

As the concentration of the sample was increased, the scavenging activity towards 

DPPH free radicles also elevated (Figure 80). Different concentrations were used for 

the evaluation of DPPH scavenging activity and it was observed that P. djamor showed 

maximum activity among the other species in respect to all the concentrations. It was 

found that P. djamor in methanolic extract showed about 84% DPPH scavenging 

activity at 500µg/ml concentration while C. indica showed DPPH scavenging activity 

as 52% at 500µg/ml concentration. In both ethanolic and aqueous extract P. djamor 

showed highest DPPH scavenging activity then the other mushroom species while C. 

indica was recorded with lesser DPPH scavenging activity. Ferric (Fe
+3

) reducing 

power activity was estimated using the different concentrations of six edible 

mushrooms in three different solvent.All the mushroom species showed appreciable 
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reducing power activity in different concentrations (5-35µg//ml). Highest reducing 

power ability was observed in methanolic extract; in case of P. djamor (0.79±0.0164) at 

20 µg/ml concentrationswhile C. indica showed lowest reducing power activity 

(0.48±0.0173) at 20 µg/ml concentration.The reducing power ability in case of P. 

florida is quite lower than that of the others species of Pleurotus (Figure 81). EC50value 

was also calculated and it was found that the P. djamor have the minimum EC50 value 

i.e. more effective as antioxidant among the six edible mushroom species (Table 33). 

DPPH scavenging activity was also evaluated by TLC-DOT assay where the violet 

colour of the DPPH scavenged by the sample extracts according to their scavenging 

activity to pale yellow (Figure 83-84).  

 
Figure 80 (A-C): DPPH scavenging activity (%) of six edible mushrooms extracts               

A. Methanolic B. Ethanolic and C. Aqueous extract 
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Figure 81(A-C): Fe
+3

 reducing activity power (FRAP %) of six edible mushroom 

extracts, A. Methanolic B. Ethanolic and C. Aqueous extract 
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Figure 82. Correlation of DPPH scavenging activity (%) exhibited by different 

mushroom extracts at varying concentration, A. A. bisporus, B. P. florida, C. P. sajor-

caju, D. P. djamor, E. C. indica, F. P. ostreatus 
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Table 33. EC50 values (µg/ml) of six different edible mushrooms toward DPPH free 

radicle scavenging activity and FRAP activity 

Mushrooms EC50 value (µg/ml) of DPPH scavenging activity 

Methanolic Ethanolic Aqueous 

Agaricus bisporus  250 500 580 

Calocybe indica  480 550 520 

Pleurotus ostreatus  165 310 420 

P. sajor-caju  150 420 360 

P. djamor 110 180 200 

P. florida 450 520 650 

 EC50 value (µg/ml) of FRAP activity 

Agaricus bisporus  29 35 38 

Calocybe indica  34 40 55 

Pleurotus ostreatus  25 35 35 

P. sajor-caju 25 30 35 

P. djamor 15 20 25 

P. florida 30 40 45 

 

4.11.1.1.  Antioxidant activity detection by TLC-DOT-assay 

 

Figure 83: DPPH scavenging activity of mushroom extract in different solvent by 

TLC, A-B. A. bisporus, C-D. Calocybe indica, E. P. djamor, F. P. ostreatus, G. P. 

sajor-caju, H. P. florida 
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*ME-methanolic extract, EE-ethanolic extract, WE-water extract  

Figure 84: Rapid determination of the DPPH scavenging activity of different 

mushroom extract in different solvent by DOT-Blot assay  
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4.11.2. Antidiabetic activity of  C. indica, A. bisporus  and Pleurotus sp 

4.11.2.1.  Acute toxicity study  

Initially oral administration of water suspension prepared from dried powder of each 

mushroom using 100mg/kg body weight of each rat was done. Mortality was not 

observed till the end of 15 days of experiment. Thus the dose of 100mg/kg was chosen 

for further study. 

4.11.2.2. Effect of mushroom extract on induced hyperglycemia in rats  

4.11.2.2.1. Body weight changes  

The body weight (BW) gain by diabetic rats treated with water suspension of 

mushroom powder and control rats were tabulated (Table 34). At the end of the 

experimental period i.e. 15 days, the body weight of the diabetic control was found to 

be decreased significantly in diabetic control (group II) when compared to the normal 

rats (group I). However, an oral administration of water suspension of mushroom 

samples and metformin to diabetic rats reversed the body weight. 

4.11.2.2.2. Blood sugar levels  

The hyperglycemic effect of the extracts was assessed by measuring the fasting blood 

glucose levels in day 0, 3, 6, 9, 12 and 15. As shown in Table35, the fasting blood 

glucose levels of diabetic control rats were increased significantly, after the injection of 

streptozotocin, compared with normal control rats. Before the administration of 

respective drugs the fasting blood glucose levels of the six diabetic groups were almost 

similar except for DC+ MET group which had significantly (p<0.01) higher blood 

glucose levels than the DC group. It was observed treatment with respective suspension 

for 15 days reduced the fasting blood glucose level to near the normal group. Compared 

with the diabetic control group, administration of sample button mushroom water 

suspension, milky mushroom water suspension, oyster mushroom water suspensions to 

induced diabetic rats showed anti-hyperglycemic effect from 6days of treatment. 

Maximum reduction in fasting blood glucose levels was observed on 15
th

 days of 

treatment. Metformin (20mg/kg body weight) revealed significant reductions in blood 

glucose levels at the end of experimental period when compared to diabetic control.     

 

 

 



168 
 

Table 34. Effect of different mushroom powder suspension on body weight of 

diabetic rats 

Treatments  Body weight (gm) 

Initial day 9th day 15th day Difference (%) 

Normal control  104.2±1.89 110.6±1.51 119.6±1.12 +14.7 

Diabetic control (DC) 120.6±1.21 99.2±1.82 102.2±2.06
b 

-15.3 

DC + MET 106.2±3.68 110.4±1.12 118.6±3.48
c 

+11.7 

DC+ A. bisporus
a 

102.2±1.50 106.4±3.37 110.83.33
c 

+8.4 

DC+ C. indica
a 

118.4±2.51 117.8±2.12 125.2±2.41
c 

+5.7 

DC+P. sajor-cajuc
a 

112.6±2.21 115.9±2.37 121.5±2.76
c 

+7.9 

DC+P. djamor
a 

109.3±1.79 114±1.77 118.4±1.32
c 

+8.32 

DC+P. florida
a 

128.8±3.76 129±2.78 134.6±3.12
c 

+4.5 

DC+P. ostreatus
a 

116.5±2.27  119±2.12 124.7±2.79
c 

+7.03 

Values are presented as mean ±Standard error, DC+MET: diabetic rats treated with 
metformin 

a 
Water suspension of each mushroom species were administered orally in diabetic rats 

b
p<0.01 (significantly different when compared to normal control) 

c
p<0.01(significantly different when compared to diabetic control) 

 

Table 35. Effect of mushroom water suspension on blood glucose level in diabetic 

induced rats 

 

Treatments  Interval (Days) 

0 3 6 9 12 15 

Normal control  92±9.82 95±7.55 94±6.23 96±10.33 97±8.05 98±10.59 

Diabetic control (DC) 257.6±6.57
 
 263±8.33

 b
 269±10.56

 b 
273±9.78

 b
 285±12.68

 b
 291±12.73

b 

DC + MET 262±10.61
 

132±15.83
c 

129±11.03
c 

126±8.27
c 

123±10.46
c 

120±11.62
c 

DC+ A. bisporus
a 249±12.27

 
163±12.67

c 
154±15.72

c 
139±16.47

c 
135±14.58

c 
132±15.78

c 

DC+ C. indica
a 254±14.76 171±18.21

c 
162±21.97

c 
156±26.21

c 
145±23.37

c 
143±19.33

c 

DC+P. sajor-cajuc
a 260±11.81 186±14.83

c 
176±17.81

c 
147±13.33

c 
142±10.21

c 
137±9.09

c 

DC+P. djamor
a 270±9.73 170±10.03

c 
153±12.67

c 
132±9.98

c 
134±10.77

c 
125±12.37

c 

DC+P. florida
a 265±14.63 183±23.11

c 
164±20.29

c 
152±17.81

c 
146±14.91

c 
143±12.67

c 

DC+P. ostreatus
a 268±11.56 172±13.67

c 
156±15.98

c 
145±13.37

c 
138±12.98

c 
131±10.33

c 

Values are presented as mean ±Standard error, DC+MET: diabetic rats treated with 

metformin 

a 
Water suspension of each mushroom species were administered orally in diabetic rats 

b
p<0.01 (significantly different when compared to normal control) 

c
p<0.01(significantly different when compared to diabetic control) 
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4.11.2.2.3. Lipid profiles  

In the present study, lipid profiles of both the normal and STZ- induced diabetics rats 

were assessed by monitoring the parameters like cholesterol triglycerides and HDL-

cholesterol. It was observed that in diabetic rats the levels of cholesterol and 

triglycerides were increased while HDL-cholesterol level was decreased compared to 

normal control rats (Table36). However, administration of extract (100mg/kg) and 

standard drug (20mg/kg) showed significant reduction in elevated cholesterol and 

triglyceride levels compared to diabetic control group. On the contrary, significant 

increase in the level of HDL-cholesterol was observed in diabetic rats treated with the 

extracts and standard drug compared to diabetic control rats.   

4.11.2.2.4. Liver enzymes (SGPT and SGOT level) 

The SGPT and SGOT levels were found to be significantly elevated in diabetic control 

group compared to the normal control group. However, increased level of SGPT and 

SGOT in the diabetic induced rates was significantly decreased (p<0.001) with 

subsequent administration of the standard drug and the mushroom suspension. 

4.11.2.2.5. Kidney Functions (Urea And Creatinine level) 

The elevated levels of serum urea and Creatinine of the diabetic rats was observed to be 

significantly reduced to almost normal range on treating the animals with both standard 

drug and the extracts. On the others hand, the untreated diabetic control group showed 

significantly high level of serum urea and Creatinine with respect to normal and treated 

rats (Table37). 

Table 36. Effect of mushroom water suspension on Serum Lipid profile in diabetic 

induced rats 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Values are presented as mean ±SD, DC+MET: diabetic rats treated with metformin 
a Water suspension of each mushroom species were administered orally in diabetic rats 

c
p<0.01 (significantly different when compared to normal control) 

b
p<0.01(significantly different when compared to diabetic control) 

Treatment  

Total 

cholesterol 

(mg/dl) 

Triglyceride 

(mg/dl) 

High density 

lipoprotein-

cholesterol 

Low density 

lipoprotein- 

cholesterol 

Normal control  116±2.25 65±2.67 38±1.15 60±1.27 

Diabetic control (DC) 170±4.45
b 

120±3.32
b 

21±2.13
b 

75±1.66
b 

DC + MET 125±2.31
c 

70±2.48
c 

36±1.33
c 

58±1.74
c 

DC+ A. bisporus
a 

120±1.92
c 

80±2.78
c 

40±1.45
c 

61±1.19
c 

DC+ C. indica
a 

133±3.14
c 

85±3.34
c 

42±2.35
c 

68±2.37
c 

DC+P. sajor-cajuc
a 

125±2.13
c 

76±2.16
c 

42±2.13
c 

62±1.29
c 

DC+P. djamor
a 

124±1.09
c 

72±1.55
c 

43±1.21
c 

59±1.15
c 

DC+P. florida
a 

132±3.36
c 

78±2.45
c 

38±2.12
c 

62±1.48
c 

DC+P. ostreatus
a 

128±2.26
c 

73±2.13
c 

39±2.06
c 

60±1.08
c 
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Table37. Effect of Different Mushroom Suspension on Serum Urea and Creatinine 

Level of Normal and Streptozotocin Induced diabetic rats 

 

 

 

 

 

Values are presented as mean ±SD, DC+MET: diabetic rats treated with metformin;  
a 

Water suspension of each mushroom species were administered orally in diabetic rats 
b
p<0.01 (significantly different when compared to normal control) 

c
p<0.01(significantly different when compared to diabetic control) 

 

4.11.2.2.6. Alpha-amylase inhibitory activity of mushroom water suspension on 

diabetes induced rats 

Oxidative stress has been associated with diabetes. Therefore one of the therapeutic 

approaches is to inhibit the activity of sugar hydrolytic enzyme alpha -amylase. Thus 

the approach has been made to evaluate the in-vitro alpha inhibitory activity of water 

suspension of all six edible mushrooms. The result regarding the effect of water 

suspension of six edible mushrooms on alpha-amylase inhibition is presented in Table 

38. 

Table 38. Effect of different Mushroom Suspension on liver enzymes (SGPT/ALT 

and SGOT/AST level) in streptozotocin induced diabetic rats 

SGOT(U/L)-Serum glutathione oxaloacetate transaminase activity; SGPT (U/L)-

Serum glutathione pyruvate transaminase activity; AML- amylase (U/L), Values 

are presented as mean ±SD, DC+MET:  
a 

Water suspension of each mushroom species were administered orally in diabetic rats 
b
p<0.01 (significantly different when compared to normal control) 

c
p<0.01(significantly different when compared to diabetic control) 

 

 

Treatments  Urea (mg/dl) Creatinine (mg/dl) 

Normal control  30±1.34 0.35±0.022 

Diabetic control (DC) 56±2.33
b 

0.93±0.038
b 

DC + MET 31±1.95
c 

0.37±0.023
c 

DC+ A. bisporus
a 

37±1.26
c 

0.51±0.029
c 

DC+ C. indica
a 

35±2.13
c 

0.53±0.056
c 

DC+P. sajor-cajuc
a 

35±1.86
c 

0.48±0.032
c 

DC+P. djamor
a 

36±1.10
c 

0.45±0.045
c 

DC+P. florida
a 

32±2.40
c 

.38±0.078
c 

DC+P. ostreatus
a 

34±1.34
c 

0.35±0.034
c 

Treatments  

SGOT 

(U/L) 

SGPT 

(U/L) AML (U/L) 

Normal control  48±1.34 165±1.95 55±2.05 

Diabetic control (DC) 65±2.89
b 

200±1.26
b 

105±2.69 

DC + MET 50±1.13
c 

170±1.11
c 

52±3.52 

DC+ A. bisporus
a 

53±1.26
c 

174±1.26
c 

58±1.91 

DC+ C. indica
a 

52±2.17
c 

182±3.75
c 

62±3.21 

DC+P. sajor-cajuc
a 

53±1.67
c 

178±2.11
c 

57±2.58 

DC+P. djamor
a 

51±0.96
c 

173±1.57
c 

56±1.69 

DC+P. florida
a 

54±1.98
c 

181±3.45
c 

65±3.27 

DC+P. ostreatus
a 

52±1.27
c 

175±2.14
c 

59±2.26 
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4.11.2.2.7. Effect of mushroom water suspension on blood parameters (White 

blood cell)  in STZ induced diabetic rats  

The effect of water suspension of mushroom powder samples on blood cell 

parameters such as Haemoglobine, Neutrophils andLymphocytes was evaluated. The 

results regarding the effect of water suspension on blood parameters is presented in 

Table 39. From the tabulated result it is cleared that the oral administration of water 

suspension enhanced the blood parameter significantly when compared with the 

diabetic control.The blood parameter was found to be lower in diabetic rats 

compared to normal control rats. Among the six mushroom samples the pink 

mushroom water suspension and Pleurotus ostreatus water suspension showed the 

similar effect that of standard diabetic drug metformin in diabetic rats and milky 

mushroom water suspension was recorded with minimum enhancement activity of 

blood parameters in diabetic rats.  Among the four species of Pleurotus, P. florida 

showed the minimum enhancement activity of blood parameters in diabetic rats. 

Table39.Effect of mushroom powder water suspension on blood parameters in STZ 

induced diabetic rats 

Treatments 

Haemoglobin 

(gm/dl) 

Neutrophils 

(cu/mm) 

Lymphocytes 

(cu/mm) 

Normal control  17±0.51 65±.23 40±0.35 

Diabetic control (DC) 10±0.54
b 

48±0.54
b 

35±0.51
b 

DC + MET 15±0.23
c 

60±0.97
c 

44±1.02
c 

DC+ A. bisporus
a 

14±0.27
c 

55±1.01
c 

40±0.91
c 

DC+ C. indica
a 

13±0.34
c 

55±1.27
c 

37±1.07
c 

DC+P. sajor-cajuc
a 

15±0.42
c 

64±1.02
c 

44±0.76
c 

DC+P. djamor
a 

16±0.21
c 

68±0.73
c 

47±0.62
c 

DC+P. florida
a 

14±0.72
c 

63±1.47
c 

42±0.95
c 

DC+P. ostreatus
a 

16±0.31
c 

67±0.78
c 

46±0.83
c 

 

Values are presented as mean ±SD, DC+MET: Diabetic rats treated with metformin;  
a 
Water suspension of each mushroom species were administered orally in diabetic rats 

b
p<0.01 (significantly different when compared to normal control) 

c
p<0.01(significantly different when compared to diabetic control) 

 

4.12. Volatile Bio-constituents in different edible mushrooms detected by GC-MS 

chromatography analysis  

Gas Chromatography-Mass Spectrometry (GC-MS) is a hyphenated analytical 

technique that combines the separation properties of gas-liquid chromatography with 

the detection feature of mass spectrometry to identify different substances within a 

test sample. The GC-MS is composed of two major building blocks: the gas 

chromatograph and the mass spectrometer. GC is used to separate the volatile and 

thermally stable substitutes in a sample whereas MS fragments the analyte to be 
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identified on the basis of its mass. It can identify trace elements in materials that 

were previously thought to have disintegrated beyond identification. Molecules are 

retained by the column and then elute from the column at different times (called the 

retention time) and this allows the mass spectrometer to ionize, accelerate, deflect 

and detect the ionized molecules separately. The mass spectrometer does this by 

breaking each molecule into ionized fragments and detecting these fragments using 

their mass-to-charge ratio. Hence in my study I used this technique for approximate 

identification of compounds present in mushroom samples.  

4.12.1. Biochemical constituents of fruit body of Agaricus bisporus  

Fruit Body of A. bisporus grown in two different compost formulations were 

harvested separately at two different stages (pin head and mature) and both ethanolic 

and methanolic extract were made as described under materials and methods. These 

extracts were used for GC-MC analyses. From the GC-MS-TIC spectrum 

(Figure85), in ethanolic extract of pin head total 58 compounds and in methanolic 

extract total 30 compounds were detected which includes unsaturated fatty acids, 

phenolic derivatives, alkaloids, terpenoids, steroids, carbohydrate derivatives which 

are very important to drug company.The highest peak was detected as ergosterol 

derivatives with 33% area in retention time of 48.229 and second highest peak was 

detected as 2-pyrrolidinone in ethanolic extract of pin headwhile 34% area of 

Dianhydromannitol was detected as highest peak in methanolic extract in retention 

time of 15.46min and second highest peak was detected as 2-pyrrolidinone with 31% 

area in retention time of 12.11min.The detected compounds in pin head stage with 

their respective retention time and molecular weight and formula are given in Table 

40&41. From total ion Chromatogram (TIC) of GC-MS (Figure 89), total 69 

compounds including terpenoid, alkaloids and organic acids was detected in 

ethanolic extract while 49 compounds were detected in methanolic extract of mature 

fruit body of A. bisporusgrawn in paddy straw based compost. Ergosterol derivative 

was detected as highest peak with 43% area while in methanolic extract D-Mannitol, 

1,4-Anhydro, was detected as highest peak with 39.38% area. Ergosterol was 

detected with very minor area. Second highest peak was detected as 1,5-Anhydro-d-

mannitol with 15.71 area in 30.252 min retention time. Tumeron was detected only 

in ethanolic extract of mature fruit body. The detected compounds with their 

respective retention time and molecular weight and formula are given in Table42. 
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Total 49 compounds were detected in methanolic extract including unsaturated fatty 

acids, organic compounds and carbohydrate derivatives. Compounds with respective 

molecular formulas and molecular weight are presented in Table 43. 

In ethanolic extract of mature fruit body grown in tea leaf composttotal 67 

compounds were detected. Volatile compound 1,9-Norbrassicaster-3-One, 7,8,9,10-

Detetrahydro with 16% area was detected as highest peak in the chromatograph. 

Amino acid L-arginine and ergosterol with 4.24 % area were also detected. In 

methanolic extract 19 compounds were detected which include Eucalyptol with 

17.73% area in 9.322 min retention time. Maximum area was occupied by D-

glucitol, 1,4-anhydro-(40%) and 1,5-anhydro-d-altritol (20%).The detected 

compounds with their respective retention time and molecular weight and formula 

are given in Table 44&45. 

 
Figure 85: Total ion Chromatogram (TIC) of ethanolic extract of A. bisporus (pin 

head stage) 
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Table 40.Compounds detected in Ethanolic extract of A. bisporus (pin head stage) 

GC-MS analysis 
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1 4.597 0.11 1-Propanamine, 2-Methyl-N-(2-

Methylpropylidine) 

C8H17N 127 

2 6.187 0.20 2-Pentanamine, N-Methyl-4-Methyl C8H19N 129  

3 6.427 0.21 2(3H)-Furanone, Dihydro- C4H6O2 86 

4 7.115 0.04 Piperidine, 1-Methyl- C6H13N 99 

5 9.055 0.16 2-pentanamine, n-ethyl-4-methyl C8H19N 129 

6 9.876 0.14 1-butamine, 2-methyl-n-(2-

methylbutylidene) 

C10H21N 155 

7 12.022 19.73 2-pyrrolidinone (Figure86A) C4H7NO 85 

8 13.460 0.16 2,3-dihydro-3,5-dyhiydroxy-6-methyl-4h-

pyran 

C6H8O4 144 

9 14.257 1.22 Cyclohexanol, 5-methyl-2-(1-

methylehyl)-, (1. Alpha, beta.) 

(Figure86B) 

C10H20O 156 

10 15.346 7.36 Dianhydromannitol (Figure86C) C6H10O4 146 

11 15.593 0.68 4-(1-hydroxy-ethyl), gama. Butanolactone C6H10O3 130 

12 17.901 0.68 Isosorbid C6H10O4 146 

13 19.670 0.49 D-mannitol, 1-4-anhydro C6H12O5 164 

14 20.057 0.92 5-oxo-pyrolidine-2-carboxylic acid methyl C6H9NO3 143 

15 21.599 0.84 (E) beta-famesene C15H24 204 

16 22.394 0.35 2,4-dihydroxy-5-6-dimethylpyrimidine C6H8N2O2 140 

17 22.893 0.18 1,3,6, 10-dodecatetraene, 3,7,11-

trimethyl- 

C15H24 104 

18 23.151 0.74 Phenol, 2,4-bis (1,1-dimethylethyl) C14H22O 206 

19 23.804 0.14 N,n-dibutylidene-hydrazine C8H16N2 140 

20 25.009 0.18 1-hexadecene C16H32 224 

21 26.533 0.22 2-furanmethanol, tetrahydro-

alpha..alpha…5-trimethyl-5 

C15H26O2 238 

22 27.124 0.11 Bisabolone oxide C15H24O2 236 

23 28.657 2.46 2h-pyran-3-ol, tetrahydro-2,2,6-trimethyl-

6-(4-methyl-3-) (Figure86D) 

C15H26O2 238 

24 29.474 0.26 1-nonadecene C19H38 266 

25 30.488 0.23 2-pentadecanone, 6,10,14-trimethyl C18H36O 268 

26 31.355 0.82 En-in-dicycloether C13H12O2 200 

27 31.634 0.51 En-in-dicycloether   

28 32.732 0.21 Dibutyl phthalate C16H22O4 278 

29 33.100 0.25 Ethyl 4-isothiocyanatobutyrate C7H11NO2S 173 

30 33.297 0.23 9-octadecenoic acid (z)- C18H34O2 282 

31 33.384 0.34 Hexadecanoic acid, ethyl ester C18H36O2 284 
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32 34.777 0.08 1-octadecanol C18H38O 270 

33 34.839 0.18 9,12-octadecadienoic acid, methyl ester C19H34O2 294 

34 35.095 0.12 2-hexadecen-1-ol, 3,7,11,15-tetramethyl- C20H40O 296 

35 35.695 16.33 Ethyl (9z,12z)-9,12-octadecadienoate 

(Figure 86E) 

C20H36O2 308 

36 37.119 0.15 3-Cyclopentylpropionic Acid, 2- C12H23NO2 213 

37 37.370 0.23 Ethyl (9z,12z)-9,12-octadecadienoate C20H36O2 308 

38 37.718 0.27 Oxalic Acid, CyclohexylTetradecyl Ester C22H40O4 368 

39 37.878 0.36 (R)-(-)-14-Methyl-8-Hexadecyn-1-Ol C17H32O 252 

40 38.350 1.67 Z-6,17-Octadecadien-1-Ol Acetate (Figure 

86F) 

C20H36O2 308 

41 38.720 1.21 3-Cyclopentylpropionic Acid, (Figure 

86G) 

C12H23NO2 213 

42 39.109 0.75 Eicosane C20H42 282 

43 39.403 0.13 1,2-benzenedicarboxylic acid C24H38O4 390 

44 39.531 0.12 (R)-(-)-14-methyl-8-hexadecyn-1-ol C17H32O 252 

45 40.348 0.31 3-n-butylthiophene-1,1-dioxide C8H12O2S 172 

46 40.524 1.94 As-indaceno[4,5-b]oxirene, dodecahydro-, 

(1a.alpha (Figure86H) 

C12H18O 178 

47 41.379 0.66 9,12-Octadecadienoic Acid (Z,Z)-, 

Phenylmethyl Ester 

C25H38O2 370 

48 41.895 0.56 Squalene C30H50 410 

49 42.479 0.19 Hexadecanoic Acid, 2-Hydroxy-, Methyl 

Ester 

C17H34O3 286 

50 42.705 0.32 Hexadeca-2,6,10,14-Tetraen-1-Ol, 

3,7,11,16-Tetramethyl- 

C20H34O 290 

51 43.876 0.52 9(11)-Dehydroergosteryl Benzoate C35H46O2 498 

52 44.916 0.34 9,12-Octadecadienoic Acid (Z,Z)-, 2,3 C21H38O4 354 

53 47.289 0.46 Ergosta-5,7,9(11),22-tetraen-3-ol, 

(3.beta.,22e,24s)- 

C28H42O 394 

54 47.441 0.41 Ergosta-5,8,22-trien-3-ol, (3.beta.,22e)- C28H44O 396 

55 48.229 29.82 Ergosta-5,7,22-trien-3-ol, (3.beta.,22e)-

(Figure86I) 

C28H44O 396 

56 48.533 1.01 Ergost-5,8(14)-Dien-3-Ol C28H46O 398 

57 49.611 0.91 Ergosta-5, 8-Dien-3-Ol, (3.Beta.)- C28H46O 396 

58 50.020 0.78 Ergost-7-en-3-ol, (3.beta.)- C28H48O 400 
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Figure 86 (A-C): Compounds identified in ethanolic extract of A. bisporus, (Pin head 

stage); A. 2-pyrrolidinone, B. Cyclohexanol, 5-methyl-2-(1-methylehyl)-, (1.Alpha, 

beta), C. Dianhydromannitol, 
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Figure 86 (D-F): Compounds identified in ethanolic extract of A. bisporus, (Pin head 

stage); D. 2h-pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-methyl-3-), E. Ethyl 

(9z,12z)-9,12-octadecadienoate, F. Z-6,17-Octadecadien-1-Ol Acetate.  
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Figure 86 (G-I): Compounds identified in ethanolic extract of A. bisporus (Pin head 

stage), G. 3-Cyclopentylpropionic Acid, 2-Dimethylaminoethyl Ester, H. As-

indaceno [4,5-b]oxirene, dodecahydro, (1a.alpha), I. Ergosta-5,7,22-trien-3-ol, 

(3.beta.,22e) 
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Figure 87: Total ion Chromatogram (TIC) of GC analysis of methanolic extract of     

A. bisporus (pin head stage) 
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Table41. Compounds detected in methanolic extract of A. bisporus (pin head stage) by 

GC-MS analysis 
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1 6.660 0.80 2(3h)-furanone, dihydro 86 C4H6O2 

2 10.761 1.30 3-hydroxy-4,4-dimethyldihydro-2(3h)-

furanone(Figure88A) 

130 

 

C6H10O3 

3 12.118 31.04 2-pyrrolidinone(Figure88B) 85 C4H7NO 

4 12.381 0.63 4-methyloxazole 83 C4H5 NO 

5 12.989 0.48 3,4-dimethyl-3-pyrrolin-2-one 111 C6H9 NO 

6 13.459 0.08 2,4-dodecadienal, (e,e)- 180 C12H20 O 

7 14.046 0.69 3-[n'-(3h-indol-3-ylmethylene)-hydrazino]-

5-methyl-[1,2,4 

255 

 

C12H13 N7 

8 14.364 0.48 Butanalbutylidenehydrazone 142 C8H16 N2 

9 14.525 0.48 Pyridine, 1-acetyl-1,2,3,4-tetrahydro- 125 C7H11 NO 

10 15.000 0.21 Pentanoic Acid, Phenyl Ester 178 C11H14O2 

11 15.412 14.64 Dianhydromannitol(Figure88C) 

Dianhydromannitol 

146 C6H10 O4 

12 15.516 19.34 

13 17.800 0.98 Isosorbid 146 C6H10 O4 

14 18.314 1.37 Alpha.-D-Lyxofuranoside, 

Methyl(Figure88D) 

164 C6H12 O5 

15 19.222 0.61 Acetoxyacetic Acid, Morpholide 187 C8H13NO4 

16 19.819 0.68 4-Morpholinepropanamine 144 C7H16N2O 

17 19.999 0.50 5-oxo-pyrrolidine-2-carboxylic acid methyl 

ester 

143 C8H9NO3 

18 20.562 1.10 1,5-pentandiol, diacetat(Figure88E) 188 C9H16O4 

19 22.377 0.74 2,4-Dihydroxy-5,6-Dimethylpyrimidine 140 C6H8N2O2 

20 25.460 2.93 1H-Indole,2,3-Dihydro-2-Methyl-1-[2-(4-

Methyl-1-Piperazinyl) Acetyl] (Figure88F) 

273 

 

C16H23N3O 

21 26.286 0.32 Imidazolo[1,2-A]Pyrimidine-2,5(1H,3H)-

Dione, 3,7-Dimethyl- 

179 

 

C8H9N3O2 

22 28.024 0.46 3-Methyl-1,4-Diazabicyclo[4.3.0]Nonan-

2,5-Dione, N-Acetyl- 

210 

 

C10H14N2O

3 

23 28.940 12.03 3-Methylmannoside(Figure88G) 194 C7H14O6 

24 31.182 3.65 1h-purin-6-amine(Figure88H) 135 C5H5N5 

25 32.522 0.26 5h,10h-dipyrrolo[1,2-a:1',2'-d]pyrazine-

5,10-dione, octahydro 

250 

 

C14H22N2O

2 

26 34.790 0.20 13-Hexyloxacyclotridec-10-En-2-One 280 C18H32O2 

27 39.716 1.08 Piperidine, 1,1'-Carbonylbis 196 C11H20N2O 

28 40.228 0.85 

29 46.746 1.23 9-Octadecenoic Acid, 12-Hydroxy-, Methyl 

Ester, (Z)-(Figure88I) 

312 

 

C19H36O3 

30 54.781 0.84 Isopropyl Linoleate 322 C21H38O2 
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Figure 88 (A-C): Major compounds identified in methanolic extract of of A. bisporus 

(Pin head stage), A. 3-hydroxy-4, 4-dimethyldihydro-2(3h)-furanone, B. 2-

pyrrolidinone, C. Dianhydromannitol 
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Figure 88 (D-F): Major Compounds identified in Methanolic extract of Pin head 

stage of A. bisporus, D. Alpha.-D-Lyxofuranoside, Methyl,E.1,5-pentandiol, diacetat, 

F. 1-H-Indole,2,3-Dihydro-2-Methyl-1-[2-(4-Methyl-1-Piperazinyl) Acetyl] 



183 
 

 

Figure 88 (G-J): Major Compounds identified in methanolic extract of A. bisporus, 

(Pin head stage). G. 3-Methylmannoside, H. 1h-purin-6-amine, I. Piperidine, 1,1'-

Carbonylbis, J. 9-Octadecenoic Acid, 12-Hydroxy, Methyl Ester, (Z) 
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Figure 89: Total ionization Chromatogram (TIC) of GC analysis of ethanolic extract 

of A. bisporus (mature stage).  
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Table 42. Compounds detected in ethanolic extract of A. bisporus (mature fruit body) 

grown in paddy straw based compost 
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1 4.373 2.03 1,2-ethanediamine, n,n,n',n'-tetramethyl-

(Figure90A) 

C6H16N2 116 

2 4.598 0.18 1-propanamine, 2-methyl-n-(2-
methylpropylidene)- 

C8H17N  

3 6.430 0.55 2(3h)-furanone, dihydro- C4H6O2 86 

4 7.007 0.10 2-butyl-(2-methylbutylidene)-amine C9H19N 141 

5 7.112 0.17 Piperidine, 1-methyl- C6H13N 99 
6 8.473 0.15 Cyclohexanamine, n,n-dimethyl- C8H17N 127 

7 9.234 0.07 1-butylpyrrolidine C8H17N 127 

8 9.873 0.24 1-butanamine, 2-methyl-n-(2-
methylbutylidene)- 

C10H21N 155 

9 12.005 14.05 2-pyrrolidinone(Figure90B) C4H7NO 85 

10 12.908 0.13 N,n-dimethylhomoserine lactone C6H11NO2 129 
11 14.326 0.20 2-hexene, 3,4,4-trimethyl- C9H18 126 

12 14.514 0.17 Cyclohexane, eicosyl- C26H52 364 

13 15.279 0.57 Dianhydromannitol C6H10O4 146 

14 15.403 0.15 Isosorbide C6H10O4 146 
15 16.438 0.22 Glutamine C5H10N2O3 146 

16 19.264 5.17 2,4,5-Trioxoimidazolidine(Figure90C) C3H2N2O3 114 

17 20.051 0.99 Pyrrolidin-2-Carboxylic Acid Amide, N-T-
Butyloxycarbonyl-N'-2-1-Pyrrolidyl 

C16H29N3O3 311 

18 20.826 0.10 Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-

8-methylene 

C15H24 204 

19 21.083 0.16 Acetamide, n-[4-

(chlorodifluoromethoxy)phenyl 

C13H15ClF2N2

O2 

304 

20 22.452 1.06 N-(2-

butyl)cyclopropanecarboxamide(Figure90D) 

C8H15NO 141 

21 23.174 1.22 Phenol, 2,4-bis(1,1-dimethylethyl)- 

(Figure90E) 

C14H22O 206 

22 23.654 0.09 Phosphoric acid, diethyl octyl ester C12H27O4P 266 
23 23.795 0.18 1,2-butanediol, 1-(2-furyl)- C8H12O3 156 

24 24.827 0.10 3-methyl-4-phenyl-1h-pyrrole C11H11N 157 

25 25.012 0.42 1-hexadecene C16H32 224 

26 26.551 0.07 Tumerone(Figure90F) C15H22O 218 
27 26.696 0.16 Ar-tumerone(Figure90G) C15H20O 216 

28 26.811 0.07 Tumerone C15H22O 218 

29 29.476 0.50 1-octadecene C18H36 252 
30 32.180 0.24 Hexadecanoic acid, methyl ester C17H34O2 270 

31 32.537 0.21 5h,10h-dipyrrolo[1,2-a:1',2'-d]pyrazine-

5,10-dione, octahydro 

C14H22N2O2 250 

32 32.733 0.17 1,2-benzenedicarboxylic acid, dibutyl 

ester 

C16H22O4 278 

33 33.109 0.40 Hexadecanoic acid C16H32O2 256 

34 33.284 0.16 Tetradecanoic acid C14H28O2 228 

35 33.385 1.05 Hexadecanoic acid, ethyl ester  

(Figure 90H) 

C18H36O2 284 

Contd..

..…. 
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36 34.201 0.05 Hexadecanoic Acid, 2-Hydroxy-, Methyl 

Ester 

C17H34O3  286 

37 34.843 1.89 9,12-Octadecadienoic Acid, Methyl 

Ester(Figure90I) 

C19H34O2  294 

38 35.325 0.24 9,12-Octadecadienoyl Chloride, (Z,Z)- C18H31ClO  298 

39 35.701 4.56 Ethyl (9z,12z)-9,12-octadecadienoate # C20H36O2 308 

40 35.771 0.21` 9-octadecenoic acid (z)-, ethyl ester C20H38O2  310 

41 36.002 0.23 Hexadecanoic acid, butyl ester C20H40O2 312 

42 36.095 0.17 Octadecanoic acid, ethyl ester C20H40O2 312 

43 37.128 0.38 Octanoic Acid, 2-Dimethylaminoethyl 

Ester 

C12H25NO2 215 

44 37.568 0.23 7,10,13-eicosatrienoic acid, methyl ester  C21H36O2 320 

45 37.720 0.32 Oxalic Acid, CyclohexylTetradecyl Ester C22H40O4  368 

46 37.789 2.00 Butyl 9,12-Octadecadienoate(Figure90J) C22H40O2  336 

47 38.727 3.01 3-Cyclopentylpropionic Acid, 2-

Dimethylaminoethyl Ester(Figure90K) 

C12H23NO2  213 

48 38.995 0.21 Octanoic Acid, 2-Dimethylaminoethyl 

Ester 

C12H25NO2 215 

49 39.106 0.36 2-Ethylbutyric Acid, Eicosyl Ester C26H52O2  396 

50 39.405 0.14 1,2-benzenedicarboxylic acid C24H38O4 390 

51 40.365 0.48 .Beta.-Eudesmol, Trimethylsilyl Ether  C18H34OSi 294 

52 40.544 3.29 As-indaceno[4,5-b]oxirene, dodecahydro-, 

(1a.alpha.,1b.alpha 

C12H18O  178 

53 40.863 4.11 9,12-Octadecadienoic Acid (Z,Z)-, 2,3-

Dihydroxypropyl Ester 

C21H38O4  354 

54 41.902 0.39 Squalene C30H50 410 

55 42.491 0.61 Hexadecanoic Acid, 2-Hydroxy-, Methyl 

Ester 

C17H34O3  286 

56 43.883 0.54 9(11)-Dehydroergosteryl Benzoate C35H46O2  498 

57 44.402 0.11 Ergost-4,7,22-Trien-3.Alpha.-Ol C28H44O  396 

58 44.922 0.12 E,z-1,3,12-nonadecatriene C19H34 262 

59 47.325 0.21 Ergosta-5,7,9(11),22-tetraen-3-ol, 

(3.beta.,22e,24s)- 

C35H52O2 504 

60 47.477 0.23 Ergosta-5,8,22-trien-3-ol, (3.beta.,22e)- C28H44O  396 

61 48.374 36.42 Ergosta-5,7,22-trien-3-ol, (3.beta.,22e)- C28H44O  396 

62 49.238 0.57 Ergost-7-en-3-ol, (3.beta.)- C28H48O  400 
63 49.701 4.29 Ergosta-5,8-dien-3-ol, (3.beta.)-(Figure90L) C28H46O  398 
64 50.102 1.29 Ergost-7-en-3-ol, (3.beta.)- C28H48O  400 

65 50.862 0.22 Stigmast-5-en-3-ol, (3.beta.,24s)- C29H50O  414 

66 51.445 0.25 Lanosterol C30H50O  426 
67 53.075 0.26 9,19-Cyclolanost-25-En-3-Ol, 24-Methyl-, 

(3.Beta.,24S)- 

C31H52O  440 

68 57.951 0.69 1,1,4a-Trimethyl-5,6-

Dimethylenedecahydronaphthalene 

C15H24  204 

69 61.635 0.45 Benzenepropanoic Acid, 3,5-Bis(1,1-

Dimethylethyl)-4-Hydroxy 

C35H62O3  530 
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Figure 90 (A-C): Compounds identified in ethanolic extract of A. bisporus (mature 

stage). A. 1,2-ethanediamine, n,n,n',n'-tetramethyl, B. 2-pyrrolidinone, C. 2,4,5-

Trioxoimidazolidine, 
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Figure 90 (D-F): Compounds identified in ethanolic extract of A. bisporus (mature 

stage), D. N-(2-butyl) cyclopropane-carboxamide, E. Phenol, 2, 4-bis (1,1-

dimethylethyl), F. Tumerone 
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Figure 90 (G-I): Major Compounds identified in ethanolic extract of A. bisporus, 

(mature fruit body) G. Ar-tumerone, H. Hexadecanoic acid, ethyl ester, I. 9,12-

Octadecadienoic Acid, Methyl Ester,  
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Figure 90 (J-L): Major Compounds identified in ethanolic extract of A. bisporus 

(mature fruit body), J. Butyl 9,12-Octadecadienoate, K. 3-Cyclopentylpropionic 

Acid,2-DimethylaminoethylEster, L. Ergosta-5,7,22-trien- 3-ol, (3.beta.,22e). 
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Figure 91: Total ion Chromatogram (TIC) of GC analysis of methanolic extract of    

A. bisporus (mature stage) grown in paddy straw based compost 
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Table43.Compounds detected in methanolic extract of mature fruit body of               

A. bisporus by GC-MS analysis 

P
e
a
k

 

R
e
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n
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e
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a
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%
)  

Compounds 
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o
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u
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r
 

fo
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m

u
la
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o
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c
u
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r
 

W
e
ig

h
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1 4.266 1.53 Pyrrolidine(Figure 92A) C4H9N 71 

2 5.120 0.21 1,2-ethanediamine, n,n,n',n'-

tetramethyl- 

C6H16N2 116 

3 5.853 0.07 2-(ethyl-1,1-d2)cyclopentanone C7H10D2O 114 

4 6.503 0.18 Pyrazine, 2,5-dimethyl C6H8N2 108 

5 6.899 0.98 2(3h)-furanone, dihydro C4H6O2 86 

6 8.532 0.07 Cyclohexanamine, n,n-dimethyl C8H17N 127 

7 8.978 0.15 Pyrazine, 2-ethyl-3-methyl C7H10N2 122 

8 9.288 0.06 N-Methyl-L-Prolinol C6H13NO 115 

9 9.875 0.04 1-Butanamine, 2-Methyl-N-(2-

Methylbutylidene)- 

C10H21N 155 

10 10.255 0.16 Cyclododeca[B]Furan-3-Carbonitrile, 2-

Amino-4,5,6,7,8,9,10,11,12,13 

C15H22N2O 246 

11 10.899 0.64 3-hydroxy-4,4-dimethyldihydro-2(3h)-

furanone 

C6H10O3 130 

12 11.155 0.06 Pyrazine, 3-ethyl-2,5-dimethyl- C8H12N2 136 

13 12.253 14.20 2-pyrrolidinone(Figure 92B) C4H7NO 85 

14 12.577 0.38 4-methyloxazole C4H5NO 83 

15 13.021 0.18 L-Homoserine Lactone, N,N-Dimethyl- C6H11NO2 129 

16 13.646 0.81 2,3-dihydro-3,5-dihydroxy-6-methyl-

4h-pyran-4-one 

C6H8O4 144 

17 14.423 0.45 Butanalbutylidenehydrazone C8H16N2 140 

18 14.583 0.10 Pyridine, 1-Acetyl-1,2,3,4-Tetrahydro- C7H11NO 125 

19 14.793 0.26 5-Methoxypyrrolidin-2-One C5H9NO2 115 

20 15.487 9.470 Dianhydromannitol(Figure 92C) C6H10O4 146 

21 17.926 0.20 Phenol, 5-methyl-2-(1-methylethyl) C10H14O 150 

22 18.100 0.37 Isosorbide C6H10O4 146 

23 18.698 0.40 1-.Beta.-D-Ribofuranosyl-3-[5-

Tetraazolyl]-1,2,4-Triazole 

C8H11N7O4 269 

24 19.580 1.46 2,4,5-Trioxoimidazolidine (Figure 92D) C3H2N2O3 114 

Contd… 
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25 20.212 1.28 5-oxo-pyrrolidine-2-carboxylic acid 

methyl ester(Figure 92E) 

C6H9NO3 143 

26 20.591 0.35 1-(1-cyclohexen-1-yl)pyrrolidine C10H17N 151 

27 21.166 0.65 1,2-Diphenyl-3-Pyrrolidin-1-Yl-Propan-

1-Ol 

C19H23NO 281 

28 22.265 0.21 1-dodecanol C12H26O 186 

29 22.536 0.73 Acetic Acid, Trifluoro, 1,5-Pentanediyl 

Ester (Figure 92F) 

C9H10F6O4 296 

30 23.240 0.09 3-(2-Oxocyclohexyl)Propionaldehyde C9H14O2 154 

31 24.423 0.09 Pyrazine, 2,5-dimethyl-3-propyl C9H14N2 150 

32 24.625 0.19 2-methoxy-4-ethyl-6-methylphenol C10H14O2 166 

33 24.830 0.13 1,2,3,4-Tetrahydro-Cyclopenta[B] 

Indole 

C11H11N 157 

34 27.076 39.38 D-Mannitol, 1,4-Anhydro-(Figure 92G) C6H12O5 164 

35 30.252 15.71 1,5-Anhydro-d-mannitol  C6H12O5 164 

36 32.108 1.24 1h-purin-6-amine C5H5N5 135 

37 32.577 0.16 5,10-diethoxy-2,3,7,8-tetrahydro-1h,6h-

dipyrrolo[1,2-a:1,2 

C14H22N2O2 250 

38 32.749 0.07 Dibutyl Phthalate C16H22O4 278 

39 33.051 0.08 L-(+)-Ascorbic Acid 2,6-

Dihexadecanoate 

C38H68O8 652 

40 34.842 0.20 9,12-Octadecadienoic Acid, Methyl 

Ester 

C19H34O2 294 

41 35.540 3.66 9,12-Octadecadienoic Acid (Z,Z) C18H32O2 280 

42 37.084 0.07 Fumaric Acid, 2-Dimethylaminoethyl 

Dodecyl Ester(Figure 92I) 

C20H37NO4 355 

43 37.873 0.05 9,12-octadecadien-1-ol C18H34O 266 

44 38.744 0.55 2-(dimethylamino)ethyl 3-methyl-1-

benzofuran-2-carboxylate 

C14H17NO3 247 

45 38.909 0.05 2-pyrrolidinone, 5-(cyclohexylmethyl) C11H19NO 181 

46 40.826 2.05 9,12-octadecadienoic acid (z,z)-, 2,3-

dihydroxypropyl ester(Figure 92  J) 

C21H38O4 354 

47 44.911 0.26 E,z-1,3,12-nonadecatriene C19H34 262 

48 45.653 0.06 3-isopropyl-4-methyl-1-decen-4-ol C14H28O 212 

49 48.081 0.26 Ergosta-5,7,22-trien-3-ol, 

(3.beta.,22e)(Figure 92 K) 

C28H44O 396 
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Figure 92 (A-C): Compounds identified in methanolic extract of A. bisporus, (mature 

stage). A. Pyrrolidine (Figure 92A), B. 2-pyrrolidinone, C. Dianhydromannitol, 
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Figure 92 (D-F): Compounds identified in methanolic extract of A. bisporus, (mature 

stage). D. 2,4,5-Trioxoimidazolidine, E. 5-oxo-pyrrolidine-2-carboxylic acid methyl 

ester F. Acetic Acid, Trifluoro, 1,5-Pentanediyl Ester 
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Figure 92 (G-I): Major Compounds identified in methanolic extract of A. bisporus, 

(mature stage). G. D-Mannitol, 1,4-Anhydro, H. 1,5-Anhydro-d-mannitol; I. Fumaric 

Acid, 2-Dimethylaminoethyl Dodecyl Ester. 
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Figure 92 (J-K): Major Compounds identified in methanolic extract of A. bisporus, 

(mature stage). J. 9,12-octadecadienoic acid (z,z)-, 2,3-dihydroxypropyl ester,           

K. Ergosta-5,7,22-trien-3-ol, (3.beta.,22e) 
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Figure 93: Total ion chromatogram (TIC) of ethanolic extract of A. bisporus (mature 

fruit body) grown in tea leaf based compost  
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Table 44. Compounds detected by GC-MS analysis in ethanolic extract of A. bisporus 

(mature fruit body) grown in tea leaf based compost 

P
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k
 

R
et
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Compounds 
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r 
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o
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cu
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r 

w
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g
h
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1 5.385 0.35 2,6-Dihydro-2h-Pyran-2-One C5H6O2 98 

2 5.471 0.43 3-Hydroxy-4,4-Dimethyldihydro-

2(3h)-Furanone 

C6H10O3 130 

3 6.489 1.60 1,2-Cyclohexanediol, 1-Methyl-, 

Trans-(Figure94 A) 

C7H14O2 130 

4 6.731 0.70 1,4-Cyclohexanediol C6H12O2 116 

5 8.331 2.11 Isosorbide(Figure94 B) C6H10O4 146 

6 9.059 0.35 2,5-Pyrrolidinedione, 3-Ethyl-3-

Methyl- 

C7H11NO2 141 

7 10.522 0.35 2-Cyclobutyl-2-Propanol C7H14O 114 

8 10.791 0.92 Trans-4,5-Epoxynonane C9H18O 142 

9 11.680 1.31 2,5-Pyrrolidinedione (Figure94 C) C6H11NO 113 

10 12.012 1.01 6-Ethoxy-6-Methyl-2-

Cyclohexenone (Figure94 D) 

C9H14O2 154 

 

11 12.467 1.28 Phenol, 2,4-Bis(1,1-

Dimethylethyl)- (Figure94 E) 

C14H22O 206 

 

12 13.282 0.25 2-Isopropyl-5-Methylcyclohexanyl 

Propylphosphonofluoridate 

C13H26FO2P 264 

 

13 13.411 0.25 Z-(13,14-Epoxy)Tetradec-11-En-1-

Ol Acetate 

C16H28O3 268 

 

14 15.427 0.60 4-[(2,3,5,6-

Tetramethylphenyl)Sulfonyl]-2-

Butanone Thio 

C15H23N3O2S2 341 

 

15 16.649 0.41 Hexadecanoic Acid, 2-Oxo-, 

Methyl Ester 

C17H32O3 284 

16 17.057 0.05 Undecanoic Acid, Methyl Ester C12H24O2 200 

17 17.137 0.26 Tetra Propylene C12H24 168 

18 17.411 0.63 1,2-Benzenedicarboxylic Acid, 

Butyl Octyl Ester 

C20H30O4 334 

19 17.527 0.71 1-(4-Amino-Furazan-3-Yl)-5-(4-

Methyl-Piperazin-1-Ylmethy 

C13H20N8O3 336 

 

20 17.612 0.17 2-Butenoic Acid, 2-Propenyl 

Ester(Figure94 F) 

C7H10O2 126 

21 17.734 0.39 Hexadecanoic Acid, Ethyl Ester C18H36O2 284 

22 17.776 1.35 Hexadecanoic Acid, 2-Oxo-, 

Methyl Ester(Figure94 G) 

C17H32O3 284 

 

23 18.067 0.29 Ethanethioic Acid, S-[2-

(Dimethylamino)Ethyl] Ester 

C6H13NOS 147 

 

24 18.168 0.30 4-(2,2-Dimethyl-6-

Methylenecyclohexyl)Butanal 

C13H22O 194 

 

Contd…

. 
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25 18.611 0.16 Decanamide C10H21NO 171 

26 18.708 0.63 9,12-Octadecadienoic Acid, Methyl 

Ester 

C19H34O2 294 

27 18.767 0.31 9-Octadecenoic Acid (Z)-, Methyl 

Ester 

C19H36O2 296 

 

28 19.236 1.54 13-Tetradecenal C14H26O 210 

29 19.321 2.44 Ethyl (9z,12z)-9,12-

Octadecadienoate 

C20H36O2 308 

 

30 19.377 0.71 Ethyl 9-Octadecenoate C20H38O2 310 

31 19.582 1.74 Hexadecanamide C16H33NO 255 

32 19.781 0.57 Androstan-3-One, 17.Beta.-

Hydroxy- 

C19H30O2 290 

 

33 20.148 0.28 Hexadecanoic Acid, 2-Hydroxy-, 

Methyl Ester 

C17H34O3 286 

 

34 21.054 1.46 Cyclobutanecarboxylic Acid, 

Undec-2-Enyl Ester 

C16H28O2 252 

 

35 21.223 2.99 9,12-Octadecadienoic Acid, Methyl 

Ester 

C19H34O2 294 

 

36 21.279 0.99 9-Octadecenamide C18H35NO 281 

 37 21.548 0.54 

38 22.140 0.29 Bicyclo[2.2.1]Heptane, 7-

Bicyclo[2.2.1]Hept-7-Ylidene- 

C14H2O 188 

 

39 22.278 0.23 3-Cyclopentylpropionic Acid, 2-

Dimethylaminoethyl Ester 

C12H23NO2 213 

 

40 23.304 0.58 2-(7-Hydroxymethyl-3,11-

Dimethyl-Dodeca-2,6,10-Trienyl)-

[1,4]Benzoquinone 

C21H28O3 328 

 41 24.507 1.57 

42 25.729 0.31 1,1'-Biphenyl, 3,4-Diethyl- C16H18 21 

43 27.479 0.48 L-Arginine (Figure94 H) C6H13N5O4 219 

44 27.692 0.95 

45 29.220 1.52 Pyrazine, Tetrakis(1-Methylethyl)- C16H28N2 248 

46 29.439 16.32 19-Norbrassicaster-3-One, 

7,8,9,10-Detetrahydro(Figure94I) 

C27H38O 378 

 

47 29.548 0.55 3,5-Cyclo-6,8(14),22-

Ergostatriene(Figure94 J) 

C28H42 378 

 48 29.661 1.51 

49 29.839 4.37 9(11)-Dehydroergosteryl 

Benzoate(Figure94 K) 

C35H46O2 498 

 50 30.077 6.07 
51 30.445 0.41 Anthracene, 9,10-Dihydro-1-

(5,8,11,14-Tetraoxapentadecyl) 

C25h3o4 398 

 

52 31.113 0.92 6,6,9a-Trimethyl-3,5,5a,6,7,8,9,9a-

Octahydrona 

C15h20o3 248 

 

53 32.143 0.54 10,13-Dimethyl-16-(1-Methyl-1h-

Pyrazol-4-Ylmethylene)-He 

C24H36N2O2 384 

 

      
Contd….. 
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54 32.334 1.22 9,19-Cyclo-9.Beta.-Lanostane- C30H52O2 444 

55 32.908 10.49 Androst-5,7,9(11)- Figure94 L) C21H26O3 326 

56 33.181 0.78 Olean-12-En-28-Al,  C32H52S2 500 

57 33.441 1.96 2(1h)-Pyrazinone, C16H28N2O 264 

58 33.762 3.57 Ergosta-5,7,22-Trien-3-Ol, (3.Beta) C28H44O 396 

59 34.763 3.31 7,22-Ergostadienone C28H44O 396 

60 35.267 0.71 Olean-13(18)-Ene C30H50 500 

61 35.397 1.54 Ergosta-4,7,22-Trien-3-One C28H42O 394 

62 36.118 0.54 Lanosta-8, 24-Dien-3-Ol, (3.Beta.)- C30H50O 426 

63 37.152 1.36 Phenylsulfanyl-Hex-4-Enyl) C36H54OS 534 

64 37.595 1.38 Anthraergostatetraenol C28H42O 394 

65 37.958 1.59 10,13-Dimethyl-17-(1,4,5-

Trimethyl-Hex-2-Enyl)-1,2,9 

C28H40O 392 

 66 39.003 0.89 

67 41.032 3.62 8a(2h)-Phenanthrenol, 7-Ethenyl 

dodecahydro-1,4a,7-Tetramethyl 

C22H36O2 332 

 
 

 
Figure 94(A-C): Major Compounds identified in ethanolic extract of A. bisporus 

(mature fruit body) grown in tea  leaf based compost, A.1,2-Cyclohexanediol, 1-

Methyl, Trans, B. Isosorbide, C. 2,5-Pyrrolidinedione, 3-(1-Hydroxyethyl)-4-Methyl-, 
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Figure 94: (D-F): Major Compounds identified in ethanolic extract of A. bisporus 

(mature fruit body) grown in tea leaf based compost, D. 6-Ethoxy-6-Methyl-2-

Cyclohexenone, E. Phenol, 2,4-Bis(1,1-Dimethylethyl)- F. 2-Butenoic Acid, 2-

Propenyl Ester 
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Figure 94 (G-I): Major Compounds identified in Ethanolic extract of mature fruit 

body stage of A. bisporus grown in tea  leaf based compost, G.Hexadecanoic Acid, 2-

Oxo-, Methyl Ester, H. L-Arginine, I. 19-Norbrassicaster-3-One, 7,8,9,10-

Detetrahydro 



204 
 

 

Figure 94 (J-L): Major Compounds identified in Ethanolic extract of mature fruit 

body stage of A. bisporus grown in tea  leaf based compost, D. 3,5-Cyclo-6,8(14),22-

Ergostatriene, E. 9(11)-Dehydroergosteryl Benzoate, F. Androst-5,7,9(11)-Triene, 3-

Acetoxy-17-Oxo 
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Figure 95: Total ion chromatogram (TIC) of GC analysis of methanolic extract of         

A. bisporus (mature fruit body) grown in tea leaf based compost 
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Table 45. Compounds detected in methanolic extract of A. bisporus (mature fruit 

body) grown in tea leaf basedcompost by GC-MS analysis 
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1 7.015 0.16 5-isopropyl-2-

methylbicyclo[3.1.0]hex-2-ene 

C10H16 

 

136 

 

2 7.172 0.17 N-chloro-2-n-propylaziridine C5H10CN 119 

3 9.125 0.67 O-cymene C10H14 134 

4. 9.207 0.87 Cyclohexene, 1-methyl-4-(1-

methylethenyl)-, (Figure96A) 

C10H16 136 

 

5 9.322 17.73 Eucalyptol (1,8-cineole) 

(Figure96B) 

C10H18O 154 

6 9.707 0.06 Pantolactone C6H10O3 130 

7 9.763 1.14 1,4-cyclohexadiene, 1-methyl-4-(1-

methylethyl(Figure96C) 

C10H16 136 

 

8 12.364 0.30 Isosorbide 

Isosorbide(Figure96 D) 

Isosorbide 

C6H10O4 146 

 9 12.640 15.59 

10 13.793 0.37 

11 14.933 0.90 L-proline, 5-oxo-, methyl ester C6H9NO3 143 

12 18.061 40.65 D-glucitol, 1,4-anhydro- 

(Figure96 E) 

C6H12O5 

 

164 

 

13 19.599 20.24 1,5-anhydro-d-altritol(Figure96 F C6H12O5 164 

14 20.737 0.14 1h-purin-6-amine C5H5N5 135 

15 21.537 0.19 N-hexadecanoic acid  C16H32O 256 

16 22.752 0.07 9,12-hexadecadienoic acid, methyl 

ester (Figure96 G) 

C17H30O2 266 

17 23.177 0.32 9,12-octadecadienoic acid, methyl 

ester, (e,e)- 

C19H34O2 294 

 

18 27.516 0.18 9,12-octadecadienoic acid (z,z)-, 2-

hydroxy-1-(hydroxymethyl)ethyl 

ester 

C21H38O4 354 

 

19 36.100 0.25 Neotigogenin acetate(Figure96 H) C29H46O4 458 
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Figure 96 (A-D): Major compounds identified in methanolic extract of A. bisporus 

(mature fruit body) grown in tea leaf based compost, A. Cyclohexene, 1-methyl-4-(1-

methylethenyl)-, B. Eucalyptol (1,8-cineole), C. 1,4-cyclohexadiene, 1-methyl-4-(1-

methylethyl, D. Isosorbide 
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Figure 96 (E-H): Major compounds identified in methanolic extract of A. bisporus 

(mature fruit body) grown in tea leaf based compost, E. D-glucitol, 1,4-anhydro,         

F. 1,5-anhydro-d-altritol, G. 9,12-hexadecadienoic acid, methyl ester,                        

H. Neotigogenin acetate  
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Table46. Comparative study of biochemical profile of A. bisporus in methanolic and 

ethanolic extract of grown in different compost 

 Agaricus bisporus 

 

Major Compounds 

Methanolic Ethanolic 

Paddy 

straw 

Tea 

leaves 

Paddy 

straw 

Tea 

leaves 

Furanone derivatives  + - + + 

Eucalyptol   - ++ - - 

L-proline - + - - 

Anhydro-D-glucitol - +++ - - 

1,5-Anhydro-d-atriol  - ++ - - 

Panto-lactone  - + - - 

2-pyrrolidinone + + ++ + 

Pyrazine + - - + 

l-homoserine lactone - - - - 

Pantyl lactone - - - - 

Piperidine - - + - 

Ar-Tumeron - - + - 

Pyridinine - - - - 

Pyridine + - + - 

Cyclohexanedione + + + - 

Glycerin - - - - 

Glutamin - - + - 

Citronellol epoxide - + - - 

Nitro-L- arginine  - - - + 

2-butenoic acids  - - - + 

13-tetradecenal  - - + 

Dianhydromannitol + + + - 

Phenol derivatives  + - + + 

Isosorbide + + + + 

Isopropylamione - - - - 

Pyrrolidine ester + - + - 

Cyclopentanone,  - - - - 
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 Methanolic Ethanolic 

Major Compounds Paddy 

straw 

Tea 

leaves 

Paddy 

Straw 

Tea 

leaves 

Cyclohexen-1 + + + + 

Purin 6-Amine + + - - 

Acetic acid  + - - - 

Uric acid - - - - 

Ascorbic acid  + - - - 

Fumaric Acids  + - - - 

Phosphoric acid - - + - 

Oxalic Acids  - - + - 

Trioxoimidazolidine + - + - 

9-octadecenoic acid + + + + 

Hexadecanoic acid - + + + 

Dibutyl phthalate - + - - 

Propanoic acid  - - - - 

Pentadecanoic acid - + - - 

Pentanoic acid  - - - - 

Squaline - - + - 

Phosphine  - - - + 

Solanesol (alkaloid) - - - - 

Malonic acid, di(10-

chlorodecyl) ester 

- - - - 

Carboxylic Acid 

derivatives 

- - + + 

Methyl butyric acid  - - - - 

Ergosta-  Derivative  + - +++ + 

Sarsasapogenin - - - + 

Lanosterol - - + - 

 

4.12.2. Biochemical constituents of fruit body of C. indica 

Total ion chromatogram (Figure 97) of ethanolic of C. indica revealed total 45 

compounds in different retention time extract while total ion chromatogram 

(Figure 99) of methanolic extract showed total 47 compounds. In ethanolic extract 
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maximum peak was detected as Octadec-9-enoic acid with 66.6 % while in 

methanolic extract the maximum peak was detected as Octadec-9-enoic acid with 

71% and Ergosterol was detected as 2.62 % in both solvent.Terpenoids and 

phenolic derivativesand fatty acid were detected as maximum contributor in both 

samples. Malonic acid and acetic acid were detected as organic acid in methanolic 

extract but in ethanolic extract oxalic acid was detected as organic acid. The 

detected compounds listed with their retention time and molecular weight and 

formula are given in Table47&48.Squalene a terpenoid known as super 

antioxidant was detected only in ethanolic extract. Phosphine which is generally 

responsible for aroma was detected in ethanolic extract of C. indica. 

 

Figure 97: Total ion Chromatogram (TIC) of GC analysis of ethanolic extract of 

C. indica (mature fruit body) 
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Table47.  Compounds detected in ethanolic extract of C. indica (mature fruit 

body) by GC-MS analysis 
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1 4.554 0.07 1-propanamine, 2-methyl-n-(2-

methylpropylidene 

C8H17N  127 

2 5.833 0.03 2-heptanone C7H14O 114 

3 6.977 0.06 N-(2-Methylbutylidene)isobutylami C9H19N 141 

4 7.041 0.02 N-ethylpyrrolidine C6H13N 99 

5 7.082 0.01 Piperidine, 1-methyl- C6H13N 99 

6 8.566 0.03 Furan, 2-pentyl- C9H14O 138 

7 9.856 0.11 1-Butanamine, 2-methyl-N-(2-

methylbutylidene)- 

C10H21N 155 

8 10.15 0.17 3-methylbutyl-(3-

methylbutylidene)amine 

C10H21N 

 

155 

9 12.39 3.00 1,2,3-propanetriol(Figure98 A) C3H8O3 92 

10 15.44 3.42 Dianhydromannitol(Figure98 B) C6H10O4 146 

11 18.53 0.06 N,4-dimethylpentanamide C7H15NO 192 

12 18.71 0.11 Octanoic acid, 7-oxo- C8H14O3 158 

13 19.25 0.03 4-pentylbutan-4-olide C9H16O2 156 

14 20.57 0.04 Bicyclo[3.1.1]heptan-3-one, 6,6- C12H18O2 

 

194 

15 22.08 0.03 2-methyl-n-phenylacrylamide C10H11NO 161 

16 22.22 0.08 1-dodecanol C12H26O 186 

17 23.13 0.10 Phenol, 2,4-bis(1,1-dimethylethyl)-

(Figure98 C) 

C14H22O 206 

18 25.00 0.03 1-hexadecene C16H32 224 

19 29.46 0.04 Heptadecanoic acid, ethyl ester C19H38O2 298 

20 30.54 0.09 1H-Cyclopropa[a]naphthalene, C15H24 204 

21 31.51 0.04 Hexadecanoic acid, ethyl ester C18H36O2 284 

22 32.75 0.08 Dibutyl phthalate C16H22O4 278 

23 32.90 0.08 1h-purin-6-amine C5H5N5 135 

24 33.51 5.24 Hexadecanoic acid, ethyl 

ester(Figure98 D) 

C18H36O2 284 
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25 33.82 7.11 Hexadecanoic acid C16H32O2 256 

26 36.62 3.24 N-Propyl 9,12-

octadecadienoate(Figure98 E) 

C21H38O2 322 

27 36.81 5.69 Ethyl 9-octadecenoate(Figure98 F) C20H38O2 310 

28 37.69 66.29 Octadec-9-enoic acid(Figure98 G) C18H34O2 282 

29 40.21 0.28 9-Octadecenal, (Z)- C18H34O 266 

30 41.64 0.14 Hexadecanal, 2-methyl- C17H34O 254 

31 42.04 0.22 Oleic anhydride C36H66O3 546 

32 42.77 0.08 tert-Hexadecanethiol C16H34S 258 

33 43.02 0.19 1-Hexadecyne C16H30 222 

34 43.56 0.10 2-(7-Hydroxymethyl-3,11-dimethyl-

dodeca-2,6,10-trienyl)-

[1,4]benzoquinone 

C21H28O3 328 

35 44.28 0.07 S-[2-[N,N-Dimethylamino] 

ethyl]N,N-dimethylcarbamoy 

lthiocarbohydroximate 

C8H17N3O2S 219 

36 44.50 0.18 2-[12-(2-oxiranyl)dodecyl]oxirane C16H30O2 254 

37 45.30 0.08 9-Octadecenoic acid (Z)-, octadecyl 

ester 

C36H70O2 534 

38 45.80 0.05 Ethyl tetracosanoate C26H52O2 396 

39 45.99 0.10 Squalene(Figure98 H) C30H50 410 

40 46.52 0.05 4-nonanol, 2,6,8-trimethyl- C12H26O 186 

41 46.63 0.05 Oxalic acid, hexadecyl 2-

phenylethyl ester(Figure98 I) 

C26H42O4 418 

42 47.97 0.30 Anthraergostatetraenol benzoate C35H46O2 498 

43 48.19 0.05 9(11)-Dehydroergosteryl benzoate C35H46O2 498 

44 49.19 0.12 Oleic anhydride C36H66O3 546 

45 51.48 0.32 Ergosta-7,22-dien-3-

ol,(3.beta.,5.alpha.,22E) (Figure98 J) 

C28H46O 

 

398 

46 52.39 2.10 

47 52.71 0.24 
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Figure 98 (A-C): Major Compounds identified in ethanolic extract of C. indica (mature 

fruit body), A. 1,2,3-propanetriol, B. Dianhydromannitol, C. Phenol, 2,4-bis(1,1-

dimethylethyl)-, 
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Figure 98 (D-F): Major Compounds identified in ethanolic extract of C. indica 

(mature fruit body), D. Hexadecanoic acid, ethyl ester, E. N-Propyl 9,12-

octadecadienoate, F. Ethyl 9-octadecenoate 
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Figure 98 (G-J): Major Compounds identified in Ethanolic extract of mature fruit 

body stage of Calocybe indica, G. Octadec-9-enoic acid, H. Squalene, I. Oxalic acid, 

hexadecyl 2-phenylethyl ester, J. Ergosta-7,22-dien-3-ol,(3.beta.,5.alpha.,22E 
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Figure 99: Total ion chromatogram (TIC) of GC analysis of methanolic extract of      

C. indica (mature fruit body) 
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Table48. Compounds detected in methanolic extract of fruit body of C. indica by GC-

MS analysis 
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1 5.820 0.07 2-heptanone C7H14O  114 

2 6.559 0.17 1H-Imidazole, 4,5-dihydro-2-methyl- C4H8N2 84 

3 6.978 0.03 2-butyl-(2-methylbutylidene)-amine C9H19N 141 

4 7.045 0.04 Propionamide, 3-(1-piperidyl)- C8H16N2O 156 

5 9.867 0.08 1-butanamine,2-methyl-n-(2-methylbut -

yliden 

C10H21N 

 

151 

6 10.351 0.15 3-hydroxy-4,4-dimethyldihydro-2(3h)-

furanone 

C6H10O3 

 

130 

7 11.642 0.11 2-pyrrolidinone C4H7NO 85 

8 12.012 0.08 1,3-Cyclohexanedione, 2-methyl- C7H10O2 126 

9 12.707 2.74 Glycerin(Figure 100 A) C3H8O3 92 

10 14.351 0.18 Citronellol epoxide (R or S)  

(Figure 100 B) 

C10H20O2 172 

11 15.488 1.58 Dianhydromannitol(Figure 100 C) C6H10O4 146 

12 17.643 0.12 1h-indole C8H7N 117 

13 18.722 0.19 1-Undecene, 8-methyl- C12H24 168 

14 18.929 0.35 2-undecanone C11H22O 170 

15 19.261 0.05 2(3h)-furanone, dihydro-5-pentyl- 

(Figure 100 D) 

C9H16O2 156 

16 20.355 2.13 5-oxo-pyrrolidine-2-carboxylic acid 

methyl ester(Figure 100 E) 

C6H9NO3 

 

143 

17 20.894 0.07 Cyclopentanone, dimethylhydrazone C7H14N2 126 

18 25.949 1.52 Dianhydromannitol C6H10O4 146 

19 27.675 0.24 Tetrahydrofuran-2-one, 3-[2-pentenyl]-4-

methyl- 

C10H16O2 168 

20 28.704 0.09 Acetic acid, chloro-, 2-

phenylethylester(Figure 100 F) 

C10H11ClO2 198 

21 30.548 0.24 3,14,16-trihydroxycard-20(22)-enolide C23H34O5 390 

22 31.169 0.23 9-octadecenoic acid (z)- C18H34O2 282 

23 32.176 0.28 Hexadecanoic acid, methyl ester C17H34O2 270 

24 32.764 0.39 Dibutyl phthalate C16H22O4 278 
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25 33.503 9.81 Pentadecanoic acid (Figure 100 G) 

 

C15H30O2 242 

26 34.102 1.02 

27 34.826 0.38 11-hydroxyundecanoic acid, lactone C11H20O2 184 

28 35.375 0.61 9,12-octadecadienoic acid (z,z)-, methyl 

ester 

C19H34O2 

 

294 

29 35.509 1.24 9-octadecenoic acid (z)-, methyl ester 

(Figure 100 H) 

C19H36O2 296 

30 37.343 70.71 Octadec-9-enoic acid (Figure 100 I) C18H34O2 282 

31 40.149 0.24 Methyl octadeca-9,12-dienoate C19H34O2 294 

32 40.255 0.54 9-Octadecenamide, (Z)- C18H35NO 281 

33 41.587 0.20 3-Cyclopentylpropionic acid, 2-

dimethylaminoethyl ester (Figure 100 J) 

C12H23NO2 

 

213 

34 41.675 0.20 

35 42.005 0.16 Dodecanoic acid, 11-chloro-, 

chloromethyl 

C13H24Cl2O2 

 

282 

36 42.754 0.14 2-(methyl-d3) cyclododecanone C13H21D3O 199 

37 43.539 0.13 2-(7-Hydroxymethyl-3,11-dimethyl-

dodeca-2,6,10-trienyl)-[1,4]b 

C21H28O3 

 

328 

38 44.281 0.14 3-Cyclopentylpropionic acid, 2-

dimethylaminoethyl ester 

C12H23NO2 213 

39 44.487 0.45 1,3-Dioxolane,4-[[(2-methoxy-4-

octadecenyl)oxy]methyl]-2,2-dimethyl 

C25H48O4 

 

412 

40 45.979 0.05 Solanesol C45H74O 630 

41 46.628 0.04 Malonic acid (Figure 100 K) C23H42Cl2O4 452 

42 47.949 0.55 Ergosta-5,7,9(11),22-tetraen-3-ol, 

(3.beta.,22e,24s)- (Figure 100 L) 

C28H42O 394 

43 48.593 0.23 Phosphine, iodomenthylphenyl (Figure 

100 M) 

C16H24IP 374 

44 49.188 0.55 Oleoyl chloride C18H33ClO 300 

45 49.939 0.32 8-pentadecanol C15H32O 228 

46 51.458 0.63 Ergosta-5,7,9(11),22-tetraen-3-ol, 

(3.beta.,22e,24s)- 

C28H42O 

 

394 

47 52.269 0.51 
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Figure 100 (A-C): Major Compounds identified in methanolic extract of C. indica 

(mature fruit body), A. Glycerin B. Citronellol epoxide (R or S), C. 

Dianhydromannitol 
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Figure 100 (D-F): Major Compounds identified in methanolic extract of C. indica 

(mature fruit body), D. 2(3h)-furanone, dihydro-5-pentyl-, E. 5-oxo-pyrrolidine-2-

carboxylic acid methyl ester, F. Acetic acid, chloro-, 2-phenylethyl ester 
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Figure100 (G-I): Major Compounds identified in methanolic extract of mature fruit 

body stage of C. indica, G. Pentadecanoic acid, H. 9-octadecenoic acid (z)-, methyl 

ester, I. Octadec-9-enoic acid, 
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Figure 100 (J-M): Major Compounds identified in methanolic extract of mature fruit 

body stage of C. indica, J. 3-Cyclopentylpropionic acid, 2-dimethylaminoethyl ester, 

K. Malonic acid, L. Ergosta-5,7,9(11),22-tetraen-3-ol, (3.beta.,22e,24s),                   

M. Phosphine, iodomenthyl  phenyl 
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Table 49. Comparative study of the presence of major compounds detected in 

ethanolic extract of button and milky mushrooms by GC-MS analysis  

 

 

 

 

 

Compounds 

Edible Mushrooms  

A. bisporus C. indica 

Mature  Pin head  

Furanonederivatives  + + + 

Propanetriol - - + 

Piperidine, 1-methyl- + + + 

Cyclohexanamine + + - 

Pyrrolidine  derivatives + + - 

2-pyrrolidinone + + - 

N,n-dimethylhomoserine lactone + - - 

Cyclohexane, + + - 

Dianhydromannitol + + + 

Isosorbide + + - 

Glutamine + - - 

2,4,5-Trioxoimidazolidine + - - 

Carboxylic Acid derivatives + - - 

N -(2-butyl)cyclopropanecarboxamide + - - 

Phenol, 2,4-bis(1,1-dimethylethyl)- + + + 

Phosphoric acid, diethyl octyl ester + - - 

Oxalic acid  + + + 

Eicosane - + - 

1-hexadecene + + + 

Tumerone + - - 

Ar-tumerone + - - 

Tumerone + - + 

1-octadecene + + + 

Hexadecanoic acid,  + + + 

Tetradecanoic acid + - - 

Octanoic Acid derivatives + + + 

Oleic anhydride  - - + 

Butyl 9,12-Octadecadienoate + + - 

2-Ethylbutyric Acid, Eicosyl Ester + - - 

Squalene + + + 

Ergost-4,7,22-Trien-3.Alpha.-Ol +++  + + +  

Stigmast-5-en-3-ol, (3.beta.,24s)- + - - 

Lanosterol + - - 

Propanoic Acid derivatives  + - - 



225 
 

4.12.3. Biochemical constituents of fruit body of Pleurotus djamor 

Total 43 compounds were detected in different retention time in methanolic extract by 

GC-MS analysis. The maximum peak was detected as Isosorbide with 32 % area. 18.4 

% area was detected as 9, 12-octadecadienoic acid, methyl ester in 23.298 retention 

time. Ergosterol and phenolic derivatives and fatty acids were detected in methanolic 

extract. The detected compounds with their retention time and molecular weight and 

formula are given in Table 50. The total ion chromatogram (TIC) has been presented 

in Figure 101. The detected compound‟s structure and MS have been given in Figure 

102A-O. 

 

Figure 101: Total ion Chromatogram (TIC) of GC analysis of methanolic extract of    

P. djamor (mature stage) 
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Table 50. Compounds detected in methanolic extract of P. djamor 
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1 6.805 1.36 2(3h)-furanone, dihydro-

(Figure102A) 

C4H6O2 86 

2 7.212 1.15 Cyclopentanone, 2-methyl-

(Figure102B) 

C6H10O 98 

3 8.718 0.39 Pyrazine, trimethyl- C7H10N2 122 

4 9.214 0.08 Cyclohexene, 1-methyl-4-(1-

methylethenyl)-, (s)- 

C10H16 136 

5 9.290 0.20 2-oxabicyclo[2.2.2]octane, 

1,3,3-trimethyl 

C10H18O 154 

6 9.656 1.15 L-Pantoyl lactone(Figure102C) C6H10O3 130 

7 10.410 0.54 2,5-Dimethyl-4-hydroxy-

3(2H)-furanone(Figure102D) 

:C6H8O3 128 

8 10.560 1.00 2-pyrrolidinone(Figure102E) C4H7NO 85 

9 11.187 0.29 L-Homoserine lactone, N,N-

dimethyl- 

C6H11NO2 129 

10 11.486 1.18 4H-Pyran-4-one, 2,3-dihydro-

3,5-dihydroxy-6-methyl-

(Figure102F) 

C6H8O4 144 

11 11.988 0.11 trans-1,2-Diethyl cyclopentane C9H18 126 

12 12.673 29.18 Isosorbide(Figure102H) 

Isosorbide 

C6H10O4 146 

13 13.907 1.77 

14 14.401 1.18 2-Acetamido-2-deoxy-d-

mannolactone (Figure102G) 

C8H11NO6 217 

15 15.038 8.22 Methyl 5-oxo-2-

pyrrolidinecarboxylate(Figure1

02I) 

C6H9NO3 143 

16 15.474 0.57 Pyrazine, 2-methyl-3-

(methylthio) 

C6H8N2S 140 

17 16.576 0.44 2-Amino-4-hydroxy-6-

methylpyrimidine 

C5H7N3O 125 

18 17.779 8.01 1,5-Anhydro-d-

mannitol(Figure102J) 

C6H12O5 164 

19 18.840 2.14 d-Glycero-d-ido-heptose C7H14O7 210 

20 19.933 0.89 4(1H)-Pyridinone, tetrahydro-

1,3,5-trimethyl- 

C8H15NO 141 

21 20.246 0.32 5-(3,3-dimethyl-2-oxiranyl)-3-

methyl-1-pentanol 

C10H20O2 172 

22 20.554 1.54 Pentadecanoic 

acid(Figure102K) 

C15H30O2 242 

23 21.112 1.04 Hexadecanoic acid, methyl 

ester(Figure102L) 

C17H34O2 270 

24 21.598 5.19 Hexadecanoic acid C16H32O2 256 
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25 22.758 4.55 9,12-Octadecadienoic acid, 

methyl ester(Figure102M) 

C19H34O2 294 

26 22.813 0.84 9-octadecenoic acid (z)-, 

methyl ester 

C19H36O2 296 

27 23.298 18.40 9,12-octadecadienoic acid, 

methyl ester, (e,e)- 

C19H34O2 294 

28 24.466 0.28 3-Cyclopentylpropionic acid, 

2-dimethylaminoethyl ester 

C12H23NO2 213 

29 25.094 0.56 13-Tetradece-11-yn-1-ol C14H24O 208 

30 25.741 0.70 3-Cyclopentylpropionic acid, 

2-dimethylaminoethyl ester 

C12H23NO2 213 

31 26.176 0.20 Hexadecanoic acid, 2-hydroxy-

1-(hydroxymethyl)ethyl ester 

C19H38O4 330 

32 26.286 0.27 1,2-benzenedicarboxylic acid, 

dioctyl ester 

C24H38O4 390 

33 27.261 0.45 As-indaceno[4,5-b]oxirene, 

dodecahydro-, (1a.alpha 

C12H18O 178 

34 27.528 1.44 9,12-Octadecadienoic acid 

(Z,Z)-, 2-hydroxy-1-

(hydroxymethyl)ethyl ester 

C21H38O4 354 

35 30.243 0.23 Pyrazine, tetrakis(1-

methylethyl)- 

C16H28N2 248 

36 30.517 1.42 9(11)-Dehydroergosteryl 

benzoate 

C35H46O2 498 

37 30.736 0.34 9(11)-

Dehydroergosteroltosylate 

C35H48O3S 548 

38 31.099 0.47 Phosphine, 

iodomenthylphenyl-

(Figure102N) 

C16H24IP 374 

39 31.462 0.25 (1S,6R,9S,10S)-

5,5,9Tetramethyltricyclo 

(1,6)]dodecan-11-one 

C16H26O 234 

40 32.643 0.22 Ethyl (9z,12z)-9,12-

octadecadienoate 

C20H36O2 308 

41 33.763 0.88 Ergosta-5,7,9(11),22-tetraen-3-

ol, (3.beta.,22e,24s)- 

(Figure102O) 

C28H42O 394 

42 34.268 0.14 (-)-Octahydro-3,6,11-trimethyl-

3,12-epoxy-12H-pyridino,1,2-

benzo[c] 

C15H23NO4 281 

43 36.102 0.40 Sarsasapogenin C27H44O3 416 
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Figure 102 (A-C): Major Compounds identified in methanolic extract of P. djamor, 

(mature fruit body), A. 2(3h)-furanone, dihydro, B. Cyclopentanone, 2-methyl, C. L-

Pantoyl lactone 
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Figure 102 (D-F): Major Compounds identified in methanolic extract of P. djamor, 

(mature fruit body), D. 2,5-Dimethyl-4-hydroxy-3(2H)-furanone, E. 2-pyrrolidinone 

F. 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 
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Figure 102 (G-I): Major Compounds identified in  methanolic extract of Pleurotus 

djamor (mature fruit body), G. 2-Acetamido-2-deoxy-d-mannolactone, H. Isosorbide, 

I. Methyl 5-oxo-2-pyrrolidine-carboxylate, 
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Figure 102 (J-L): Major Compounds identified in  methanolic extract of Pleurotus 

djamor (mature fruit body), J. 1,5-Anhydro-d-mannitol, K. Pentadecanoic acid, L. 

Hexadecanoic acid, methyl ester,  
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Figure 102 (M-O): Major Compounds identified in ethanolic extract of stage of 

Pleurotus djamor (mature fruit body), M. 9,12-octadecadienoic acid, methyl ester, 

(e,e)-, N. Phosphine, iodomenthylphenyl, O. Ergosta-5,7,9(11), 22-tetraen-3-ol, 

(3.beta.,22e,24s) 
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4.12.4. Biochemical constituents of fruit body of Pleurotus sajor-caju  

Total 44 compounds were detected in different retention (Figure103) time in 

methanolic extract of Pleurotus sajor-caju by GC-MS analysis. The highest peak 

was detected as Oxacycloheptadec-8-en-2-one with 17.69% area and the second 

highest peak was detected as isosorbide with 14.74 % area in retention time of 

23.273 and 12.733respectively. Ergosterol and phenolic derivatives and fatty acids 

were detected in methanolic extract. The detected compounds with their retention 

time and molecular weight and formula are given in Table51.The detected 

compound‟s structure and MS have been given in Figure 104A-P. 

 

Figure 103: Total ion Chromatogram (TIC) of GC analysis of methanolic extract of 

Pleurotus sajor-caju (mature stage) 
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Table 51. Compounds detected in methanolic extract of P. sajor-caju 

P
ea

k
 

R
et

en
ti

o
n

 

ti
m

e 

A
re

a
 

(%
) 

 

Compounds 

M
o
le

cu
la

r 

F
o
rm

u
la

 

M
o
le

cu
la

r 

W
ei

g
h

t 

1 4.593 0.17 Propanoic acid, 2-methyl- C4H8O2 88 

2 4.971 0.27 1-propanamine, 2-methyl-n-(2-

methylpropylidene)- 

C8H17N 

 

127 

3 6.265 0.55 Methyl butyric acid C5H10O2 102 

4 7.098 1.08 1h-imidazole, 4,5-dihydro-2-

methyl- 

C4H8N2 84 

5 7.454 0.28 Cyclopentanone, 2-methyl-

(Figure104A) 

C6H10O 98 

6 8.330 0.98 2(5h)-furanone, 3-methyl- C5H6O2 98 

7 9.302 0.82 But-3-enyl (e)-2-methylbut-2-

enoate 

C9H14O2 154 

8 9.762 1.76 2(3h)-furanone, dihydro-3-

hydroxy-4,4-dimethyl-, (r)- 

(Figure104 B) 

C6H10O3 130 

9 10.614 5.82 1,2,3-propanetriol(Figure104 C) C3H8O3 92 

10 11.312 4.14 4-methyloxazole(Figure104 D) C4H5NO 83 

11 12.028 0.91 6-methyl-1,5-

diazabicyclo[3.1.0]hexane 

C5H10N2 98 

12 12.173 1.34 2(3h)-furanone, dihydro-4-

hydroxy-3-methyl-, cis-(.+-.)- 

C5H8O3 116 

13 12.733 14.74 Isosorbide(Figure104 E) C6H10O4 146 

14 13.082 0.49 Phenol, 4-amino-(Figure104 F) C6H7NO 109 

15 13.657 1.38 3-pyridinecarboxylic acid C6H5NO2 123 

16 14.135 0.28 Ethanone, 1-(octahydro-1h-inden 

1-yl)-, (1.alpha.,3a.alpha., beta) 

C11H18O 

 

166 

17 14.474 3.05 Oxirane, 2-butyl-3-methyl-, cis-

(Figure104 G) 

C7H14O 114 

18 14.801 0.39 Octane, 1,1'-oxybis- C16H34O 242 

19 15.162 9.12 L-proline, 5-oxo-, methyl 

ester(Figure104 H) 

C6H9NO3 143 

20 15.566 0.70 Pyrazine, 2-methyl-3-

(methylthio)- 

C6H8N2S 140 

21 16.601 1.18 Uric acid(Figure104 I) C5H4N4O3 168 

22 16.891 0.19 

23 19.058 11.36 1-(3,4-dihydroxy-5-

hydroxymethyl-tetrahydro-furan-

2(Figure104 J) 

C9H12N2O6 
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Contd…. 
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Compounds 

M
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cu
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r 

F
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M
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W
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24 19.865 1.56 N-(4-chloro-3,3-dimethyl-2-

butylidene)-isopropylamine 

(Figure104 K) 

C9H18ClN 

 

175 

25 20.302 0.45 (2e)-3,7,11,15-tetramethyl-2-

hexadecene # 

C20H40 

 

280 

26 20.564 1.93 Pentadecanoic acid(Figure104 L) C15H30O2 242 

27 21.111 0.46 Pentadecanoic acid, 14-methyl-, 

methyl ester 

C17H34O2 270 

28 21.283 0.23 3-isobutylhexahydropyrrolo[1,2-

a]pyrazine-1,4-dione # 

C11H18N2O

2 

210 

29 21.381 0.16 9-octadecenoic acid (z)- C18H34O2 282 

30 21.601 7.27 Hexadecanoic acid C16H32O2 256 

31 22.753 1.40 9,12-octadecadienoic acid, methyl 

ester, (e,e)- 

C19H34O2 

 

294 

32 23.276 17.69 Oxacycloheptadec-8-en-2-

one(Figure104 M) 

C16H28O2 252 

33 23.475 0.30 9-octadecenoic acid (z)- C18H34O2 282 

34 23.642 0.12 9-octadecenamide C18H35NO 281 

35 23.926 0.40 1-amino-4,6-dimethyl-2-oxo-1,2-

dihydropyridine-3-carbonitrile 

C8H9N3O 

 

163 

36 25.095 0.70 13-tetradece-11-yn-1-ol C14H24O 208 

37 25.743 0.56 Fumaric acid, (Figure104 N) C17H31NO4 313 

38 27.298 0.67 Ethyl (9z,12z)-9,12-

octadecadienoate 

C20H36O2 308 

39 27.531 0.52 9,12-octadecadienoic acid (z,z)-, 

2-hydroxy-1-

(hydroxymethyl)ethyl ester 

C21H38O4 

 

354 

40 30.517 1.69 9(11)-dehydroergosteryl 

benzoate(Figure104 O) 

C35H46O2 

 

498 

41 30.739 0.31 2,5,5,8a-tetramethyl-

3,4,4a,5,6,7,8,8a-octahydro-1-

naphth 

C16H26O2 
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42 31.101 0.25 Spirost-4-en-3,6-dione C27H38O4 426 

43 31.461 0.16 9,12-octadecadienoic acid (z,z)-, C21H38O4 

 

354 

44 33.760 0.25 Androst-5,7,9(11)-triene, 3-

acetoxy-17-oxo- 

C21H26O3 

 

326 

45 36.128 1.30 Sarsasapogenin (Figure104 O) C27H44O3 416 
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Figure 104 (A-D): Major Compounds identified in methanolic extract of stage of P. 

sajor-caju (mature fruit body), A.Cyclopentanone, 2-methyl-, B. 2(5h)-furanone, 3-

methyl, C. 1,2,3-propanetriol, D. 4-methyloxazole, 
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Figure 104 (E-H): Major Compounds identified in methanolic extract of stage of P. 

sajor-caju(mature fruit body), E. Isosorbide, F. Phenol, 4-amino-, G. Oxirane, 2-

butyl-3-methyl-, cis-, H. L-proline, 5-oxo-, methyl ester  
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Figure 104 (I-L): Major Compounds identified in methanolic extract of P. sajor-caju 

(mature fruit body) I. Uric acid, J. 1-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-

furan-2, K. N-(4-chloro-3,3-dimethyl-2-butylidene)-isopropylamine, L. 

Pentadecanoic acid,  
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Figure 104 (M-P): Major Compounds identified in ethanolic extract of P. sajor-caju 

(mature fruit body) M. Oxacycloheptadec-8-en-2-one, N. Fumaric acid, 2-

dimethylaminoethyl nonyl ester, O. 9(11)-dehydroergosteryl benzoate,                       

P. Sarsasapogenin 
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Table52. Comparative study of the presence of major compounds detected in 

methanolic extract of different mushrooms by GC-MS analysis  

 Edible mushrooms 

Major Compounds Agaricus bisporus 

C
. 

in
d
ic

a
  

P
. 

d
ja

m
o
r 

 

P
. 

sa
jo

r-
ca

ju
  

(P
in

 h
ea

d
) 

(M
at

u
re

) 

Furanone derivatives  + + + + + 

Propanetriol - - - - + 

2-pyrrolidinone + ++ + + - 

Pyrazine - + - + + 

l-homoserine lactone - - - + - 

Pantyl lactone - - - + - 

Piperidine + - - - - 

Pyridinine - - - + - 

Pyridine + - - - - 

Cyclohexanedione - + + - - 

Glycerin - - + - - 

Citronellol epoxide - - + - - 

Dianhydromannitol + + + +  

Phenol  - + - - + 

Isosorbide + + - - + 

Isopropylamione    - + 

Pyrrolidine ester + + + - - 

Cyclopentanone,  - - + + + 

Cyclohexen-1- - +  + - 

Purin 6-Amine + + - - - 

Acetic acid   + + - - 

Uric acid - - - - + 

Ascorbic acid  - + - - - 

Fumaric Acids  - + - - + 

Oxalic Acids  - - - - - 

Trioxoimidazolidine - +  - - 

9-octadecenoic acid + + + + + 

Contd…. 
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4.13. Post-harvest practices  

Mushrooms are considered vary nutritious in terms of protein, fiber and other essential 

compounds source. Mushrooms can be taken in various forms. Followings are some 

delicious dishes made of different mushrooms.Most of the mushrooms, being high in 

moisture and delicate in texture, it cannot be stored for more than 48 hours at the 

ambient conditions prevailing in the tropics. The spoilage of mushroom might be 

caused by the action of bacteria on the mushroom tissue and browning of mushrooms 

was due to a combination of auto-enzymatic and microbial action on the tissue. Post-

harvest practices have since been developed to extend the shelf life of fresh 

mushrooms. As far as processing technologies are concerned, sun drying of mushrooms 

is one of the simplest and oldest methods followed by the rural mushroom growers. 

Effective processing techniques will not only prevent the post-harvest losses but also 

result in greater remuneration to the growers as well as to the processors. Attractive 

packaging of the value-added products is yet another area, which may be called the 

secondary value-addition. 

4.13.1. Short term processing of Fresh mushroom  

Short term processing of mushrooms includes the preparation of different recipes 

(Figure106). A variety of delicious food items were prepared with mushroom and tested 

 Edible mushrooms 

Major Compounds Agaricus bisporus 

C
. 

in
d
ic

a
 

P
. 

d
ja

m
o
r 

P
. 

sa
jo

r-
ca

ju
 

P
in

 h
ea

d
  
  
  

 

 M
a
tu

re
 

Hexadecanoic acid - - + + + 

Dibutyl phthalate - - + - - 

Propanoic acid  - - - - + 

Pentadecanoic acid - - + + + 

Pentanoic acid  + - -  - 

Phosphine  - - - + - 

Solanesol (alkaloid) - - + - - 

Malonic acid ester - - + - - 

Methyl butyric acid  - - - - + 

Ergosta-  Derivative  - + + + + 

Sarsasapogenin - - - + + 
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in the laboratory among the lab member. Mushroom curry, Vegetable mushroom with 

tomato, mushroom pakora and mushroom soup was prepared. These recipes were 

prepared using the cultivated different species of mushroom. The mushroom soup was 

prepared following two different procedures like crushed mushroom soup and chopped 

mushroom soup and both the soups were delicious and tastes were completely different. 

Short term processing leads to packaging of mushroom for better preservation 

(Figure105). Selection of fruiting body is one of the important steps for good quality 

packaging. Freshly harvested fruiting body was selected for packaging and sampling 

was done according to their size. The selected fruiting body was then cleaned and the 

basal part of the stipe was removed. Then the mushroom fruiting body was packaged in 

polypropylene bags according to their size, colour and species. Then the bags were 

sealed and weighted. The packaged mushrooms were then kept at 4
0
 C for 3-4 days 

preservation.  

 

Figure 105:  Packaging strategies of milky mushroom, A. whole fruit body, B. 

mushroom stipe pieces 
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Figure 106 (A-H): Fresh mushroom dishes A-C. Milky mushroom pakora, D. 

Mushroom scramble, E-F. Mushroom mixed vegetable; G-H. Mushroom soup 

 

4.13.2. Long term processing 

It is the process of removal of moisture from the product to such a low level that 

microbial and biochemical activities are checked due to reduced water activity, which 

makes the products suitable for safe storage and protection against the attack by 

microorganisms during the storage. Mushroom contains about 90% moisture at the time 

of harvesting dried to a moisture level down below 10-12%. Drying temperature (55-

60°C), give us the dehydrated product of lower moisture content with longer shelf-

life.The temperature, moisture of the mushroom and humidity of the air affect the 

colour of the dried product. Dried mushrooms can be easily powdered and used in 

soups, bakery products etc (Figure107). Mushroom dried at higher temperature loose 

texture, flavour, and colour.  
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Figure 107 (A-J): Dry mushrooms, mushroom powder and prepared buiscuits;   

(A). P. sajor-caju, (B). P. djamor, (C). P. ostreatus, (D). P. florida, (E). C. indica, 

(F). A. bisporus, (G). powder of milky mushroom, (H). Powder of button 

mushroom, (I-J). mushroom biscuit.  
 

4.14. Field application of spent mushroom substrate for crop improvement  

4.14.1. Application of spent mushroom substrate on leafy vegetables 

4.14.1.1. Effect on growth parameter  

4.14.1.1.1. Seed germination  

SMS of milky mushroom showed the positive effect on seed germination of leafy green 

leafy vegetables. Germination period of seed for Spinacia oleracea, Coriendrum 
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sativum and Amaranthus sp has been recorded as lesser (5, 9, 13 days respectively) in 

SMS treated field in compared to that of untreated field (i.e.7, 10, 16 days respectively). 

Among the selected leafy vegetables Spinach has the lowest germination period (5 

days). 

4.14.1.1.2. Effect of SMC application on vegetable height 

Table.2 shows the mean heights of the selected leafy vegetables in response to SMS 

treatments. The highest height in all the leafy vegetables was attained with SMS 

treatment at 20
th
 and 40th days of sowing. In treatment field for each leafy vegetables at 

20
th

 day Spinaciaoleracea has the mean height of 6.69 cm and while these values 

significantly (p >0.05) increased to 22.83 cm at 40 days. Coriendrum sativum has the 

highest mean height of 4.62 cm which increased to 21.05 cm at 40days. Amaranthus sp 

has the highest mean height of 1.96 cm at 10days and at 40 days it attained 5.43 cm, 

while in untreated plot at 20
th

 day, Spinaciaoleracea has the mean height of 4cm and 

while it increased to15.6 cm at 40
th
 day, Coriendrum sativum has the mean height of 

3.70 cm which increased to 15.72 cm at 40
th
 day, Amaranthus sp has the highest mean 

height of 1.2 cm at 20
th
 day and at 40

th
 day it attained 2.6 cm. It could be clearly seen 

that the untreated experiment had least stimulatory effect on the height of leafy 

vegetables compared with the SMS treated soil which promoted the plant to 

development. This study revealed that the introduction of SMS into the soil enhanced 

growth of leafy vegetables significantly. 

 
Figure 108: Field application of SMC of C. indica on leafy vegetables 
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Table 53. Effect of SMS of C. indica in leafy vegetables 

 

Plants 

F
ie

ld
 

co
n

d
it

io
n

 

 

Growth Parameters 

Growth (cm) Number of 

leaves 

Leaf-area 

(cm
2
) 

Days interval Days interval Days interval 

20
th

 40
th

 20
th

 40
th

 20
th

 40
th

 

 

Spinach oleracea 

Untreated  4.2± 

0.10 

15.6± 

0.68 

3.83± 

0.16 

7.5± 

0.42 

2.08± 

0.031 

8.88± 

0.30 

SMS of  

C. indica 

6.69± 

0.19 

22.83±

0.47 

5.67± 

.21 

10± 

.45 

8.52± 

0.039 

22.94± 

0.42 

 

Coriendrum sativum 

Untreated 3.70± 

0.17 

14.3± 

0.42 

3.33±

0.21 

5.17±

0.30 

1.83± 

0.028 

6.05± 

0.20 

SMS of  

C indica 

4.63±

0.18 

21.05±

0.56 

4.17±

0.30 

6.83±

0.31 

3.37± 

0.036 

9.41± 

0.33 

 

Amaranthus sp 

Untreated 1.2± 

0.17 

2.6± 

0.21 

2.6± 

0.21 

3.83±

0.30 

1.45± 

0.021 

5.94± 

0.26 

 SMS of  

C indica 

2.01±

0.25 

5.43± 

0.36 

3.83±

0.31 

5.83±

0.47 

3.35± 

0.022 

7.99± 

0.34 
Values are average of the 15 replicate experiments. ± Standard Error; Difference between 

untreated and treated plants significant at p> 0.05 in all the experiment set up as determined 

by Student‟s t-test. 

The effect of SMS on number of leaves of leafy vegetables maintained at 20
th
 day and 

40
th

 day of sowing was represented on Table 2. Leaves are very important in green 

vegetables, as they help in the manufacturing of food during the process of 

photosynthesis. Sandy soil, supplemented with 5kg of SMS, gave the highest mean 

number of leaves, while the least mean number were observed in the untreated 

experiments. At 40
th
 day, SMS treated field showed the highest number of leaves for 

each leafy vegetables. In Spinaciaoleracea, the mean number of leaves is 10 while 

mean number of leaves is 7.5 in untreated plot. In coriander mean number of leaves is 

6.83 in treated plot while it is 5.17 in untreated plot. Increased number of leaves also 

found in Amaranthus sp (5.83) in SMS treatment while in untreated mean number of 

leaves found as 3.83. Table53 shows the leaf area (cm
2
) of the vegetables was increase 

significantly in SMS treated field. All the leafy vegetables under this study had their 

highest number of dropped leaves in the untreated field. This may be due to the fact that 

the depleted garden soil alone lacks the essential mineral elements which vegetables 

needed to retain leaves. It could also be seen that these nutrients were available in the 

SMS applied field.  

4.14.1.2.  Effect on biochemical constituents  

The result showed thatthe nutritional constituents of each leafy vegetable significantly 

increased when it grows in the SMS amended soil.Every leafy vegetable grown in SMS 
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amended soil showed significant increase in total Chlorophyll content (Figure 109A). 

The maximum chlorophyll content was observed in Coriendrum sativum (2.97 mg g 

tissue
-1

) grown in SMS amended field followed by Amaranthus sp (2.38 mg g tissue
-1

) 

and Spinacia oleracea (2.19 mg g tissue
-1

) as compared to control of each. Carotenoid 

content has been estimated as maximum in Coriendrum sativum treated with SMS 

among the vegetables (Figure 109B). The results regarding the ascorbic acid content of 

leaves in three vegetables is presented in Figure 109 C. The maximum Ascorbic acid 

content (mg g tissue
-1

) was observed in leaves of Coriendrum sativum in SMS treated 

field.The highest soluble phosphate content (mg g tissue
-1

) observed in both root and 

leaves from the vegetables grown in SMS incorporated field in compared to untreated 

one (Figure110). The increased of the soluble phosphate content in SMS treated plant 

indicate that sms of Calocybe indica increase the availability of soluble phosphate in 

soil that can be easily taken by vegetables.  

 
Figure 109 (A-C): Effect of SMS of C. indicaon antioxidant component content (mg 

g tissue
-1

) inthree leafy vegetables; A. Total chlorophyll, B. Carotenoid, C. Ascorbic 

acid 
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Figure 110: Effect of SMS from milky mushroom on phosphate content (mg g 

tissue
-1

) in leafy vegetables 

 

4.14.2. Application of spent mushroom substrate on Solanum lycopersicum 

4.14.2.1.  Effect on growth parameters and yield  

4.14.2.1.1. Effect of SMS on vegetative growth parameters of tomato plant 

The effects of the Spent Mushroom Substrate on vegetative growth parameters-plant 

height (PH), length of leaves (LL) and number of leaves (NL) are presented in Table 

54. There was an increase in all the parameters from week 2 to week 9. Application of 

spent mushroom substrate to soil however, showed significant difference (t<.05) on 

plant height when compared with control. The trend was also same with the number of 

leaves. The means for number of leaf (NL), number of branch (NB) and plant height 

(PH) were 241.33±0.86, 4±0.43, and 104.49±.89cm respectively for treated soil and 

184.27±2.07, 3.1±0.23, 76.21±0.38cm for control soil plot (Table54). From the table 1, 

it was observed that plant height and number of leaves in SMC treated plot was 

significantly increased from 5
th

 week in compared to control plot. The self-life of 

tomato plant grown in SMC amended plot showed more self-life than the control one. 

Even when control plot was dried up after complete production, the fruiting was 

continued in SMC treated plot. The increased root biomass was observed in treated 

field compared to control one. 

4.14.2.1.2. Effect of SMC on fruiting and fruit quality 

In fruiting and fruit quality both Tomato varieties responded to SMC very 

positively.Mean number of fruits was recorded as 20.27±0.49 and 12.26±0.049 

respectively for the treated and control plot at 9
th
 week (Table54). Figure 113A shows 

the number of fruits for each of the treatment from the 6weeks to the twelfth weeks. 

The length and diameter of fruit was also recorded (Figure113 B&C). It was generally 

observed that the mean fruit size in treated plot was 5.98 cm length with diameter of 
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4.57 cm where in case of control plot the fruit length and diameter was 5.75cm and 

4.51cm respectively. 

Table 54. Effects of SMC on the number of leaves and plant‟s height upto 6
th
 weeks 

Intervals  Parameters  Control Treated 

 

0 week 

 

Height (cm) 

 

10 

 

10 

 Number  of leaves  8 8 

1 week Height (cm) 12.31±0.26 14.4±0.57 

 Number  of leaves  11.27±0.48 11.33±0.65 

2 week Height (cm) 16.72±0.19 17.01±0.40 

 Number  of leaves  18.87±0.55 20.2±1.07 

3 week Height (cm) 27.87±0.13 29.13±0.32 

 Number  of leaves  26.66±0.74 27±0.64 

4 week Height (cm) 36.07±0.21 43.46±0.50 

 Number  of leaves  64.6±0.62 66±0.96 

5 week Height (cm) 43.82±0.45 55.72±0.36 

 Number  of leaves  71.27±0.98 96±0.39 

6 week Height (cm) 76.21±0.38 104.49±0.89 

 Number  of leave s 184.27±2.07 241.33±0.86 

 

 

Figure 111: Effect of fresh SMC on plant health and yield; A&C. Control plants 

showing, B&D. SMC Treated plants showing the health status and yield  
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Figure 112: Shoot and root biomass of tomato plants; A-B. Shoot biomass, C-D. 

Rhizospheric soil content, E-F. Root biomass  

 
Figure 113: Effect of SMC of A. bisporus on development of tomato; A. Number of 

fruit/plant, B. Length of fruit (cm) and C. Diameter of fruit (cm) 
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4.14.2.2. Analysis of biochemical constituent of S. lycopersicum fruit and leaves 

The nutritional content of harvested tomato was investigation. Fruit‟s nutritional 

content like carbohydrate, protein and antioxidant properties such as Lycopene 

content, ascorbic acid and Carotenoid content also show significant difference 

between the SMS treated and control plant. The major proportion of antioxidant 

present in tomato fruit is ascorbic acid. The ascorbic acid content was estimated 

from red tomato at mature stage. Both varieties shows highest ascorbic acid content 

in their fruit from the SMC amended soil plot. Similar results were found in 

Lycopene and Carotenoid content.  

 
Figure 114: Effect of SMC on antioxidant component of tomato fruits (A), Effect of 

SMC on phosphate uptake (B), Basic nutrition of tomato fruit (C) 

 

4.14.3. Effect of spent mushroom substrate on Capsicum sp. in compare to 

other organic manure and inorganic fertilizer  

4.14.3.1. Effect on growth parameters and yield  

The field experimental treatment has influenced the growth parameters of plants. 

Among the ten organic manures and their combination with bioinoculants applied, 

SMC and trichocompost individually, vermicompost with SMC was found to be the 

best. It has significantly increased growth yield and leaf biomass. Among the bio-

inoculants the highest plant growth observed in SMC with vermicompost but took 
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the maximum time for fruiting Vermicompost with PGPR inoculated plants were 

found to be the superior and effective in increasing growth parameters and other 

yield attributes, followed by only vermicompost, cow dung, PGPR, urea low dose 

and the plants with high doses of urea show minimum growth and production 

(Table55). The influence of microbial (PGPR) enriched vermicompost recorded 

better root proliferation. The highest fruit yield was achieved through application of 

vermicompost combined with SMC. The data regarding the growth parameters as 

influenced by various bioinoculants treatment are presented in Table 55. Different 

treatments in combination with compost and microbial bioinoculants showed 

positive effects.  

 
Figure 115 (A-J): Effect of different bio-inoculum on growth parameters of 

Capsicum sp. (bell pepper); A. control, B. SMC, C. Trico-com, D. vermicompost, E. 

SMC+ vermcompost, F. PGPR-talc based formulation, G. cow dunk, H. Urea-H 

(200gm/pot), I.Urea-L (100gm/pot),  J. Vermi + PGPR 

Table 55. Effect of different organic and inorganic fertilizer on growth parameter of 

bell pepper   
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Treatmen

ts 

  

A
v
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A
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f 

b
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n

c
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/ 
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n
t 

F
r
u

it
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g
 t

im
e
 

(d
a

y
s
) 

y
ie

ld
/ 

1
s
t 

h
a

r
v

e
s
t 

Days  20 30 40  20 30  40  20 30  40 

control  11 

±5.23 

23.2 

±1.76 

29.4 

±1.34 

9.8 

±1.56 

22.4 

±1.34 

38.6 

±2.97 

2± 

0.54 

3.4 

±0.23 

11.6 

±0.76 

42.6 

±0.54 

4.2 

±0.29 

SMC  19.4 

±2.15 

41.4 

±1.47 

51.4 

±2.17 

19.8 

±2.97 

51.4 

±3.23 

64.4 

±2.67 

3.4 

±0.47 

13.2 

±0.39 

19.6 

±0.27 

31.8 

±1.21 

6.2 

±0.12 

Trico-compost 14.8 

±6.34 

35.2 

±3.34 

41.8 

±1.23 

12.2 

±0.78 

44.8 

±1.27 

53.8 

±3.78 

2.6 

±1.37 

9.4 

±1.63 

16.8 

±1.81 

35.8 

±1.78 

4.4 

±0.81 

Vermicompost  12.8 

±0.86 

32.4 

±2.15 

40.8 

1±1.8 

13.4 

±1.02 

45.2 

±1.67 

56.6 

±1.33 

2.8 

±0.11 

8.2 

±0.55 

17.2 

±0.96 

35.4 

±1.06 

4.2 

±0.34 

SMC+ vermi 20.2 

±5.32 

42.4 

±2.37 

53.4 

±1.91 

20.6 

±1.82 

52.8 

±2.37 

60.6 

±2.26 

3.6 

±0.27 

14.8 

±2.45 

20.6 

±1.21 

37.2 

±1.56 

6.4 

±0.71 

PGPR 11.3 

±4.23 

30.4 

±6.34 

37.4 

±6.23 

13.2 

±0.92 

44.4 

±2.13 

53.4 

±1.82 

2.6 

±0.23 

6.8 

±0.47 

15.6 

±0.25 

36.4 

±0.87 

4.6 

±0.12 

Cow  dung 16.8 

±0.72 

31.6 

±0.87 

40.2 

±1.32 

12.8 

±0.56 

44.2 

±1.27 

52.8 

±1.21 

2.6 

±0.06 

7.6 

±0.33 

16.2 

±0.37 

40.2 

±0.68 

4.8 

±0.67 

Urea  H 8.2 

±1.21 

11.2 

±1.76 

18.6 

±1.56 

4.2 

±0.56 

21.2 

±1.45 

29.2 

±1.23 

1.2 

±0.36 

2.6 

±0.17 

9.8 

±0.21 

43.2 

±0.29 

1.8 

±0.58 

Urea  L 11.2 

±0.27 

29.8 

±0.92 

39.4 

±1.56 

12.4 

±0.78 

41.2 

±2.37 

45.4 

±4.89 

1.8 

±1.23 

5.4 

±0.64 

14.6 

±1.98 

39.4 

±2.76 

4.2 

±0.72 

Vermi+ PGPR 13.4 

±0.93 

32.8 

±1.70 

43.4 

±0.87 

14.4 

±0.97 

47.8 

±1.78 

57.8 

±1.67 

3.2 

±0.29 

9.6 

±0.97 

18.8 

±1.67 

34.6 

±4.78 

5.2 

±0.91 

Values are presented as means± stansard error 

Note: Urea H- 250gm/pot, urea L- 100gm/pot, PGPR-plant growth promoting rhizobacteria, 
SMC-spent mushroom compost,  

 

4.14.3.2. Analysis of Biochemical constituent of Capsicum sp fruit 

4.14.3.2.1. Effect of bio-inoculants on nutritional constituents and antioxidant 

accumulation in capsicum fruit 

The nutritional content of mature (15 days old) fruit was investigated. Fruit‟s nutritional 

content like carbohydrate, protein and antioxidant properties such as ascorbic acid and 

Carotenoid content also show significant difference between the bio inoculant treated 

and chemical fertilizer treated plant. The major proportion of antioxidant present in 

capsicum fruit is ascorbic acid. The ascorbic acid content was estimated from 20 days 

old mature capsicum fruit. SMC with vermicompost combination showed the highest 

ascorbic acid content in their fruit followed by SMC singly, tricho-compost, 

vermicompost, cow dung, vermi with PGPR, PGPR singly and control plants. The 
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minimum ascorbic acid content was recorded in urea treated plants. Similar results were 

observed in Carotenoid content.  

 

Figure 116: Effect of bio-inoculant and inorganic fertilizer on nutritional value and 

Antioxidant properties in mature capsicum fruit 

 

4.14.4. Effect of spent substrate on AMF colonization and population in 

rhizosphere 

4.14.4.1. Root Colonization and spore diversity 

The percentage of mycorrhizal root colonization varied significantly in all SMS 

treated plants compared to the control field. The highest root colonization was found 

in treated tomato plants in comparison of control plants. In capsicum the percentage 

of mycorrhizal colonization varied significantly in chemical fertilizer and organic 

fertilizer and treated plants. Among the organic fertilizer and bio-inoculants 

treatments the highest root colonization was found in the SMC treated plant 

followed by the SMC–vermicompost combination, trichocompost, vermicompost, 

vermicompost with PGPR, PGPR singly and cow dung treated plant. Dramatically 

mycorrhizal colonization was not found in Urea treated plants. It was also found that 
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the rhizospheric soil content of plant effectively increased in bio-inoculants treated 

plant in compared to control and urea treated plant sample.Surprisingly the 

germinated VAM spore population was found to be mare in the SMS treated plot 

against the untreated plot. In tomato crop the VAM spore war recorded as 

680/100gm soil in treated where 370/100gm soil in untreated plot. In Coriandrum 

sativum cropping plot treated with SMS of milky mushroom VAM spore was 

measure as 450/100gm soil but in untreated plot it was measured as 280/100gm soil. 

All the data regarding the effect of SMC/SMS on the mycorrhizal root colonization 

(%) and VAM population in different crop system is presented in Table 56. 

Table 56. VAM spore diversity and root colonization study 
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S. lycopersicum SMC of A. bisporus 680
a 

85
a 

 Untreated control 370 54 

Cariandrum sativum  SMC of C. indica  450
a 

78
a 

 Untreated control 280 59 

Spinaciaoleracea SMC of C. indica 600
a 

0 

 Untreated control 540
 

0 

Amaranthus sp SMC of  C. indica 490
a 

76
a 

 Untreated control 270 47 
a
 P<0.01 (significantly different when compared with control) 

 
Figure 117 (A-I): Mycorrhizal root association in Coriandrum sativum plant,            

A-F. Treated with SMS of milky mushroom, G-I. Untreated plant 
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Figure 118 (A-F): Mycorrhizal root association in Amaranthus sp; A-D. Treated with 

SMS of milky mushroom, E-F. Untreated control plant 

 
Figure119 (A-F): Mycorrhizal root association; A&C. SMC treated tomato root, B & 

D. Untreated tomatoroot; E-F. External hyphae network of Mycorrhiza 
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Figure120 (A-F): Mycorrhizal vesicles and root colonization in tomato root grown 

in SMC incorporated soil. 

 
Figure 121: VAM spores isolated from the rhizospheric soil of L. esculentum 
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Figure 122: VAM spores isolated from the rhizospheric soil of Coriandrum sativum 

 
Figure 123: VAM spores isolated from the rhizospheric soil of Amaranthus sp 
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Figure 124: VAM spores isolated from the rhizospheric soil of Spinacia oleracea 

4.15. Use of spent mushroom compost extract in disease suppression  

4.15.1. Selection of Fungal Pathogen: Fusarium oxysporum (KF952602) 

 
Figure125 (A-F): Fungal pathogen Fusarium oxysporum in PDA media (A), conidia 

before germination (B-C), and Germinated conidia (D-F) 
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4.15.2. Responses of Fusarium oxysporum against aqueous extract of SMS of A. 

bisporus in S. melongena 

After 48 hours of application of F. oxysporum (KF952602) broth suspension in the 

experimental set of eggplant it has been found that the wilting was initially started in 

untreated inoculated as well as spent substrate extract (SMSE) treated sets. But it was 

observed that after 72 hours of treatment the untreated inoculated set was totally got 

wilt. But surprisingly the SMSE treated inoculated set was remain intact as like control 

sets (Figure126). In treated sets leaf drop was observed.  

 

Figure 126: Effect of SMSaqueous extract against F. oxysporum induced wilting in S. 

melongena 
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4.15.3. In-vitro Antagonistic activities of fungal sp against F. oxysporum 

Total six fungus and extract of spent mushroom substrate were initially taken up for 

their antagonistic effects against the fungal pathogens F. oxysporum. For each of the 

antagonistic tests, 5mm disc of six fungus were taken from 7 days old culture and 

placed at the periphery of the petri plate and the extract of SMC was also spread over 

the media. Similarly, agar disc of 5 mm from pathogen culture was placed in the same 

petri plate on the opposite end. The percent inhibition in the radial colony was 

calculated by the following formula- 

Percent inhibition = C-T/C × 100 

Where C= radial growth in control;   T= radial growth in treatment 

Table 57. In vitro antagonistic tests of fungal sp against root rot pathogens F. 

oxysporum 

Interacting microorganisms 
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(%
) 

F. oxysporum 10.3±0.24 0 

F. oxysporum+ Pleurotus sajor-caju 4.2±0.08 59.2 

F. oxysporum+ P. djamor 5.2±0.09 49.5 

F. oxysporum + P. ostreatus 4.9±0.07 52.4 

F. oxysporum+ P.florida 6.6±0.33 35.92 

F. oxysporum + SMC crude extract  5.1±0.23 50.5 

F. oxysporum + SMC autoclaved extract 7.1±0.21 31.06 

F. oxysporum +Agaricus bisporus 4.6±0.20 55.3 

F. oxysporum + Calocybe indica 5.7±0.37 44.6 

Values are average of three replicate experiments. ± standared error   

 

 

Figure 127: Antagonistic activities of SMC extract against F. oxysporum 
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Figure 128: Antagonistic test of different edible mushroom against fungal plant F. 

oxysporum in PDA media 
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4.15.4. Responses of F. oxysporum against SMC of A. bisporus against in Citrus 

reticulata 

4.15.4.1. Growth enhancement  

The effect of spent substrate on growth parameters was evaluated in terms of percent 

increase in height and leaf number over similar increase in control plants after one 

month and two months of treatment. Results revealed enhancement of plant growth 

by spent substrate application. 

 

Figure 129 (A-F): Efect of SMC of A. bisporus in growth parameterd and responses 

against F. oxysporum; A. Healthy plant; B. Root rot mediated wilting symptom; C. 

Untreated healthy; D. Untreated inoculated; E. Treated inoculated;and F. Treated 

healthy plant  



264 
 

 

Figure 130: Effect of SMC on growth of mandarin seedlings in pot condition 

measured in terms of percent increase in height and number of leaves  

 

4.15.4.2.  Disease assessment 

Rhizosphere of mandarin was inoculated by SMC prior tochallenge inoculation with 

Fusarium oxysporum. A development of root rot was determined after 15, 30 and 45 

days of inoculation on the basis of root rot index. Resultsrevealed that SMC could 

reduce root rot (Table 58). 

Table58. Disease index of root rot of Citrus plant in potted condition 

 

Days of 

Inoculation 

Disease index 

Pre-treated with 

F. oxysporum  F. oxysporum 

+ SMC 

Normal 

Control  

Treated 

Healthy 

15 3.5±0.116 1.7±0.078 0 0 

30 4.2±0.102 2.3±0.121 0 0 

45 6.1±0.096 2.7±0.156 0 0 

Values are average of 5 replicates, ± standard error 

Rot index: 0- no symptoms; 1- small roots turn brownish and start rotting; 2- 

leavesstart withering and 20-40% of roots turn brown; 3- leaves withered and 50% 

of rootsaffected; 4- shoot tips also start withering; 60-70% roots affected; 5- 

shoots withered with defoliation of lower withered leaves, 80% roots affected; 6- 

whole plants die, withupper withered leaves still remaining attached; roots fully 

rotted 
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4.15.4.3. Defense enzymes 

Activities of defense enzymes- phenylalanine ammonialyase, peroxidase, chitinase and 

β-1,3 glucanase were assayed after 24 hours and 96 hours of application inleaves and 

roots of mandarin seedlings. Activities of all four enzymes, in bothleaves and roots, 

were significantly (p<0.01) enhanced due to the SMS treatment (Figure 131&132). 

Peroxidase activity was almost similar in leaves and roots, whereas PAL activity was 

more than double in leaves when compared toroot. The chitinase activity was more in 

leaves in compared to root when β-1,3 glucanaseactivity was almost similar in both 

leaves and root. 

 
 

Figure 131 (A&B): Activity of defense enzyme on application of SMCin Citrus 

seedlings; (A). Phenyl Ammonia Lyase (PAL); and (B). Peroxidase, following 

inoculation with F. oxysporum 
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Figure 132 (A&B): Activity of defense enzyme on application of SMC in Citrus 

seedlings; (A). Chitinase and (B). Glucanase following inoculation with F. oxysporum  

 

4.15.4.4. Indirect Immuno florescence  

Indirect immuno florescence of infected root tissue of citrus reticulate was conducted 

was conducted using polyclonal antibody of F. oxysporum and labeled with FITC. 

Apple green fluorescence (Figure133) was evident in the corticle tissue as well as 

vascular tissue. Sample of control neither showed auto-fluorescence nor they showed 

any fluorescence when treated with normal serum followed by FITC. 

4.15.4.5. Immuno-localization of chitinase and β-1,3-glucanase by indirect 

immune-fluorescence 

Root rot incidence in mandarin plants was successfully reduced after applicationof 

SMC in the rhizosphere of mandarin saplings prior to pathogen challenge.Disease 

reduction was found to be brought about by enhanced activities of key defense enzymes 

like chitinase, glucanase, phenylalanine ammonia lyase and peroxidase whichincreased 

significantly after pathogen challenge.Cellular localization of chitinase in leaves and 

roots of citrus plants was determined following indirect immunofluorescence test using 

FITC binding and treatment with PAbs raised against chitinase and glucanase.Leaf and 

root sections from untreated control plants and inoculated and treated inoculated plants 

were taken. Immune-localization of chitinase and glucanase in treated leaves and root 

sections of citrus plants were observed using FITC after treatment with PAbs raised 
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against chitinase and glucanase. Positive reaction with FITC was observed in cellular 

localization which gave indication of the localization of the chitinase and glucanase in 

citrus leaf (Figure134 & 135). Bright apple green fluorescence was observed as the 

positive reaction.  

 
Figure 133 (A-D): Indirect imunofluorescence of mandarin roots, A. Healthy plant, 

B-D. Untreated inoculated, after appearance of wilting symptom; probed with PAbs 

of pathogen and labelled with FITC.  

 
Figure 134 (A-J): Cellular localization of β,1-3-glucanase induced in leaf by SMC 

treatment, (A-F), untreated control (G&H) and treated root (I&J), probed with 

PAbs of labelled with FITC 
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Figure 135 (A-F): Cellular localization of chitinase in leaf induced by SMC 

treatment (A-F), untreated control (G&H), and treated root (I&J) probed with PAbs 

of labelled with FITC  
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4.16. Entrepreneurship development among mushroom growers in villages of 

North Bengal. 

Promotion of mushroom cultivation to the rural community of North Bengal offers a 

unique combination of varied landscape from high mountainous region in the extreme 

north to the vast Gangetic plains in the extreme south. North Bengal comprises of seven 

districts-Darjeeling, Jalpaiguri, Coochbehar, Alipurduar, North Dinajpur, South 

Dinajpur and Malda. Darjeeling districs can be dividaed geographically into two broad 

divission, the hills and the plain region. A northern part of West Bengal is an important 

place as it is rich with biological and cultural diversities. The agricultural zone has a 

dominance of backward communities due to absence of any industry and limited 

livelihood options but depend on traditional agriculture.  

4.16.1.  Promotion of mushroom cultivation to the rural community of North Bengal 

In North Bengal oyster mushroom is the most popular cultivating mushroom. 

Awareness of mushrooms is one of the major problems of North Bengal. Most of the 

people don‟t have the knowledge about consumption of mushroom. Here only the tribal 

community collects mushroom from local forest. But now large numbers educated 

unemployed youth are showing very much interest in mushroom cultivation to make 

economic base to support their family. During the cultivation season mushrooms were 

at very high productive. However, due to unavailability of technologies for proper 

storing, drying and preparation of post-harvest products, they have been perishable. For 

promotion of mushroom cultivation seven districts of North Bengal were selected and 

hand on demonstration training was given to those persons who are interested in 

cultivation. The hands-on trainingbased on the oyster mushroom, milky and button 

mushroom cultivation was conducted to promote rural people, women self-help group 

(Figure136 A-J). Help desk for Mushroom grower has been stalled in„Krishimela‟ 

where knowledge about mushroom cultivation and their problems has been shared with 

the interested people (Figure 137 A-B). Few cultivation units also were established in 

village level (Table 61) and they are now cultivating different species of oyster 

mushroom. In North Bengal, growers are very much interested in selling the fresh 

mushrooms. But presently growers are drying the mushroom for long term 

preservation.  
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Figure 136 (A-J): Demonstration of different edible mushroom cultivation 

techniques in different parts of North Bengal, A-B. KrishiMela organized by 

Department of Agriculture, Govt. of West Bengal in Darjeeling district, C-D. Siliguri 

college exhibition, E-F. Gosainpur Sebashram, organized by West Bengal Volunteer 

Welfare organization (WBVWO), G. Jalpaiguri farm, H-I. Department of Botany, 

NBU, J. Mongpu, Darjeeling. 
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Figure 137: Hands on training on spawn preparation of edible mushrooms, organized 

at Department of Botany, NBU 

 
Figure 138: GPS location of some mushroom farms established in different places of 

North Bengal by the rural people with the help of technical support given during the 

study period funded by Department of biotechnology, Govt. of India; Bagdogra (A), 

Naxalbari (B), Ambari (C), Dhupguri(D)  and Mainaguri (F). 
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Figure 139: low cost Mushroom cultivation units developed by trained growers in 

foot hills of North Bengal, A-C. Cultivation of button mushroom in bamboo shelves, 

D-G. Plastic packet 
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Figure 140 (A-H): Fresh mushroom in marketl, A. Hill‟s road side, B. Siliguri local 

market (ChampasariSabji Bazar), C. Local fruit shop, D. Shopping mall of Darjeeling, 

E. Shopping mall of siliguri, F. Mongpu, G. Bagdogra bazar, H. Departmental store at 

Siliguri 
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4.16.2. Approximate Cost-Benefit Ratio on different edible mushroom 

production  

In order to determine whether the business producing mushroom were profitable or not, 

cost-benefit ratio analysis of mushroom production was carried out and were given in 

Tables 59.  

Table 59. Fixed cost analysis for Mushroom production 

Fixed cost Number/quantity Amount 

(Rs.) 

Culture house 180 Sqr ft 5000/- 

Shelf - 3000/- 

Sprayer 1(10ltr) 1200/- 

Drum 2 1000/- 

Transport cost - 500/- 

Culture room maintenance cost - 500/- 

Others (thread, knife) - 500/- 

Total fixed cost for button mushroom--- 11,700/- 

For oyster mushroom   ---- 8700/- 

Table 60. Costs and profit analysis in mushroom production by the growers  

Mushroom  Button mushroom (A. bisporus) 

Siliguri farm  

Darjeeling  
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Compost 

preparation   

200kg 2,300/- 100kg 200/

- 

20,000/

- 

11,700/- 

Labour 7days 4200/- 

Others   1000/- 

Spawn- 8kg 800/- 

Total investment -                                            8,300/- 

Total No. of bag 40 pcs 

Required period  60-65 

days 

Islampur 

farm  

DakshinDina

jpur 

Compost 

preparation 

600kg 6900/- 300kg 250/

- 

75,000/

- 

59,600/- 

 

 

 

 

 

 

 

 

 

 

Labour 10 days 5100/- 

Others  1000/- 

Spawn- 24kg 2,400/- 

Total investment                                            15,400/ 

Total No. of bag 120 pcs 

Required period 60-65 

days 
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Mushroom Summer milky mushroom (C. indica) 

Siliguri, 

Darjeeling   

Paddy 

straw  
100kg 800/- 75kg 170/- 12,750/- 8,2

50/

- spawn 10kg  700/- 

Labour  2000/- 

Others   1000/- 

Total investment -                                            4,500/- 

Total No. of bag 50 pcs 

Required period 35-40 days 

Mushroom Oyster mushroom (Pleurotus sp) 
Belacova 

village, 
Jalpaiguri  

Paddy straw  100kg 800/- 85kg 

 

90/- 7,650/- 3,1

50/- 
spawn 10kg  700/- 

Labour  2000/- 

Others   1000/- 

Total investment -                                            4,500/- 

Total No. of bag 50 pcs 

Required period 25-30 days 

 

Table 61. Village level mushroom production units established in different districs of 

North Bengal 
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1.  Moynaguri, Jalpaiguri  390 1000 

2. Moynaguri, Jalpaiguri 270 600 

3. Nayabari, Balakova, Jalpaiguri  310 1200 

4. Nayabari, Balakova, Jalpaiguri 290 800 

5. Ambari, falakata, Jalpaiguri  410 1200 

6. Ambari, falakata, Jalpaiguri 420 1300 

7. Dhupguri, Jalpaiguri  410 1300 

8. Dhupguri, Jalpaiguri 470 1700 

9. Nayabari, Belakova, Jalpaiguri 590 1800 

10 Bakuyabari, Belakova, Jalpaiguri 260 700 

11. Bharatbashti, Darjeeling  160 300 

12 Gosainpur, naxalbari, Darjeeling 260 600 

13. Air-port more Bagdogra, Darjeeling  210 800 

14. Gossainpur, Darjeelig 600 2000 

15. Batashi, Darjeeling 550 1500 

16. Naxalbari, Darjeeling 330 1000 

17. Dayaramjote, Naxalbari, Darjeeling  350 900 

18. Panitanki,  Darjeeling 310 900 

19. Panitanki Darjeeling 380 1000 

20. Natunpara , Gosaipur 280 800 

21. Khearjola, Champasari 230 700 

22. Deshbandhupara,, siliguri 270 700 

23. Kawakhali, medical 200 550 

24. Kawakhali, medical 260 600 

25. Sarjnagar, siliguri 240 500 

26. Jabravita, Santinagar, Darjeeling  340 900 

27 Kawakhali, 176 800 

28 Subalvita, siliguri 204 600 

29 Islampur, Dakshin Dinajpur  875 2500 

30 Sarkalpara, Rajganj 340 1000 
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Figure 141 (A-C): District wise mushroom production in trhee successive years, 

A. 2014, B. 2015, C. 2016  
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CHAPTER -5 

DISCUSSION  
------------------------------------------------------------------------------------------------------

Weather condition of North Bengal regions is not suitable for cultivation of all selected 

edible mushrooms such as oyster, milky and button mushroom in natural condition 

throughout the year. In order to overcome this climatic barrier present study was 

focused on screening and standardization of these mushroom strains for suitable 

cultivation in natural condition throughout the year and to make a calendar for seasonal 

cultivation of these mushroom strains. Parallely the present study was also focused on 

the effect of different substrates on nutritional constituents of mushrooms. After the 

fruit body harversting, the spent substrate was also applied in different crop system to 

evaluate its effect on growth parameters, yield and disease suppression. Mycelial 

growth rate and growth pattern of the six mushrooms (oyster mushrooms, milky 

mushroom and button mushroom) were found to be different in three different media. 

The mycelial growth rate and fruit development of C. indica in different substrates 

were evaluated and it was found that minimum period for substrate colonization was 

recorded in paddy straw while it was maximum in bamboo leaves. Bamboo leaves 

contain high amounts of phenolic substances and complex lignin compounds as 

compared to other substrates (Sahoo et al., 2009). Pani (2011) and Bokari et al., (2014) 

used different substrate and casing materials for cultivation of C. indica that affected 

spawn run and colonization period in the substrate. The casing materials and thickness 

play important role in fruit body development and fruiting period as recorded by Pani, 

(2012). Comparison of the biological efficiency of C. indica on different the substrates 

revealed that maximum biological efficiency was on paddy straw (196.1%) which was 

followed by paddy straw + saw dust (177.37%), paddy straw + maize 1:1 (174.33%), 

maize stalk (161.16%) and bamboo leaves (84.93%). This study was supported by the 

experiment of Amin et al., (2010) and Chakraborty et al., (2016). They also used 

different substrate for cultivation of C. indica to see the effect of substrates on yield and 

biological efficiency. The reason for low biological efficiency on bamboo leaves may 

be attributed to unavailability of necessary cellulosic compound in required amounts for 

fruit body formation. Paddy straw  as substrate was recorded as the best suitable in 

response  on spawn run period, pin head formation time average weight of fruit body 

and biological efficiency. Superiority of Paddy straw as compared to many other 

substrates such as sugarcane bagasse, ground nut haulms, soybean hay, black gram hay, 
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sunflower stalk, cotton waste, sesamum stalk, coir pith and wheat straw for cultivation 

of C. indica  has been reported by many workers (Chaubey et al., 2010; Pani 2010; 

Saranya et al., 2011; Velusamy et al., (2014a). Kalha et al., (2011) and Kumar et al., 

(2012 reported that the various supplement and biofertilizer in casing layer have the 

effect on the yield of C. indica. The thickness of casing layer also affected the yield and 

bio-efficiency as recorded by Subramanian et al., (2015). 

The organic supplementation has effect on yield and nutritional parameters of 

Calocybe Indica (Sharma et al., 2013). Yield performances of summer mushroom 

(Calocybe indica) on different agricultural subatrate have been carried out by Patel et 

al., (2017). The chemical constituent of the fruit body was found to be varied in 

different substrate. The protein content was always found to be higher in pileus than 

that of stipe. Velusamy et al., (2014b) reported the higher protein content of pileus than 

that of stalk. The chemical constituent of mushroom fruit body grown in different 

substrate varies as reported by Shin et al., (2007) and Pani (2010). Pushpa et al., (2010) 

suggested that milky mushroom is protein and fibrous rich with low fat content and 

may be used as protein supplementary diet. In present study the result revealed that the 

carbohydrate content of pileus is lesser than the stipe of the fruit body was supported by 

the study of Alam et al., (2008). Among the substrates, the lowest total sugar content 

was found in stipe of fruit body grown in paddy straw and maize stalk combination as 

26.30 mg/g tissue where others substrate based fruit body showed avg. total sugar 

content of 32.62 mg/g tissue. On the other hand in case of pileus the lowest total sugar 

content was found in bamboo leaves (21.67 mg/g tissue) where maximum total sugar 

content (24.33 mg/g tissue) was found in young coconut fiber growing fruit body 

followed by paddy straw (23.67mg/g tissue) paddy straw + saw dust (23.67 mg/g 

tissue) and maize stalk singly (23.67mg/g tissue) and paddy straw + maize stalk (22.33 

mg/g tissue). Sharma et al., (2013), reported that the organic supplements also effect on 

the non-enzymatic antioxidants and mineral expression in C. indica. Fruit body of C. 

indica contains lesser carbohydrate than protein in pileus as reported by Chakraborty et 

al., (2016). In our study it has been found that the various casing materials have the 

effect in chemical constituent of fruit body of C. indica. Among the casing materials 

the highest protein content of the pileus of fruit body was observed as 137.34 (mg/g 

tissue) in spent mushroom substrate followed by young coconut fiber, soil and sand, 

vermicompost, hard paper, sand and saw dust, tea waste and sand, saw dust and, Tea 

waste. The maximum protein content of stipe of fruit body was observed in sample 
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grown in paddy straw followed by paddy straw + maize stalk, maize stalk, young 

coconut fiber, paddy straw + saw dust (1:2) and the minimum protein content was 

found in both paddy straw + saw dust (1:2) and bamboo leaves. The maximum protein 

content of stipe was observed in spent mushroom compost casing material followed by 

Soil and sand, young coconut fiber, tea waste, Hard paper, vermicompost, tea waste, 

saw dust and the minimum protein content was found in sand and saw dust. Maximum 

protein content was observed in pileus of young fruit body compared to stipe by 

Velusamy et al., (2014b). His study revealed that the carbohydrate content of pileus is 

lesser than the stipe of the fruit body. Among the casing materials, the maximum total 

sugar content (26.30 mg/g tissue) was found in stipe of fruit body grown in SMC 

followed by soil and sand (34.67), vermicompost (34.33), young coconut fiber and Tea 

waste (33.33 mg/g tissue), Tea waste and sand (33mg/g tissue), Sand and saw dust, 

hard paper (32.67mg/g tissue). On the other hand in case of pileus the lowest total sugar 

content was found in saw dust encased sample where maximum total sugar content was 

measured in spent mushroom substrate and soil and sand. Our study regarding the 

carbohydrate content was supported by the study of Velusamy et al., (2014b) where he 

stated that the carbohydrate content of stipe was measured as maximum compared to 

pileus.  

In case of button mushroom cultivation, timing of composting which make it 

suitable for mushroom growth is important for good result of production (Colak, 2009). 

Time period may be an optima activity stage of thermophilic fungi. This stage is a 

crucial stage for decomposition for carbohydrates necessary to produce a selective 

substrate environment for mushroom growing. The qualities of Pleurotus ostreatus 

such as high yielding, ability to grow on a wide variety of substrates such as coconut 

coir, sawdust, coconut fiber, finger millet straw, water hyacinth, rice straw, maize cobs, 

wheat straw and banana fiber was demonstrated by Musieba et al., (2012). Maio et al., 

(2003) studied the influence of substrate composition on the growth velocity of the 

mushroom and observed a significant correlation between substrate formulation and the 

nutritional composition of the mushroom. Pruned dry tea leaf based composts gave 

similar results compared to wheat straw based composts in terms of pin head formation 

time and yield.  Therefore pruned dry tea leaves ca be used as for cultivation of button 

mushroom (Yilmaz et al., 2007). However, yield and nutritional values of A. bisporus 

should be investigated in more detail on cultivated waste tea leaves based composts.  
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The effect of casing materials on fruit body development was evaluated in A. bisporus 

cultivation and it was found that casing materials have effect on fruit body 

development. Different casing materials support different populations of bacteria, are 

related to the numbers of initials of fruiting and porosity and chemical composition also 

influence the primordial initiation and yield of A. bisporus (Taherzadeh et al., 2013). 

High salt content, of casing layer can affect the mycelial growth, formation of 

primordial and mature fruit bodies (Taherzadeh et al., 2013). Coirpith and vermiculture 

have been shown to stimulate initiation of A. bisporus (Fermor et al., 2000, Barman et 

al., 2016). Kalha et al., (2011) and Kumar et al., (2012) reported that the various 

supplement and biofertilizer in casing layer have the effect on the yield of C. indica. 

The fresh weight of fruit body and yield was influenced by compost formulas. Similar 

result was recorded by Meire et al., (2008) when they cultivated A. bisporus in two 

different compost formulas. Dias et al., (2003) analyzed the production of P. sajor-caju 

in different agricultural residues and also observed mycelium growth, production and 

biological efficiency differences depending on the compost used. The thickness of 

casing layer also affected the yield and bio-efficiency as recorded by Subramanian et 

al., (2015). Hence it is important to create awareness among the farming community 

about various alternatives of paddy straw management by tapping the biodiversity and 

utilizes them for utilizing traditional and innovative technologies. These wastes include 

tea waste and paddy straw based waste may be the alternative income source for rural 

economy of North Bengal by using them in mushroom cultivation. One important 

aspect of production to help sustain the country and to create more employment is 

mushroom farming. Mushroom farming is a non-farm enterprise that can be integrated 

into small farms to increase incomes and enhance livelihoods. They can be cultivated 

on a part-time basis and require little maintenance. 

Mushrooms are rich sources of nutraceuticals and nutritionally important mineral 

elements including iron, zinc, potassium, phosphorus, calcium, and sodium (Muthu et 

al., 2016; Ravikrishnan et al., 2017) responsible for their pharmaceutical properties 

(Manzi et al., 2004). Edible mushrooms are considered as a valuable good quality 

nutritional dietary supplement for addressing certain malnutrition ailments (Salamat et 

al., 2017; Mridu et al., 2017). The chemical characterization of fruit body was 

influenced by the composting duration of the compost in which they were cultivated 

(Dehariya et al., 2013; Meirre et al., 2014). In this study it was found that the protein 

content gradually increased with the age of fruiting body but there was a decrease in 



281 
 

protein content in opened pileus form of fruit body (over mature). Protein content of A. 

bisporus mushroom has been reported to sharply decrease with the development of 

sporophore from young button stage to opened stages (Burton, 1988).The fruit body 

grown in different compost showed no significant difference in absorbance and 

phenolic content. Total polyphenols were reported in edible mushroom in methanolic 

extract by Keles et al., (2011). The results of this study are supported by the study of 

Parihar et al., (2015) in which they reported that the methanolic extract of P. ostreatus 

has high phenolic content. Four mushroom sp likely A. bisporus, C. indica, P. sajor-

caju and P. djamor were subjected to GC-MS analysis. GC-MS was conducted using 

the data base of National Institute Standard and Technology (NIST) having more than 

62,000 combinations of different compounds. The GC-MS analysis of the purified 

mushroom sample was reported to have compounds like alkanes and fatty acids which 

posses‟ therapeutic properties (Lakshmi et al., 2011, Dhakad et al., 2017). But Shao et 

al., (2010) investigated different parts of button mushrooms at various development 

stages and found different fatty acid and detected non esterified ergosterol. From the 

GC-MS spectrum, the methanol and ethanol extracts from C. indica resulted in the 

identification of 47 major compounds. In our study, maximum unsaturated fatty acids 

as octadec-9-enoic acid were detected and moderate amount of steroids as ergosta was 

detected. The squalene a terpenoid known as super antioxidant was detected only in 

ethanolic extract. Phosphine which is generally responsible for aroma was detected in 

ethanolic extract of C. indica. The results were in the same line with the GC-MS study 

of the fruit body of P. ostreauts by Suseem et al., (2011). The present study regarding 

the GC-MS analysis revealed the presence of volatile compounds which were identified 

as majorly as fatty acids ester and some non-polar and volatile compounds in these 

mushrooms species give the chemistry of the aroma. Bhupathi et al., (2017) carried out 

the GC-MS analysis of milky mushroom in fresh and dry form and the results revealed 

the presence of increased levels of ergosterol indicates the availability of antioxidants 

and anticancer biomolecules and stated that milky mushroom contain many volatile 

compounds and phenolics which are potent antioxdant. Ribeiro et al. (2007) identified 

free amino acids composition and thirty fatty acids from twelve wild edible mushroom 

species by ion traping method in GC-MS. Mohamed et al., (2014) used GC-MS 

analysis and reported 5 alkohol, 27 alkane, 3 amides 27 esters, 8 fatty acids, 4 

terpenoid, 29 heterocyclic and 2 phenols in ethanolic extract of Pleurotus ostreatus. 

Jananie et al., (2012) used GC-MS analysis for detection of bioactive compounds in 



282 
 

hydro alcoholic extract of A. bisporus and he recorded that 2-non-bornanone and 

methano-benzocyclodecene as prevailing compound. Ragasa et al., (2016b) reported 

the presence of sterols and lipids in dichloromethane extract of A. bisporus detected in 

GCMS analysis. Some essential amino acids such as lysine, leucine, threonine and 

isoleusine and fatty acids identified by GC-MS analysis by Ravikrishnan et al., (2017). 

Aromatic tumerone is a bioactive compound found in ethanolic extract of A. bisporus 

plays an important role in self-repair and recovery of brain function in 

neurodegenerative diseases. In adult brains of humans and mammals, the sub 

ventricular zone and hippocampus are the two key areas where growth of new neurons 

occurs when subjected to the powerful impact of Ar-tumerone (Liao et al., 2013). 

Researchers are thinking that it may be able to get one step closer in treating 

neurological diseases, including Alzheimer's. This new finding is an incredible one in 

the scientific community. The presence of sterol and lipids was detected by GCMS in 

P. florida (Ragasa et al., 2015) and P. djamor (Ragasa et al., 2016a). The presence of 

linoleic and oleic acid derivatives as the major unsaturated fatty acids is in line with 

earlier report on mushrooms (Kalac, 2013). Linoleic acid is an essential omega-6 

polyunsaturated fatty acid involved in the biosynthesis of arachidonic acid and 

prostaglandins. Oleic acid an essential omega-9 monounsaturated fatty acid is used as 

an emulsifying agent, reported to be hypotensive (Teres et al., 2008). Research has 

shown ergosterol may exhibit some degree of antitumor properties (Takaku et al., 

2001). Ergosterols are known to act as biological precursors of vitamin D2, classified as 

provitamins (Rajakumar et al., 2007). Stigmasterol level up to 1.54 % of the total n-

hexane extract, known as the anti-stiffness factor a phytosterol, reported to have some 

anti-cancers, antioxidant, hypoglycemic, hypocholesterolemic and thyroid inhibiting 

properties was also observed (Gabay et al., 2010; Panda et al., 2012; Alam et al., 2011; 

Shao et al., 2015). P. ostreatus contain few antimicrobial bioactive compounds (Ruthes 

et al., 2016). The GC-MS analysis of the purified mushroom sample was reported to 

have compounds like alkanes and other fatty acids and was also reported to possess 

numerous therapeutic properties (Lakshmi et al., 2011, Chen et al., 2016, Zhang et al., 

2016, Chien et al., 2015). Sharma et al., (2016) stated that A. bisporus has the 

antimicrobial, antioxidant and anticancer potential and they identified some 

phytochemicals from mushroom sample such as alkaloids, flavanoids, terpenoids, 

phenols and tannins that exhibit a wide range of medicinal properties. Mushrooms also 

exhibit numerous properties due to the presence of different types of polysaccharides 
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such as lectins, prolamines, cordycepin (Sharma et al., 2016). Agaricus bisporus and 

Pleurotus spp are also found to be a rich source of amino acids such as leucine, valine, 

glutamine and other essential amino acids (Sharma et al., 2016). The products derived 

Mushrooms can be used for deriving biologically active metabolites or compounds in 

order to design or develop therapeutically important drugs without any side effects and 

also helps in combating life threatening diseases (Sharma et al., 2016). Atri et al., 

(2013) documented the nutritional and neutraceutical composition of five species of 

Pleurotus from Northwest India. Citronellol epoxide (R or S) is a natural acyclic 

monoterpenoid is good insect repellent and use in perfume industry. Pentadecanoic acid 

is a saturated fatty acid rare in nature, being found at low level of 1.2% in milk, has 

important role in human blood serum metabolism. Dianhydromannitol is a carbohydrate 

derivatives used as sweetener in diabetic food and as a medication; it is used to 

decrease high pressure in the eye (glaucoma) and to lower increased intracranial 

pressure (head trauma). Solanesol was detected in methanolic extract of C. indica have 

the clinical usesfor heart failure, treatment of liver injury and use in pharmaceutical 

industry as an intermediate for the synthesis of ubiquinone drugs. The GC-MS analysis 

of methanolic extract of P. djamor revealed that the extract contains a wide range of 

bioactive compounds. Pleurotus djamor are also found to be a rich source of amino 

acids such as leucine, valine, glutamine and other essential amino acids. They are also 

found to be a rich source of biologically active components which can be used as 

natural resources beneficial for human health. Chowdhury et al., (2015) evaluated the 

antimicrobial, antioxidant properties andbioactive compounds of some edible 

mushrooms cultivated in Bangladesh.  

In the present study it was found that the methanolic, ethanolic and aqueous 

extracts of different edible mushrooms showed positive antioxidant activity as detected 

by DPPH assay. P. djamor showed maximum activity among the other species in 

respect to all the concentrations. It was found that P. djamor in methanolic extract 

showed about 84% DPPH scavenging activity at 500µg/ml concentration while C 

indica showed DPPH scavenging activity as 52% at 500µg/ml concentration. In both 

ethanolic and aqueous extract P. djamor showed highest DPPH scavenging activity 

then the other mushroom species while C. indica was recorded with lesser DPPH 

scavenging activity. DPPH scavenging activity was also evaluated by TLC-DOT assay 

where the violet colour of the DPPH scavenged by the sample extracts according to 

their scavenging activity to pale yellow. Given the high dietary fiber and antioxidants in 
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button mushroom may be advantageous in lowering the dietary glycemic load (Jeong et 

al., 2010). Jun et al., (2013) evaluated the antioxidant activities of ethanolic extract of 

A. bisporus in vitro as well as in vivo. In the antioxidant assays he found that the 

ethanolic extract of A. bisporus  have strong reducing power, superoxide radical, 

hydroxyl radical and 2,2- diphenyl-1-picrylhydrazyl radical scavenging activity and 

moderate hydrogen peroxide scavenging activity. This study supports my findings 

regarding the antioxidant activity of mushrooms. Many research work has been focused 

on the antioxidant activities in vitro of A. bisporus concerning reducing power, 2,2-

diphenyl-1-picrylhydrazyl (DPPH) radical and 2,2-azinobis-(-3-ethyl-benzothiazoline-

6-sulfonic acid) (ABTS) radical scavenging activity (Kozarski et al., 2011). Reis et al., 

(2012) stated that the ethanolic extract of A. bisporus have higher reducing power 

capacity than methanolic extract of A. bisporus. Jayakumar et al., (2009) evaluated the 

antioxidant activity andconsidered P. djamor as a good scavenger of superoxide radical. 

Chemical bioactive and antioxidant potential of twenty wild culinary mushroom species 

was carried out by Sharma et al., (2015a). In present study it was found that the 

scavenging activity of ethanolic and methanolic extract of mushrooms increased with 

increase of the concentration. My finding was supported by the study of Reis et al., 

(2012). Jun et al., (2013) used UHPLC-MS to determine the main phenolic compounds 

in ethanolic extract of A. bisporus and found that gallic acid, protocatechuic acid, 

catechin, caffeic acid, ferulic acid and myricetin were the main phenolic compounds in 

ethanolic extract of A. bisporus. Because of the nutritional composition and presence of 

bioactive molecules, oyster mushroom was considered to have anticancer, anti-mcrobial 

and antioxidant activity (Sharma et al., 2017).The individual phenolic profiles of A. 

bisporus was studied by Palacios et al., (2011); Reis et al., (2012); Ruthes et al., 

(2013). Palacios et al., (2011) investigated the main phenolic compounds in methanolic 

extract of A. bisporus were caffeic acid, catechin, chlorogenic acid, p-coumaric acid, 

ferulic acid, gallic acid, p-hydroxybenzoic acid, homogentisic acid, myricetin, 

protocatechuic acid and pyrogallol. Mattila et al., (2002) suggested that button 

mushroom has high content of acidic polysaccharides, dietary fiber, and antioxidants 

including vitamins C, B12, and D, folate ergothioneine and polyphenol as well as it has 

potential anti-inflammatory, hyperglycemic and hypocholesterolemic effects. Boonsong 

et al., (2016) evaluated the antioxidant activity of P. sajor-caju, in terms of DPPH and 

FRAP activity and suggested that the ethanolic extract has antioxidant potential. Due to 

the presence of bioactive compounds including phenolic, polyketides, terpenoids and 
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steroid some edible mushrooms was found to be medically active in therapeutic 

purposes (Sharma et al., 2015a). Yan et al., (2017) evaluated the nutritional value, 

chemical composition and antioxidant activity of three Tuber species from China. 

Ferric (Fe
+3

) reducing power activity was estimated using the different concentrations 

of six edible mushrooms in three different solvent. All the mushroom species showed 

appreciable reducing power activity in different concentrations. Highest reducing 

power ability was observed in methanolic extract; in case of P. djamor at 20 µg/ml 

concentrations while C. indica showed lowest reducing power activity at 20 µg/ml 

concentration. The reducing power ability in case of P. florida is quite lower than that 

of the others species of Pleurotus. The EC50 value was also calculated and it was found 

that the P. djamor have the minimum EC50 value i.e. more effective as antioxidant 

among the six edible mushroom species.  Alshammaa et al., (2017) investigated the 

phytochemical constituent of A. bisporus and P. ostreatus by HPLC and GC-MS and 

compared the ergosterol content between the two and stated that ergosterol play 

important role in antioxidant activity of these two mushrooms. Sharma et al., (2015b) 

evaluated the nutrients, bioactive compounds, and antioxidants of mycelia of five 

mushroom species and the results revealed that the mycelia extract have a wide range 

of bioactive compounds and also showed the antioxidant activity. In the present study 

the results regarding the antihyperglycemic activity of mushroom revealed that the 

water suspension of fruiting body of C indica, A. bisporus, and four species of 

Pleurotus have significant anti-hyperglycemic activity in diabetic male rats. The STZ 

induced diabetes control rats showed significant increase in blood glucose levels 

compared to normal control.  Rat groups treated with the mushroom water suspension, 

showed significantly reduced glucose level at 15 days in compared to diabetic control. 

The metformin (Climp-M1) drug treated diabetic rats also showed significant (p<0.01) 

reduction in glucose levels compared to diabetic control. It was found that oral 

administration of the water suspension of mushrooms water suspension and commercial 

antidiabetic drug metformine reducedthe glucose level in the diabetic rats.They have 

the effect in lowering the serum Creatinine, serum Triglyceride (TG), total 

cholesterol(TC), low density lipoprotein (LDL) which is closely associated with the 

hyperglycemic condition. Further, it was also found that the intake of suspension 

resulted in controllingnormal food consumption with marked reduction in plasma 

glucose as well as TG and cholesterol concentration in diabetic rats.We also observed 

lower plasma liver enzymes alanine aminotransferase (ALT) and asperagine 
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aminotransferase (AST) concentrations in diabetic rats fed water suspension of 

mushroom powder. This suggests that intake of these suspension may protect against 

STZ induced inflammation in the liver that was observed from earlier studies (Todesco 

et al., 2004). Lower plasma TC and TG concentration were observed in diabetic rats fed 

with mushroom water suspension, indicating that the consumption of these mushroom 

had a beneficial effect in suppressing cholesterol and TG levels.It is well documented 

that elevated levels of total plasma cholesterol and TG levels are associated with 

complication of diabetic mellitus (Feldstein et al., 2008; Aas et al., 2009). Oral 

administration of mushroom suspension was effective in significantly lowering low 

density lipoprotein (LDL) and to control HDL concentration in diabetes induced rats. A 

significant decrease in the mean LDL cholesterol level was observed in the test group 

when compared against the control in the study. The current study stated that diabetic 

rats had significantly increased plasma TG concentration compared with normal non 

diabetic rats. These elevated plasma TG concentration was decreased byoral 

administration of mushroom water suspension. Our findings have been supported by 

the study of Lai et al., (2001); Shanmugasundaran et al., (2013) where they reported 

that mushrooms are useful in regulating healthy cholesterol levels and improve their 

circulation and to help in maintaining blood sugar levels by reducing the blood glucose, 

elevation of plasma insulin levels and enhanced liver metabolism of glucose and 

increase cellular insulin sensitivity. Oxidative stress induced by hyperglycemia leads to 

the activation of stress sensitive signaling pathways, which worsen both insulin 

secretion and its action and promote the development of diabetic mellitus, 

(Shanmugasundaran et al., 2013). Taofiq et al., (2016) reported that the fungus 

P.ostreatus and A. bisporus has hypoglycemic effect in rats. Khan et al., (2011), have 

demonstrated that oral administration of water suspension of mushroom to rats leads to 

blood glucose lowering effect in diabetic conditions. Antidiabetic effect of ethanolic 

extract of P. ostreatus on alloxan induced diabetic rats was extensively studied and 

reported as an effective antidiabetic regimen (Johny et al., 2013). 

The single treatment of some organic amendment and low urea treatment had the 

same plant health development and fruit production. SMS individually showed the 

maximum growth and development and fruit production in comparison to the other 

individual treatment. But the combination application of Vermicompost and SMC gave 

the highest result in plant health improvement and quality fruit production. But the 

excess urea treatment sowed poor development and abnormal fruit production. The 
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pigment content was higher in the variants treated with bio-inoculants. Currently there 

is a gap of plant nutrients between removal of crops and supplying through chemical 

fertilizer. In this context, organic fertilizer and bio-inoculants would be the viable 

option for farmers to increase the productivity of soil. It can be concluded that the bio-

inoculants can be used as alternative of inorganic fertilizer for development of 

sustainable agriculture. SMS amendment in soil significantly increased the bell pepper 

yield in addition to improving the quality. As a whole, spent mushroom substrate and 

its combination use helped in increasing yield by increasing the fruiting life of the plant 

and quality of capsicum along with decreased levels of disease incidence. Adedokun et 

al., (2013) recorded the similar data when they apply SMS in pine apple production; the 

vegetative parameters are vigorously increased. This study supported by the 

experimental result of Tallapragada, et al., (2011). The nutritional content of harvested 

tomato was higher in SMS treated plant as similar as reported by Worthington (2001) 

when nutritional quality of organic versus conventional fruits, vegetables and grains 

were compared. The finding of this study was in the same line with the finding of 

Eudoxie et al., (2011), who noted higher P and K concentration in spend mushroom 

substrate treated. They also reported that SMS incorporated medium showed greater 

macronutrient concentration than peat based medium. Medina et al., (2012) confirmed 

that the SMS has been shown to increase the nutrient availability of growth medium 

which help to increase final yielding of crop. In the present study the results regarding 

the use of spent mushroom substrate (SMS) in crop system to influence the yield, 

biochemical constituents of crop was supported by the result of Meena et al., (2014), in 

which the significant yield, nutrient and protein content was influenced through the 

application of vermi compost alone over organic manure. Application of vermicompost 

recorded highest yield and growth parameters as recorded by Biswas, (2014). Sarhan, et 

al., (2011), worked on organic manures in tomato crop and reported that organic 

manures significantly affected growth parameters such as plant height, leaf area and 

fruiting time and yield. Organic manure improved the yield and components of egg-

plant fruits as reported Abd et al., (2001). Vermicompost have more positive effects on 

seed yield and oil content than cow manure as recognized by Jahan et al., (2013), and 

Shahmohammadi et al., (2014). Arancon et al., (2004) have established the organic 

manure as an effective means of improving soil structure, enhancing soil fertility, 

increasing microbial diversity and populations, microbial activity, improving the 

moisture holding capacity of soil and increasing crop yields. Vermicompost is rich in 
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most nutrients and consistently promote biological activity which can cause plants to 

germinate, flower and growth and yield better (Atiyeh et al., 2000). Addition of spent 

substrate to agricultural or garden soil has been found to be an effective soil manure 

and conditioner and has been found to increase considerably the yield of some leafy 

vegetables crops (Kadiri et al., 2010). Iwase et al., (2000) observed that spent compost 

of Volvariella volvacea on addition to soil increased the yield of tomatoes 7 fold and 

the yields of soybean, lettuce and radish 2 fold each. Furthermore, they observed that 

addition of Agaricus bisporus spent compost to the soil produced greater yields of 

cabbage, cauliflower, beans and celery compared to addition of poultry manure to soil.  

In the present study, regarding the application of spent mushroom substrate and 

spent mushroom compost in crop system it was also found that the SMS enhanced the 

mycorrhizal association in root system in tomato plant, capsicum and leafy vegetables 

such as coriander (Dhone pata), Amaranthus (lal shank),  except spinach. The spore 

population was also found to be increased in SMS treated crops. These findings were 

on the same line of the finding of Dimitrios et al., (2015) in which he stated that 

mycorrhizal population in the rhizosphere is influenced by the organic fertilizer. 

Organic fertilizer influence VAM spore to germinate.The severity of root rots disease in 

Citrus reticulata caused by F. oxysporum was reduced by the treatment of SMS of A. 

bisporus in potted condition. Our study was supported by the result of Parada et al., 

(2012) in which they used autoclaved water extract from spent mushroom substrate and 

autoclaved spent mushroom substrate of the edible mushrooms Lyophyllum decastes 

and Pleurotus eryngii to reduce powdery mildew diseases caused by Podosphaera 

xanthii and bacteria Pseudomonas syringae on cucumber plants. Kwak et al., (2015) 

conducted as experiment in which they used spent substrate water extracts of edible 

mushrooms, Pleurotus eryngii, Hericium erinaceus and Lentinula edodes andpromoted 

growth of pepper seedling as well as mycellial growth rate of Phythopthora capsici and 

Fusarium oxysporum was dramatically inhibited by 100% and 70% in vitro by using 

SMS extract. These results have supported our study and contributed support to 

conclude the SMS extract have dual effects that suppress plant disease and promote 

plant growth. In our study the mycelial growth of F. oxysporum was also inhibited by 

the mycelial phase of six mushroom as well as the by the SMC extract.Up to 52% 

inhibition of mycelial growth and sporulation by the SMC water extract was recorded. 

Suarez et al., (2012) studied in vitro control of Fusarium wilt using agro-industrial 

subproduct-based composts. Choi et al., (2007) successfully reduced the basal stem rot 
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of the cactus caused by F. oxysporum using spent mushroom compost. Ayala et al., 

(2015) and Bastida et al., (2016) successfully studied comparative antibacterial activity 

of the spent substrate of Pleurotus ostreatus and Lentinula edodes. Antimicrobial 

activity of mushroom extract was also evaluated by Nehra et al., (2012). Hussein et al., 

(2016) conducted an experiment for the management of wilt disease caused by F. 

oxysporum on tomato using spent mushroom compost. 

The aim of the present study was to undertake demonstration and training activities 

to benefit farmers, rural women and unemployed youths from seven district of North 

Bengal through various employment generation activities by undertaking sustainable 

utilization of biological resources through awareness and popularization activities. The 

interventions on mushroom cultivation and processing centre at village level were taken 

up. Pleurotus sp. is one of the common mushrooms cultivated throughout the North 

Bengal. But in absence of scientific cultivation process, its cultivation practices have 

been standardized by using wide range of locally available substrates which are being 

widely adopted by the farmers of this zone and also training on post harvest processing 

have also given.  The achievements were possible due to contribution of six important 

factors namely; identification of most profitable, sustainable and location specific 

technologies, timely and dependable information at the easy reach of rural people, 

providing critical inputs free of cost at the easy access, effective functional linkage, 

marketing empowerment and commodity based associations. To achieve this the 

demonstration and training activities undertaken on mushroom cultivation has covered 

300 beneficiaries with setting up of spawn production and mushroom cultivation units 

and training of 1213 persons of which 432 nos. are women in Coochbehar, Malda, 

Jalpaigiuri, North and South Dinajpur and Darjeeling districts. 149 mushroom 

production units have been established by the beneficiaries at Coochbehar, Jalpaiguri, 

Darjeeling and Malda districts and 11 spawn production units were developed at 

Coochbehar, Jalpaiguri, Darjeeling and Malda. The present study also encompasses the 

development of small entrepreneurs in the field of mushroom production, as an 

alternative strategy for maximizing rural revenue through agricultural waste 

management. The assessment and proper utilization of natural resources have benefitted 

the farmers with extra inputs for agriculture leading to sustainable and profitable 

production. Upon receiving practical experience from hands on demonstration training, 

they started practicing the same in their own farm lands at the same time. Constant 

monitoring of their performance was done to encourage them and suggestions to any 
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problem were provided. Thus, the target population learns the technologies at first by 

observing the demonstrations and then by doing the same on their own. 
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CHAPTER -6 

CONCLUSION  
 

 Calocybe indica a new introduction in mushroom world, now is being successfully 

cultivated in North Bengal and standardized the technique for better production. 

 Cultivation of Agaricus bisporus in foot hills of Darjeeling district (North Bengal) 

have been demonstrated successfully for the first time. Easy, low cost and less time 

consuming composting process was standardized and provide the technique to the 

rural farms 

 Four species of another most popularly grown edible oyster mushroom such as 

Pleurotus ostreatus, P. sajor-caju, P. djamor and P. florida were selected for 

cultivation in this environmental condition throughout the year. 

 Several lignocellulosic wastes and casing materials were evaluated for their suitability 

for cultivation of milky mushroom (Calocybe indica). Paddy straw, wheat straw, 

sugarcane bagasse, young coconut fiber, tea leaf, maize stalk as growing medium and 

vermicompost, coconut fiber, spent mushroom substrate(SMS), sand soil were used as 

casing materials to evaluate their effect on yield. 

 Different compost formulations as well as composting duration were evaluated for 

fruit body production of A. bisporus and for improvement of their quality. 

 Morphological and histological characteristics were studied with special reference to 

their fruiting body structure, gill and spore characters. Scanning electronic 

microscopy (SEM) of basidiospores of oyster and button mushrooms were studied. 

Mycelial growth pattern as well as growth rate of these mushrooms were studied on 

three different media. 

 Molecular characterization (18S rDNA sequencing) of four species of Pleurotus, 

Agaricus bisporus, and Calocybe indica were carried out using  primer pairs - ITS 1 

and ITS 4 (for oyster and milky mushroom) ITS1and ITS 6 (for button mushroom) . 

BLAST query of 18S rDNA sequences of these mushrooms were analyzed and 

identified as Pleurotus. ostreatus, P. sajor-caju, P. djamor and P florida, Agaricus 

bisporus and Calocybe indica. 

 The sequences of the identified species were submitted in NCBI GenBank under the 

accession number KT768095, KT818506, KT 768094,KT826605, KT818508 and 

MF804327for P. ostreatus, P. sajor-caju, P. djamor and P. florida, A. bisporus and C. 

indica respectively 
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 In North Bengal, P. ostreatus, P. sajor-caju and P. florida commonly cultivated. A 

new species namely P djamor, the pink oyster mushroom introduced in this area and 

successfully cultivated in this area throughout the year. 

 The seasonal productivity of all the mushrooms was evaluated. The results clearly 

indicate the variable seasonal productivity throughout the year. Depending upon the 

temperature, relative humidity and rainfall, the productivity was found to be different. 

In case of P. ostreatus and P. sajor-caju, it was found that through the year it can be 

cultivated with good productivity rate. But the production rate was less during June-

September due to high humidity 

 P. djamor, the pink oyster mushroom have been introduced in this area and being 

successfully cultivated in this area during winter season. 

 In summer time the milky mushroom (C. indica) can be cultivated in plains regions of 

North Bengal as it requires high temperature and humidity 

 The plains of North Bengal can be included to the area of Agaricus bisporus farming 

zone. In North Bengal, although there are few mushroom farmers available at present, 

if farmers are well advised, using the perfect stage of composting they will be able to 

improve button mushroom cultivation   

 It was found that winter season is suitable for cultivation of A. bisporus in plans 

region of North Bengal but throughout the year in hills regions 

 Seasonal productivity of P. florida and P. djamor was found to be quite similar. It was 

observed that the production rate decreased during May to September. And 

production rate increased during winter season in North Bengal 

 Economy of North Bengal is based on tea productivity and leaf pruning is one of the 

important practices of tea plantation. Here the pruned tea leaves basically used as fuel 

by the tea workers. In the present investigation pruned tea leaves were dried and 

utilized for mushroom cultivation. Besides, tea leaf based compost was further used 

for cultivation of A. bisporus successfully. Tea waste was also used as casing of 

materials and it was found that it gave good result for mushroom cultivation 

especially for A. bisporus and C. indica. 

 Tea waste also was used as casing of materials and it was found that it gave efficient 

result for mushroom cultivation especially for A. bisporus and C. indica. 

 Biochemical constituents of the fruit body of mushroom also were influenced by the 

substrate on which it grows. It was also found that the casing materials also have the 

effect on biochemical constituents of fruit body of mushrooms 
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 Chemical constituents of three edible mushrooms, Agaricus bisporus, Calocybe indica 

and four species of Pleurotus were evaluated by GC-MS analysis. The common 

compounds such as phenolic, flavonoid and total free amino acid content responsible 

for antioxidative activity were determined in methanolic extract of these mushrooms. 

The GC-MS analysis revealed that the presence of phenolic derivatives, organic acids 

and essential fatty acids in these three mushrooms which are associated with some 

beneficial health activities like antioxidant. Fumaric acid, acetic acid, malic acid were 

detected as organic acid in the mushroom samples. 

 Antioxidant activity of selected four species of Pleurotus, A. bisporus and C. indica 

were also estimated and it was found that all four species showed very high amount of 

antioxidant activity such as DPPH scavenging activity, ferric reducing power activity. 

Among the cultivated Pleurotus species, P. djamor and P. ostreatus showed 

comparatively higher antioxidant activity. 

 The oral administration of mushroom suspension helps in regaining the body weight 

as well lowering the plasma glucose level.Blood urea, creatinine, triglyceride, 

cholesterol as well as liver enzymes like serum glutamic pyruvate transaminase 

(SGPT) and serum glutamic oxaloacetic transaminase (SGOT) were also estimated 

and the oral treatment of P. djamor and P. ostreatus found to be very effective in 

recovering the other blood parameters 

 Contaminants were found to be a very serious problem during the cultivation of 

Pleurotus species. Several fungal species like Coprinus, Fusarium sp as well as 

Trichoderma; bacterial species like Pseudomonas and pastes like Sciarid, phorid and 

Beetle fly drastically affected the growth and yield of Pleurotus. Management 

strategies like application of bavistin, phenyl, carbandazium and formaldehyde were 

adopted which reduces the effect of the fungal as well as bacterial genera. Racks of 

the mushroom production unit were covered with nylon nets which helped in reducing 

the attack of flies on the substrates 

 As the agriculture world drifts into practicing “Organic farming”, the need to embrace 

the use of Bio-fertilizer, the use of SMC should be encouraged and the SMC 

generated from mushroom farm can be well utilized to contribute in organic 

agriculture field 

 Spent mushroom substrate is an important byproduct of mushroom cultivation and 

this spent mushroom substrate were applied as fertilizer for crop improvement. 

Capsicum chinense, C. annuum, Solanum lycopersicum and some leafy vegetables 
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Coriandrum sativum, Amaranthus sp. and Spinacia oleracea were tested using the 

spent mushroom substrates (SMS) which was found to be very effective as a soil 

conditioner and also helped in increasing growth and yield of crop plants in compare 

to untreated plants. Spent mushroom compost (SMC) amendment in soil significantly 

increased the bell pepper yield in addition to improving the quality. Incidence of soil 

borne fungal diseases decreased to a considerable level due to the incorporation of 

SMS in soil.  As a whole, SMC and its combination helped in increasing yield by 

increasing the fruiting life of the plant and quality of Capsicum along with decreased 

levels of disease incidence.  

 SMC of button mushroom was further used in mandarin plants  (Citrus reticulata) as 

soil amendment against root rot pathogen (Fusarium oxysporum). Disease severity 

was reduced by application of SMC which was evident with increased activity of 

defense enzymes (PAL, POX, and β-1,3-glucanase and chitinase) and cellular 

localization of β-1,3-glucanase and chitinase were confirmed by indirect 

immunofluorescence using PAbs of chitinase and glucanase and FITC conjugates.   

 The organi manure can be used as alternative of inorganic fertilizer for development 

of sustainable agriculture. SMC amendment in soil significantly increased the bell 

pepper yield in addition to improving the quality. Incidence of diseases especially soil 

born decreased to a considerable level due to the incorporation of SMS in soil.  As a 

whole, SMC and its combination helped in increasing yield by increasing the fruiting 

life of the plant and quality of capsicum along with decreased levels of disease 

incidence 

 SMS also used for disease suppression of root rot mediated wilting disease of citrus 

plant (Citrus reticulate) 

 Large number rural educated unemployed youth as well as women self-help groups of 

North Bengal were facilitated with proper training about mushrooms cultivation and 

spawn preparation. Publicity and awareness camp about mushrooms and its health 

benefits were also displayed at the Krishi Mela organised by the Department of 

Agriculture, Govt. of West Bengal. 

 In a developing country like India where the unemployment rate is very high, 

mushroom cultivation can be recommended to the youth in order to make several 

unemployed to earn a living. 
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ABSTRACT
This study was designed to determine the effect of compost formula and casing materials on growth and development of
sporophore of Agaricus bisporus on paddy straw and dried tea leaf based composts. Locally available vermicompost
(VSMS), garden soil (GS), tea waste (TW) and Spent mushroom compost of Calocybe indica (SMC) and their
combination such as GS+ VSMS, TW+ VSMS, and SMC+ VSMS were used as casing materials for the cultivation of A.
bisporus. In this study, seven casing soils formulation were used to determine their effect on fruiting. Growth parameters
such as colonization days, time for pining, number of mushroom sporophore per bag, fruit body weight and yield rate were
measured. The best result in fruit body number was recorded in paddy straw based compost encased with vermicompost.
Due to low water potential garden soil required more time for pinning. Lowest fruit body was observed in tea leaf based
compost encased with tea waste. Mixture of vermi + SMC as casing matter gave better result compared to SMC alone. The
number of fruit body was significantly increased in addition of vermicompost with the other casing materials. The effect of
compost formulations and casing materials on the biochemical constituents such as protein, carbohydrate content of fruit
body was also evaluated. The protein and carbohydrate content of the mushroom samples grown in different casing
materials did not show significant differences but it is significance in compost formulation levels. Among the compost
formulations maximum protein content was measured in compost formulation I and minimum was recorded in compost II.

KEY WORDS: Agaricus bisporus, casing, compost, spent mushroom compost, vermicompost, tea waste.

INTRODUCTION
White button mushroom cultivation began in France two
hundred years ago and gradually has developed into a
thriving industry in the world (Piet et al., 1998). There are
four main steps involved in mushroom cultivation:
composting, conditioning, spawning and casing.
Composting prepares a selective medium that favour
growth of the mushrooms relative to other microorganisms
(Kariaga et al., 2012). The composting procedure involves
two to three weeks of uncontrolled self- heating, followed
by pasteurization. During self-heating the thermophilic
fungus Scytalidium thermophilium becomes abundant and
the density of this fungus in finished compost is a positive
correlate of the yield of mushrooms (Gerben et al., 1995,
Kariaga et al., 2012). S. thermophiliumhas been confirmed
to enhance and promote the growth of Agaricus bisporus
(Gerben, 1993). It has been suggested that this fungal
species provides a trigger for enhanced growth of button
mushrooms (Gerben et al., 1995). The basic function of
the thermophilic fungi is to utilize and exhaust the readily
available carbohydrates and the free ammonia in the
compost.Thermophilic Scytalidium varieties possess the
largest biomass and create selectivity in the compost
(Gerben et al., 1995; Kariaga et al., 2012). Significance of
thermophilic fungi in mushroom compost preparation and
measurement of microbial biomass is still an issue (Salar
et al., 2007). The preparation of proper mushroom
compost is still therefore a prerequisite for high yields of
Agaricus bisporus. In Europe horse manure is commonly

used because it is readily available. Compost for
cultivation of the white button mushrooms, A. bisporus, is
prepared from a mixture of organic materials subjected to
a composting process making it selective for growth of A.
bisporus (Colak, 2004). A. bisporus have a requirement for
a separate ‘‘casing layer’’ that has specific physical,
chemical and microbiological properties which stimulate
and promote the initiation of primordial (Taherzadeh et
al., 2013). Mushroom mycelial growth and mushroom
development is not only related to genetic factors but also
depends on environmental, chemical, and microbiological
conditions (Pardo, 2004). Casing soil protects the compost
against desiccation and supports the mushroom against
pests and diseases and provides support for developing
sporophores and gas exchange for development and
growth mushrooms (Colauto et al., 2011). Casing layer
provide an environment change in which the mushroom
shifts from a vegetative stage to a reproductive one. This
happens due to microorganisms in the casing soil (Gulser
et al., 2003). Bacteria in the casing soil influence
productivity, product quality and uniformity. Waste paper
as an alternative casing materials was recorded by Sassine
et al. (2005). Many materials, alone or in combination,
have been used as casing both commercially and
experimentally, although only very few have been shown
to be of practical application (Gulser et al., 2003; Peyvast
et al, 2011). Spent mushroom Compost as a casing soil
material can be used to reduce the cost of production and it
can reduce pollution (Pardo et al., 2008 and 2011).
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Keeping this in mind, the present study has been designed
to evaluate the best compost materials and best casing
materials for growth of A. bisporus in North Bengal.

MATERIALS & METHODS
Inoculum and spawn preparation
The pure mycelial culture of Agaricus bisporus was
obtained from Directorate of Mushroom Research, Solan,
HP, India and maintained at 25oC in PDA and MEA
media. Pure culture was stored at 15o C. The preparation
of mycelial inoculum in Petri dishes and its conservation
in test tube slants was performed according to Singh
(Singh et al., 2009). Spawn was prepared by boiling wheat
grains for 15 minutes followed by draining and cooling
and calcium carbonate (5g/kg) and gypsum (25g/kg) were
added, mixed well and then transferred into 65 to 75 cm
clear double polypropylene bags, with a mean thickness of
0.6 mm and its upper portion was plugged with non
absorbent cotton plug and were covered with paper. The
grain filled bags were sterilized in autoclave at 15 lb
pressure (121o C) for 40 min and allowed to cool at room
temperature. The mycelial inoculum discs (5 mm) of 10
days old were aseptically inoculated in the spawn bags and
incubated at 25± 2oC in shaded chamber for mycelial
growth.
Experimental design
Locally available paddy straw and pruned dried tea leaf
was used for compost preparation for growing A. bisporus.
Experiments were conducted in a completely randomized
design with 10 replicate of each compost formulation level
and seven casing treatment level with six replicates in each
treatment. Polyethylene bags of 60 × 30 cm size were used
and cylindrical mushroom beds were prepared following
layer methods of spawning @ 5%. Beds were made in
which each bed contain 2kg of compost. A moisture
content of about 40% was allotted in the compost prior to
spawning. The inoculated bag was perforated with teasing
needles. The bags were incubated in dark room to
complete the spawn run and maintained temperature at
23oC with relative humidity of 85-90 %. After 18 days,
when the beds were fully colonized by the vegetative
mycelium, the upper surface of each bag was opened and
the surface was applied with casing soil to a thickness of
2-3 cm over the spawn run compost. Before placement of
casing layer the upper compost was ruffled. The beds were
uniformly and regularly sprayed with water to keep the
surface of compost moist. The primordial initiation was
observed and young mushrooms fruit body was harvested.
After each harvest, more watering was done in the next 2
days. The different casing materials like tea garden soil,
tea waste, vermicompost, SMC were applied to the
mushroom beds and its effect on sporophore development
recorded.
Compost preparation
For composting raw materials such as paddy straw, wheat
bran, manure was mixed and kept as stack and periodically
turned for uniform fermentation. Rice straw and dried tea
leaf both were moistened to the 50 % of their capacity on a
concrete floor. Preliminary stack was prepared by adding
wheat bran @ 8kg/250kg and urea @ 3 kg/250 kg of both
basic materials such as paddy straw and tea leaf. The
whole material was kept in stack form for five days

untouched. The stack size was 4ft ×5ft. 1st turning was
done after 5 days. During 1st turning, the inner temperature
of the compost was raised upto 85°C. Aeration in
composting materials was done by breaking and mixing
the stack materials uniformly and kept them for 3 days.
Free turning was done every three days interval up to 11
days.  At 11th and 17th day gypsum @5kg/250 kg of paddy
straw was mixed. The free turning was continued up to 23
days when the excess ammonia was completely released
from the compost and the compost was used for spawning
directly. In case of tea leaf based compost it took more
time comparatively and was pasteurized by steaming in a
closed chamber at 55-69o C for 1 hour.
Measuring of inner compost temperature
Inner compost temperatures were measured as an indicator
of thermophilic microbial activity within the compost
stack. Temperatures were measured at three heights of the
compost stack 30 cm, 60 cm and 90 cm of the stack. The
three heights were determined just in the middle of the
compost pile. The temperature was measured every day at
24 hours intervals.
Casing materials
Vermicompost (VSMS), tea waste (TW), tea garden soil
(GS), spent substrate of C. indica (SMC) were used as
primary casing materials. Garden soil and tea waste was
pasteurized with 5% formaldehyde. The vermicompost
was prepared using the SMS of Pleurotus Sp. For
conversion of SMS into vermicompost it took 45 days.
The SMS of C. indica was collected from the mushroom
unit, Department of Botany, University of North Bengal,
after the fourth flush and was kept for 10 days for further
composting and then used for experiment.
Spawning and cultivation
Both types of composts were spawned @ 5%. Spawning
room was arranged with near about 25°C temperature and
80% relative humidity without ventilation. After mycelial
growth, 3 cm layer of casing material was used to cover
the colonized compost. The data concerning pin head
formation time of A. bisporus was recorded as days after
casing. Watering was done after casing.
Harvesting and maintenance
The development of primordial initiation after casing was
varied on compost type. Regular watering was done to
keep the casing soil moist to encourage mushroom growth
and help to keep the humidity high. Mushroom was
harvested before opening of the pileus.  From one bed
young mushrooms were harvested every day. No remnants
of harvested sporophore were allowed to remain in the
compost bed. After each harvest, the casing soil was
slightly ruffled. Total weight of all the fruiting bodies
harvested from bed was measured as total yield of
mushroom.
Biochemical analysis of fruit body grown on different
substrate combination
Protein content of fruit body in different stages in fresh as
well as dry form was determined following the protocol
proposed by Lowry et al., (1951).
Carbohydrate content of different parts of fruit body in
both forms, fresh and dry was measured. Ethanol (95%)
was used for extract preparation in both total sugar and
reducing sugar. Total sugar was estimated at 630nm using
Anthrone’s reagent. Reducing sugar estimation was done
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using 2 ml of alkaline copper tartrate in 2ml of ethanolic
extract of sample. Determination of reducing sugar content
using arseno molybdate was carried out at 620 nm
following Nelson-Somogyi Method as described by
Plummer (1978).

RESULTS & DISCUSSION
Inner compost temperature profiles of composts
during composting
The inner compost temperature of the mean values of 9
measuring points was determined for the three different
composting formulations compost I i.e. paddy straw based
compost, compost II i.e. Tea leaf based compost and

compost III i.e. Paddy straw and tea leaf based compost.
Average temperatures of the compost of every day for the
three different compost formulas are given in Fig 1. The
highest temperature of all compost formulas were recorded
at 7-10th day stage.  It might probably be due to the
activity of fungal diversity. Increase temperature at this
stage is an indicator for rapid and exothermic microbial
activity within compost. Similar result was found by
Colak, (2004). This time period may be an optima activity
stage of thermophilic fungi. This stage is a crucial stage
for decomposition for carbohydrates necessary to produce
a selective substrate environment for mushroom growing
(Yalinkilic et al., 1994).

FIGURE1. Inner compost temperature profile during the composting period of three different compost formulas

Effect of compost and casing materials on yield
It has been recorded that the compost formulas have effect
on growth parameters like number of mushroom per bag
and yield rate. However no significant effect was recorded
on single fruit body weight for these different casing
materials. The effect of compost formulation on fruit body
development is presented in Fig. 2. Results regarding the
effect of compost formulas on single fruit body weight are
presented in Fig. 3. The growth and productivity of A.
bisporus was influenced by biological and physio-
chemical characteristics of compost (Kariaga et al., 2012).
The fresh weight of fruit body and yield was influenced by
compost type. Similar result was recorded by Meire et al.,
(2008) when they cultivated A. bisporus in two different
compost formulas. Dias et al. (2003) analyzed the
production of Pleurotus sajor-caju in different agricultural
residues (bean straw corn straw and coffee hulls) and also
observed mycelium growth, production and biological
efficiency differences depending on the compost used.
Maio et al. (2008) stated that the influence of substrate
composition on the growth velocity of the mushroom
Pleurotus ostreatus and observed a significant correlation
between substrate formulation and the nutritional
composition of the mushroom. Waste tea leaves based
composts and wheat straw based compost was used in
cultivation of A. bisporus and found the similar results in
terms of pin head formation time and yield (Baysal et al.,
2007, Toker et al., 2007). The yield of mushroom was
influenced by casing materials described by Zied, et al.,
(2010). Different casing materials support different

populations of bacteria, are related to the numbers of
initials of fruiting (Noble et al., 2003). Porosity and
chemical composition also influence the primordial
initiation and yield of A. bisporus (Taherzadeh et al.,
2013). High salt content, of casing layer can affect the
mycelial growth, formation of primordial, and mature fruit
bodies (Taherzadeh et al., 2013). Kalha et al. (2011) and
Kumar et al. (2012) reported that the various supplement
and biofertilizer in casing layer have the effect on the yield
of C. indica. The thickness of casing layer also affected
the yield and bioefficiency as recorded by Subramanian et
al. (2015).
Development of sporophore of A. bisporus on paddy
straw based compost
Time periods of pin head formation and developmental
parameters of fruit body of A. bisporus in paddy straw
based compost (compost I) encased with different casing
materials is presented in Table 1. Among the casing
materials vermicompost was the most suitable casing
material that needed 10-14 days for pining. Tea Garden
soil was least suitable for pin head formation time as it
required 21-24 days. The maximum sporophore formation
was recorded as 36-50 number/bag with vermicompost as
casing material. Least result regarding sporophore
formation was recorded in tea waste. Maximum total yield
of fruit body (1506gm) was obtained from the bag encased
with vermicompost followed by SMC + vermicompost
(1460gm), SMC alone and SMC+ tea waste (1370gm), tea
garden soil (1220gm) and finally tea waste (1160gm). The
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sporophores grown in paddy straw compost encased with
different casing materials is presented in Fig. 4 (A-G).
Development of sporophore of A. bisporus on dried tea
leaf based compost
Time periods of pin head formation and number of
pinhead appeared in 1st flush and other developmental
parameters of A. bisporus in dried leaf based compost
(compost II) encased with different casing materials such
as vermicompost, tea waste, tea garden soil and SMC are
given in Table 2 and the sporophore grown in this compost
is presented in Fig.4 (H-N). Vermicompost yielded the
most suitable casing material with 19-23 days for pining.

From Table 2 it is clear that the maximum sporophore
formation was recorded as 6-12/bag with vermicompost
followed by SMC (6-10/bag) and tea waste (4-7/bag). The
minimum result regarding to sporophore number (3-5/
bag) formation was recorded in garden soil. Maximum
total yield (1028gm) was obtained from the bag encased
with vermicompost followed by SMC + vermicompost
(690gm), SMC (590gm), tea garden soil vermicompost
(530gm), tea garden (500gm), and tea waste +
vermicompost  (440gm). The minimum yield was obtained
in the tea waste treated bag as 400gm.

FIGURE2. Growth and mycelial development (A) and yield (B) of A. bisporus in three successive flushes in three
different compost formulas encased with vermicompost.

FIGURE3. Effect of compost formulas on fruit body morphological features; Single sporophore weight (A); Diameter
(cm) of pileus and size of stipe of sporophore of A. bisporus grown in three different compost formulas encased with
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sporophore formation range was recorded as 26-32
number/bag with vermicompost followed by tea waste
(21-25/bag) and SMC (19-23/bag). The least result
regarding sporophore number formation was recorded as
5-18/bag in tea waste casing material. Maximum total
yield (1228gm) was obtained from the bag encased with

vermicompost followed by SMC + vermicompost
(1210gm), SMC (1060 gm) and vermi +tea waste
(980gm), tea garden soil + vermicompost (970gm), tea
garden soil (910gm). The minimum total yield was
recovered in tea waste casing as 870gm.

*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf
based compost

FIGURE4. Fruit body of A. bisporus in three different types of compost formulas encased with different casing materials,
compost I (A-G); compost II (H-N); and compost III (O-U). casing materials ; vermicompost (A,H,O); garden soil (C,J,Q);
tea waste (D,K,R); garden soil + vermicompost (E,L,S); tea waste + vermicompost (F,M,T); spent compost +
vermicompost (G,N,U).

I.J.S.N., VOL.8 (2) 2017: 377-385 ISSN 2229 – 6441

381

sporophore formation range was recorded as 26-32
number/bag with vermicompost followed by tea waste
(21-25/bag) and SMC (19-23/bag). The least result
regarding sporophore number formation was recorded as
5-18/bag in tea waste casing material. Maximum total
yield (1228gm) was obtained from the bag encased with

vermicompost followed by SMC + vermicompost
(1210gm), SMC (1060 gm) and vermi +tea waste
(980gm), tea garden soil + vermicompost (970gm), tea
garden soil (910gm). The minimum total yield was
recovered in tea waste casing as 870gm.

*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf
based compost

FIGURE4. Fruit body of A. bisporus in three different types of compost formulas encased with different casing materials,
compost I (A-G); compost II (H-N); and compost III (O-U). casing materials ; vermicompost (A,H,O); garden soil (C,J,Q);
tea waste (D,K,R); garden soil + vermicompost (E,L,S); tea waste + vermicompost (F,M,T); spent compost +
vermicompost (G,N,U).

I.J.S.N., VOL.8 (2) 2017: 377-385 ISSN 2229 – 6441

381

sporophore formation range was recorded as 26-32
number/bag with vermicompost followed by tea waste
(21-25/bag) and SMC (19-23/bag). The least result
regarding sporophore number formation was recorded as
5-18/bag in tea waste casing material. Maximum total
yield (1228gm) was obtained from the bag encased with

vermicompost followed by SMC + vermicompost
(1210gm), SMC (1060 gm) and vermi +tea waste
(980gm), tea garden soil + vermicompost (970gm), tea
garden soil (910gm). The minimum total yield was
recovered in tea waste casing as 870gm.

*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf
based compost

FIGURE4. Fruit body of A. bisporus in three different types of compost formulas encased with different casing materials,
compost I (A-G); compost II (H-N); and compost III (O-U). casing materials ; vermicompost (A,H,O); garden soil (C,J,Q);
tea waste (D,K,R); garden soil + vermicompost (E,L,S); tea waste + vermicompost (F,M,T); spent compost +
vermicompost (G,N,U).

Kriti
Typewritten text
381



Different compost formulations in button mushroom production

382

TABLE 1. Pin head formation and development details of A. bisporus on paddy straw based compost (compost
I) using locally available casing materials

Casing
Materials

days for
primordial
initiation

No. of
pin head

No. of
sporophores/
bag in 1st
flush

Production/bag (gm) Total
yield/bag
(gm)1st flush 2nd flush 3rd

flush

Vermicompost 10-14 37-53 36-50 586±27.81 500±23.2 420±28.8 1506
Tea Garden soil 21-24 27-31 18-27 500±36.57 440±28.7 380±54.0 1220
Tea waste 19-23 26-34 15-18 515±36.09 380±41.4 270±37.1 1160
SMC 16-20 27-39 24-36 521±34.66 460±43.8 390±35.6 1370
SOIL+ VSMS 14-17 28-39 25-31 520±35.84 460±31.8 320±24.5 1300
Tea + VSMS 16-19 38-46 32-37 530±34.86 500±33.1 340±27.1 1370
SMC+VSMS 14-18 32-43 30-41 550±34.26 500±33.8 410±27.0 1460

TABLE 2. Pin head formation and development details of A. bisporus on tea leaves based compost (compost II) using
locally available casing materials

Casing
Materials

days for
primordial
initiation

No. of
pin head

No. of
sporophores/
bag in 1st
flush

Production (gm)/bag Total yield
/bag
g (gm)1flush 2flush 3flush

Vermicompost 18-23 13-21 6-13 300±21.03 220±20.05 100±9.66 1028
Tea Garden soil 21-25 6-8 3-5 190±20.76 200±17.95 110±10.54 500
Tea waste 17-21 6-10 4-7 210±20.71 100±13.17 90±5.96 400
SMC 19-23 10-16 6-10 270±42.67 200±31.56 120±14.29 590
SOIL+ VSMS 18-21 8-10 4-8 210±25.21 210±24.98 110±7.68 530
Tea + VSMS 17-19 7-11 6-9 220±26.50 120±14.15 100±10.85 440
SMC+VSMS 17-22 11-18 6-12 290±28.13 260±28.25 140±15.71 690

TABLE 3. Pin head formation and development details of A. bisporus on paddy straw and tea leaves based compost
(compost III) using locally available casing materials.

Casing
Materials

days for
primordial
initiation

No. of
pin head

No. of
sporophore/
bag in 1st flush

Production (gm)/bag Total
yield/bag
(gm)1st flush 2nd flush 3rd flush

Vermicompost 15-17 32-45 26-32 500±33.16 448±27.16 380±23.04 1228
Tea garden Soil 18-24 14-24 11-15 420±34.48 290±24.23 200±20.26 910
Tea waste 18-21 26-32 21-25 400±39.36 320±36.40 150±19.27 870
SMC 16-23 22-36 19-23 490±43.09 340±28.01 230±24.31 1060
SOIL+ VSMS 16-19 17-27 14-19 440±28.25 310±27.85 220±20.09 970
Tea + VSMS 16-20 27-37 26-34 410±39.34 360±32.76 210±19.49 980
SMC+VSMS 15-19 28-41 26-39 500±32.38 360±32.69 350±27.65 1210

Effect of compost on biochemical constituents of fruit
body of A. bisporus
Mushrooms grown in different compost formulas showed
significant variations in protein content, however no such
significant differences were recorded for different casing
materials. Among the compost formulation the highest
protein content of the young fruit body was observed as
164.67 mg/gt in paddy straw based compost and minimum
protein content was determined as156.33 mg/gt in tea leaf
based compost grown fruit body respectively. Protein and
sugar content of young sporophore grown in three
different compost formulas encased with vermicompost is
presented in Fig.5. This study regarding the influence of
compost on chemical constituents of fruit body was
supported by the study of Dehariya et al., (2013) and
Merie et al. (2014). Among the casing materials
vermicompost was recorded as best casing materials
giving the maximum protein content as 164mg/gt in paddy
straw based compost. The minimum protein content was
measured as 153.67 mg/gt in fruit body grown in tea leaf
based compost. The results regarding protein content
(mg/gm tissue) of fruit body grown in three different

compost-encased with different casing treatment is
represented in Fig.6. The lowest total protein content was
determined in the fruit body grown on compost II formula
encased with tea waste. Fruit body grown in Compost II
encased with vermicompost showed the total sugar content
of 65 mg/gm tissue as maximum content and minimum
was measured as 58.33mg/gm tissue in GS casing
treatment. The results regarding carbohydrate content of
fruit body grown in different compost encased with
different casing materials is presented in Fig.7&8.
Maximum total sugar content was observed in TW +
vermi casing treatment and minimum in SMC treatment in
compost III. The biochemical constituent of mushrooms
depends on the growing substrate and the organic
supplements also have effect on the non-enzymatic
antioxidants and mineral expression fruit body of
mushroom (Sharma et al., 2013). The chemical
constituents of fruit body grown in different substrates
vary as reported by Shin et al., (2007) and Pani (2010).
However, yield and nutritional values of A. bisporus
cultivated on dried tea leaf based composts should be
investigated in more detail.
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*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf based
compost

FIGURE5. Effect of compost formulas on protein and carbohydrate content (mg/gt) in young fruit body grown in different
compost encased with vermicompost

*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf based
compost

FIGURE 6. Effect of casing materials on protein content in young fruit body grown on three different compost formulas
and encased with different casing materials; such as Vermicompost (A), garden soil (B), Tea waste (C), Spent mushroom
compost of C. indica (D), Garden soil and vermicompost (E), Tea waste and vermicompost (F), SMS and vermicompost
(G).

*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf based
compost

FIGURE7. Effect of casing materials on total sugar content in young fruit body grownon three different compost formulas
and encased with different casing materials; Vermicompost (A), garden soil (B), Tea waste (C), Spent mushroom compost
of C. indica (D), Garden soil and vermicompost (E), Tea waste and vermicompost (F), SMS and vermicompost (G).
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*compost I-Paddy straw based compost, compost II-tea leaves based compost,  compost III-paddy straw and dried tea leaf based
compost

FIGURE8. Effect of casing materials on reducing sugar in young fruit body grown on three different compost formulas
and encased with different casing materials; Vermicompost (A), garden soil (B), Tea waste (C), Spent mushroom compost
of C. indica (D), Garden soil and vermicompost (E), Tea waste and vermicompost (F), SMS and vermicompost (G).

CONCLUSION
From the present study we can conclude that the paddy
straw based compost encased with vermicompost is the
best for cultivation of A. bisporus. The results in this study
revealed that the casing material play a decisive role in
increasing biological efficiency of white button
mushroom. The nutritional value of fruit body also
depends of the substrate on which it is grown.
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Abstract: Cultivation of Calocybe indica was undertaken with locally available substrates viz. paddy straw, maize 
stalk waste, bamboo leaves and young coconut fibre alone and various combinations with paddy straw + maize stalk 
(1:1 v/v), paddy straw+ saw dust (1:1 v/v), and paddy straw+ saw dust (1:2 v/v)and different casing materials such 
as vermicompost, soil+ sand (1:1v/v), dried saw dust, hard paper (wet condition) and combination of tea waste 
+soil+ sand, saw dust +sand (1:1 v/v), tea waste+ sand (1:1 v/v) in paddy straw cultivating condition. Among the 
substrates, paddy straw was the best with 196.12 % biological efficiency (BE) followed by different substrate combinations 
but the bamboo leaves alone was recorded as substrate with lowest potential (84%) for cultivation. As casing material the 
spent mushroom compost (SMC) of Agaricus bisporus resulted in the highest biological efficiency (207%) followed 
by soil+ sand (196%), sand +saw dust (163%) but combination of tea waste+ soil + sand was inferior (151%). Saw 
dust gave the lowest (96.8%) biological efficiency. In conclusion the maximum biological efficiency of C. indica can 
be obtained by using paddy straw as a substrate encased with spent compost of button mushroom. 

Keywords: Biological efficiency, Calocybe indica, Casing, Coconut fibre, Spent mushroom compost, Vermicompost  

INTRODUCTION  

Mushroom cultivation and consumption is getting 

popular day by day due to their high nutritional and 

medicinal values. Due to high content of vitamin, protein 

and minerals, mushrooms are considered as poor man’s 

proteins (Velusamy et al., 2014a). Milky mushroom is 

suitable for hot humid climate and can be  

cultivated almost throughout the year in India except 

few places (Pani, 2010). Mild tropical humid climate 

with the temperature in a range of 25-35°C and relative 

humidity around 80-90 percent persists during  

summer season in North Bengal region of West  

Bengal. This mushroom requires a temperature range 

of 30-35oC and a relative humidity of 70-80%, which 

is conducive to the environmental conditions of North 

Bengal. Therefore, cultivation of Calocybe indica (P 

and C) stands to be the best option during summer 

season. First attempt for cultivation of C. indica was 

made by Purkayastha and Nayak in 1979. But till today 

it is cultivated only in few parts of the country 

(Navathe et al., 2014; Rawal and Doshi 2014).  

Commercial cultivation of this mushroom is still in its 

infancy in India. There is need to introduce the cultivation 

technology of this mushroom into new agro climatic 

zones of the country as the biological efficiency of this 

mushroom is much greater than that of oyster  

mushroom. Its robust size, sustainable yield, attractive 

color, delicacy, long shelf-life, and lucrative market 

ISSN : 0974-9411 (Print), 2231-5209 (Online)  All Rights Reserved © Applied and Natural Science Foundation  www.jans.ansfoundation.org  

value have attracted the attention of both mushroom 

consumers and prospective growers. C. indica is rich 

in protein, fiber, carbohydrates, and vitamins and  

contains essential amino acids. This mushroom can be 

grown in different lignocellulosic substrate (Bokaria et 

al., 2014, Velusamy et al., 2014a). Huge quantities of 

lignocellulosic residues such as rice straw, wheat 

straw, mustard straw, maize stalk, waste cotton, water 

hyacinth, sugar-cane bagasse are generated annually 

through activities of the agricultural, forest, and food-

processing industries in North Bengal. Therefore, the 

present investigation was undertaken to determine the 

best substrates and casing materials for the commercial 

cultivation of Calocybe indica in North Bengal. 

MATERIALS AND METHODS  

Inoculum and spawn preparation: The pure mycelial 

culture of C. indica was obtained from Directorate of 

Mushroom Research, Solan, HP, India and maintained 

at 25o C in PDA and MEA media. Pure culture was 

stored at 15o C. The preparation of mycelial inoculum 

in petri dishes and its conservation in test tube slants 

was performed according to Singh (Singh et al., 2009). 

Spawn was prepared by boiling wheat grains for 15 

minutes followed by draining and cooling and calcium 

carbonate (5g/kg) and gypsum (25g/kg) were added, 

mixed well and then transferred into 65 to 75 cm clear 

double polypropylene bags, with a mean thickness of 

0.6 mm, and its upper portion was plugged with non 

http://jans.ansfoundation.org/
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absorbent cotton plug and were covered with paper. 

The grain filled bags were sterilized in autoclave at 15 

lb pressure (121o C) for 40 min and allowed to cool at 

room temperature. The mycelial inoculum discs (5 

mm) of 10 days old were aseptically inoculated in the 

spawn bags and incubated at 25± 2o C in shaded  

chamber for mycelial growth. 

Mushroom bag preparation: The locally available 

lignocellulosic substrates such as paddy straw, maize 

stalk waste, bamboo leaves, saw dust and young coco-

nut fibre were selected for mushroom bag preparation.  

Experiments were conducted in a completely randomized 

design with six treatments in substrate level and nine 

treatments in casing level with six replicates in each 

treatment. Polyethylene bags of 60 × 30 cm size were 

used and cylindrical mushroom beds were prepared 

following layer method of spawning. Beds were pre-

pared in which each bed contain 3 kg of substrate (wet 

weight basis). A moisture content of about 60% was 

allotted in the wetted substrate prior to spawning. The  

substrates were pasteurized using boiled water at 100o 

C for 30 minutes and dried up to 60%  

moisture. The inoculated bag was perforated (12 no’s) 

with sterilized teasing needles. The bags were incubated 

in dark room to complete the spawn run and main-

tained at temperature of 29-34oC with relative humid-

ity of 85-90 %. After 12-14 days, when the beds were 

fully colonized by the vegetative mycelium of mush-

room fungus, the upper surface of each bag was 

opened and the surface was applied with casing soil to 

a thickness of 2-3 cm over the spawn run substrate. 

The beds were uniformly and regularly sprayed with 

water to keep the surface of substrate moist. Watering 

was done after and before casing layer placement. Af-

ter 2-3 weeks, the primordial initiation was observed in 

all substrate levels. Within one week the pin head be-

c o m e s  

mushroom fruit body and mature mushrooms were 

harvested. From one bed twice or thrice mushrooms 

were harvested in 9±3 day’s interval. No remnants of 

harvested sporophores were allowed to remain in the 

substrate. After each harvest, the casing soil was 

slightly ruffled. The different casing materials like 

alkaline (garden) soil, sand, saw dust, tea waste alone 

and various combinations were applied to the  

mushroom beds and recorded its bioefficiency. 

Yield and bioefficiency: Total weight of all the fruit-

ing bodies harvested from all the four pickings were 

measured as total yield of mushroom. The bioeffi-

ciency (yield of mushroom per kg substrate on dry wt. 

basis) was calculated by the following formula (Elaiya 

and Ganesh, 2013). 

BE (%) =  Fresh weight of total Harvested Mushroom × 100 

Dry weight of Substrate 

Biochemical analysis of fruit body grown on different 

substrate combination: Protein contents in fruit body 

grown on different substrate were determined followed 

by protocol proposed by Lowry et al.(1951). Carbohy-

drate content of different parts of fruit body grown in 

different substrates was measured. Ethanol (95%) was 

used for extract reparation in both total sugar and  

reducing sugar. Total sugar was estimated at 630nm 

using Anthrone’s reagent. Reducing sugar estimation 

was done using 2 ml of alkaline copper tartrate in 2ml 

of ethanolic extract of sample. Determination of reducing 

sugar content using arseno molybdate was carried out 

at 620 nm following Nelson-Somogyi Method as  

described by Plummer (1978). 

RESULTS  AND DISCUSSION  

Spawn run: Locally available substrates such as 

paddy straw, maize stalk saw dust, bamboo leaves etc. 

were investigated for their suitability to cultivation of 

C. indica. Minimum period for substrate colonization 

(14 days) was recorded in paddy straw while it was 

maximum (26 days) in bamboo leaves. Bamboo leaves 

contain high amounts of phenolic substances and  

complex lignin compounds as compared to other  

substrates (Sahoo et al., 2009). This might be the  

probable reason for delayed colonization in this  

substrate. Mycelium colonization of C. indica in  

mushroom beds containing different substrates such as 

paddy straw, maize stalk, saw dust was initiated on day 

2 and fully colonization on day 10 (Table 1). This 

study was also supported by the finding of Pani (2011) 

and Bokari et al., (2014) where they used different 

substrate and casing materials for cultivation of C. 

indica that affect spawn run and colonization period in 

the substrate. 

Days for pin head formation: The pin head of C. 

indica was observed on day 28 in mushroom bed con-

taining paddy straw whereas maize stalk along with 

paddy straw took 29 days to initiate the pin head. The 

pin head was developed into matured fruit bodies on 

day 30 in mushroom bed containing paddy straw 

whereas bamboo leaves took 41.67 days.  

Days for 1st harvest: Overall 33-45 days were  

required for first harvest. Significantly minimum 35.3 

days was required for first harvest in the paddy straw  

substrate encased with soil+sand casing. 

Total number of fruit bodies: The highest number of 

fruit body (23 fruit bodies) was harvested in the  

treatment with paddy straw substrate encased with 

SMC where 16 fruit bodies were harvested in paddy 

straw + maize stalk, 12 in paddy straw+saw dust (1:1 

v/v), 10 in paddy straw+saw dust (1:2 v/v), 7 in maize 

stalk and 4 in bamboo leaves. The casing materials and 

thickness play important roles in fruit body  

development and fruiting period as recorded by Pani 

(2012). 

Size of fruit-body: The average size of sporophore 

(i.e. length of stalk X diameter of pileus) was recorded 

in each harvesting time. The recorded data revealed 

that the sporophore size was significantly higher in 

paddy straw followed by the substrate combination of 

paddy straw + maize stalk, paddy straw + saw dust, 

Bishwanath Chakraborty et al. / J. Appl. & Nat. Sci. 8 (2): 683 - 690 (2016) 
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maize stalk and bamboo leaves, minimum size  

observed in bamboo leaves. Maximum diameter of 

stalk was observed in paddy straw (3.2cm) followed by 

the combination of paddy straw + maize stalk (2.7 cm), 

maize stalk (2.2 cm) and in paddy straw + saw dust 

(1:1 v/v) (2.4cm). The minimum diameter of stalk was 

observed as 2.3cm in paddy straw + saw dust (1:2 v/v), 

2.1 cm  in bamboo leaves. The effect of casing materi-

als on stalk diameter was also found. The stalk with 

parallel diameter in base to top was observed only in 

paddy straw encased with coconut young fibre. But in 

other treatments it was found that the diameter of stalk 

base is more than the top portion. 

Effect of substrate on biological yield: Among the 

six substrate combinations, paddy straw was most  

suitable for the maximum production of fruit bodies 

(1961.90 g) with the bioefficiency of 196.19 %  

harvested in 3 intervals. Next to the paddy straw alone, 

the combination of paddy straw with maize stalk (1:1 

v/v) and saw dust (1:1 v/v) should results with a  

production of 1.743 g and 1.773 gm harvested in 3 

intervals (flashes) respectively. Cultivation of C.  

indica on the substrate combination of paddy straw 

with maize stalk and paddy straw with saw dust, the 

recorded bioefficiency was slightly less than paddy 

straw alone but higher than young coconut fibre (994.4 

gm) and bamboo leaves alone (839.9gm). Comparison 

of the biological efficiency of C. indica on all the  

substrates revealed that maximum biological efficiency 

was on paddy straw (196.1%) which was followed by 

paddy straw + saw dust (177.37%), paddy straw + 

maize 1:1 (174.33%), maize stalk (161.16%) and  

bamboo leaves (84.93%). This study was supported by 

the experiment of Amin et al., (2010). He also used 

different substrates for cultivation of C. indica to see 

the effect of substrates on yield and biological  

efficiency.  

Effect of substrates on biological efficiency: Five 

locally available substrates such as paddy straw, maize 

stalk, saw dust, bamboo leaves, young coconut fibre 

waste and their different combinations were used to 

ascertain the best suitable substrate for cultivation of 

C. indica in North Bengal region. From the data  

presented in Table 1 it is revealed that minimum  

period was required to colonize the substrate in paddy 

straw + maize stalk waste (1:1 v/v) (13 days) followed 

by paddy straw alone (14.33 days), paddy straw+ saw 

dust (1:2 v/v) (14.67 days), paddy straw+ saw dust (1:1 

v/v) (15.33 days), maize stalk alone (17.66 days), bam-

boo leaves (20.67 days) and young coconut fibre waste 

(18.33 ) respectively. Maximum period (20.50 days) 

was required for partial colonization in bamboo leaves. 

Early emergence of pin heads occurred on paddy straw 

(32.5days) followed by paddy straw+ maize stalk (1:1 

v/v) combination (35.67 days). They were followed by 

paddy straw +saw dust (1:1 v/v) 36.23 days, paddy 

straw +saw dust (1:2) 36.32 days, maize stalk (36.66 

days), young coconut fibre (38.33 days) . Delayed pin 

head formation was recorded only in bamboo leaves 

where pin heads were appeared 41.35 days after 

spawning. The overall spawn run period ranged  

between 14-20 days and pinhead initiation period  

between 32 to 41days. Maximum number of fruiting 

bodies (6/flush) was recorded on paddy straw followed 

by paddy straw + maize stalk waste (1:1) (5.67/flush) 

paddy straw + saw dust (1:1), maize stalk, young coconut 

fibre and bamboo leaves respectively. Maximum  

biological efficiency of C. indica in three flushes was 

recorded on paddy straw (196.1%) which was  

subsequently followed by paddy straw+ saw dust in 

1:1 ratio (177%), paddy straw +maize stalk in 1:1ratio

(174.33%), maize stalk 161.16%, paddy straw + saw 

dust (1:2) 135.2%, young coconut fibre (99.44%) and 

bamboo leaves (83.93%) respectively. The reason for 

low biological efficiency on bamboo leaves may be 

attributed to unavailability of necessary cellulosic 

compound in required amounts for fruit body  

formation. Paddy straw was the best suitable substrate 

in respect of spawn run period, pinhead formation 

time, average weight of fruit body and biological  

efficiency. Proportionate amounts of lignin, cellulose 

and hemicellulose in paddy straw might have played 

the crucial role in performance of the mushroom study. 

Superiority of paddy straw as compared to many other 

substrates such as sugarcane bagasse, ground nut 

haulms, soybean hay, black gram hay, sunflower stalk, 

cotton waste, sesamum stalk, coir pith and wheat straw 

for cultivation of C. indica has been reported by many 

workers (Yadav 2006; Chaubey et al., 2010; Pani 

2010; Saranya et al., 2011). The data in the table 1 

indicate that the biological efficiency on bamboo 

leaves was quite low as compared to paddy straw and 

other substrate combination. It is clear from the results 

of this experiment that in respect of time required from 

spawning to pinhead appearance, biological efficiency 

and average weight of fruit body, paddy straw was the 

best substrate for cultivation of C. indica in North  

Bengal region.  

Effect of casing material on biological efficiency: In 

this experiment, paddy straw based bag was encased 

separately with seven different casing materials viz., 

sand + soil (1:1v/v), vermicompost, tea waste + sand 

(1:1 v/v), saw dust + sand (1/1 v/v), tea waste + soil+ 

sand (1:1:1 v/v/v) and wet hard paper and saw dust 

alone,, young coconut fibre and spent mushroom  

compost (SMC) of A. bisporus to assess their effect on 

the biological efficiency of C. indica. From data  

illustrated in Table 2, it is revealed that among the nine 

treatments maximum biological efficiency was  

obtained on paddy straw encased with the SMC  

followed by the combination of sand+soil (196.19%), 

YCF (194.11), saw dust + sand (163.29%), wet hard 

paper (130%), tea waste + soil +sand (151.77%) and 

t e a  w a s t e  +  s a n d ,  1 4 4 . 5 7 % ,  a n d  

vermicompost130.70%, and saw dust alone showed the 

lowest biological efficiency 96.94%. Kalha et al., 
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(2011) and Kumar et al., (2012) reported that the  

various supplement and biofertilizer in casing layer 

have the effect on the yield of C. indica. The thickness 

of casing layer also affected the yield and bioefficiency 

as recorded by Subramanian and Shanmugasundaram, 

(2015). 

Effect of different substrates on protein content of 

fruit body: Quantification of protein content of the 

different mushroom samples grown in different  

substrate did not show significant differences (Fig.3). 

Among the substrates the highest protein content of the 

pileus of fruit body was observed as 135.67 mg/gt and 

134.33 mg/gt in paddy straw and young coconut fibre 

grown samples respectively. The maximum protein 

content of stipe of fruit body was observed in sample 

grown in paddy straw followed by  paddy straw + 

maize stalk, maize stalk (56.67mg/gt), YCF (52.68 mg/

gt), paddy straw + saw dust (1:2) 46.35 mg/gt and the 

minimum protein content was found in both paddy 

straw + saw dust (1:2) and bamboo leaves as 45.67mg/

gt. The protein content was always found to be high in 

pileus compared to stipe. Velusamy et al. (2014b)  

reported the same result about protein content of pileus 

than stalk of fruit body. The chemical constituents of 

fruit body grown in different substrate varies as  

reported by Shin et al., (2007) and Pani (2010). Pushpa 

et al., (2010) suggested that this mushroom is protein 

and fibrous rich with low fat content and may be used 

as protein supplementary diet. 

 Effect of different substrates on carbohydrate  

content of fruit body: No significant difference in 

carbohydrate content was found in mature spophores 

of C. indica grown in six different substrate combina-

tions. Carbohydrate content (mg/gt) of C. indica grown 

in different substrate is represented in fig.4. The study 

revealed that the carbohydrate content of pileus is 

lesser than the stipe of the fruit body (Alam et al., 

2008). Among the substrates, the lowest total sugar 

content was found in stipe of fruit body grown in 

paddy straw and maize stalk combination as 26.30 mg/

gt where others substrate based fruit body showed av-

erage. total sugar content of 32.62 mg/gt. On the other 

hand in case of pileus the lowest total sugar content 

was found in bamboo leaves (21.67 mg/gt) where maxi-

mum total sugar content (24.33 mg/gt) was found in 

YCF growing fruit body followed by paddy straw 

(23.67mg/gt) paddy straw + saw dust (23.67 mg/gt) 

and maize stalk singly (23.67mg/gt) and paddy straw + 

Bishwanath Chakraborty et al. / J. Appl. & Nat. Sci. 8 (2): 683 - 690 (2016) 

Fig.1. Effect of substrates on biological efficiency of C. indica, A. paddy straw B. paddy straw+ maize stalk, C. paddy straw + saw 

dust (1:1), D. Saw dust alone, E. Paddy straw + saw dust (1:2). F. Bamboo leaves G. Young coconut fibre waste (YCF).  
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maize stalk (22.33 mg/gt). Sharma et al. (2013), re-

ported that the organic supplements also effect on the 

non-enzymatic antioxidants and mineral expression in 

C. indica. Fruit body of C. indica contain lesser carbo-

hydrate  than protein in pileus as reported by Alam et 

al. (2008). 

Effect of casing materials on protein content of fruit 

body: Similar to previous result protein content in 

different mushroom samples grown in paddy straw 

based compost encased with different casing materials 

was also not significantly different (Fig. 5). The high-

est protein content (mg/gt) was found in the mushroom 

sample encased with spent mushroom substrate fol-

Fig. 2. Effect of casing on biological efficiency of C. indica A. sand+soil B. Sand+soil+ tea waste; C. saw dust, D. Saw dust+ Sand, E. 

Hard wet paper, F. Sand+ tea waste, G. vermicompost, H. Young Coconut fibre waste (YCF). I. SMC of Agaricus bisporus.  

Fig. 3. Effect of different substrates on protein content of 

fruit body; A. paddy straw, B. Paddy straw + maize stalk, C. 

Paddy straw + saw dust (1:1), D. Paddy straw + saw dust 

(1:2), E. Maize stalk , F. Bamboo leaves, G. Young coconut 

fibre. 

Fig. 4. Effect of different substrates on carbohydrate content 

(mg/gt) of fruit body; A. Pileus-paddy straw, B. Stipe- paddy 

straw, C. Pileus-paddy straw + maize stalk (1:1 v/v), D. 

Stipe-paddy straw + maize stalk (1:1v/v), E. Pileus--paddy 

straw + saw dust (1:1 v/v), F. Stipe-paddy straw + saw dust

(1:1 v/v), G. Pileus- paddy straw + saw dust (1:2 v/v), H. 

Stipe- paddy straw + Saw dust (1:2 v/v), I. Pileus-maize 

stalk, J. Stipe-maize stalk, K. Pileus-bamboo leaves, L. Stipe-

bamboo leaves, M. Pileus-Young coconut fibre. N. Stipe-

Young coconut fibre.  

Bishwanath Chakraborty et al. / J. Appl. & Nat. Sci. 8 (2): 683 - 690 (2016) 



689  

lowed the sample grown in paddy straw encased with 

young coconut fibre, soil + sand, vermicompost, hard 

paper, sand + saw dust, tea waste + sand, saw dust. 

The lowest result found in the sample grown with tea 

waste. The protein content was always found to be 

high in pileus compared to stipe. It has been found that 

the various casing materials also have the effect in 

chemical constituent of fruit body of C. indica. Among 

all the casing materials the highest protein content of 

the pileus of fruit body was observed as 137.34 (mg/gt) 

in SMC followed by YCF (136.67 mg/gt), SOS 

(136.33 mg/gt), VR (135.34 mg/gt), HP (134.67 mg/

gt), SSWD (134.33 mg/gt),TWS (133.67 mg/gt), SWD 

(132.34 mg/gt), TW (131.67mg/gt). The maximum 

protein content of stipe of fruit body was observed in 

sample grown in paddy straw followed by  paddy 

straw + maize stalk, maize stalk (56.67mg/gt), YCF 

(52.68 mg/gt), paddy straw + saw dust (1:2) 46.35mg/

gt and the minimum protein content was found in both 

paddy straw + saw dust (1:2) and bamboo leaves as 

45.67mg/gt. The maximum protein content (78.33 mg/

gt) of stipe of fruit body was observed in SMC casing 

material followed by SOS (77.67mg/gt), YCF (75.67 

mg/gt), TWS (75.67), HP (73.67mg/gt), VR (73.33mg/

gt), TW (72.67 mg/gt), SWD (72.33 mg/gt) and the 

minimum protein content was found in SSWD as 

67.67 mg/gt. Maximum protein was observed in pileus 

of young fruit body compared to stipe by Alam et al., 

(2008) and Velusamy et al., (2014b).  

Effect of casing materials on carbohydrate content 

of fruit body: No significant difference in carbohy-

drate content was found in mature spophores of C. 

indica grown in nine different casing material combi-

nations. Carbohydrate content (mg/gt) of C. indica 

grown in different substrate is represented in fig.6. 

Among the casing materials, the maximum total sugar 

content (26.30 mg/gt) was found in stipe of fruit body 

Fig.5. Effect of different casing materials on Protein content 

of fruit body; VR - vermicompost, SOS-Soil+ Sand, TW-Tea 

waste, HP-Hard paper, SWD-Saw dust, SSWD - Sand+ saw 

dust, TWS-Tea waste, YCF-Young coconut fibre, SMC-Spent 

mushroom compost, SMC-Spent mushroom compost.  

Fig. 6. Effect of casing materials on carbohydrate content of fruit body; VR-P- vermicompost pileus, VR-S-Vermi stipe, SOS-P- 

soil+ sand pileus, SOS-S- soil + sand stipe, TW-P-tea waste pileus, TW-S- tea waste stipe, HP-P-Hard paper pileus, HP-S- 

Hard paper-Stipe, SWD-P-saw dust pileus, SWD-S-saw dust stipe, SSWD-P-sand+ saw dust pileus, SSWD-S- Sand + saw dust 

stipe, TWS-P-tea waste pileus, TWS-S- Tea waste Stipe, YCF-P-Young coconut pileus, YCF-S- Young coconut Stipe, SMC-P-

Spent Mushroom Compost pileus, SMC-S- Spent Mushroom Stipe,  

grown in SMC followed by SOS (34.67), VR (34.33), 

YCF and TW (33.33 mg/gt), TWS (33mg/gt) , SSWD, 

HP (32.67mg/gt). On the other hand in case of pileus 

the lowest total sugar content was found in SWD (24 

mg/gt) where maximum total sugar content was re-

corded in SMC and SOS (26.33 mg/gt).  Maximum 

carbohydrate was obtained in stipe compared to pileus 

by Alam et al., (2008) and Velusamy et al., (2014b).  

Conclusion 

From the above results we can conclude that the paddy 

straw is the best substrate for cultivation of C. indica 

and the biological efficiency of C. indica can be in-

creased up to 180-198% by using a combination of soil 

+ sand as casing material in North Bengal condition. It 

was  revealed that the casing material plays a decisive 

role in increasing biological efficiency of summer 

mushroom. The nutritional value of fruit body also 

depends on the substrate on which it is grown. 

Bishwanath Chakraborty et al. / J. Appl. & Nat. Sci. 8 (2): 683 - 690 (2016) 
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Influence of spent mushroom substrate (SMS) of oyster mushroom and button mushroom on the improvement of 
health status of Capsicum annuum L. was investigated. Analysis of growth promotion in terms of height, no of 
branches, yield and no of leaf drop indicated that the use of the spent mushroom substrate of oyster mushroom 
and spent compost of button mushroom had a positive effect on the overall growth of the tested plants.  SMS had 
a role in    mobilizing the soil phosphate which was evident by a decrease in soil phosphate level and increase in 
root and leaf phosphate following treatment with SMS. Chlorophyll content of plants increased when treated with 
oyster mushroom fresh substrate and button mushroom leachate compost. Fruits of plants treated with button 
mushroom leachate compost and oyster mushroom fresh substrate showed an increase in protein content of about 
2.5 times over control. Similarly, carotenoid contents of fruits also increased significantly in the treated plants, 
but increases in leaves were not significant. It is evident from the present study   that the use of different form of 
spent mushroom substrate of oyster mushroom and spent compost of button mushroom led to the overall increase 
in growth of Capsicum annuum L. 
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1. INTRODUCTION 
 

After mushroom cultivation, the partially degraded paddy 
or wheat straw and other agricultural waste, which form as 
valuable by-products of edible mushroom cultivation, have been 
termed as Spent Mushroom Substrate (SMS). This SMS, which 
contains simpler form of protein rich component formed by 
modification of agricultural materials by the fungus after few 
cycles of cultivation, can be used as  very good soil conditioners 
for the cultivation of fruits, vegetables flower and foliage crops 
[1]. Spent mushroom substrate is a good source of carbon, 
nitrogen and other elements. Nitrogen content varies from 0.4-
13.7% with a C: N ratio of 9 to 15: 1 [2] which enhances the 
growth of plants. The mushroom production is increasing day by 
day and about 10 million metric tons of spent mushroom 
compost, a by-product of Agaricus bisporus is produced per year 
[3, 4]. After the mushroom harvest, the substrates have to be 
removed as storage of this spent substrate may cause 
environmental contamination. Using the spent mushroom 
compost as organic manure is one of the solutions to utilize the 
spent compost in a better way. The rich organic matter, moderate 
nutrient load, near neutral pH and presence of beneficial 
microbial population make SMC as a suitable organic waste for 
its conversion into quality manure for crops. It has                       
been observed that the SMS has potential to bioremediate    
several agricultural grade   fungicides   and   pesticides   [5, 6, 7].  

 
       . 
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After suitable pre-treatment, spent mushroom substrate can 
completely or partially substitute the growing media for cultivation 
of different economically important horticultural crops [8, 9].  
There are several methods of using the spent mushroom compost 
and weathering is one of them. Spent substrates can be spread on 
the land and allowed to weather for one or more years which allow 
to reduce the salt and nitrate contents of the spent materials. 
However, weathering alone is not sufficient and leaching is a better 
method for reducing salinity of the spent mushroom substrate. 
Leached spent compost has been reported to have less salinity than 
the weathered compost and most of the essential elements as well 
as the microbial properties remain the same as normal spent 
compost [10, 11, 12]. Thus spent mushroom substrate is considered 
to be a good source of organic matter and rich in macro and micro 
elements for plants, which help to increase the soil biological 
activity [13, 14]. It is also known that roots of most plant supports 
a wide range of fungal communities which colonize roots intra and 
intercellularly. Such fungi are known as arbuscular mycorrhizal 
fungi (AMF) [15]; besides, ectomycorrhizal and ectotrophic 
associations between fungi and plants [16] are also common. 
Another group of fungi which are commonly found in soil help in 
growth promotion upon root colonization are known as plant 
growth promoting fungi (PGPF) [17].   

These are beneficial to several crop plants in respective of 
growth promotion as well as disease suppression [18]. The present 
study has been undertaken to evaluate the effect of spent 
mushroom substrate of different edible mushroom as biofertilizer 
on the growth and biochemical changes of Capsicum annuum L. 
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2. MATERIALS AND METHODS 
 

2.1. Experimental design 
Cultivation of Pleurotus ostreatus was done using the 

chopped paddy straw spawn and Agaricus bisporus on the 
pasteurized compost consisting of chopped paddy straw, wheat 
bran, poultry manure and gypsum. After a few cycles of 
production were completed, the spent mushroom substrate 
cylinders and the compost of button mushroom were dried 
completely under sunlight and used for experiment. In this 
experiment, six treatments were done using the spent mushroom 
substrate of oyster mushroom and button mushroom, and there was 
a control without any treatment. The treatments were: 
Control(only soil), T1=Soil + Oyster mushroom leachate 
(100ml/kg soil), T2=Soil + oyster mushroom substrate fresh 
(250gm/kg soil), T3= Soil + Button mushroom leachate (100ml/kg 
soil), T=4 Soil + Button mushroom spent compost fresh (250gm/ 
kg soil), T5= Soil + Weathered Spent oyster mushroom substrate 
(250gm/kg soil), T6= Soil + Weathered Button mushroom 
compost (250gm/kg soil), T7= Soil + Fresh oyster mushroom 
substrate + Fresh button mushroom spent compost (250gm/kg 
soil). The experiment was designed in a complete randomized 
design which was set up in 3 replicates. Pots were placed in open 
field condition and no other organic or inorganic fertilizer used in 
the growing media.Growth promotion was recorded in every 7 
days intervals afterthe transfer of plants in terms of plant height, 
number of branches, leaf drop ratio and yield in comparison to the 
control sets. 

 
2.2. Plant material 

Hybrid seed of Capsicum annuum L. (Brand name 
Bullet) was collected from the local market,   germinated in the 
germination tray at 25-270 C and the seedlings were allowed to 
grow in the tray for 15 days. The 15-day- old seedlings were then 
transferred to the pre-treated pots. 
 
2.3. Extraction and quantification of phosphate from soil, roots 
and leaves 

Soil samples (1g, air dried) or plant materials (1g, oven 
dried) were suspended in 25 ml of the extracting solution (0.025N 
H2SO4, 0.05N HCl) and activated charcoal (0.01 g) was also 
added. The extracted samples were shaken for 30 min in a rotary 
shaker and filtered through Whatman No. 2 filter paper. 
Quantitative estimation was carried out following ammonium 
molybdate-ascorbic acid method as described by Knudsen and 
Beegle [18]. 
 
2.4. Extraction and estimation of Chlorophyll content 

For extraction of chlorophyll, 1g of leaf sample was 
ground using 10 ml of 80% acetone, it was filtered through 
Whatman No 1 filter paper. The absorbance was taken 
spectrophotometrically at 663 nm and 645 nm. Calculation of 
Chlorophyll a, Chlorophyll b and Total Chlorophyll was done 
following the methodology as described by Arnon   [19]. 

2.5. Extraction and estimation of Carotenoid 
1gm of fruit was grinded in dark using 10ml methanol 

and then it was filtrated by Whatman No1 paper and used as crude 
sample for estimation. The absorbance was taken at 480 nm, 
645nm and 663nm. Carotenoid content was estimated by the 
following formula 
Total carotenoid = [A480 – (0.114 X A664) – (0.638 X A645)] µg/gm 
tissue 
 
2.5. Determination of total protein 

Protein was extracted from the plant materials using 
Phosphate buffer (pH7.2) and protein content was determined 
following the methods as described by Lowry et al., (1951) using 
BSA as standard. 
 
3. RESULTS AND DISCUSSION 
 

Spent mushroom substrate of Oyster mushroom and 
Compost of Button mushroom were tested for their effect on 
growth promotion of Capsicum annuum L. in potted conditions. 
Spent mushroom substrates were used directly as well as in 
leached form and weathered compost was also applied either 
singly or in combination. After this, growth promotion in terms of 
height, number of branches and root-shoot biomass were evaluated 
at several intervals. Final yield was also estimated by harvesting 
the capsicum according to their treatment. The results revealed that 
all the treated plants showed significant increase of height after 
35days out of which, those treated with spent substrate of fresh 
oyster mushroom, button mushroom leachate and weathered 
compost of button mushroom showed highest increment in growth 
(Fig 1 & 2A). On the other hand, it was observed that the number 
of branches significantly increased in oyster mushroom leachate, 
button mushroom weathered and button mushroom fresh compost 
(Fig 2B). In case of yield highest yield was obtained by treatment 
with SMS of oyster mushroom leachate followed by oyster 
mushroom weathered SMS (Table 1).  
 
Table 1: Effect of different treatments of spent mushroom substrates on yield 
of  Capsicum annuum. 

     Treatments Yield in first harvest 
(g/ plant) 

Control 49.67±1.37 
Fresh oyster SMS1 57.67±0.67 
Oyster SMS leachate 67.33± 1.65 
Oyster Weathered SMS  59.33±3.57 
Button SMC2 leachate 54.67±4.78 
Button weathered Compost 58.00±2.35 
Fresh SMC of Button 50.75±1.76 
Oyster SMS + Button SMC 53.50±2.20 

1SMS= Spent Mushroom Substrate (oyster mushroom), 2SMC=Spent 
Mushroom  Compost (Button mushroom) 
 

It has been reported that the PGPR also stimulate the 
beneficial plant fungal symbiosis involving both AM fungi and 
ectomycorrhizae [20]. Results revealed that the spent oyster 
mushroom leachate, fresh oyster mushroom substrate and button 
mushroom leachate showed better yield. It was also reported that 
the ectomycorrhizal treatment   influences   the   growth of   plants.  
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Fig. 1: Effect of Spent mushroom substrates on the growth of Capsicum annuum L.       (A)= Control; (B)= Fresh spent oyster mushroom substrate; (C)= spent 

oyster mushroom substrate leachate; (D)= Spent weathered oyster mushroom substrate; (E)=Fresh button mushroom compost; (F)= Spent button mushroom 
compost leachate; (G)= Spent weathered button mushroom compost; (H)= Combined treatment of Spent oyster mushroom and button mushroom substrate 

 
 
 

 
Treatments  

 
Fig. 2a: 
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Fig: 2 (B) 
Fig. 2:  Effect of Spent mushroom substrate on the growth of Capsicum annuum L. showing the rate of increase in height (A) and number of branches (B). 

 
 

 
Treatments  

 

 
Treatments  

Fig. 3: Total protein content (A) and carotenoid content (B) in leaves and fruits of Capsicum annuum L. plants treated with spent mushroom substrates of oyster 
mushroom and button mushroom. 
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Apart from this, mobilization of soil phosphate by these 
treatments were evaluated in terms of total phosphate content in 
soil, roots and leaves of the treated plants in comparison to the 
untreated control sets [21]. The uptake of phosphate content was 
significantly increased in fresh oyster mushroom substrate and in 
button mushroom weathered compost (Table 2).  
 
Table 2: Effect of spent mushroom substrate on total phosphate content of soil, 
root and leaf of Capsicum annuum L. after 15days of seedling transfer. 

1SMS= Spent Mushroom Substrate (oyster mushroom), 2SMC=Spent 
Mushroom Compost (Button mushroom) 
 

SMS improved soil quality by having a direct influence 
on soil aggregation and thus, aeration and water movements in 
addition to increasing availability of insoluble sources of 
phosphorus [22, 23]. Chlorophyll is the main photosynthetic 
pigment and it was observed that the use of these spent mushroom 
substrates enhanced the total chlorophyll content of the leaves of 
treated plants. Chlorophyll content including chlorophyll a and 
chlorophyll b was significantly increased in both oyster mushroom 
and button mushroom leachate, and in fresh oyster mushroom 
substrate. The dual treatment of both the substrate also showed 
significant amount of chlorophyll content (Table 3).  
 
Table 3: Effect of spent mushroom substrate on chlorophyll content of 
Capsicum annuum L. 
 

Treatments Chlotophyll  
a 

Chlorophyll 
b 

Total 
Chlorophyll 

Control 8.38 6.38 14.76 
Fresh SMS of oyster 12.92 4.72 17.64 
Oyster mushroom SMS leachate  13.51   5.30  18.81 
Weathered SMS of oyster 11.40 3.5 14.90 
SMC leachate of Button 12.76 4.81 17.57 
SMC weathered of Button 11.24 4.35 15.59 
Fresh SMC of Button 10.32 3.37 13.69 
SMS1 + SMC2 12.40 3.41 15.81 

1SMS= Spent Mushroom Substrate (oyster mushroom), 2SMC=Spent 
Mushroom Compost (Button mushroom) 
 

Total protein content was also evaluated in leaves and 
fruits. The results revealed that the total protein content was 
maximum in the fruits of fresh oyster mushroom substrate and 
fresh button mushroom compost treated plants  ranging between  
200-250 µg/gm tissue while it was lower in case of treatment with 
oyster mushroom weathered substrate and the dual treatment of 
button mushroom and oyster mushroom substrate. Higher leaf 
protein was also observed in oyster mushroom leachate, button 
mushroom weathered compost treatment as well as dual 
application of both the substrates. Among the pigments, 
carotenoid, being an antioxidant compound is also important and 
hence carotenoid content was estimated in the study. Carotenoid 

was estimated in the leaf as well as in fruits of Capsicum annuum 
L. and button mushroom leachate treated plants showed a high 
range of carotenoid compound  (0.25-0.30 µg/gm tissue) followed 
by the oyster mushroom fresh substrate and button mushroom 
weathered compost treatment (0.15-0.20 µg/gm tissue). Capsicums 
were also rich in carotenoids, which is an antioxidant as well as 
anticarcinogenic compound. It was also observed that immature or 
mature fruits also contain a high concentration of phenolic 
compounds [24, 25]. From the above study, it can be concluded 
that spent mushroom substrate of oyster mushroom and button 
mushroom compost are  good sources of biofertilizer as they 
influence the growth of Capsicum annuum positively. These not 
only affect the growth but also affect the physiochemical 
properties. Thus the management of spent mushroom substrate as 
soil conditioner in the agricultural field can be very effective for 
crop improvement. 
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ABSTRACT
In present decade Mushroom is considered as a crucial component for food safety and security. Micro-economy and
community engagement in mushroom cultivation is helping rural economy of North Bengal. Calocybe indica an edible
mushroom, native to India was to boost first described by Purkayastha and Chandra (1974). Its milky white colour and
robust appearance is appealing to all and provided with easy, reliable, renewable method of growing, its popularity is
bound to increase. Since this mushroom has not been cultivated in North Bengal region earlier, in the present study we
report the attempts made to establish the cultivation here and hence popularize its commercial cultivation. Paddy straw was
used as Substrate which was found to be suitable for growing Calocybe indica. The spent mushroom substrate (SMS) is the
leftover of wastes after different flushes of mushrooms have been harvested. Spent mushroom substrate of milky
mushroom was tested on the growth and development of some leafy spices and vegetables such as Coriander (Coriendrum
sativum), Spinach (Spinacia oleracea) and Amaranthus sp. which are common and popularly grown in North Bengal. The
results of these investigations showed that all the vegetables responded well to the spent mushroom substrate treatment.
Each of the plant attained its less germination time and best growth and gave the highest number of leaves and quality
aroma when planted on soil supplemented with 5kg of SMS in 6x7sq ft area. The biochemical constitutions of plant’s part
also increased in SMS treated plants. The results of these findings have been discussed in relation to the agro-usage of
SMS as possible organic fertilizer for the improvement of growth of vegetables in North Bengal region of West Bengal.

KEY WORDS: Milky mushroom, Spent mushroom substrate, Soil conditioner, Organic fertilizer.

INTRODUCTION
One major problem and irony of our planet is there is
concern for food safety and security on one hand and huge
loss of various agricultural sources on the other. The
agricultural waste constitute mainly of cellulose,
hemicellulose and lignin. Lignin fraction which is
generally considered as recalcitrant in nature, but in
mushroom this fraction has remained as the material of
choice as mushroom possesses the specific type of
hydrolytic enzyme system with capacity of utilizing lignin
for fruit body production (Bokaria et al., 2014).
Mushrooms have a long association with humankind and
provide profound biological and economical impact. From
ancient times, wild mushrooms have been consumed by
man with delicacy probably, for their taste and pleasing
flavor (Das, 2010). Mushroom is one of the cheapest
sources of protein particularly for the vegetarian. They
have rich nutritional value with high content of  proteins,
vitamins, minerals, fibers, trace elements and low/no
calories and cholesterol (Agahar et al., 2005; Wani et al.,
2010). In North Bengal area people collect mushrooms
from forest and consume for nutrition but only the oyster
mushroom (Pleurotus sp.) is the popularly known
cultivated mushroom in the rural society of North Bengal.
However milky mushroom (Calocybe indica) is being
introduced relatively as a new addition among mushroom
growers. This mushroom was first reported from West

Bengal, India (Purakayasha, 1974). First attempts on the
induction of fruit bodies of Calocybe indica in culture was
made by Purkayastha and Chandha in 1976 (Purkayastha
and Nayak, 1981); Chakravarty et al., 1981; Doshi et al.,
1989). However, till date only limited success was
achieved on its cultivation and exploitation (Purkayastha
et al., 1981, Purkayastha, 1982; Eswaran et al., 2003). The
mushroom species is suitable for hot and humid
environment and can be cultivated indoor in high
temperature and high humidity area. It grows well at a
temperature range of 26-38o C and relative humidity more
than 80%. For the first time milky mushroom was
cultivated successfully in North Bengal in summer time
(June-August) when the temperature and humidity is high
which is suitable for milky mushroom cultivation. The
cultivation process resembles that of oyster mushrooms
but for the additional process of casing. The mushroom
can be harvested from 30-34 days after spawning. The
advantages of this mushroom over other mushrooms are
easy method of cultivation, less investment, very attractive
fruiting body, pleasing milk white color, long shelf life,
more nutritious and less time to grow (Bokaria et al.,
2014). In rural areas of North Bengal, agro-waste and
organic materials are available in plenty amount, which
often end up in waste thus contributing to the pollution
woes. Recycling is the need of modern times and
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mushroom is an ideal candidate to harness its
potentialities.
The spent mushroom substrate is the leftover of wastes
after different flushes of mushrooms have been harvested.
These growing substrates may be composed from different
wastes materials such as sawdust, rice straw, bedded horse
manure, cotton wastes, paper wastes, cocoa shells, wheat
straw, maize husks and various other wastes (Jonathan et
al., 2002). Therefore, the demand of milky mushroom
usually filled up by oyster mushroom. After the cultivated
mushroom has exhausted the nutrients within the
substrates, and there are no more fruit bodies to harvest,
the so called remains, regarded as ‘the useless material’ is
known as spent mushroom substrate (Fasidi et al., 2008).
Spent mushroom substrate is believed to be a source of
humus formation and humus is known to provide plants
with micro-nutrients which improve soil aeration, soil–
water holding capacity and contributes to maintenance of
soil structure. SMS have been reported to contain nutrients
which could be used for the growth of useful plants. These
materials are generally non-toxic to cultivated plants;
therefore, it could be employed as soil amendment for
different crops (Muritala et al., 2011). In the case of SMS,
it has been revealed that application of SMS which
consists of degraded cellulose and lignin is considered to
be important for the improvement of soil and is safe for
human consumption. In addition to providing a balanced
nitrogen and carbon source for plant growth, the SMS will
be further degraded in the soil humus which is very
important to maintain soil structure, good aeration, water
holding capacity, and also relevant to maximizing fruit
crop productivity (Olutayo et al., 2013). In North Bengal,
green leafy vegetables coriander, spinach and amaranthus
could serve as major component of food ingredients in
winter season. Especially coriander could be used as
condiments and food additives. In present decade, many of
our agricultural lands have been over utilized by
inadequate farming practice and use of inorganic
fertilizers, thereby resulting in nutrient depletion of soils.
There is a need to look for an alternative source of organic
fertilizers which will boost the growth and production of
leafy vegetables by the local farmers. Addition of spent
compost to agricultural or garden soil has been found to be
an effective soil manure and conditioner and has been
found to increase considerably the yield of some leafy
vegetables crops (Kadiri et al., 2010). Chang et al., (1981)
and Iwase et al., (2000) observed that spent compost of
Volvariella volvacea on addition to soil increased the yield
of tomatoes 7 fold and the yields of soybean, lettuce and
radish 2 fold each. Furthermore, they observed that
addition of Agaricus bisporus spent compost to the soil
produced greater yields of cabbage, cauliflower, beans and
celery compared to addition of poultry manure to soil. The
present study was carried out to evaluate the effect of
spent substrate of milky mushroom on yields of some
leafy vegetables namely Coriendrum sativum, Spinacia
oleracea and Amaranthus sp. which are common leafy
vegetables from the North Bengal.

MATERIALS & METHODS
Selection and Preparation of substrate
Paddy straw (6 month old) was soaked in cold tap water
for 8 hrs. After draining excess water, the straw was

treated in hot water (800C) for 40 mints and air dried in a
closed shade. After cooling, the dry straw was used for
cylinder preparation.
Mushroom bed preparation and incubation
Black Polyethylene bags of 60 x 30 cm size and 100 gauge
thickness were used and cylindrical mushroom beds were
prepared following layer methods of spawning.  Beds were
made in which each bed contained 1.5 kg of paddy straw
(wet weight basis). A moisture content of about 60% was
allotted in the wetted substrate prior to spawning. The
wheat grain spawn of Calocybe indica was used at 5%
level to the wet weight of the substrate and the beds were
spawned following layer method of spawning (Baskaran et
al., 1978). The beds were incubated in semi dark spawn
running rooms at about 30 to 32°C. After 12-14 days,
when the beds were fully colonized by the vegetative
mycelium of mushroom fungus, the upper surface of each
bag was opened and the surface was applied with casing
soil to a height of 2-3 cm over the spawn run substrate.
The beds were uniformly and regularly sprayed with water
to keep the surface of substrate moist. Watering was done
after and before casin layer placement. After 2 weeks, the
primordial initiation was observed. Within one week the
pin head becomes mushroom fruit body and mature
mushrooms were harvested. From one bed twice or thrice
mushrooms were harvested in 9±3 day’s interval. No
remnants of harvested sporophores were allowed to remain
in the substrate. After each harvest, the casing soil was
slightly ruffled. Finally the spent mushroom substrates
were collected and processed further for use as soil
conditioner.
Cultivation chamber
Cultivation chambers were constructed in a shaded place,
chamber lined with sky blue colored high density
polyethylene sheet coated with paddy straw as roofing
material. Beds after casing were incubated over racks in
the chamber. The side walls were lined with paddy straw
and plastic sheet. Sufficient ventilation was provided by
windows present. The inside temperature range was 30 to
35°C and the relative humidity was more than 85 per cent.
During day time approximately fluorescence light was
available at least for 5 hrs inside the chamber.
Preparation of casing soil
Garden soil and sand were sieved and dry and finally
mixed in 4:1 ratio, autoclaved for 20 mints. After 12 hrs
when the soil was cool, it was used for casing. This soil
was uniformly spread over the spawn run beds. Regular
spraying on the surface of the casing soil was done to
maintain moisture on the bed surface.
Spent mushroom substrate preparation and
application
The spent mushroom substrates collected above were
covered with polythene nylon and further fermented for 40
days. Thereafter, the fermented spent substrate was sun
dried and used in the experiment field. The experimental
field area of 6x7sq ft. was supplemented with 5kg of SMS
(wet weight) of Calocybe indica.
Seed materials collection
The seeds of the three leafy vegetables such as Spinach
(Spinacia oleracea), Coriander (Coriendrum sativum) and
Amaranthus (Amaranthus sp), were obtained from local
markets in North Bengal. The SMS used for the
cultivation of green leafy vegetables were collected from
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mushroom farm of mushroom group North Bengal
University, West Bengal, India.
Growing bed Preparation
The experimental design was a randomized complete
block design. The seeds of three green leafy vegetables
local variety were collected and sowing was done in
February at the sandy land of 6ft X 7ft area. 5 kg SMS was
applied on each stand. These treatments were applied at
the depth of 6 inch and mixing properly.  SMS was
applied and incorporated into the soil manually 2 days
before of sowing the seed.
Data Collection
Data on germination period and growth parameters; plant
height, number of leaves, and length of leaves, diameter of
leaves were recorded. Data was also collected during the
flowering period.
Statistical analysis
Significant differences between means of growth
parameters of treatment and untreated plants for the
selected three different leafy vegetables were determined
using T-test at >5% probability.
Extraction and quantification of phosphate from soil,
roots and leaves:
One gram of oven dried Soil samples and plant materials
was used for extraction and quantitative estimation of
phosphate following ammonium-molybdate-ascorbic acid
method as described by Knudsen and Beegle (1988),
where dried samples were suspended in 25 ml of the
extracting solution made up of 0.025 N H2SO4, and 0.05 N
HCL to which activated charcoal .01gm was added,
shaken well for 30 mints on a shaker and filtered through
watchman no. 2 filter paper (Mehlich, 1984).
Extraction and quantification of total Chlorophyll:
One gram of leaves sample of each vegetables was
extracted in 80% acetone using mortar and pestle and
extracted homogenate was filtered through watchman no.
1 filter paper and the volume will be made up to 10 ml.
absorbance of the filtrate was taken at 645nm and 663 nm
spectrophotometrically as described by Harborne (1973).
Carotenoid content:
One gm of sample of each vegetable was extracted in
methanol and filtered using watchman no. 2 filter paper
and the absorbance were measured at 480nm, 645nm and
663nm spectrophotometrically following the method given
by Litchten thaler (1987).

RESULTS & DISCUSSION
The substrate took lowest 12 days for fully colonization
and after placing casing soil it took 8 days for pin head
formation. The maximum size of sporophore has been
recorded as 16.2 cm in length and 4.5cm in diameter and
the pileus diameter was recorded as 12.5 cm. The mean
length of sporophores was 14.49±0.61 cm and mean
diameter of pileus was recorded as 5.7±.41 cm and the
highest weight of a single spirophore was recorded as 240
gm. The fist harvested fruit bodies were more healthy and
heavy than the 2nd and 3rd flushes. Bacterial contamination
on fruit body was recorded in 3rd flush. Mean number of
sporophores/bed have been recorded as 7±.52 during first
flush. The mean number of pin head/bed appeared as
23.7±1.82 in 1st flush. The highest yield (580±28.15 gm)
recorded during 1st flush and the yield gradually decreased

in successive flushes.  Sandy soil mixed with spent
mushroom substrate (SMS) of milky mushroom show
significantly faster germination, greater plant height,
greater aroma in coriander plant, number of leaves and
total leaf area than untreated only sandy soil for three leafy
vegetables.
Effect of SMS on seed germination
SMS of milky mushroom showed the positive effect on
seed germination of leafy green leafy vegetables.
Germination period of seed for Spinacia oleracea,
Coriendrum sativum and Amaranthus sp has been
recorded as lesser (5, 9, 13 days respectively) in SMS
treated field in compared to that of untreated field (i.e.7,
10, 16 days respectively). Among the selected leafy
vegetables Spinach has the lowest germination period (5
days).
Effect of SMC application on vegetable height
Table.2 shows the mean heights of the selected leafy
vegetables in response to SMS treatments. The highest
height in all the leafy vegetables was attained with SMS
treatment at 20th and 40th days of sowing. In treatment
field for each leafy vegetables at 20th day Spinacia
oleracea has the mean height of 6.69 cm and while these
values significantly (p >0.05) increased to 22.83 cm at 40
days. Coriendrum sativum has the highest mean height of
4.62 cm which increased to 21.05 cm at 40days.
Amaranthus sp has the highest mean height of 1.96 cm at
10days and at 40 days it attained 5.43 cm, while in
untreated plot at 20th day, Spinacia oleracea has the mean
height of 4cm and while it increased to15.6 cm at 40th day,
Coriendrum sativum has the mean height of 3.70 cm
which increased to 15.72 cm at 40th day, Amaranthus sp
has the highest mean height of 1.2 cm at 20th day and at
40th day it attained 2.6 cm. It could be clearly seen that the
untreated experiment had least stimulatory effect on the
height of leafy vegetables compared with the SMS treated
soil which promoted the plant to development. This
showed that the introduction of SMS into the soil
enhanced growth significantly (p>0.05) of leafy
vegetables.
Influence of SMS on leaves of vegetables
The effect of SMS on number of leaves of leafy vegetables
maintained at 20th day and 40th day of sowing was
represented on Table 2. Leaves are very important in green
vegetables, as they help in the manufacturing of food
during the process of photosynthesis. Sandy soil,
supplemented with 5kg of SMS, gave the highest mean
number of leaves, while the least mean number were
observed in the untreated experiments. At 40th day, SMS
treated field showed the highest number of leaves for each
leafy vegetables. In Spinacia oleracea, the mean number
of leaves is 10 while mean number of leaves is 7.5 in
untreated plot. In coriander mean number of leaves is 6.83
in treated plot while it is 5.17 in untreated plot. Increased
number of leaves also found in Amaranthus sp. (5.83) in
SMS treatment while in untreated mean number of leaves
found as 3.83. Table 2 shows the leaf area (cm2) of the
vegetables was increase significantly in SMS treated field.
All the leafy vegetables under this study had their highest
number of dropped leaves in the untreated field. This may
be due to the fact that the depleted garden soil alone lacks
the essential mineral elements which vegetables needed to
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retain leaves. It could also be seen that these nutrients were available in the SMS applied field.

TABLE 1. Yield performance of Calocybe indica in paddy straw
Harvesting
time

Number of
pin head
appeared

Number of
sporophores
/bed

Length of
sporophores
(cm)

Diameter of
stipe (cm)

Diameter
of pileus
(cm)

Yield/bed
(gm)

1st harvest 23.7±1.82 7±.52 14.49±.61 3.14±.128 5.7±.41 580±28.15
2nd harvest 14.4±.89 4±.45 12.27±.52 2.85±.117 4.99±.40 410±14.05
3rd harvest 9.9±.62 2.5±.34 9.87±.64 2.2±.15 3.76±.21 271±19.53

* Values are average of the 3 replicate experiments. ‘±’ Standard Error. Difference between untreated and treated plants significant at p>
0.05 in all the experiment set up as determined by Student’s t-test.

TABLE 2. Effect of SMS of Calocybe indica on growth parameters of three different leafy-vegetables
Plants Field condition Growth Parameters

Growth (cm) Number of leaves Leaf-area (cm2)
Days interval Days interval Days interval
20th day 40th day 20th day 40th day 20th day 40th day

Spinach oleracea Untreated 4±.10 15.6±.68 3.83±.16 7.5±.42 2.08±.031 8.88±.030
Treated 6.69±.19 22.83±.47 5.67±.21 10±.45 8.52±.039 22.94±.42

Coriendrum sativum Untreated 3.70±.17 14.3±.42 3.33±.21 5.17±.30 1.83±.028 6.05±.020
Treated 4.63±.18 21.05±.56 4.17±.30 6.83±.31 3.37±.036 9.41±.033

Amaranthus sp Untreated 1.2±.17 2.6±.21 2.6±.21 3.83±.30 1.45±.021 5.94±.026
Treated 2.01±.25 5.43±.36 3.83±.31 5.83±.47 3.35±.022 7.99±.034

* Values are average of the 15replicate experiments. ± Standard Error. Difference between untreated and treated plants significant at p>
0.05 in all the experiment set up as determined by Student’s t-test.

FIGURE 1. Developmental Successive stages of pin head to mature fruit body of Calocybe indica, A. Spawn run or fully
colonized substrate. B. Casing soil placement on the colonized substrate; C-E. Primordial initiation, F. Young pin heads, G.
Young fruit bodies, H. Mature fruit bodies; I. Over mature fruit bodies
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FIGURE 2. Effect of SMS on growth parameters; A. Untreated; Coriendrum sativum, B. SMS treated; Coriendrum
sativum, C. Untreated; Spinacia oleracea, D. SMS treated; Spinacia oleracea, E. Untreated; Amaranthus sp. and F. SMS
treated; Amaranthus sp.

Effects of SMS on Biochemical constituents
The biochemical and nutritional constituents of each leafy
vegetable were analyzed; results are presented in figure 3-
6. The result showed nutritional constituents of each leafy
vegetable significantly (p>0.05) increased when it grow in
the SMS amended soil. Extraction and quantitative
estimation of chlorophylls has done following the method
described by Harborne (1973). Every leafy vegetables
grow in sms amended soil showed significant increased in
total Chlorophyll content (Fig. 3). The maximum
chlorophyll content was observed in Coriendrum sativum
(2.97 mg gt-1) grown in SMS amended field followed by
Amaranthus sp (2.38 mg gt-1) and Spinacia oleracea (2.19
mg gt-1) as compared to control of each. Carotenoid
content (mg gt-1) on leaves of the vegetables was estimated
as high in three vegetables grown in SMS amended soil,

following the method given by Litchten thaler (1987).
Carotenoid content has been estimated as maximum in
Coriendrum sativum treated with SMS among the
vegetables (Fig. 4). Quantitative estimation of phosphate
has been done following ammonium molybdate ascorbic
acid method as described by Kundsen and Beegle (1988).
The highest soluble phosphate content (mg gt-1) observed
in both root and leaves from the vegetables grown in SMS
incorporated field in compared to untreated one (Fig. 5).
The increased of the soluble phosphate content in SMS
treated plant indicate that SMS of Calocybe indica
increase the availability of soluble phosphate in soil that
can be easily taken by vegetables. Figure 6 represents the
ascorbic acid content of leaves in three vegetables. The
maximum Ascorbic acid content (mg gt-1) was observed in
leaves of Coriendrum sativum in SMS treated field.

FIGURE 3. Effect of SMS on chlorophyll content (mg gt-1) in three selected leafy vegetables
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FIGURE 4. Effect of SMS from milky mushroom on Carotenoid content (mg gt-1) in leafy vegetables

FIGURE 5. Effect of SMS from milky mushroom on soluble phosphate content (mg gt-1) on root and leaves of leafy
vegetables

FIGURE 6. Effect of SMS of milky mushroom on Ascorbic acid content (Mg gt-1) in leaves of leafy vegetables

CONCLUSION
From the present study it can be concluded that the spent
substrate of Calocybe indica is a good soil amendment
carrying the essential minerals and compounds that are
very important for plant growth and development and have
the potential to increase the supply of essential component
for the plants.
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Oyster mushroom is one of the most popular mushrooms cultivated in North Bengal and a large
number of mushroom growers are cultivating oyster mushrooms. There are only three species
of oyster mushrooms i.e. Pleurotusostreatus, P. sajor-cajuand P. florida have been cultivated
widely in this region. However, Pleurotusdjamor is a new introduction in North Bengal, which is
commonly cultivated in North Western part of India. Cultivation of this mushroom showed
significant growth and yield in plastic bag as well as in bottles. Nutritional parameters were
assessed and it was observed that it showed very good amount of protein (145-275 mg/g
tissue), reducing sugar which ranges from 20-56 mg/g tissue and also showed a good amount
of total sugar (100-260 mg/g tissue) in both bag and bottle cultivation.

Key words:  Pleurotus djamor, oyster mushroom, edible mushroom

INTRODUCTION

Pleurotus species, commonly known as Oyster
mushrooms are edible fungi cultivated worldwide
especially in south east Asia, India, Europe and
Africa. The Oyster mushroom (Pleurotusostreatus)
is an edible mushroom having excellent flavour and
taste. Although mushrooms are often grouped with
vegetables and fruits, they are actually fungi. They
are macro-fungi which belong either to
Basidiomycotina or Ascomycotina and they are very
distinct from plants, animals and bacteria
(Mushigeni and Chang, 2001). Bioconversion of
lignocellulosic residues through cultivation of
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Cultivation of Pleurotus djamor - a new species of oyster mushroom
in North Bengal

Pleurotus species offers the opportunity to utilize
renewable resources in the production of edible,
protein-rich food that will sustain food security for
people in developing countries (Sanchez et. al.,
2002).  Mushrooms are valuable health foods
which are low in calories and provide essential
minerals (Weinheim, 2006). It contains high amount
of proteins, fibers, vitamins, minerals and low
amount of calorie and cholesterol (Pathak et. al.,
1998). It enables us to obtain substrate materials
at low prices or even for free and to conserve our
surroundings by recycling wastes (Khan et. al.,
2012). Mushrooms with their flavour, texture, nu-
tritional value and high productivity per unit area
have been identified as an excellent food source
to alleviate malnutrition in developing countries
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(Eswaran and Ramabadran, 2000).

Pleurotus species are efficient lignin degraders
which can grow on wide variety of agricultural
wastes with broad adaptability to varied agro-cli-
matic conditions (Jandaik and Goyal, 1995).
Pleurotus species are rich source of proteins, min-
erals (Ca, P, Fe, K and Na) and vitamin C, B com-
plex (thiamine, riboflavin, folic acid and niacin)
(Çaðlarýrmak, 2007). They are consumed for their
nutritive as well as medicinal values (Agrahar-
Murugkar and Subbulakshmi, 2005). Mushroom
protein is intermediate between that of animals and
vegetables (Kurtzman, 1976) and is of superior
quality because of the presence of all the essen-
tial amino acids (Purkayastha and Nayak, 1981).

MATERIALS AND  METHODS

Maintenance of mother culture

Mother culture of the fungal mycelia was collected
from the Directorate of Mushroom Research (ICAR)
Solan and maintained in Potato Dextrose Agar
medium and sub-culturing the same following the
method suggested by Fritsch (1978).

Preparation of Spawn

Wheat grains are used for the preparation of
spawn. Wheat grains were boiled in for 20 min and
the water drained off. Then it was allowed to dry
for overnight in a clean place after which 0.5% (w/
w) CaCO3 and 2% (w/w) CaSO4 were added and
mixed well. The grains (200 g) were filled in each
polypropylene bag and it was autoclaved at 121oC
for 1 h. The grains were inoculated with actively
growing mycelium of the Pleurotus djamor from
PDA slant and incubated at 25-28oC for mycelial
growth for 14 days until the mycelium fully cov-
ered the grains. Completely covering the grains
with mycelium rapidly colonizes the bulk growing
substrate (Sánchez, 2010).

Cultivation of mushroom
Substrate preparation

Paddy straw was used for the cultivation of oyster
mushroom. Chopped (2-4 cm long) rice straw was
washed and soaked in water for overnight. The
straw was again cleaned and pasteurized at 55-
65oC for 30 min. then it was allowed for cooling at
room temperature. Spawning was done using the

polypropylene bags.

Spawning

Layer spawning was done using the cooled pas-
teurized straw. 100 g of spawn was used for 1kg
of substrate for spawning. The bottles and bags
were then filled using the substrate and spawn and
the bags were closed tight and the bottles were
closed using the lid. Small holes were made in each
bottle and bag for aeration. The bags and bottles
were then incubated at room temperature (20-300

C) for 10-12 days. After 10-12 days, the white
mycelia covered the whole substrate. Then the
plastic was removed and the lid of the bottles was
opened. 80-90% moisture was maintained by
spraying water on the substrate for 2-3 times in a
day for the initiation of pinhead (Sarkeret. al., 2007).

Harvesting of fruiting body

The pinhead appeared after 4-5 days of opening
the bags and the lids. Fruiting body was developed
at room temperature and 80-90% relative humid-
ity.

Extraction and estimation of soluble protein
content

Protein was extracted from the mushroom using
phosphate buffer (pH 7.2) and protein content was
determined.

Extraction and estimation of sugar

One g of fresh mushroom tissue was crushed with
95% ethanol and the alcoholic fraction was evapo-
rated in boiling water bath. Then the fraction was
collected and the volume made up to 5 ml using
distilled water. Then it was centrifuged at 10,000
rpm for 15 min and the supernatant was collected
for estimation.

Total sugar

One ml of extracted sample was taken and 4 ml of
Anthrone’s reagent was added and incubated on
boiling water bath for 10 min. Then it was cooled
down in tap water and observed at 620 nm in colo-
rimeter.

Reducing sugar

Ethanol (80%) extract was used for estimating the
reducing sugar. Extract (2 ml) was mixed with 2 ml
of Alkaline copper tartrate and boiling was done.
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Determination of reducing sugar using
Arsenomolybdate was carried out at 620 nm.

RESULTS  AND  DISCUSSION

Cultivation of Pink oyster mushroom was done in
winter season and it was observed that the opti-
mum temperature of its growth is about 15-18oC
and it requires 70-80% relative humidity for its
mycelial growth. It was observed that the mush-
room pileus is thinner as compared to other spe-
cies, leathery in texture and looks like a pink queen
on the beds (Fig. 1). The pileus is up to 7.5-10cm
in diameter, with little or no stipe and pileus thick-
ness is 7.5-10 at the outer edges. Outer border on
pileus top is pink; gills on the lower side are pink-
ish too. This mushroom is not fleshy as compared
to other species of oyster mushrooms as reported
by Dhar et.al.  (2011).

Total yield was estimated on the basis of 1kg of
substrate used for cultivation and it was observed
that the highest amount harvested in three flushes
is about 340 g when cultivated in bag. In bottle
cultivation it was found that the highest yield was
400 g (Table 1). Cultivation of oyster mushroom
using waste bottle is a new introduction in North
Bengal and showed a significant result. Using of

Table 1 : Yield of Pink oyster mushroom cultivated in bags as well as in bottles

waste plastic bottles is a sustainable technique for
the mushroom cultivation and it was observed that
the rate of contamination is being reduced.  Using
waste chemical bottles and other waste bottles of
water and cold drinks could be another way to re-
cycle the waste bottles in a good way and it re-
duces the cost of plastic bags. Hence the plastic
bottles are very promising in the cultivation of oys-
ter mushroom.

The data in Table 2 show the protein content of
different stages of the mushroom and it was ob-
served that the total protein content was higher in
pinhead stage (235 mg/g tissue) while it was quite
lower in mature stipe (145 mg/g tissue). Breene
(1990) reported that the total protein content of
oyster mushroom ranged between 190-300 mg /
g tissue. On the other hand, total sugar and re-
ducing sugar of the different stages were done and
it was observed that the total sugar was higher in
young pileus stage (260 mg/g tissue) and lower in
case of pin head stage (100 mg/g tissue) and it
was also reported by Patilet. al., (2008). In case of
reducing sugar, it was observed that the mature
pileus contained lower amount of reducing sugar
(20 mg/g tissue) while young stipe (56mg/g tissue)
and pinhead (50 mg/ g tissue) showing significant
amount of reducing sugar.

No of 
container

  
Flush 

Amount of production (g) 

Bag Total production Bottle Total 
production

 
1 

1st Flush 100  
160 

200  
400 2nd Flush 40 110 

3rd

 

Flush

 

20

 

90

 
 
2 

1st Flush 150  
280 

150  
310 2nd Flush 100 100 

3rd Flush 30 60 

 
3 

1st Flush 100  
205 

150  
165 2nd Flush 75 90 

3rd Flush 30 25 

 
4 

1st Flush 180  
340 

100  
195 2nd Flush 100 75 

3rd

 

Flush

 

60

 

20

 
 
5 

1st Flush 150  
285 

100  
205 2nd Flush 90 75 

3rd Flush 45 30 
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In conclusion, it can be stated that the cultivation
of Pink oyster mushroom (P. djamor) is a new in-
troduction in North Bengal and it can be cultivated
in the prevailing environment easily. In our study,
it is also very clear that the species P. djamor can

Fig.1 : Cultivation of Pleurotus djamor in plastic bag.(A): Pinhead stage,(B-D): Young stage,(E&F): Mature stage,(G-J): Grown in plastic
bottles

be cultivated inplastic bottles as well as in plastic
bags. The optimum temperature for its growth
ranges from 18-20oC which is common in North
Bengal. From the above results it can be concluded
that the chemical composition of pink oyster mush-
rooms determines their nutritional value and sen-
sory properties. They differ according to the atmo-
spheric conditions, age and part of the fructifica-
tion. In our study we found that the nutritional value
differs in different parts of the fructification. And it
can be said that Pink oyster mushroom is very good
for health and its cultivation is very fruitful for the
mushroom growers in North Bengal.
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Table 2 :  Total protein, reducing sugar and total sugar content of
P. djamor

Stages of 
mushrooms  

Content  (mg/g tissue)  

Total protein Reducing sugar Total sugar 

Pin head 235 50 100 

Young Stipe 275 56 110 

Young Pileus 200 40 155 

Mature Stipe 145 25 145 

Mature Pileus 230 20 120 
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Oyster mushroom ( sp) is commonly called
'Dhingri' in India because of its oyster shell-like
structure. The genus belongs to the family
Tricholomataceae cultivating in different parts of India.
Different species of can be grown in different
temperature and thus it can be cultivated throughout the
year. In recent times, sp is the second largest
cultivated mushroom in the world (Erkel 1992; Chang
and Miles 1991). can be cultivated
using a wide range of lignocellulosic substances in
different parts of the world depending upon their
availability and being cheaper in respective region
(Royse 1985; Schmidt 1986). The cultivation of

mushroom offers one of the most feasible and
economic method for bio-conservation of agro-
lignocellulosic wastes (Ano et al 1993; Cohen et al
2002).

belongs to the family Solanaceae
widely known for its pungent taste and strong aroma.
Locally known as “Dalle Khorsani”, it is very common
in the North -Eastern part of India and Nepal. These are
red rather smooth without clear tip, looking more like
tiny bell pepper that aggressively hot. The pods are
valued for their high pungency and good flavour. But
they are not used for specific recipes, they are eaten fresh
or pickle in brine. Spent mushroom substrate (SMS) is
often regarded as an agricultural waste product with little

Pleurotus

Pleurotus

Pleurotus

Pleurotus

Pleurotus ostreatus

Pleurotus

Capsicum chinense

inherent value as reported by Nelson and Crafts (1996).
Kadiri and Mustapha (2010) stated that the spent
mushroom compost is a very good source of humus
formation and humus provided to the plants with micro
nutrients, for improving the soil aerations, soil water
holding capacity and for maintaining the soil structure.
Robbins et al (1986) reported that SMS is a valuable by-
product of edible mushroom cultivation. It consists of
partially degraded paddy or wheat straw, coconut husk,
bagasse or other agricultural waste. After a few
cultivation cycles, it is biochemically modified by fungal
enzymes into a simpler form and enriched with protein.
They also reported that the fresh and aged SMS has been
applied to propagation of fruits, vegetables, flower and
foliage crops. It is a rich source of carbon, nitrogen and
other elements. Nitrogen content varies from 0.4-13.7
per cent with a C: N ratio of 9 to 15: 1 (Chorover et al
2000). Spent mushroom substrate has good physical
properties which include the water holding capacity, soil
pH, soil porosity salt content and also other properties.
Addition of SMS will add great amount of macro
nutrients like Nitrogen, Potassium and Phosphorus as
reported by Kim et al (2011). After about three flushes of
mushroom have been harvested, the growing materials
are removed from the growing beds as spent mushroom
compost. Storage or transportation of this material lead
to environment contamination and cost for mushroom
growers. The rich organic matter, moderate nutrient load,
near neutral pH and presence of beneficial microbial
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is one of the most popular oyster mushrooms largely cultivated in North Bengal. Paddy straw and
wheat straw is very commonly found in this area and thus it is being used as the main substrates for the cultivation and
some time saw dust is also used as an added supplement. Different combinations of substrates are assessed for their
effect on the growth, yield and it was found that the paddy straw and wheat straw combined substrates showed faster
growth and higher yield in comparison to the other substrates. Spent mushroom substrates of different combinations
were further applied on a variety of chili commonly grown in the hill region of North Bengal. The
application of spent mushroom substrate showed significantly better result in terms of growth and yield. It enhances
the uptake of soil phosphate to leaf through root. Spent mushroom substrate of paddy straw with saw dust showed
better result than the other substrates in increasing the chlorophyll content of leaves. Spent mushroom substrate also
helps to increase the total protein content as well as the carotenoid content in fruit.
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population make SMS as the suitable organic waste for
its conversion in to quality manure for crops (Pill et al
1993). Ahlawat et al (2010, 2011) stated that he SMS
has potential to bioremediate several agricultural grade
fungicides and pesticides. After suitable pre-treatment
spent mushroom substrate can completely or partially
substitute the growing media for cultivation of different
economically important horticultural crops (Kaddous
and Morgans 1986).According to Hyakumachi (1994),
there are other fungi which promote plant growth upon
root colonization and functionally designated as plant
growth promoting fungi (PGPF). There are also
ectomycorrhizal and ectotrophic associations between
fungi and plants. They are beneficial to several crop
plants not only by promoting growth but also by
protecting them from diseases. The present study is to
evaluate the effect of spent mushroom substrate of oyster
mushroom as soil fertilizer on the growth improvement
of .

Spawn was prepared using
wheat grains. Wheat grains were boiled for 20 min and
the water drained off. Then it was allowed to dry after
which 0.5 per cent (w/w) CaCO and 2 per cent (w/w)

CaSO were added and mixed well. The grains (200g)

were filled in each polypropylene bag and it was
autoclaved at 121 C applying 20ps pressure for 1 hr. The
grains were inoculated with actively growing mycelium
of the from PDA slant and incubated
at 25-28 C for 14 days until the mycelium fully covered
the grains (Sanchez 2010).

Different substrates were
used for the cultivation of oyster mushroom. Substrates
were used either singly or in combination with other
substrate. Paddy straw, wheat straw and sawdust were
used. The experiment was conducted in different
combinations of substrate such as (A) paddy straw, (B)
wheat straw, (C) paddy straw + wheat straw and (D)
paddy straw + saw dust. Substrates were washed and
soaked in water for overnight. Then they were again
cleaned and pasteurized at 55-65 C for 20-30 min and
allowed to cool at room temperature. Spawning was
done using the polypropylene bags. Spawning has been

done @100 g kg of substrate. The cylinders were then
incubated at room temperature (20-30 C) for 10-12 days.
After 10-12 days, when white mycelia covered the whole
substrate the plastic was removed from the cylinders and
80-90 per cent moisture was maintained by spraying
water for 2-3 times in a day for the initiation of pinhead
(Sarker et al 2007). The pinheads appeared after 4-5 days
of opening the bags. Fruiting body was developed at
room temperature and 80-90 per cent relative humidity.
The fruiting body was harvested from the base carefully
without causing any injury to the mycelia. Humidity was
maintained again after the harvest for further flushes.

t

Capsicum chinense

Pleurotus ostreatus

Materials and Methods

Preparation of spawn.

Cultivation of mushroom.

3

4

–1

Application of spent mushroom substrates.

Plant material and planting.

Evaluation of growth promotion of plant.

Extraction and estimation of phosphate content.

Determination of total protein.

Extraction and estimation of chlorophyll content.

Extraction and estimation of carotenoid.

The spent

mushroom substrates were dried completely under

sunlight and mixed with the soil for experiment. In this

experiment, treatment was done using the spent

mushroom substrate of oyster mushroom with soil (250 g

kg soil) and a control pot without any treatments. No

other organic or inorganic fertilizers were used in the

growing media. Seedlings of were

collected from the local market and seedlings were then

transferred to the pre-treated pots.

Seedlings (15 cm height)

were planted directly in untreated and the treated soil in

potted condition. The pot diameter was 36 cm and equal

amount of soil was used to prepare the bed. Five

seedlings of were planted in each

pot The experiment was carried out in natural condition

at the Department of Botany, University of North

Bengal.

Data on

growth parameters- plant height, number of leaves, and

length of leaves, diameter of leaves were recorded in

every 7 days intervals after the transfer of plants. Data

was also collected during the flowering and fruiting

period.

Total

phosphate content of soil, root and leaves were done

following the methodology. Soil samples (1g, air dried )

or plant materials (1g, oven dried) were suspended in 25

ml of the extracting solution (0.025 N H SO , 0.05N

HCl) to which activated charcoal (0.01 g) was also

added, shaken well for 30 min on a rotary shaker and

filtered through Whatman No 2 filter paper. Quantitative

estimation of phosphate was carried out following

ammonium molybdate-ascorbic acid method.

Protein was extracted

from the mushroom using phosphate buffer (pH 7.2) and

protein content was determined using BSA as standard.

Total chlorophyll of plant leaf was estimated following

the methodology as described by Harborne (1973). One

gram of leaf sample was grinded using 10 ml of 80 per

cent acetone and then it was filtrated using the Whatman

No 1 filter paper. The absorbance was taken

spectrophotometrically at 663 nm and 645 nm.

One gram of

fruit was grinded in dark using 10 ml methanol and then

it was filtrated by Whatman No1 paper and used as crude

sample for estimation. The absorbance was taken at 480

nm, 645nm and 663nm. Carotenoid content was

estimated by the following formula

–1

Capsicum chinense

Capsicum chinense

.

2 4
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Total carotenoid = [A - (0.114 X A ) – (0.638 X A )]

μg g tissue

was cultivated using the different
substrates (Fig. 1) and it was observed that the maximum
yield was observed in case of saw dust mixed with paddy

480 664 645

–1

Results and Discussion

Pleurotus ostreatus

straw substrate. Besides it was also observed that in case
of combined substrate of paddy straw and saw dust, it
took less time for initiation of fruiting body (Table 1). It
was reported that the use of different substrates for
cultivation of sp affects the growth of the
mycelia, initiation of fruiting body amount of production
(Mane et al 2007).

Pleurotus

Figure 1. Different stages of growth of in different substrates; (A-D) Paddy straw, (E-H)

Wheat straw, (I-L) Paddy straw + Wheat straw and (M-P) Paddy straw + Saw dust

Pleurotus ostreatus
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Effect of SMS on growth of plants. Spent mushroom
substrate of oyster mushroom was tested of their effect
on growth promotion of in potted
condition. Spent mushroom were used directly in the soil

at 250 g kg soil ratio and the growth promotion in terms
of height, number of leaves, leaf size and yield were
evaluated. The results revealed that all the treated plants
showed significant increase in height in comparison to
control after 7 days of planting (Fig. 2). After 49 days of
interval, the height, number of leaves was showed
significant result. It was observed that flowering started
after 25 days in case of treated plants while it started 35
days in case of control plants. Size of the leaves also
showed very wide variation in comparison to the control
plants. In case of treated plants, leaf length ranges from
17 - 20 cm while it is ranges from 7-12.5 cm in case of
control plants. Leaf diameter also increased in case of
treated plants (7.5-9.5 cm) while it is lower in control
plants (2.5-4.5 cm). Final yield also was determined and
it was found that both the size and number of fruits was
higher in the treated plants (Table 2).

Mobilization of soil phosphate after treatment were
evaluated in terms of total phosphate content in soil,
roots and leaves of the treated plants in comparison to
the control sets. The uptake of phosphate content was
significantly increased in spent mushroom substrate
treated plants while it shows lower uptake of soil
phosphate to the root and leaf in case of control plants
(Table 3). Spent mushroom substrate improves the soil
quality by having a direct influence on the uptake of
phosphate content and thus, aeration and water
movements in addition to increasing availability of
insoluble sources of phosphorus has also been reported

Capsicum chinense

–1

Figure 2. Effect of spent mushroom substrates on the

growth of (A) Control after 15

days of germination (B) Treated with spent substrate

after 15 days of germination (C) Control after 45

days; (D) Treated plant after 45 days (E) flower, (F)

Developmental stages of fruit

Capsicum chinense

Table 1. Effect of different substrates on yield of Pleurotus ostreatus_______________________________________________________________________________________________

_________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

Substrate
Fruiting body Production per bag (g) Total production

initiation (days) 1 flush 2 flush 3 flush (g)

Paddy Straw 12 250 120 70 440

Wheat Straw 14 200 95 60 355

Paddy straw + Wheat straw 14 275 100 75 450

Paddy straw +Saw dust 10 350 140 90 580

st nd rd

Table 2. Comparison of growth of grown in spent substrate of and in

untreated soil_______________________________________________________________________________________________

_________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

Capsicum chinense Pleurotus ostreatus

Treatment Height (cm) No of leaf
Average Leaf size (cm) Flowering Yield/plant

Length Diameter (days) (g)

Paddy straw 64.0 35 18.0 8.8 48 30

Paddy straw + Saw dust 64.5 37 20.0 9.0 45 37

Wheat straw 56.0 30 17.5 9.0 54 45

Paddy straw + wheat straw 60.0 35 17.0 7.5 51 42

Control (soil) 21.0 12 7.0 4.5 57 20

_______________________________________________________________________________________________
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by Rillig et al (2002) and Smith and Read (1997).
Chlorophyll is the main photosynthetic pigment and it
was observed that the use of these spent mushroom
substrates affects in the total chlorophyll content of the

plant leaves. Chlorophyll content (mg g tissue) includes
the chlorophyll a and chlorophyll b which significantly
increased in the plants treated with spent mushroom
substrate of oyster mushroom (Fig. 3).

–1

carcinogenic capacity; furthermore, immature or mature
fruits contain a high concentration of antioxidant
phenolic compounds. The results also shows that the
effect different substrates influence the level of
carotenoid compound and it was observed that the
combined treatment of spent mushroom substrate of saw
dust and paddy straw showed maximum enhancement of
carotenoid compound followed by the spent mushroom
substrate of paddy straw (Fig. 5).

Therefore from the above study it can be concluded
that can be cultivated in different
agricultural substrates. Saw dust can be used as a
supplement with paddy and wheat straw to increase the
yield of oyster mushroom. The effect of spent mushroom
substrate on the cultivation of also showed

Pleurotus ostreatus

C. chinense

Table 3. Effect of spent mushroom substrate on total phosphate content of soil, root and leaf of

after 15 days of seedling transfer_______________________________________________________________________________________________

_________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

Capsicum

chinense

Treatment
Total Phosphate Content (μg g )

Soil Root Leaf

Control 51.30 ± 2.30 9.12 ± 1.33 7.67 ± 0.83

Paddy straw 44.51 ± 1.31 11.53 ± 0.78 8.47 ± 1.22

Paddy straw + Saw dust 42.50 ± 3.45 15.45 ± 1.30 13.35 ± 1.42

Wheat straw 45.65 ± 1.15 14.25 ± 1.41 10.44 ± 1.22

Paddy straw + wheat straw 40.35 ± 0.83 11.75 ± 1.21 9.33 ± 1.10

–1

Figure 3. Effect of spent mushroom substrate of

oyster mushroom on chlorophyll content of

C. chinense

Total protein content of leaf and fruit was estimated
and it was observed that the total protein content was
quite higher in case of leaf of treated plants it is quite

higher 37 mg g tissue while in case of leaf of control

plants, it was lower , 30 mg g tissue. Similarly, total
protein content of fruit of the treated plants was higher

(39 mg g tissue) while it lower in case of control plants

(32 mg g tissue) (Fig. 4).

Carotenoid is one of the most important compounds
which show antioxidant activity and this was also
estimated to evaluate the effect of spent oyster
mushroom substrate on the enhancement of antioxidant
compound. The results revealed that the application of
spent substrate enhances the carotenoid as the leaf and
fruit of the treated plants showed significant higher
amount of carotenoid in comparison to the control
plants. Howard et al (2000) and Wall et al (2001)
reported that mature pepper fruits are also rich in
carotenoid which shows antioxidant and anti-

–1

–1

–1

–1

i.e.

Figure 4. Total protein content of fruit of

treated with spent mushroom substrates

C. chinense

Figure 5. Effect of spent mushroom substrate of

oyster mushroom on the carotenoid of C. chinense



better result in comparison to untreated plants and thus it
can be used as an organic fertilizer for the improvement
of growth of .
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