Chapter I

introduction 

Mushroom farming is being practiced in more than 100 countries and its production is increasing at the rate of 7 per cent per annum. Production of mushrooms has already crossed 15 million metric tons annually in the World and is expected to reach around 20 million metric ton in next ten years. India had been known World over for its exotic mushrooms. Total mushroom production in India is 100 thousand tones and Punjab alone produces 40-45 per cent mushrooms. 

There are around 38,000 mushroom varieties known to exist but only 100 of these are considered to be edible and tried for artificial cultivation. Most acceptable varieties among cultivated types are Agaricus bisporus, Auricularia spp. Flemulina velutipes, Lentinus edodes, Tramella spp, Volvariella spp and  Pleurotus spp. 

    Volvariella volvacea is a domesticated edible mushroom. This mushroom is a valuable component to the diet, due to its rich taste, aroma and nutritional values. V. volvacea is a Holobasidiomycete fungus belonging to the family Plutacea. World production of paddy straw mushroom contributes to about 6 per cent of the total mushroom. The cultivation of paddy straw mushroom has been standardized at Punjab Agricultural University, Ludhiana, but it has not gained commercial acceptability due to its dark colour, inconsistent yields and perishable nature. This mushroom is less preferred than other commercially grown mushrooms like button and oyster mushrooms mainly because of its low productivity. The low productivity is ascribed to low production of the hydrolytic enzymes, laccase and cellulase. Cellulase and xylanase activity is crucial during the vegetative growth of the fungus, while laccase is important for sporophore development (Chen Shicheng et al 2003, 2004).  
It has a very poor shelf life even at 4oC, which has been ascribed to the inability of adjusting its fatty acid composition adequately to cope up with the lowering of temperature leading to chilling injury, liquefaction and autolysis (Chiu et al 1995, Li et al 1992).

Edible mushrooms are known for being palatable and nutritious, containing 21-49 per cent protein (dry basis) and are rich in vitamin B1, B2, B12 and C and minerals than most cereals and vegetables (Garcha and Khanna 2003). Moreover, mushroom protein contains all the essential amino acids and are rich in lysine and leucine which are lacking in most staple cereal foods. 

Volvariella volvacea utilizes cellulosic material more effectively than any other cultivated mushroom (Kaur 2002). It requires an optimum C/N ratio of 40 to 60 (Tzeng 1974). It is a fast growing edible  fungus showing best growth of mycelium at 30-35oC (Reyes et al 1998 a)  and fruiting at 28-30oC (Reyes et al 1998 b)  within 8-10 days after spawning. It is an easy mushroom to cultivate with a cropping period of 2-3 weeks but it is most difficult one when it comes to obtaining high and constant yield (Khanna 1995). ). Volvariella volvacea was found to utilize cellulose and hemicellulose throughout spawn run and cropping phases, but was unable to utilize lignin at any stage. The fungus was found to lack lignolytic systems and hence the fungus access to cellulose and hemicellulose could be restricted. Consequently for V. volvacea, rice straw which is relatively rich in  cellulose (35.5%) and hemicellulose (24.2%)  besides containing lignin (24%) (Rajarathnam et al 1997) is a suitable substrate for growth and colonization.
Selection of substrate for mushroom cultivation is an important aspect for cheap and easily available material. Though different workers have evaluated a number of substrates in recent past but the predominant substrate used for commercial cultivation of this mushroom is still paddy straw. Various supplementations have been suggested with the main objective of improved yields of this mushroom. The use of corn meal, gram powder, chicken manure, neem cake, wheat bran and rice bran in paddy straw beds was reported to be beneficial (Kaur et al 2004.
Changes in the level of some chemical constituents also occur in V. volvacea (Bull.) Sacc. Yen (1992) found that the storage of this species at 4oC and 25oC for five days brought about a rapid increase in the level of amino acids indicating progressive deterioration of the pilei and that increase in the content of these compounds occurred at higher temperature. The storage of fresh mushrooms also affect the level of sugars, free amino acids and 5’-nucleotides. The storage period of mushroom can be lengthened using a controlled atmosphere (Lopez-Briones et al 1992).

Freshly harvested mushrooms are highly perishable because of high moisture content, metabolism and susceptibility to enzymatic browning. Its quality starts declining soon after harvesting, rendering the produce unsaleable. Hence, the development of appropriate storage and processing technology in order to extend their marketability and availability to the consumers in fresh or processed form is of great significance. During processing, mushrooms readily change colour and texture. In order to maintain acceptable quality of canned and processed mushrooms, fresh pilei should be kept at low temperature. The storage conditions for finished product must be appropriate to the processing method applied. The most frequently used methods for processing are drying, maintaining, sterilization and freezing (Kondratowicz and Kowalko 2000).

According to Sapers et al (2001) preliminary processing most frequently include washing. It is one of the first measures applied in processing of mushrooms. Although it is desirable from the point of view of hygiene, the washing of pilei in water alone considerably decrease the quality of stored mushrooms. 

Blanching in water can be applied to preserve the good colour and minimize the hardening of frozen pilei of mushrooms which follows full blanching (5-8 minutes). However, in this case blanching must be preceded by washing the raw material in a solution of sodium metabisulphite. Blanching should be lengthened to 15 minutes in order to minimize the darkening of pilei caused by the activity of enzyme (Coskuner and Ozdemir 2000).

Okereke and Beelman (1990) showed that, compared with blanching in water and using brine made from table salt, blanching in a solution of citric acid the use of  brine made from table salt  and sodium-calcium salt of versenic have a positive effect on colour and texture of sterilized mushrooms along with an increase in the microbiological stability of products.   

The  packaging of mushrooms also significantly affects their quality. The packaging in polyvinyl chloride films – is not only expected to prevent drying and darkening of pilei, but also “control” the gaseous composition of the atmosphere and relative humidity (Zuchowicz et al 2004 a,b).

The quality of stored mushrooms also depends on how they are packed. Among the most popular method is vacuum packing. Packing in modified atmosphere (the MAP method) is  fairly popular, it is based on “injecting” an atmosphere of specific gaseous composition at the moment of packing. The storage life of frozen mushroom can also be extended using irradiation. In most of the cases polyethylene bags are used for packing this type of product (Czapski and Radziejewska 2001).

Conventional hot-air drying is considered as a comparatively simple, economical and efficient method to extend the shelf life of mushrooms. It involves thermal or chemical treatment prior to drying and an operational temperature range between 50 and 80oC. In practice, to avoid darkening of mushroom surface during hot -air drying, a two phase -drying process is employed starting with 30° or 40°C followed by a final temperature of 60°C. Freeze drying is frequently applied to the materials that are prone to heat damage and produces products with excellent structural characteristics, nevertheless, being a costly process (Lin et al 1998).

Dried mushrooms are characterized by pleasant flavour and crispness, their water content not exceeding 12 per cent. During blast drying numerous changes occur in both the appearance and the chemical composition of pilei, with a considerable reduction in the level of vitamin C. 

Microwave-vacuum drying offers an alternative way for obtaining high-quality dried products. This method generates very rapid heat and mass transfer resulting in quick drying at low temperature. Recently microwave-vacuum drying was combined with conventional hot air drying to sharply reduce drying time, optimize energy efficiency and improved product quality (Zhang et al 2006).  

The quality of dried mushrooms is determined by combination of factors, but most properties or characteristics depend on consumer preference. Colour and texture are two of the most important quality parameters that influence consumer acceptance. Furthermore, the rehydration ability of the dried product is considered to be a critical parameter indicating the degree of the damage to the material caused by physiochemical treatments (Krokida and Marinos-Kouris 2003).

The proper quality of mushroom products can be obtained by eliminating or inhibiting adverse changes in the colour and texture of pilei. Particular attention is also paid to the minimization of weight loss, during preliminary processing and canning procedure (Devece et al 1999).    

      The present study was therefore, planned with the following objectives: 

i) To improve the shelf life of Volvariella volvacea during post harvest storage by optimizing storage condition and by the use of physical and chemical treatments of the fruit bodies.     

ii) To identify the deteriorative factors in mushroom during storage under ambient conditions.  

Chapter II

review of literature 


Volvariella volvacea (Bull. ex. Fr.) Sing commonly known by different names as the straw mushroom, paddy straw mushroom or Chinese mushroom is very popular in tropical South- East Asia. It is an inhabitant of the tropics and subtropics with an optimum mycelial growth and fruiting temperature of around 35oC. It is a fast growing fungus to fruit within the weeks of spawning.It is third most important mushroom cultivated in the World with an annual production of 287 MT (Thakur et al 2002). It has excellent taste, flavour and nutritional values but lower biological efficiencies and its dark coloured sporocarps hinder its production and consumer acceptability (Pramod et al 2005).

           Volvariella volvacea has significant pharmacological properties including anti-tumor polysaccharides, immune-suppressive proteins and immunomodulatory lectins. It has a very poor shelf life even at 4oC which has been ascribed to the inability of adjusting its fatty acid composition adequately to cope up with the lowering of temperature leading to chilling injury, liquefaction and autolysis (Chiu et al 1995, Li et al 1992).


The literature pertaining to research work on cultivation, storage, processing and packaging of mushroom has been reviewed under the following heads:-

2.1 
Cultivation of Volvariella volvacea 

2.2 
Storage of mushrooms 

2.3 
Processing of mushrooms 

2.3.1 Washing of mushrooms 

2.3.2 Blanching 

2.3.3 Steeping 

2.3.4 Drying 

2.3.5 Packaging

2.4 Other processing methods 

2.4.1 Freezing 

2.4.2 Canning 

2.4.3 Salting 

2.4.4 Pickling 

2.5 Nutritional analysis 


2.5.1
Chemical composition of edible mushrooms

2.5.2
Dry matter in mushrooms 

2.5.3
Soluble carbohydrates and dietary fibre of mushrooms

2.5.4
Protein content in mushrooms

2.5.5
Lipids and fatty acids of mushrooms

2.5.6
Mineral content of mushrooms

2.5.7
Vitamins in mushrooms

2.5.8
Flavour of mushrooms

2.1
Cultivation of Volvariella volvacea

Volvariella species, the oldest cultivated mushroom (Singer 1961) was originally cultivated by the Chinese in canton region of Kwangtung province. The cultivation of this fungus can be traced back to 1822 in China hence its trivial name is Chinese mushroom (Phutela et al 1996). Traditionally, the cultivation of Volvariella has been associated with paddy straw. Smith et al (1988) reported 10 species of Volvariella including V.volvacea grown commercially on range of organic wastes such as wood log, rice straw, cotton waste saw dust etc.

            Before 1970, paddy straw was practically the only material used for preparing the substrate under natural conditions to obtain, biological efficiency varying from 1.5-14.7%, which was poor and unstable. Cotton waste was first introduced as heating material for growing the straw mushroom (Yau and Chang 1972). Later, it had completely replaced the traditional paddy straw for cultivation of this mushroom in Hong Kong.


The straw mushroom grows well under indoor or outdoor conditions on wet and unpasteurized as well as fermented and pasteurized substrates.The traditional substrate for Volvariella cultivation is paddy straw, which comprises of 40-60% cellulose, 20-30% hemicelluloses and 15-30% lignin (Pathak et al 1986). The lignin in paddy straw surrounds the hemicelluloses and cellulose protecting them from degradation (Datta and Chakravarthy 2001). The source of substrate for V. volvacea cultivation is not restricted. Other plant cellulosic residues such as oil palm waste, cotton waste, corn cobs and sugarcane bagasse have also been used for growing V. volvacea (Quimio 2002).


V. volvacea utilizes cellulosic constituents of the lignocellulosics substrates comprised of lignin cellulose and hemicellulose (Khanna 1995). This mushroom has successfully been cultivated on a variety of lignocellulosics like cereal straw, sugarcane bagasse ,oil palm pericarp and banana leaves (Quimio 2002). This indicates that V. volvacea has a potential to secrete several extracellular enzymes to degrade such lignocellulosics. Although V. volvacea grows on variety of lignocellulosic residues but the paddy straw has still been the traditional substrate for its cultivation. 

Volvariella volvacea was found to utilize cellulose and hemicellulose throughout spawn run and cropping phases, but was unable to utilize lignin at any stage. The fungus was found to lack lignolytic systems and hence the fungus access to cellulose and hemicellulose could be restricted. 
Gupta et al  (1970) reported paddy straw as the most suitable substrate for cultivation of V. volvacae while Garcha et al (1989) obtained a higher biological efficiency in case of V. diplasia cultivated on hollow interior beds of paddy straw. Samajpati et al (1977) reported that growing conditions for V. volvacea in West Bengal was satisfactory from April to August, the higher yield being obtained in July. V. volvacea was found to be poor colonizer of substrate because of less efficient hydrolytic enzymes system (Datta and Chakravarthy 2001).

Pani and Das (1998) found a biological efficiency of 10-11% when substrate (Paddy straw) was soaked for 18 hrs whereas biological efficiency of 2-2.5% was obtained on instantly soaked substrates  while using 13% spawn dose in these cases.


The spawn of V. volvacea strain was raised on sterilized wheat grains based substrate filled in empty glucose bottles. Mushroom crop for obtaining fruiting bodies was raised on beds prepared from forty pasteurized paddy straw bundles of 25 x 10 cm size following the cage cultivation method (Wang and Chen 2002). Zheng et al (1995) found varied levels of concentration of carbon and nitrogen during composting, spawn run, fructification and also effect of C/N on mushroom yield. Noble and Gaze (1996) observed that increasing the compost nitrogen from 1.6 to 3.1% resulted in higher yield of mushroom but further increase in nitrogen content caused incomplete clearance of ammonia from the substrate and hence low or no yield. Godara (2001) had found that environmental factors including both macro and micro climatic conditions prevailing in the growing house had profound effect on the period of spawn run and fructification of straw mushroom. 


Thakur et al (2003) evaluated three cultivation methods – spiral, cage and bed. Spiral method was found to be most suitable than cage and bed method. The fresh yield and biological efficiency were much higher (biological efficiency increased) than cage and bed method. 


Philippousis et al (2000) found that cotton gin trash and wheat straw was suitable for the cultivation of V. volvacea. Cultivation of V. volvacea on three agricultural wastes i.e. wheat straw, cotton waste and peanut shells and found that V. volvacea performed better on cotton waste with higher growth rate being obtained on composted cotton waste. Sukendro et al (2001) used 3:1 mixture of cotton waste compost and banana leaves for cultivation of straw mushroom in paddy straw.

2.2
Storage of mushrooms  


Mushrooms like all fleshy fruits and vegetables are delicate food material in which deterioration sets in within hours. Fresh mushrooms cannot be stored for more than 24 h at ambient temperature (Abhijt Kar et al 2004). Attempts have been made to preserve cultivated mushrooms throughout the world and find its market where, these are needed. 


The freshness of mushrooms is affected by storage conditions including temperature and relative humidity. Mushrooms have high water content (85-95%) which may be rapidly lost by evaporation or respiration and air movement over the mushroom and in the package (Pathak et al 1998). Fresh mushrooms (A. bisporus) lack the protective cuticle and carbohydrate reserves that allow mushrooms to stay fresh during storage, which causes rapid deterioration of mushrooms after harvest (Jacobson et al 2001). 


The shelf life of mushroom may vary from 1 day to 2 weeks at 1-4oC. Low temperature is effective in short-term preservation because it retards the growth of microorganisms, reduce the rate of post harvest metabolic activities of mushroom tissues and minimizes moisture loss. Storage of straw mushrooms in a closed plastic box with 95 per cent CO2 accelerates deterioration even at 15-20oC, which was considered the most suitable temperature range for their storage under normal circumstances. On the other hand, mushroom stored in perforated plastic box at 10-15oC had excellent keeping quality for up to 4 days and loss of moisture was less than 5 percent. When straw mushrooms were stored at 30oC, under similar conditions, the veils were fully open and vegetative mycelia developed after 2 days (Bhupinder and Ibitwar 2007). In closed bags liquefication and microbial spoilage could occur rapidly. 


Pilei of edible mushrooms are characterized by the seasonal availability, briefness of abundant supply, variability of yield and their keeping quality (Szweykowska and Szweykowski 2003). Their rapid deterioration is chiefly caused by content of water, biological processes, the activity of enzymes and the presence of micro flora and is also affected by the degree of ripeness and any damage to the pilei (Czapski 2000). The storage conditions are highly important for the quality of fresh mushrooms. The best results are obtained by storing pilei in a cool chamber. 


V. volvacea (Bull.) Sacc. Yen (1992) found that the storage of species at 4oC and 25oC for five days brought about a rapid increase in the level of amino acids indicating progressive deterioration of the pilei and that increases rapidly at higher temperature. The storage of fresh mushrooms also affects the level of sugars, free amino acids and 5-nucleotides. In the case of mushrooms it is recommended to lower the concentration of oxygen and to increase the content of carbon dioxide to improve the storage period (Czapski and Radziejewska 2001). 

    
Lentinula edodes [Berk.] Pegl (Shiitake) mushrooms stored for 7 days at 20oC showed that the activity of glucanase and polyphenoloxidase was higher and the content of lentinane (a polysaccharide of health promoting properties) was reduced compared with pilei stored at 1oC. The storage period of mushrooms can be further lengthened using a controlled atmosphere (Minato et al 1999). According to Simon et al (2005), a modified atmosphere containing 2.5% CO2 and 10-20% O2 improves appearance of button mushroom with reduced bacterial count. 


Long-term storage of mushrooms can be achieved by freezing, drying and sterilization. Apart from using these methods, food processing plants also produce salted mushrooms as semi- finished product, pickled and marinated mushrooms, powders, pastes and concentrates and extracts (Vetter 2003). Poland have high export profile with its wide range of canned, processed and semi finished products sterilized and salted mushrooms dominate the market followed by marinated and frozen products(Kubiak 2001,2003). 

Mushrooms have short shelf life and deteriorate within a short period of time after harvesting. Button mushrooms are high in pH i.e. 6.0-6.5 (Lopez 1987) and require more attention during storage, marketing and processing at the post harvest stages. Some of the problems encountered during handling, processing and marketing are discoloration, weight loss, flavour loss, shriveling, browning and veil opening (Saxena and Rai 1988). Fortunately, many of the reactions involved are influenced by incorporating small amounts of various additives. The addition of acidulants in the solution provide assistance in maintaining low redox (oxidation-reduction) potentials for inhibiting oxidation and deactivation of heavy metal cations through the formation of metal complexes (Anonymous 1969).      

Mushrooms can be held for 7 to 9 days upon rapid cooling and storage at 0 to 1°C (32 to 33.8°F) with 95% RH. Storage at 2°C (35.6°F) shortens storage-life to 3 to 5 days by accelerating surface browning, stipe elongation, and veil opening (Umiecka 1986). High RH is essential to prevent desiccation and loss of glossiness. Moisture loss is correlated with stipe blackening and veil opening. Mushrooms should be packed in cartons with a perforated over-wrap of polyethylene film to reduce moisture loss. It is important to avoid water condensation inside packages. There are no chemical treatments to extend storage-life of mushrooms intended for fresh consumption. 

Mushrooms derive a moderate benefit from storage under 3 to 21% O2 + 5 to 15% CO2 (Saltveit, 1997). A 3% O2 + 10% CO2 CA extends storage-life to 12 to 15 days at 0 °C (32 °F) (Suslow and Cantwell 1998). A 10 to 15% CO2 CA reduces cap opening, browning and stipe elongation. Mushroom quality was maintained in 8% O2 and 10% CO2 (Zheng and Xi 1994). Storage under low O2 and high CO2 inhibits cap opening and internal browning, but causes yellowing of the cap surface. Levels of O2<1% can favor growth of Clostridium botulinum, the development of off-odors and off-flavors, as well as cap opening and stipe elongation. For this reason, CA is not commonly used (Anon 1995). 

The retail industry wants to increase the shelf life of mushrooms from two to six days. Although, genetic modification may pave the way towards solving the shorter shelf-life of mushrooms but also public is worried about the introduction of genetically modified organisms (GMOs) due to their health hazards effects, and so retailers are tending to work with other alternatives, such as packaging improvement (Potter-Irwin 1999). 

2.3
Processing of mushrooms 


Freshly harvested mushrooms are highly perishable because of high moisture content, metabolism and susceptibility to enzymatic browning. Its quality starts declining soon after harvesting, rendering the produce unsaleable. Hence, the development of appropriate storage and processing technology in order to extend their marketability and availability to the consumers in fresh or processed form is of great significance. Drying, canning and freezing are initially accepted methods of mushroom preservation.   

2.3.1
Washing 

  
The proper quality of mushroom products can be obtained by eliminating or inhibiting adverse changes in the colour and texture of pilei (Czapski and Szudyga 2000). Particular attention is also paid to the minimization of weight loss during preliminary processing and canning procedures (Devece et al 1999). Preliminary processing most frequently includes washing (Sapers et al 2001); blanching (Coskuner and Ozdemir 2000); and soaking or vacuum moistening in solutions of compounds preventing the darkening of pilei (Jaworska et al 2003). Among these compounds are table salt, citric acid, L-ascorbic acid, hydrogen peroxide, versenic acid (EDTA), sodium erythorbate, cysteine hydrochlorite (Czapski 2001).


In modern production practices metabisulfites are very frequently used (Czapski 1992). They inhibit the activity of mushroom enzymes such as polyphenoloxidase, lactase, peroxidase (Ratcliffe et al 1994) and lipoxygenase (Kuribayashi et al 2002) which are responsible for changes in colour.


Washing is one of the first measures applied in preliminary processing of mushrooms. Although it is desirable from the point of view of hygiene, the washing of pilei in water alone considerably decreases the quality of stored mushroom products. The delicate cell membranes which separate the enzyme phenol oxidase from the substrata are damaged, causing darkening and bronzing of the pilei (Burton and Noble 1993). Hence, in order to maintain the proper quality of products, mushrooms are washed in solutions of such compounds as sodium metabisulfite, which has a beneficial effect on the whiteness of pilei by inhibiting undesirable changes in colour. The washing of button mushroom in a solution of hydrogen peroxide and then in a solution containing sodium erythorbate, cysteine hydrochlorite and sodium salts of versenic acid (Na2EDTA) also has been recorded as a beneficial effect on the colour of pilei. According to Czapski (2002) this procedure decrease the activity of polyphenoloxidase and due to leaching the level of free phenols. Sapers et al (1999), however, reached different conclusions concerning the washing of mushrooms in a solution of hydrogen peroxide followed by spraying with a solution of sodium erythorbate, cysteine hydrochlorite and sodium salt of versenic acid. These authors found a higher content of free phenols in washed Agaricus bisporus pilei compared with unwashed ones. Mushrooms subjected to preliminary processing with H2O2 and sodium erythorbate are characterized by a lower content of soluble phenols than those washed in an aquatic solution of sodium hypochlorite. 


During washing operations, browning is aggravated, which could be reduced by washing mushrooms in a solution containing 0.05% sodium metabisulfite and 0.05% sodium chloride (Brennan et al 1999). Washing of freshly harvested, cultivated A. bisporus mushrooms in 1000 ppm solution of sodium sulphite and storage in ventilated PVC film over wrapped packages at 5 and 15oC resulted in an initial (averaged 48.10 ppm) loss of SO2 (Beelman et al 1988).  


Saxena and Rai (1988) stated that washing of button mushrooms in 0.05% and 0.2% potassium metabisulphite significantly improved the whiteness at a slower rate during storage. Blanching caused significantly browning in addition to about 35-40% decrease in weight while washing increased the weight by 8% (Burton 1991). 

According to Choi and Sapers (1994), sodium hypochlorite used during mushroom storage for controlling microbiological changes in the pilei (Park et al 1991) causes darkening owing to the oxygenation of L-3,4-dihydroxyphenyloalanine (L-DOPA) to brown quinones. Agaricus bisporus (Lange) Sing. can be washed in an aquatic solution of sodium metabisulfite, which is strongly recommended for frozen (Czapski and Bakowski 1995) and sterilized products (Czapski 1992). According to Czapski and Bakowski (1995), the optimum concentration of sodium metabisulfite in solutions used for washing before freezing should be 4000 mg/dm3. In determining this concentration the intensity of washing should be taken into consideration: the higher the intensity, the greater the sorption of sodium metabisulfite (Czapski 1994 a). As mentioned above, metabisulfites prevent undesirable changes of colour, however, the residue of sulphur dioxide is harmful, especially for people with asthma (Linn and Gong 1999).


Washing of mushrooms with calcium chloride has also been shown to be effective in delaying senescence, browning and suppressing bacterial growth in button mushrooms stored at 4oC (Barden et al 1990). Calcium has good potential as postharvest treatment for a number of horticultural commodities. The acceptable colour of mushroom after 6 days of storage at 8oC and 70% relative humidity observed when washed with 0.5% citric acid and 0.5% calcium chloride could be due to the antimicrobial effect of the former and inhibition of tyrosinase activity by the later (Kukura  et al 1998).

2.3.2
Blanching 


Blanching is another treatment applied in preliminary processing of mushrooms. They are usually blanched in water or in aquatic solutions of antioxidative substances at 95-98oC. The length of this treatment can vary from 20s (Czapski 1995) to 15 minutes (Vivar-Quintana et al 1999). Vacuum moistening helps preserve the natural colour of blanched pilei and reduces the weight loss associated with blanching.

Blanching represents the least heat severe treatment which is essential to inactivate enzymes that cause discoloration, changes in flavour, aroma and removes certain harsh flavour commonly found in mushrooms (Girdhari et al 1998). Blanching and cooling also brings about many undesirable changes in mushrooms due to leaching of valuable nutrients such as total soluble solids losses, flavour and textural changes (Khurdiya 1995) these losses may be upto 40% for minerals and vitamins (Vitamin C and thiamine), 35% sugar, 20% of protein and amino acids (Selman 1988). The color and flavour of sulphited mushrooms are found superior to steam blanched mushrooms (Deshpande and Tamhane 1981).   

According to Czapski (1994 b) these losses can be reduced by as much as half compared with mushrooms not having undergone vacuum moistening in pre-processing. Beelman et al (1973) showed the positive effects of placing mushrooms in the vacuum for 5 mintues (0.26 KPa) and then dipping them in water for 10 mintues. Jaworska et al (2003) showed that by soaking fresh mushrooms in solution of citiric acid and L-ascorbic acid before blanching, the loss of weight in the raw material due to blanching can be reduced by 10%, however, after this tretmemt the level of water soluble compounds was reduced

According to Czapski (1995), 20-second blanching in water can be applied to preserve good colour and minimize the hardening of frozen of pilei of Agaricus bisporus (Lange) Sing. which follows full blanching (5-8 minutes), however, in this case blanching must be proceeded by washing the raw material in a solution of sodium metabisulfite. Blanching should be lengthened to 15 minutes in order to minimize the darkening of pilei caused by the activity of enzymes; it is only then that the total inactivation of peroxidase can be achieved (Coskuner and Ozdemir 2000).

According to Vivar-Quintana et al (1999), blanching with the addition of citric acid before sterilization reduces the weight loss in Agaricus bisporus (Lange) Sing. caused by processing. Okereke and Beelman (1990) showed that, compared with blanching in water and using brine made from table salt, blanching in a solution of citric acid and the use of brine made from table salt and sodium-calcium salt of versenic acid (CaNa2 EDTA) have a positive effect on the colour and texture of sterilized mushrooms and also increase the microbiological stability of products. 

Just after blanching treatment the mushrooms must be cooled immediately to avoid over cooking. Mushroom cells also contain gasses which expand during heat treatment and cause expansion of gasses which may damage the structure but in case of vacuum hydro cooling, the gasses are removed and the texture of mushrooms is not much affected (Anantheswaran et al 1986).  

The results of the investigation into the blanching of mushrooms conducted by Rodrigo et al (1999) suggested that the replacement of citric acid by glucono-(-lactone also enables canned mushrooms to maintain good colour, texture and yield but unlike citric acid, glucono-(-lactone does not leave a strange or acidic taste and smell in the pilei. 


Mushrooms that are to be canned are typically blanched for long times to preshrink them. Heat mushroom caps with ohmic heating to above 70oC in 40 s while maintaining a 50% solid mushroom content in water. Weight loss was predicted using previously published kinetic models and internal mushroom temperature data suggested that substantially greater shrinkage occurred than attributable to temperature alone. Ohmic blanching offers the advantage of being able to maintain a high solids content during blanching compared to the use of excessive amounts of water (60 kg/400L) in conventional blanching. Frequency and waveform did not affect the weight loss during Ohmic blanching the range studied. Ohmic heating may have potential for this application due to its rapid, volumetric heating rates and the enhancement of mass transfer even at relatively low temperature (Sensoy and Sastry 2007). 

Coskuner and Ozdemir (2000) report that blanching mushrooms in solutions of citric acid at different concentrations does not significantly affect the level of iron, copper, manganese or zinc in pilei, unlike blanching in EDTA solution, which decreases the content of iron and copper.

According to Steinbuch (1986) and Czapski(1995), however, this measure has detrimental effect on the texture of frozen  mushrooms, making  them hard and rubbery, particularly after a longer period of storage. The composition of solution used in blanching mushrooms affects the quality and chemical composition of pilei. Blanching pilei in a 1% solution of citric acid and 2% solution of table salt before freezing resulted in a product of poorer consistency, taste and aroma compared with unblanched material (Sobkowska and Wozniak 1974). 

Jaworska et al (2003) claimed that blanching in water is sufficient in the production of frozen mushroom stuffing stored for 4 weeks. In order to minimize weight loss in mushrooms and increase their yield, it is recommended to precede blanching with soaking or vacuum moistening with water (Czapski 1994 b). 

During thermal processing, such as blanching, pasteurization or retorting, most fruits and vegetables lose their fresh characteristics and soften. Loss of firmness is initially caused by membrane disruption and concomitant loss of turgor. It is followed by depolymerization and solubilization of pectic substances from the cell wall and middle lamella and finally, by loss of cell to cell adhesion and extensive softening (Waldron et al 1997).


The blanched mushrooms after dehydration were found to be much superior to the unblanched counterpart in respect of nutritional and organoleptic characteristics. On the contrary, the rehydration ratio was better in dried mushrooms prepared without blanching. Though storage caused some observable deterioration in quality, the dehydrated mushrooms were found to be acceptable even after a storage period of 6 months (Riaz et al 1991).

2.3.3
Steeping 


Steeping with chemicals and salts is a cheap method of preservation which increases the shelf life of fresh mushrooms. Mushrooms preserved in this fashion have market value for export to Far Eastern and European countries. Chemical preservation may be helpful when the product cannot be given a suitable terminal treatment (Johnson and Peterson 1974) and is far less expensive in term of energy than conventional physical methods of food preservation (Lueck 1980). 

  
Some work has been done at the Central Food Technological Research Institute (CFTRI), Mysore on this aspect of preservation of mushrooms. It is reported that mushrooms in fresh condition may be possible to preserve for about 10 days at room temperature by steeping in solution containing 2.5 percent common salt, 0.2 percent citric acid, 0.1 percent ascorbic acid, 0.1 percent sodium bicarbonate and 0.1 percent potassium metabisulphite. The blanched mushrooms and steeped solution of (1:2) are put into clean glass containers, which are covered with lids and sealed with paraffin wax and stored at room temperature (21-28oC) (Bhupinder and Ibitwar 2007).

Mushrooms were washed and blanched in boiling water for five minutes. The boiled water is decanted and mushrooms were steeped in 22 to 25% solution of common salt. These steeped mushrooms could be utilized for preparation of various products with acceptable organoleptic quality (Das and Kalita 2006). 


A popular method of mushroom processing is the use of airtight containers. This type of product includes marinades and mushrooms canned in brine (Jaworska et al 2003). Acetic acid (3-5%) has been used in marinade production, usually containing salt and sugar (Achremowicz et al 1984). The raw material could be fresh, salted or more rarely, pickled mushrooms. Apart from the popularly used Agaricus bisporus (Lange) Sing other species, such as Pleurotus ostreatus (Jacq.:Fr.) Kumm (Achremowicz et al 1984) and Lentinula edodes (Berk.) Pegl. (Shii-take) (Wozniak et al 1996) have also been used. 


Steeping preservation is the method of preservation where constituents of the steeping solution act as a preserving conditioning, flavour enhancing and taste improving agent in preserved food . 


The chemical analysis of the fresh and steeped mushrooms as well as the steeping solution was conducted at given intervals during the storage period. TSS, acidity, TS, moisture, sodium chloride, protein, ascorbic acid and SO2 were estimated by standard procedures. A minor increase in the acidity of steeping solution was noted. The salt content of steeping solution decreased with the corresponding increase in the mushroom content due to osmotic action leading to equilibration after few weeks (Sandhu and Aggarwal 2001). There was a significant decrease in the ascorbic acid and SO2 content of the steeping solution. The decrease was more pronounced and rapid in the samples stored at room temperatures resulting in a subsequent increase in bacterial count of the solution because of favourable conditions available due to decreased preservation effect. 

2.3.4
Drying 

  
Fresh mushrooms are highly perishable commodities with short shelf life under ambient conditions of temperature and humidity and their commercialization becomes difficult. Among the various techniques employed for preservation of mushrooms, drying seems to be an effective approach to extend shelf life and ensure distribution.


Conventional hot air drying is considered as a simple, economical and efficient method to extend the shelf life of mushrooms. It involves thermal or chemical treatment prior to drying and operational temperature range between 50 and 80oC. In practice, to avoid darkening of the mushroom surface during hot air drying, a two phase drying process is employed starting with 30oC or 40oC followed by a final temperature of 60oC. Freeze drying is frequently applied to material that are prone to heat damage and produces products with excellent structural characteristics, nevertheless, being a costly process (Lin et al 1998). The rehydration ratio of dehydrated mushroom slices could be determined as suggested by Arumuganathan et al (2003). Bakowski and Michalik (1982) have reported during blast drying, numerous changes in both the appearance and chemical composition of pilei with considerable reduction in the level of vitamin C.

Microwave-vacuum drying offers an alternative way for obtaining high- quality dried products.This method generates very rapid heat and mass transfer resulting in quick drying    at low temperature. Recently microwave- vacuum drying was combined with conventional hot air drying to sharply reduce drying time, optimize energy efficiency and improve product quality (Zhang et al 2006). This method yield dried mushroom of better general appearance, colour and consistency with higher capacity for water absorption almost of 100%. When dealing with very sensitive material such as mushrooms, the choice of the right drying method can be key for developing dried products of superior quality (Giri and Prasad 2006).

The quality of mushrooms is determined by combination of two factors, but most properties and characteristics depend on consumer preference. Colour and texture are the two most important quality parameters on consumer chart. Furthermore, the rehydration ability of the dried product is considered to be a critical parameter indicating the degree of the damage to the material caused by physio-chemical treatment (Krokida and Marinos-Kouris 2003).          

Microwave-vacuum dehydration characteristics of button mushroom (Agaricus bisporus) were evaluated in a commercially available microwave oven (0-600W) modified to drying system by incorporating a vacuum chamber in the cavity. The effect of drying parameters, namely microwave power, system pressure and product thickness on the drying kinetics and rehydration characteristics were investigated. The drying system was operated in the microwave power range of 115-280 W, pressure range of 6.5-23.5 kPa having mushroom slices of 6-14 mm thickness. Convective air drying at different air temperature (50, 60 and 70oC) was performed to compare the drying rate and rehydration properties of microwave- vacuum drying with conventional method. Microwave-vacuum drying resulted in 70-90% decrease in the drying time and dried products had better rehydration characteristics as compared to convective air drying. Rehydration ratio was significantly affected by the system pressure. Empirical models are also developed for estimating the drying rate constant and rehydration ratio as a function of the microwave-vacuum drying process parameters (Giri and Prasad 2005). 

Besides the above methods, good results have also been obtained using freeze drying (Le Loch Bonazzi and Wolff 1991). The freeze drying of Agaricus bisporous has a significant effect on the content of 8 carbon aromatic compound chiefly 1-octen-3-ol, 3-octanol and 3-octanone, whose level was drastically reduced (upto 78%) after this treatment compared with that found in fresh pilei. 


Mushrooms could be dehydrated in India as such in the sun. The product available in the market are of sub-standard quality. Dried mushrooms are convenient for long-term storage and transportation. Mushrooms preserved by drying have a good flavour and the drying prevents deterioration. The moisture content of fresh mushrooms varies in the range of 70-90 per cent depending upon the harvest time and environmental conditions while that of dried mushroom is about 10-13 per cent (Bhupinder and Ibitwar 2007).


The commercial acceptability of the dehydrated mushroom slices mainly depends upon its colour and chemical composition. It is desirable that mushroom slices should maintain the colour and no loss should be there in amino acid content after dehydration. The detachment of the head of mushroom from the stem is called veil opening. It is always desired that after dehydration veil opening should not take place. The various amino acids are present in dehydrated and fresh button mushroom slices. The sample treated with ethylene tetra acetic acid were recommended on the basis of amino acid profile (Arumuganathan et al 2003).


The mushroom quarters were subjected to osmotic dehydration in 15% brine solution at temperature of 25-55o​C and at solution to sample ratio of 4,6 and 8. The osmosis parameters were optimized at 40oC and solution of sample ratio of 6 with reference to 35% moisture removed and solid loss of 25% (Kar 2001).


Freshly harvested button mushrooms were washed, sliced and dehydrated in tray dryer at different temperatures ranging from 40-55oC and different thickness as ranging from 0.5-0.9 cm. The slices were pretreated with 0.75% EDTA for 10 min. The moisture content of the mushroom sliced was determined by air oven method. The mushrooms were dried at 60oC for 5 ½ hours. A sample from each dryer was removed every 30 minutes for the entire time period. The samples were tested for water activity and also examined for their per cent moisture. The water activity was measured using the Aqualab machine. The percent moisture was measured by weighing the mushroom samples then placing them in drying oven (Napco E Series, Winchester, Virginia) and reweighing the samples after they have completely dried. This process took about 2 hours for the first few samples but time was reduced later on. The drying oven was placed at 90oC (Christen and Smith 2000, Ranganna 2000).


Sun dried or dehydrated mushrooms have shelf life of more than six months. Sun drying is one of the cheapest method in which mushrooms are spread over the trays and kept in open under the sun when the temperature is above 25oC with less than 50% relative humidity. Sun dried products give about 10-12% of the original weight. Sun dried product can be oven dried at 55-60oC for 4 to 6 hours to avoid spoilage during storage and also to increase its shelf life (Das and Kalita 2006). 


Mushroom can also be dried in cabinet driers where mushrooms are kept in a series of tray and warm air at a temperature of 50-60oC is passed over the mushroom slices. The dried mushroom slices having 12% moisture are packed in airtight containers with a shelf life of more than one year (Das and Kalita 2006).


Mushrooms dried by hot air at lower initial drying air temperature was found to have greater rehydration ratio as compared with the sample dried at higher initial temperature. At lower temperature, less cellular destruction and dislocation occured thus, the material was capable of absorbing more water. The most favourable rehydration ability was also observed in freeze dried samples. This was because of the porous structure and non-sunken cells that the solid state of water creates when it sublimes during freeze drying, thereby protecting the primary, structure and the shape of the products with minimal reduction of volume (Ratti 2001).    

The main methods of preserving mushrooms appeared to be sun drying and baking. This was not surprising because the two methods are what the local people traditionally use to preserve most other food items. This is also in line with the reports in Nigeria (Akpaja et al 2003), where similar situations were found among the Igbo people. Other lesser-used methods of preservation were air drying boiling and keeping in cool places for example under water pots. The preserved edible mushrooms were then stored mostly in polythene bags, guards and small pots. The other methods of storage included use of empty tins and other (granaries, sauce pans and plate).

2.3.5
Packaging


Fresh mushrooms are a known perishable commodity, with a short shelf life of 1-3 days when compared to most vegetables at ambient temperature, due to high respiration rate and low ethylene production. They have no cuticle to protect them from physical or microbial changes or water loss (Villaescusa and Gil 2003). The minimal processing using modified atmosphere package (MAP) in combination with cold chain storage, in post harvest mushrooms preservation, is an important technology to reduce losses and maintain quality, considerably extending the effect of low temperature storage (Luckasse and Polderduk 2003).

Straw mushroom can be stored more effectively at button stage than at any other stage at  temperatures below 10o C, however, the mushrooms liquefy rapidly, irrespective of type of packaging and stage of development (button or umbrella stage) due to chilling injury.

       The high relative humidity in the atmosphere surrounding the product, and the controlled O2 and CO2 levels inside package can potentially reduce respiration rate and decay, generally represented by physiological disorders with dehydration, firmness loss, enzymatic browning and/or bacterial damages, with the resulting benefit of extending product life. During storage, inside package intended obtain an optimal atmosphere composition that is due to a dynamic equilibrium between vegetable respiratory activity and gas diffusion through semi permeable plastic films packaging (Salvador et al 2002). 

         The quality of stored mushrooms also depend on how they are packed. Among the most popular methods is vacuum packing (Czapski and Radziejewska 2001). Packing in a modified atmosphere (the MAP method) is also popular, it is based on “injecting” an atmosphere of a specific gaseous composition at a moment of packing (Adamicki 2000). The type of packaging also affects the quality of mushrooms. The packaging currently used so called vitafilm i.e. polyvinyl chloride film was not only expected to prevent drying and darkening of pilei but also “control” the gaseous composition of the atmosphere and the relative air humidity (Zuchowicz et al 2004 a,b).

Whole and sliced fresh mushrooms (Agricus bisporus) were packaged with PVC wrap or two polyolefins (PD-941 and PD-961) films after coating with CaCl2 and chitosan. Package gas composition, colour, weight loss and maturity were measured during storage at 12oC and 80% relative humidity. The whiteness of whole mushrooms varied significantly with the type of coating, but not with the type of films. The extent of darkening was greater in coated whole mushrooms than in sliced ones. Weight loss occurred in all packages and varied from 3 (g/100g) to about 7 (g/100g) after 6 days of storage. Due to lower permeability, PD-961 packages had the lowest weight loss. The type of packaging films significantly affected the maturity index, where PD-961 most effectively lowered maturity index for both whole and sliced mushrooms, thus extending the shelf life (Kim et al 2006).

Mushrooms could also be washed before packaging to prevent off colour development caused by enzymatic activities and microbial growth (Sapers and others 1994). It may not be practical to store fresh mushrooms at 0oC as temperature in refrigerators and display cabinets, which could be used for temperature storage of perishable products were maintained between 6oC and 10oC. The packages showed condensation of moisture leading to the off- odour development, and off- colour development probably due to low permeability of packaging film to water vapour, oxygen and carbon dioxide (Exama et al 1993). 


Post harvest handling procedures and storage of mushroom carpophores is connected with some complexity to extend the shelf life. The main spoilage symptoms were represented by physiological disorders, dehydration with textural, flavour and colour changes (Moda et al 2005). 

Modified atmosphere packaging (MAP) has been reported to be the most economical and effective method of extending the shelf life of mushrooms (Tano et al 1999). In  MAP, a low O2 and high CO2 environment resulting from respiration has been successful in slowing down deterioration and growth of microorganisms in fresh mushrooms. Low temperature storage in combination with MAP was reported to extend the post harvest life of vegetables (Paull 1999). The success of MAP was due to the creation and maintenance of an optimal in package atmosphere that was determined by the respiration rate of product and the permeability of the packaging film to oxygen and carbon dioxide.

 Lopez-Briones and others (1993) reported that packaging of button mushrooms in microporous oriented polypropylene films was beneficial in maintaining colour during storage for 8 days at 4oC. Tano et al (1999) reported that brightness given by the L values decreased from 84 to 76 during storage at 4oC for 12 days. The results of the study revealed that the mushroom colour was acceptable even on day 12 when packaged in LLDPE with magnesium oxide. This is probably due to ability of magnesium oxide to keep the in -package carbon dioxide concentration below 10% above which brown colour development was observed in button mushrooms stored at 2oC (Nichols and Hammond 1973).

The stability evaluation was determined by: Gas composition inside the packs (volume % of O2 and CO2) was analysed immediately after the closing of the packs and in each sampling day in duplicate, with a gas analyser PBI Dansensor, Checkmate 9900. Soluble solids contents (SSC) was evaluated for each of the samples with a hand-held digital sugar refractometer ATAGO PR-1, with the results expressed as degree Brix. pH values determined with a potentiometer Crisonmicro pH 2002 provided with a penetration electrode. Weight loss was monitored by the weight of the package content before and after storage period; moisture absorbed amount through the mass difference between the dry and moistened absorber, relatively to the fresh mushroom mass. Exudates determination was performed in duplicate (Carlin et al. 1999). Amount of liquid freed from approximately 4 g of mushroom when placed between two discs of filter paper (papers qualitative circles, 150 mm and pressed with a weight of 10 kg (Salles Torres), during 10 seconds.


It was possible to preserve the carpophores and extend their shelf life by choosing proper temperature and plastic film packages. So, an optimal in package atmosphere is assured and kept that is determined by the respiration rate of the product and the permeability of the packaging film to oxygen, carbon dioxide and water vapour. This study was aimed to evaluate the impact of MAP on the quality of carpophores of three Pleurotus species, during eleven days storage at 4oC, when packaged with two polymeric films types with passive modified atmosphere (Choi and Kim 2003).  

Weight loss was found maximum in samples stored at room temperature without packaging. Mushroom samples lost over 18% their weight within the first day of storage and over 70% by the third day when they also lost consumer acceptance. The relatively lower (p < 0.05) weight loss in packaged samples was due to reduced loss of water and availability of oxygen for metabolic losses during respiration due to the protective effect of the polyethylene bags (Ekanem et al 1994).


Whole mushrooms were packed in bags and flushed with gas mixtures (CO2:O2:N2 – 10:0:90, 15:5:80, 20:10:70, 20:0:80) or air and stored at 4oC. The bags were made from four film types: low density polythene, polyester/polyethylene laminate, machine glazed polypropylene and a micro-perforated film allowing free passage of air. The gas composition in the bags and the colour and texture of mushrooms were monitored over time. The results showed that none of the packaging regimes  were effective in improving mushroom shelf life and many of the packs become anaerobic(Brennan and Gormley 1998).    

2.4
Other processing methods  

2.4.1
Freezing 


Freezing is another processing method for preserving the natural taste and aroma of mushrooms. It is accepted that the nutritive value of frozen products exceeds that of sterilized food. Only fresh pilei of very high quality, ideally straight from the harvest are used for freezing. Freezing mushrooms were first washed in solutions containing metabisulfites to prevent adverse changes in colour and texture of Pilei (Czapski and Szudyga 2000). 


Mushrooms should be immersed in 0.05% sodium metabisulfite and 2% salt for about 30 minutes then blanched in boiling water for 2 minutes followed by cooling and then freezing at -3.33oC (-22oF) for one minute. Mushrooms are dried to 3% moisture in a freeze drying plant. Some processors blanch mushrooms in water and keep them in freezers to retain their white colour for a longer time (Nita 1994). 


Beuchat (1978) described freezing of mushrooms with liquid nitrogen at -120oC for 4-6 minutes. Mushrooms preserved by this method could be stored for protected length of time and in a state equal to fresh mushrooms in both flavour and appearance but preservation costs are high. The white varieties of mushrooms are preferred for freeze drying because pigmented varieties tend to shrink more (Snowman 1997). This technique was found to be reliable for determining shrinkage of mushrooms during processing.    

Unlike the blanching in water blanching with the addition of metabisulfites favourably affects the colour of button mushrooms upto 3 months storage. Washing was done in a solution of sodium metabisulfite which enable mushroom products with a better texture, even after 3 months of refrigerated storage. Good results were obtained by freezing mushroom using the Cryogenic method which in comparison with the fluidization or blast method enables a higher quality product of good consistency and storage mushroom taste and aroma to be obtained Cryogenic freezing (in liquid nitrogen) carried out at temperature from -80oC to -100oC for 5-6 minutes enabled the storage period to be extended to as much as year (Kondratowicz and Kowalko 2000). According to Fuster et al (1986), good results are obtained  storing frozen mushrooms at -20°C. In most cases polyethylene bags are used for packing this type of product (Horubala and Wisniewska 1978). 
Freeze drying produced dried mushroom sliced of superior quality exhibited the highest lightness, lowest hardness and maximum rehydration ratio. Samples dried by combination of hot air and microwave vacuum indicated improved quality parameters as compared to samples dried exclusively by hot air. In particular, the combined technique developed a dried product of puffed texture which could be considered as an important characteristic for manufacturing a snack type product.    

2.4.2 Canning

Canning is the most common process for preserving mushrooms. Canning is divided into six basic operations: cleaning, blanching, canning, sterilization, cooling, labeling and packing.


Canned mushrooms constitute the single most important form of mushroom usage by consumers, representing over 70% of the total volume of processed mushrooms consumed. The remaining processed stock is consumed either in frozen or dried form, or is used in the preparation of other foods. During mushrooms processing, blanching is a basic step to inactivate enzymes and reduce the number of microorganisms by as much as 99% (Srivastava and Sanjeev 2003). But it brings about many undesirable changes in mushrooms as total soluble solid losses; flavour, textural changes and clogging of all life processes occur (Khurdiya 1995; Girdhari et al 1998). 

Normally mushrooms are blanched at 95-100oC for 3 minutes to inactivate catalase and peroxidase, while 6 minutes are required to inactivate PPO completely (Kurkela and Holmstrom 1976). Undesirable darkening occurs in canned mushrooms which could be significantly remedied by adding citric acid to blanching water. To increase the yield and improve colour of canned mushrooms, they should be stored for 20 hours at 2-4oC than preferably be blanched in water containing 1% citric acid (Zimin Lin et al 2001).     

When 1.5-2.0% brine (Girdhari et al 1998), 0.1% citric acid and 100 mg% ascorbic acid is used before sealing the cans (Anonymous Undated), brine dilutes the flavour of mushrooms (Goodenough and Atkin 1981). Addition of citric acid to adjust pH to 5.5 in finished canned product not only improves product colour but also reduces sterilization time (Tsai et al 1984). 
2.4.3
Salting 


Full preservation using table salt can only be obtained at concentration of 15-25%. This method had an adverse effect on both the nutritive value and quality of raw material. In salted mushrooms the content of water soluble constituents was lower and the sodium/potassium ratio was less favourable. In spite of their low nutritive value, salted mushrooms are desalted and used as semi-finished products in the production of marinades. Owing to there good keeping qualities and fairly low transport cost, salted mushrooms were always in demand in European markets particularly in the Netherlands (Smolenski 2004 a).

2.4.4
Pickling


Pickling mushrooms is a valuable processing method. It involves lactic acid bacteria which have a beneficial effect on the human organisms and impart a pleasant aroma and taste to pickled food. Among other mushrooms, Pleurotus ostreatus (Jacq.:Fr.) Kumm. is a species suitable for pickling. As Kreb and Lelley (1991) reported, good results were obtained by pickling Pleurotus ostreatus (Jacq.:Fr.) Kumm. for 10 days at 21oC with freshly shredded cabbage. The obtained product has a pleasant, mild taste similar to that of pickled cabbage. Products of this type can be stored for six months, the pasteurization of mushrooms before storage being unnecessary. Fermented mushrooms can be also used as a semi-finished product in the preparation of marinades and sauces of good quality (Joshi et al 1996).     

2.5 
Nutritional analysis

2.5.1
Chemical composition of edible mushrooms


The chemical composition of edible mushrooms determines their nutritional value and sensory properties. It differs according to species but also depends on the substratum, atmospheric conditions, age and part of the fructification (Przybylowicz and Donoghue 1988; Shah et at 1997). Proximate analysis of Volvariella volvacea showed that this mushroom contain crude protein 30-43%, crude fat 1-6%, carbohydrates 12-48%, crude fiber 4-10% and ash varied between 5-13%, on dry weight basis (Cheng 1979).    
2.5.2
Dry matter in mushrooms 

The basic indicator characterizing the raw material with respect to the level of chemical constituents is the content of dry matter. It can constitute as much as 20% of the fresh matter of mushrooms, usually about 10%, sometimes slightly less (Gerhardt 2001). The content of dry matter in the two mushroom species most commonly grown in Poland, Agaricus bisporus (Lange) Sing. and Pleurotus ostreatus and also in Bolentus edulis (Bull.: Fr.), which is the most valued mushroom species gathered in natural sites.

2.5.3
Soluble carbohydrates and dietary fibre of mushrooms


Mushroom carbohydrates include pentoses, methyl pentoses, hexoses, as well as disaccharides, amino sugars, sugar alcohols, and sugar acids. A considerable proportion of the carbohydrate compounds occur in the form of polysaccharides with particles of different size. Fungal polysaccharides are represented by glycogen and such indigestible forms as dietary fibre, cellulose, chitin, mannans and glucans (Manzi and Pizzoferrato 2000), which are important in the proper functioning of the alimentary tract.


According to Manzi et al (2001), the content of dietary fibre is 2.0 g in 100 g of fresh Agaricus bisporus (Lange) Sing. and 4.1 in 100 g of Pleurotus ostreatus (Jacq.: Fr.) Kumm. Glucans (homo- and hetero-glucans) with glycoside bonds β (1→3) β (1→4) β (1→6) occurring in mushrooms are regarded as healthful constituents. Water soluble carbohydrates obtained from fruiting bodies of mushrooms have gained much interest due to their anti-tumor inhibition effects. The fiber content ranges from 7.40 to 27.60 percent in Pleurotus species as compared to 4 to 20 percent in V. volvacea (Chang and Miles 1989). 


In edible mushrooms the dominant sugar is mannitol, Wannet et al (2000), whose content varies from 3 to 30 g 100 g-1 dry matter in Agaricus bisporus (Lange) Sing. (Hammond and Nichols 1979). Apart from mannitol, mushrooms also contain glucose, galactose, trehalose, mannose and fructose (Tseng and Mau 1999). Compositional analysis of total dietary fibre content of mycelia, caps and stalks of fruiting bodies of L. edodes, L. shimeji, P. sajor caju and V. volvacea are reported as having no significant difference between them (Cheung et al 1996).   
2.5.4
Protein content in mushrooms

Protein is an important component of dry matter of mushrooms. Protein compounds constitute more than half of total nitrogen and their content depends, among other things, on the composition of the substratum, size of pileus, harvest time and species of mushroom and varies between 0.8 and 3.5 g 100 g-1 fresh matter (Florczak and Lasota 1995) or between 19.0 and 39.0 g 100 g-1 dry matter (Breene 1990). Kumm. the content of protein compounds varies from 1.6 – 3.5 g and 1.6 g 100 g-1 fresh matter, Kunachowicz et al 1999, or 7.0-19.5 g and 11.0 g 100 g-1 dry matter, Braaksma and Schaap 1996. Florczak and Lasota recorded a much smaller content of protein in Pleurotus ostreatus (Jacq.: Fr.) Kumm., at a level of only 0.8 g 100 g‑1 fresh matter i.e., 7.6 g 100 g-1 dry matter.


Apart from protein compounds, free amino acids, chitin, amines, nucleic acids and urea can also be found in mushrooms. The level of chitin varies in different species of mushrooms, reaching 4.7-4.9 g in Pleurotus ostreatus (Jacq.: Fr.) Kumm. and 8.2 g 100 g-1 dry matter in Boletus edulis (Bull.: Fr.) (Yoshida et al 1986). Of the biogenous amines, putrescine and cadaverine can be found in edible fungi (Kalac and Krizek 1997). According to Kalac and Krizek (1997) fresh fructifications of Boletus scaber (Bull.: Fr.) and Boletus variegates( Sw.) Fr. contain respectively 73.0 and 43.2 mg of putrescine in 100 g fresh matter. Additionally, in Boletus scaber (Bull.: Fr.) 6.7 mg of cadaverine was established. These authors postulate that the above mentioned amines do not occur in Agaricus bisporus (Lange) Sing.

2.5.5
Lipids and fatty acids of mushrooms


Mushrooms are very low in fat contents. On dry weight basis, different species of mushrooms contain fat contents ranging from 1.1 to 8.3 per cent. In general, the crude fat of mushrooms has representative of all classes of lipid compounds including free fatty acids, monoglycerides, triglycerides, sterols, sterol esters and phospholipids. Crude fat content in straw mushroom increases up to as high as 0.38 per cent when the mushrooms becomes mature. Higher content of ergosterol is found in the cap than in the stalk both in mature and egg stages (Chang 1983).    


The content of fats in mushrooms is low; however, mushrooms contain unsaturated fatty acids, which constitute over 70% of the total content of fatty acids. In 100 g fresh matter of Agaricus bisporus (Lange) Sing. and Pleurotus ostreatus (Jacq.: Fr.) Kumm. the content of fatty compounds is 0.3 and 0.4 g (Manzi et al 2001) in 100 g dry matter 2.0 and 1.8 respectively (Shah et al 1997). According to Karkocha and Mlodecki (1965) the content of these compounds is at the level of 3.6 and 2.6 g 100 g-1 dry matter respectively; in case of Boletus edulis (Bull.: Fr.) a greater amount of fats is found in whole fructifications than in the pileus. 


Fatty acid values for different grades of shiitake mushrooms range from linoleic 71.30 to 90.70%, palmitic acid 15.20 to 20.85%, oleic acid 1.80 to 3.60%, stearic acid 0.60 to 1.40%, myristic acid and total ergosterol content ranges from 193 to 270 mg/100 g on dry weight basis (Yoshida et al 1979; Kawabe and Morita 1993). 

2.5.6
Mineral content of mushrooms


In general, mushrooms have higher mineral contents than beef or fish, almost twice that of any other vegetables (Genders 1990; Ereifej and Al-Raddad 1999) and they can be used as neutraceuticals due to their high mineral contents. Some of the minerals like magnesium are essential for biological functions such as membrane transport, generation and transmission of nerve impulses, construction of muscles and oxidative phosphorylation. It is also essential for the maintenance of ribosomal structure and protein synthesis (Aikawa 1971). It was observed during studies of three wild edible mushrooms Termitomyces robustus, Tricholoma lobayensis and Volvariella volvacea that trace minerals of the pileus (cap) and stipe (stalk) of button stage and incomplete open cap of three wild edible mushrooms contained five times more zinc than any of the three other minerals (Alofe 1991).   

The content of ash in edible fungi varies from 5 to 13 g 100 g-1 dry matter, (Manzi et al 1999 a). According to Manzi et al. (2001), in 100 g of edible parts of Agaricus bisporus (Lange) Sing. and Pleurotus ostreatus (Jacq.: Fr.) Kumm. the content of ash in 0.8 and 0.9 g respectively. A similar amount of ashy substances in Agaricus bisporus (Lange) Sing. was reported by Sapers et al (1999).
2.5.7
Vitamins in mushrooms

Mushrooms are an important source of vitamins. The vitamins of group B abundant (Mattila et al 2000; 2001), particularly thiamine, riboflavine, piridoxine, pantotene acid, nicotinic acid, nicotinamid, folic acid and cobalamin as well as other vitamins, such as ergosterol, biotin, phytochinon and tocopherols (Elmadfa and Fritzsche 1999). Studies on L. edodes showed  the highest vitamin C content (9.40 mg/100 g dry weight basis). The values of other mushrooms are 7.40 mg for P. Sajor-caju, 1.80 mg for A. bisporus and 1.40 mg for V. volvacea (Lau et al 1985). The V. volvacea mushroom also contains the highest amount (0.47%) of pro vitamin D2 content on dry weight basis, followed by L. edodes (0.27%) and A. bisporus (0.23%) and P. ostreatus can be a source of some of the vitamin B, dietary fiber, protein and linoleic acid (Bautista et al 1998). A considerable amount of vitamin PP, which protects the skin against pellagra, is noted in mushrooms. In 100 g fresh matter of Agricus bisporus (Lange) Sing. about 5 mg of this vitamin can be found, a level not observed in any other food product. In general, mushrooms contain small amounts of vitamin C: usually upto 7 mg/100g of edible parts (Grochowski 1990) .

2.5.8
Flavour of mushrooms
 
Compounds of fungal aroma do not play any essential role in nutrition but they stimulate the appetite and give mushroom dishes a characteristic flavour. The identified flavour compounds in different mushroom species represent a wide range of constituents whole number is today rated at about 150 (Le Loch-Bonazzi and Wolff 1991). 

The aroma of mushrooms also depends on the content of amino acids, nucleotides, some other elements, such as nitrogen, phosphorus, potassium, sulphur, iron and zinc and also on the autooxidation of unsaturated fatty acids (Grzybowski 1978). 

Chapter III 

Materials and methods

The materials and methods are discussed under the following heads:

3.1 Maintenance and propagation of cultures

3.1.1 Source of culture 

3.1.2 Culture medium 

3.1.3 Maintenance culture  

3.2 Cultivation of Volvariella volvacea 

3.2.1 Spawn preparation 

3.2.2 Cultivation methodology 

3.3 Post harvest treatment 

3.3.1 Quality characteristics 

3.3.2 Total bacterial count 

3.3.3 Washing 

3.3.4 Blanching and steeping 

3.3.5 Drying (cabinet, sun and microwave)

3.3.6 Packaging material (perforated, non perforated polypropylene, polyethylene bags and paper bags) 

3.3.7 Biochemical analysis (carbohydrates, protein, fat)    

3.1 
Maintenance and propagation of cultures

3.1.1
Source of Culture 


Volvariella volvacea Vv-5 was procured from germplasm collection bank of the Department of Microbiology, Punjab Agricultural University, Ludhiana. The culture was maintained on Potato Dextrose Agar (PDA) medium. 

3.1.2
Culture Medium 

Composition of PDA medium 
	Ingredients
	g/l

	Potatoes (extract)
	250

	Dextrose
	18

	Agar-Agar
	20

	pH
	6.2




Potatoes were washed, cleaned, cut into small dices and boiled in 700 ml distilled water for 10 min. The extract was filtered through muslin cloth. Dextrose was added into the extract and the volume was made to 1 litre. The pH was adjusted to 6.2. Agar powder was added in the heated solution in hot water bath to make its gel. The hot gel medium was dispensed in test tubes (about 6-7 ml covering 1/4th of the length of the tube). The tubes were plugged with non- absorbent cotton and sterilized by autoclaving at 15 psi for 20 min. 

3.1.3
Maintenance of Culture 


Volvariella volvacea Vv​-5 was maintained on PDA slants at 30 ( 2oC. The mycelial agar bits measuring 3 mm diameter were picked from the mother culture slants, transferred to fresh agar slants and incubated at 30 ( 2oC for 4-5 days to obtain complete mycelial coverage on agar surface. 

3.2
Cultivation of Volvariella volvacea 
3.2.1  
Spawn Preparation 


Spawn was prepared on wheat grains. Healthy and unbroken wheat grains were washed and boiled in water for 35-40 min (wheat grains: water 1:2 w/v) so as to cook them soft without rupturing of seed coat. Extra water was sieved out and the grains were allowed to cool. The grains were then mixed with 2% CaCO3 and 4% CaSO4 powder, filled @ 250 g per empty glucose bottle (550 ml capacity), plugged with non absorbent surgical cotton and steam sterilized at 20 psi for 90 min. After cooling them overnight, the bottles were inoculated using 5-7 days old culture slant. For inoculation, one culture bit (3 x 1 cm) was cut from the slants and placed inside the bottle to have close contact of grains with the mycelial face. Bottles were incubated at 30 ( 2oC, until the mycelial growth impregnated the grain (7-8 day incubation). The culture bottle thus produced was called as master spawn. The contents of master spawn bottle were thoroughly shaken to inoculate 15-20 sterile grain bottles. These were incubated for an approximately 6-7 days, for complete mycelial growth and used as seed in different experiments on mushroom cropping.  

3.2.2
Cultivation Methodology  


Cultivation trials were conducted indoor under natural climatic conditions at the Mushroom Research Complex of the Department of Microbiology, Punjab Agricultural University, Ludhiana. Dried uncrumbled paddy straw was processed into 0.5 kg bundles tied at both ends with gunny threads, which were then wetted for 16-18 hours to attain moisture level of 70-75%. The beds were laid on racks inside the growing rooms. The beds were laid and spawned on a raised platform. A bed comprised of 13 bundles arranged in 4 layers of 3 bundles each in a criss cross fashion with 1 loose bundle to cover the top. The beds were homogeneously spawned @ 1.5% w/w (dry weight basis). No watering was done on first 2 days after spawning. Thereafter, regular watering of the beds was practiced once or twice a day as per the local environment, throughout the cultivation period. 

3.3 
Post harvest treatments

3.3.1 
Qualitative Characteristics 


Fruit bodies approximately equal size were selected while taking care that no extra material adhere to them as far as possible. Observations on quality characteristics included colour, texture, odour, weight loss (%) and appearance of surface of freshly harvested fruit bodies. The selected fruit bodies were used for subsequently storage studies. The colour of mushrooms was observed and recorded as creamy (+4), mousy (+3), brown (+2) and dark brown (+1). The colouring matter of mushroom was extracted with 60% ethanol and absorbance was measure 440 nm using spectorphotometer. 5 gm of tissue dissolve in 10 ml ethanol and crushed in pestle motor, transfer it to centrifuge tube. Centrifugation was done at 5000 rpm for 10 minutes. Supernatant was used for taking reading of optical density (OD). The texture of mushrooms was scored as smooth (+4), winkled (+3), pulpy (2), unacceptable (+1) based on visual observations. For odour, sensory evaluation was done for typical fresh mushroom (+4), dry powdery (+3), off smell (+2), pungent odour (+1).


Consumable acceptibility was also ranged between four points from (+4) as ready acceptable to (+1) unacceptable. The moisture content of sample was determined by following ASO method. The average instant weight was determined to compare the moisture content at the end of each time interval. The weight loss was concluded by weighing mushroom after 24, 48 and 72 hours w.r.t. to initial weight of mushrooms. Based on the observations the overall acceptability was observed for excellent (+4), good (+3), poor (+2), bad (+1). 

3.3.2
Total Bacterial Count 


Total bacterial count was determined by swirling one gram of tissue in 100 ml of distilled water for one minute, dilutions were made and plated using spread plate technique on nutrient agar medium. The plates were incubated at 37oC for 16 hours and the total bacterial count (cfu g-1 fresh mushroom) was recorded. 

Composition of nutrient agar 

	Ingredients 
	g l-1

	Beef extract
	3

	Peptone 
	5

	Sodium chloride
	5

	Agar agar 
	20

	pH
	6.8-7.2


The medium was sterilized at 15 psi (121oC) for 20 minutes before use. 

3.3.3
Effect of Washing and Storage of Mushrooms Fruit Bodies 


100 g of mushroom fruit bodies were freshly harvested and washed with Potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2% w/v), Citric acid (CA; 0.1%, 0.2%, 0.3% w/v) and Sodium Chloride (NaCl; 3%, 5%, 7% w/v) were used to dip. After dipping treatments excess of solution was drained off and the fruit bodies were allowed to air drying on muslin cloth. Fruit bodies were then stored in open bowls. The bowls were stored at room temperature and refrigerator conditions (4-8oC) for 3 days. 

3.3.4
Effect of Blanching and Steeping 


For studying the effect of blanching and steeping fruit bodies at egg stage were harvested into seven lots of 4-7 fruit bodies weighing 50 g per lot. Fresh mushrooms washed mushrooms (KMS 0.1%) and washed and stored mushrooms (room temperature for 3 days) were used for blanching and steeping. Mushrooms were longitudinally cut into pieces. Blanching was done in boiling water for 3 min and steeping was tried in solution comprising KMS 0.1%, citric acid 0.2%, sucrose 6%, NaCl 3%. Fruit bodies were stored at room temperature for 15 days. Observations on physical (colour and texture), chemical (protein fat, carbohydrates) and microbiological (total plate count). 
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3.3.5
Effect of Drying 


For studying the effect of drying on shelf life of V. volvacea, 100 g fruit bodies were washed in potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2% w/v) and citric acid (CA; 0.1%, 0.2%, 0.3% w/v) and surface dried in air for half an hour at room temperature. The mushrooms were stored in open bowl for 3 days. The mushrooms were longitudinally cut into pieces, blanched and dried in cabinet, in sun and in microwave. 

a) Sun drying: Mushrooms were dried in sun in open tray covered with muslin cloth for 2 consecutive days till constant weight was attained. 

b) Cabinet drying: Mushrooms were dried in cabinet tray drier (Kilbron Oven manufactured by Macneill and Magor Ltd.) where mushrooms kept in series of trays and warm air at temperature of 50-60oC was passed for 3.5 hours over the mushrooms slices till 7% moisture was attained. 

c) Microwave drying: Blanched fruit bodies were steeped in solution of KMS 0.1%, CA 0.2%, NaCl 3%, sucrose 6% for 15 minutes. Steeped fruit bodies were dried in microwave [Electrolux (250-700W)] at 400 watt for 5, 10 and 15 minutes. 
The dried mushrooms were packed in airtight polypropylene bags. The observations were made on percent weight loss, appearance, colour, optical density dehydration ratio, rehydration ratio, biochemical and microbiological properties in comparison to the unwashed mushrooms as control. Rehydration was done by dipping weighed sample of dried mushrooms in distilled water. Dehydration and rehydration ratio was calculated using the formula of Ranganna (1986). Rehydration ratio was calculated by dividing weight of rehydrated mushrooms with weight of dry mushrooms.

3.3.6
Effect of Packaging Material 


The effect of packaging, perforation and temperature of storage on the shelf life of V. volvacea was carried out. Washing of fruit bodies were done with potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2%w/v), citric acid (CA; 0.1%, 0.2%, 0.3%w/v) and sodium chloride (NaCl; 3%, 5%, 7% w/v) for 10 minutes and allowed to air dry on muslin cloth for 30 minutes and packed in non perforated as well as perforated polypropylene, polyethylene bags (punched with 10 holes in each) as well as in paper bags. Unwashed fruit bodies were also packed. The bags were stored at room enrapture (28-45oC) and in refrigerator (4-8oC) upto 7 days. Observations on physical (colour, texture, moisture content), chemical (protein, fat and carbohydrate content) and microbiological (total plate count) were recorded. 

3.7
Biochemical analysis 
3.3.7.1  Extraction and Estimation of Total Sugars

Extraction and estimation of carbohydrates from V. volvacea dried samples of potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2%), citric acid (CA; 0.1%, 0.2%, 0.3%). (5 g) with 5 ml of 80% ethanol were crushed and transferred to conical flasks. The sugars were extracted firstly twice with hot 80% ethanol, followed by complete extraction with hot 70% ethanol two times, on boiling water bath for 20 minutes. The supernatants from each extraction were pooled, the pellet obtained was used for the extraction of starch. Ethanol from pooled extracts was evaporated under reduced pressure at 50oC using Rotary Flash Evaporator. The volume was made to 24 ml with distilled water. 0.25 ml of saturated lead acetate solution was added to precipitate the proteins and final volume was made to 25 ml with distilled water. The contents of the flask were filtered through Whatman No. 40 filter paper. The excess lead ions in the filtrate were removed by precipitation with crystals of sodium oxalate and filtered off. The clear protein free test extract so obtained, was then kept in refrigerator for estimation of sugars. 

3.3.7.2   Estimation to Total Sugars (Dubois et al 1956)

Reagents

a) 95% sulphuric acid: 95 ml of concentrated sulphuric acid were mixed with distilled water to make its volume 100 ml.

b) 5% phenol (w/v) redistilled: It was prepared by dissolving 5 g of phenol in 60 ml distilled water volume was made to 100 ml with distilled water. 

Procedure


To sugar extract (1 ml) 5% phenol (1 ml) was added followed by addition of 5 ml of sulphuric acid. The sulphuric acid was poured directly in the center of test tube to ensure proper mixing. The tubes were cooled to room temperature. After 20 min, the intensity of brown colour was measured at 490 nm against reagent blank. The standard curve was prepared by using glucose in the range of 20-100 (g/ml. 

3.3.7.3  Extraction of Proteins


0.5 g dried mushroom powder was extracted twice by continuous stirring with 25 ml 0.1N NaOH for 30 minutes followed by centrifugation (14,000 xg for 15 min). The supernatants were pooled and diluted to known 50 ml volume. To the 2 ml aliquot of the supernatant, added 2 ml chilled 20% trichloro acetic acid (TCA) and mixed thoroughly. After aging for 1 h at 4oC, the contents were centrifuged (14,000 xg for15 min) and the precipitates so obtained were dissolved in 2 ml 0.1N NaOH. From this protein extract, total true protein was estimated according to the method of Lowry et al (1951).

Estimation of proteins (Lowry et al 1951)

Reagents 

a) Lowry A: 2% Na2CO3 in 0.1N NaOH

b) Lowry B: 0.5% CuSO4 in 1% Sodium citrate

c) Lowry C: Mix Lowry A and B in ratio of 50:1 (v/v)

d) Lowry D: Folin-Ciocalteu reagent was diluted to 50% with distilled water 

Procedure

To the sample (1 ml) added 5 ml of Lowry C mixed thoroughly and after 10 min 0.5 ml of Lowry D was added rapidly. After 30 minutes, the absorbance at 520 nm was measured. For the blank, 1 ml of distilled water was taken. The quantity of protein was determined by preparing a standard curve using bovine serum albumin as standard protein. For preparing the standard curve, standard solution was prepared of concentration 20-100 (g/ml.

3.3.7.4  Extraction and Estimation of Total Lipids


Extraction of lipids and their quantification was determined by the method of Folsch et al (1957)

Reagents 

a) Chloroform: methanol (2:1, v/v) was prepared by mixing 40 ml chloroform and 20 ml of methanol.

b) 0.9% NaCl solution: 0.9 g of NaCl was dissolved in distilled water to make its volume to 100 ml.

Procedure 


4 g of tissue sample was transferred to an air tight glass stoppered flask with addition of 80 ml chloroform: methanol (2:1) mixture and contents were shaken for 2-3 hrs on an electric shaker. The contents were filtered through a sintered glass funnel to remove the insoluble impurities from lipids. 16 ml of 0.9% NaCl was added to filtrate and kept in separatory funnel. The contents were shaken and allowed to stand till two separate layers were formed. Free sugars, short chain amino acids and other insoluble impurities got mixed in the upper layer, whereas pure liquid fraction went to lower chloroform phase. The lower layer was removed and upper phase was again treated with a little volume of chloroform to obtain the residual lipids. Pooled lower fractions were collected in a pre-weighed crucible. After evaporation of the solvent on the water bath, crucible was reweighed to find total lipid contents. After calculating weight of total lipids were dissolved in chloroform and final volume was made to 25 ml with chloroform and kept in refrigerator after covering it with cap and this was used for sterols estimation.   

Chapter IV

Results and discussion 

The present study is discussed under the following heads:-

4.1 Cultivation of Volvariella volvacea

4.2 Washing treatment of mushrooms  

4.3 Blanching and steeping  of mushrooms
4.4 Drying of mushrooms 
4.4.1 Cabinet drying 

4.4.2 Sun drying 
4.4.3 Microwave drying 
4.5 Packaging of mushrooms 
4.1
Cultivation of Volvariella volvacea 

Volvariella volvacea (Vv-5) was grown indoor on paddy straw under natural climatic conditions. Observations were made on time taken for primordia appearance, number and weight of mushroom fruit bodies along with daily record of growing room temperature and the relative humidity. The primordia appeared after 9-12 days of spawning. The mean yield data indicated that 7.5 to 10.0 kg fresh mushrooms were harvested per quintal of dry substrate (paddy straw) in four different lots (Table 1). Number of fruit bodies were recorded as 958 per quintal of dry paddy straw. The average weight of fruit body ranged between 7.2-10.5 g (Table 1, Plate 1). The variations in yield mainly depend on the potential of the strain but other factors like micro environmental changes in the open system also play a significant role. This loss could be counteracted by maintaining proper hygiene in the growing rooms. The cellulose content of the substrate has been found to be positively correlated with the mushroom yield for V. volvacea strains (Philippousis et al 2001). The temperature during the cultivation period was recorded between 28-45oC. Relative humidity was maintained between 75-85 percent throughout the crops. The mushroom harvested during each experiment were further used for post harvest shelf life experiment. 

4.2
Washing treatment of mushrooms 


Volvariella volvacea fruit bodies in ten different lots with 3 replicates in each lot were washed with solution of potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2%, w/v), citric acid (CA; 0.1%, 0.2%, 0.3% w/v) and sodium chloride (NaCl; 3%, 5%, 7% w/v). Unwashed fruit bodies were treated as control. Observations on colour, texture, odour, consumability and per cent weight loss were made upto 3 days (72 h) at room temperature (27-29oC). The observations made on the effect of different concentrations of potassium metabisulphite, 

Table 1: Cultivation of Volvariella volvacea (Vv-5) on paddy straw beds 

	Lot No.
	No. of beds
	Date of spawning
	Days for primordial appearance
	Yield (kg/q) substrate 
	Number of fruit bodies (No.)
	Average weight of a fruit body (g)

	1
	10
	28.06.08
	11 – 12 
	8.4
	829
	9.0

	2
	10
	28.08.08
	9 – 10 
	10.0
	1108
	10.5

	3
	28
	11.09.08
	10 – 11 
	7.5
	834
	7.2

	4
	15
	20.06.09
	10 – 11
	9.9
	1064
	9.0

	Mean 
	
	
	9 – 12 
	9.0
	958
	8.9


Total number of beds 
:
63







Temperature : 28-45oC

Experimental design 
:
RBD (Random Bed Design)




Relative humidity – 75-85% 
Days to spawn run 

:
8–10 days 

Days for last harvesting 
:
3 weeks

Rate of spawn run

:
1.5% dry weight of substrate 



   Table 2: Effect of washing treatment on shelf life of Volvariella volvacea 
	Treatment
	Appearance after 3 days
	Weight loss(%)

	
	Colour
	Texture
	Odour
	Consumability
	Overall acceptability
	 (24 hr)
	(48 hr)
	 (72 hrs)

	Potassium metabisulfite (KMS) 
	
	
	
	
	
	
	
	

	
0.05%
	+3
	+4
	+3
	+3
	+3
	11
	47
	62

	         
0.1%
	+4
	+4
	+4
	+4
	+4
	10
	40
	44

	         
0.2%
	+3
	+2
	+3
	+3
	+3
	10
	49
	70

	Citric acid (CA)
	
	
	
	
	
	
	
	

	
0.1%
	+4
	+4
	+3
	+4
	+4
	15
	44
	61

	
0.2%
	+4
	+3
	+3
	+3
	+3
	15
	44
	65

	
0.3%
	+2
	+2
	+3
	+2
	+2
	24
	52
	66

	Sodium Chloride (NaCl)
	
	
	
	
	
	
	
	

	
3%
	+1
	+1
	+2
	+1
	+1
	23
	58
	65

	
5%
	+1
	+1
	+2
	+1
	+1
	25
	53
	69

	
7%
	+1
	+1
	+1
	+1
	+1
	35
	63
	84

	Control 
	+3
	+3
	+3
	+3
	+3
	30
	40
	60

	CD (at 5% level)
	
	
	
	
	
	3.5418
	4.3162
	4.0718

	Appearance 
	Colour
	Texture 
	Odour
	 Consumability 
	Overall acceptability 

	
	+4 creamy 

+3 mousy

+2 brown 

+1 dark brown  
	+4 smooth 

+3 wrinkled

+2 pulpy 

+1 unacceptable 
	+4 typical fresh mushroom 

+3 dry powdery 

+2 off smell 

+1 pungent 
	+4 readily acceptable 

+3 acceptable 

+2 not acceptable 

+1 unacceptable 
	+4 excellent 

+3 good 

+2 poor 

+1 bad 


Lots – 10; Replicates/lot – 3 ; Total replicates – 30; Room temperature – 29-35oC; Relative humidity – 65-70%  


Date of experiment – June-July 08 and June-July 09 

citric acid and sodium chloride on keeping quality of stored mushrooms are presented in Table 2. Potassium metabisulphite 0.1% and citric acid 0.1% were found to be best among various treatments. Mushrooms may be consumed for their palatability and nutritional value. Palatability can be judged by colour, texture, flavor and taste (Anonymous 2002). The colour of mushroom fruit bodies was bright and creamy when they were treated with 0.1% potassium metabisulphite (KMS) or 0.1%, 0.2% citric acid. Morever, the colour of final product can be improved with the addition of 0.1% citric acid or ascorbic acid to adjust the pH to 5.5 during cannins of mushrooms (Tsai et al 1984). The colour was at par with untreated mushrooms (control) when 0.05%, 0.2% KMS treatments were given. Sodium chloride washing treatments as well as 0.3% citric acid treatment showed decline in colour chart (dark brown in colour). The texture of fruit bodies was more stretched and smooth when treated with 0.05% and 0.1% potassium metabisulphite (Plate 2) as well as 0.1% citric acid treatment. In other treatments wrinkled and rough texture was observed. Colour and texture are of the most important quality parameters for consumer acceptability. Odour of mushrooms was at par with control in most of the treatments with best when 0.1% KMS treatments was given. Sodium chloride treatment was found not very effective in retaining the mushroom quality parameters. Sodium chloride treatment was reported to have no beneficial effect on colour retention when the fruit bodies were stored at low temperature by Hua and Fang (1994). Consumability was found best when 0.1% KMS and 0.1% citric acid washing treatments were given. Potassium metabisulphite treatment (KMS; 0.05% & 0.2%) and 0.2% citric acid showed observations similar to that of the untreated mushrooms. The parameters studied so far indicate that 0.1% KMS followed by 0.1% citric acid treatment were best in terms of appearance after 3 days.  


In modern production practice metabisulfite are very frequently used to inhibit the activity of mushroom enzymes such as polyphenoloxidase, lactase, peroxidase and lipooxygenase which are responsible for change in colour (Kuribayashi et al 2002). Jawarska et al (2003) showed that by soaking of fresh mushrooms in a solution of citric acid and L-ascorbic acid before blanching, the loss of weight due to blanching could be reduced by 10%, however, after the treatment, the level of water soluble compounds was reduced. 


Sodium and Potassium metabisulfite and/or citric acid prior to drying are frequently used for mushrooms to prevent enzymatic browning (Bernas et al 2006). 


Texture, form, size and colour all contribute to the sensation taken as appearance (Jacobs 1951). They have a marked psychological impact which can lead to greater flow of the digestive fluids and palatability of the food. This is particularly true where acidulants are employed as ingredients have their effect in preserving the firmness and natural colour of various food products (Anonymous 1969).  


The observations made on per cent weight loss indicated that all treatments showed a significant weight loss upto 3 days incubation. The weight loss was minimum in 0.1% KMS treated mushrooms which was desirable with respect to observations made on appearance of mushroom fruit bodies (Table 2).  
Fresh mushrooms contain 89-90% moisture on fresh weight basis, which reduces gradually by the action of salt and acids on the cells of living entities causing a pronounced shrinkage of tissue. The shrinkage results in the loss of moisture from the tissue and decrease in weight. However, prolong effect of salt and acid results in the deformation of living cells generating swelling properties due to the effect of acid and salt. This not only reduces the weight loss of mushrooms through leaching of soluble solids in to the brine/steeping solution but also creates fluffiness or softening of tissues, which may some time result in more water holding capacity or decomposition of cells causing weight loss (Yaper et al 1990). 

Temperature during experiment was recorded between 29°-35° and relative humidity was recorded between 65-70 %. This experiment suggested that in order to improve the shelf life of V. volvacea, 0.1% KMS washing treatment can be recommended. 

4.3
Blanching and steeping of mushrooms 


Mushrooms at egg stage were harvested and divided into seven lots of 4-7 fruit bodies each weighing 50 g. Fresh mushrooms, washed mushrooms (KMS 0.1%) and washed & stored mushrooms (at room temperature for 3 days) were used for blanching and steeping. Blanching was done in boiling water for 3 min followed by steeping  in solution comprising of KMS 0.1%, citric acid 0.2%, sucrose 6% and NaCl 3% and stored in wide mouth bottles at room temperature. Blanching time is also considered to be an important parameter to control colour, flavour and textural perimeters of mushrooms. When mushrooms are blanched for 3 minutes have better colour retention than 2.5 minutes (Sandhu and Aggarwal 2001).  Observations on physical (colour and texture), chemical (protein, fat, carbohydrate) and microbiological (total plate count) parameters were made after 5 days of steeping. After 5 days of steeping indicated dark brown to black colour of steeping solution was observed (Plate 3). The dark brown to black colour of the steeping solution could be due to high bacterial count in steeping solution (3.5 x 105 cfu/ml).In order to avoid microbial contamination, steeping solution was autoclved at 15 lb pressure for 30 mins, cooled at room temperature before adding mushrooms, but the steeping solution again turned dark brown to black which could be due to the deliquescence property of V. volvacea. However, the chemical analysis indicated significant loss of proteins, fat and carbohydrates. It appeared from all the treatments that V. volvacea is not fit for storage in a steeping solution even after blanching.

Jaworska et al (2003) had also reported that the addition of brine in mushrooms could cause a 26-28% decrease in dry matter, 12-29% decrease in total sugars, 29-36% decrease in total acids and 24-29% decrease in total nitrogen. 

4.4
Drying of mushrooms 


Cabinet drying, sun drying and microwave drying were tried on 21 lots of mushrooms each weighing 100 g. The mushrooms were first washed with potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2% w/v) and citric acid (0.1%, 0.2%, 0.3% w/v) and surface dried in air for half an hour at room temperature. The mushrooms were stored in open bowls for 3 days. The mushrooms were longitudinally cut into pieces, blanched and dried in cabinet at 60oC for 3.5 hours; in the sun in an open tray covered with muslin cloth for 2 consecutive days and in microwave prewashed mushrooms blanched in boiling water for 3 minutes and were steeped in solution of potassium metabisulphite 0.1%, citric acid 0.2%, sodium chloride 3%, sucrose 6% for 15 minutes and dried in microwave at 400 watt for 5, 10 and 15 minutes. Drying with pretreatment of blanching in boiling water for 3 min. followed by steeping in solution of 0.1% KMS + 0.2% CA + 6% sugar + 3% NaCl at room temperature for 15 minutes at the microwave intensity of 400 W yielded an acceptable dehydrated product in about 45 minutes (Kar et al 2004). The dried mushrooms were packed in air tight (sealed) polypropylene bags. The observations were made on the percent weight loss, appearance, biochemical and microbiological properties in comparison to the unwashed mushrooms as control. 


Sensory quality indicates the basic nature of food or its degree of excellence and encompasses taste, aroma, texture and appearance. Sensory quality of a food does not consist of a single well-defined attribute, but is a composite of several quality characteristics of food product perceived (Bennion 1980) by the human senses individually (Kramer 1972). Flavour represented a combination of sensations including taste, smell, mouth feel and touch is influenced by storage conditions as temperature influences the volatility of compounds that elicit aroma and odour. Hot and cold sensations contribute to the overall flavour of food. According to Moncrieff (1980), flavour in a broader sense is a complex sensation comprising taste, odour, roughness or smoothness, hotness or coldness and pungency or blandness of food.    

4.4.1
Cabinet drying 

Mushrooms were dried in a cabinet drier where mushrooms kept in series of tray and warm air at a temperature of 50-60oC was passed over the mushrooms slices. The observations made on the effect of cabinet drying on mushrooms washed with different concentrations of potassium metabisulphite and citric acid on keeping quality of stored mushrooms is given in Table 3. The cabinet dried mushrooms showed 89.6-92.3 per cent 

Table 3: Effect of cabinet drying on shelf life of Volvariella volvacea 

	Treatment
	Weight loss (%)
	Appearance upto 6 months
	Biochemical analysis
	Bacterial count (cfu/ml) 

	
	Dehydration ratio
	0 month
	3 months
	6 months
	Colour
	Optical density
	Odour
	Consumability
	Rehydration ratio
	Overall acceptability
	Carb (%)
	Fat (%)
	Protein (%)
	3 months
	6 months

	Potassium metabisulfite(KMS) 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.05%
	8.0
	92.0
	92.7
	93.2
	+2
	0.45
	+2
	+2
	2.2
	+2
	-
	-
	-
	-
	-

	0.1%
	10.0
	90.0
	90.9
	90.9
	+2
	0.40
	+2
	+2
	2.25
	+2
	-
	-
	-
	-
	-

	0.2%
	7.7
	92.3
	93.1
	93.2
	+2
	0.65
	+3
	+3
	3.25
	+3
	34
	0.4
	26.3
	nd
	nd

	Citric acid (CA)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.1%
	8.2
	91.8
	92.0
	93.7
	+3
	0.38
	+2
	+3
	3.00
	+3
	35
	0.4
	26.9
	nd
	nd

	0.2%
	8.8
	91.2
	91.7
	92.0
	+2
	0.48
	+2
	+2
	2.20
	+2
	-
	-
	-
	-
	-

	0.3%
	9.0
	91.0
	91.1
	91.2
	+4
	0.31
	+4
	+4
	3.35
	+4
	37
	0.8
	29.0
	nd
	nd

	Control 
	10.4
	89.6
	90.0
	90.3
	+4
	0.30
	+4
	+4
	3.32
	+4
	38
	0.6
	27.7
	nd
	nd

	CD (at 5% level)
	
	0.3567
	0.2352
	0.3116
	
	
	
	
	
	
	0.928
	0.3001
	1.9217
	
	


	Appearance 
	Colour
	Texture 
	Odour
	 Consumability 
	Overall acceptability 

	
	+4 creamy 

+3 mousy

+2 brown 

+1 dark brown  
	+4 smooth open 

+3 wrinkled 

+2 pulpy 

+1 unacceptable
	+4 typical fresh mushroom 

+3 dry powdery 

+2 off smell 

+1 pungent 
	+4 readily acceptable 

+3 acceptable 

+2 not acceptable 

+1 unacceptable
	+4 excellent 

+3 good 

+2 poor 

+1 bad 



nd – not detected; (-) not done (in unacceptable mushrooms) 

Lots = 7; Replicates/lot = 3 ; Total replicates = 21

Date of experiment = From Sept 08 to March 09

moisture loss with maximum when washed with KMS 0.2%. During storage upto 6 months, the weight loss was statistically non significant. The observations made on colour, optical density, texture, consumability, dehydration ratio, rehydration ratio had indicated that citric acid 0.3% was the best treatment which was at par with the unwashed dried mushrooms. Biochemical analysis for carbohydrate, fat and protein indicated no significant variation between washing treatments among the acceptable lots of dried mushrooms. Proximate analysis of V. volvacea showed that this mushroom contain crude protein 30-43%, crude fat 1-6%,carbohydrates 12-48%, crude fiber 4-10% and ash varied between 5-13%, on dry weight basis (Cheng 1979). However, sugar content, protein and fat content was found high in citric acid 0.3%. Cabinet dried mushrooms were found at par with the control (Plate 4). No bacteria was found to grow on nutrient agar in cabinet dried mushrooms washed with citric acid 0.1%, 0.3% and KMS 0.05%, 0.1% as well as unwashed mushrooms. Dehydration of mushrooms is usually carried out at 60 to 70oC and the moisture level is reduced upto 12% or lower. Nevertheless, the method of mushroom dehydration is commonly applied to wild mushrooms as Morchella esculenta, morels, Shiitake in Japan and straw mushroom in Asia. Mushrooms have very delicate texture and aroma and require special precautions during dehydration. Steeping of water blanched mushrooms in 1% potassium metabisulphite along with 0.2% citric acid (overnight) improves colour, texture and reconstitution properties (Pruthi et al 1978). The dried mushroom slice having 12% moisture could be packed in airtight containers with a shelf life of more than one year as reported by Das and Kalita (2006). 

4.4.2 
Sun drying 


The sun dried mushrooms showed 89.6-92.2 per cent moisture loss with maximum drying when mushrooms were washed with citric acid 0.1% (Table 4). The observations made on colour, optical density, texture, odour, consumability, dehydration ratio and rehydration ratio indicated that the treatment of KMS 0.1% which was the best and at par with the unwashed dried mushrooms (Plate 5). Biochemical analysis indicated no significant variations between washing treatments among the overall acceptable lots of dried mushrooms. Bacterial count was very low even after storage for 6 months in dried mushrooms which were washed with KMS 0.1% and at par with unwashed mushrooms (Table 4). Bhupinder and Ibitwar (2007) proved that mushrooms could be dried in the sun and using thermal power for drying. The mushrooms were cut off at the basal part of stalk and arranged in single layer on shelves and exposed to the sun. Usually about 2-4 days under continuous daily sunshine was adequate for sun drying. The process of thermal power drying began at a relatively low temperature. Mushrooms grown during sunny days were dried at an initial temperature of 35oC while mushrooms grown during damp days were dried at an initial temperature of 30oC. In addition to preserving the product, they found enhanced flavour and appearance of the mushrooms.

     Table 4: Effect of sun drying on shelf life of Volvariella volvacea 

	Treatment
	Weight loss (%)
	Appearance upto 6 months 
	Biochemical analysis
	Bacterial count (cfu/ml)

	
	Dehydration ratio
	0 month
	3 months
	6 months
	Colour
	Optical density
	Odour
	Consumability
	Rehydration ratio
	Overall acceptability
	Carb (%)
	Fat (%)
	Protein (%)
	3 months
	6 months

	Potassium metabisulfite (KMS)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.05%
	10.0
	90.0
	93.63
	91.7
	+3
	0.51
	+3
	+3
	2.25
	+3
	35
	0.7
	16.75
	4.0x102
	2.5x103

	0.1%
	8.5
	91.5
	91.7
	92.0
	+3
	0.46
	+4
	+4
	3.20
	+4
	32
	0.69
	24.875
	3.6x102
	9.2x102

	0.2%
	8.9
	91.9
	92.0
	92.3
	+3
	0.40
	+3
	+3
	3.10
	+3
	33
	0.2
	15.6
	nd
	1.0x103

	Citric acid (CA)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.1%
	7.8
	92.2
	93.6
	93.7
	+2
	0.50
	+3
	+2
	2.18
	+2
	-
	-
	-
	-
	-

	0.2%
	10.4
	89.6
	90.6
	90.8
	+1
	0.75
	+1
	+1
	2.14
	+1
	-
	-
	-
	-
	-

	0.3%
	9.0
	91.0
	91.3
	91.7
	+1
	0.81
	+1
	+1
	2.12
	+1
	-
	-
	-
	-
	-

	Control 
	10.0
	90.0
	90.4
	90.5
	+4
	0.45
	+4
	+4
	2.34
	+4
	33
	0.82
	26.75
	nd
	0.1x103

	CD (at 5% level)
	
	0.2319
	0.1884
	0.2108
	
	
	
	
	
	
	2.3416
	0.3984
	3.6411
	
	

	Appearance 
	Colour
	Texture 
	Odour
	 Consumability 
	Overall acceptability 

	
	+4 creamy 

+3 mousy

+2 brown 

+1 dark brown  
	+4 smooth open 

+3 wrinkled 

+2 pulpy 

+1 unacceptable
	+4 typical fresh mushroom 

+3 dry powdery 

+2 off smell 

+1 pungent 
	+4 readily acceptable 

+3 acceptable 

+2 not acceptable 

+1 unacceptable
	+4 excellent 

+3 good 

+2 poor 

+1 bad 


(-) not done (in unacceptable mushrooms)

Lots = 7; Replicates/lot = 3 ; Total replicates = 21

Date of experiment = From Sept 08 to March 09

4.4.3
Microwave drying 


The microwave dried mushrooms showed 92.3-95.5 per cent moisture loss with maximum loss when washed with KMS 0.05%. During storage for six months there was a non-significant decline in per cent weight loss. The observation made on colour, optical density, consumability, dehydration ratio and rehydration ratio indicated that all treatments were overall acceptable which were at par with unwashed dried mushrooms (Plate 6, 7, 8, 9). Colour and texture are two of the most important quality parameters that influence to be a critical parameters indicating the degree of the damage to the material caused by physio-chemical treatments (Krokida and Marinos-Kouris 2003). Biochemical analysis indicated no significant variation between washing treatment among the overall acceptable lots of dried mushrooms. No bacterial growth was observed in microwave dried mushrooms (Table 5).


When dealing with perishable material such as mushrooms, the choice of right drying method can be a key for developing dried products of superior quality (Giri and Prasad 2006). Microwave drying offers an alternative way for obtaining high quality dried products. This method generates very rapid mass transfer resulting in quick drying at low temperature. Microwave drying has been combined with convention hot-air drying to sharply reduce drying time  optimize energy efficiency and to improve product quality (Zhang et al 2006). 


Dried mushrooms are highly hygroscopic and are apt to absorb moisture from the air. They should be properly stored. If moisture content of the dried mushroom reaches upto 20 per cent, insects  and moulds  will infest the mushrooms. The gloss of the cap surface may also fade. In addition, mushrooms may develop a white powdery surface and the gills may turn brownish from their original yellow white. The dried mushrooms should therefore, be stored into sealed polyethylene bags, and kept in a dry, cool and dark place. For prolonged storage, mushrooms should be packed in cartons or wooden boxes and kept at 2-5oC in a low temperature (Bhupinder and Ibitwar 2007).


Some scientists have reported variable results in which dehydration improves flavour of dried mushrooms (Deshpande and Tamhane 1981; Pathak et al 1998) especially Shiitake (V. volvacea) mushrooms. Dehydrated Shiitake mushrooms (V. volvacea) if stored below 60% relative humidity at 25oC may remain acceptable for only short period of two months on the basis of sensory characteristics (Deshpande and Tamhane 1981). Hermetically sealed dry mushrooms can be kept for 6-7 months satisfactorily. Better reconstitutions of mushrooms are achieved by immersing them in an aqueous solution of sugar and ascorbic acid. Stems and caps of mushrooms are separately dried for more uniform product and quality (Bernice 1984). 
Table 5: Effect of microwave drying on shelf life of Volvariella volvacea 

	Treatment
	Weight loss (%)
	Appearance upto 6 months 
	Biochemical analysis
	Bacterial count

	
	Dehydration ratio
	0 month
	3 months
	6 months
	Colour
	Optical density
	Odour
	Consumability
	Rehydration ratio
	Overall acceptability
	Carb (%)
	Fat (%)
	Protein (%)
	3 months
	6 months

	Potassium metabisulfite (KMS)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.05%
	4.5
	95.5
	95.5
	95.6
	+3
	0.50
	+3
	+3
	2.19
	+3
	31
	0.6
	18.2
	nd
	nd

	0.1%
	5.3
	94.7
	94.7
	95.0
	+3
	0.41
	+3
	+3
	2.20
	+3
	32
	0.5
	23.6
	nd
	nd

	0.2%
	7.7
	92.3
	92.3
	92.7
	+4
	0.30
	+4
	+4
	3.35
	+4
	35
	2.0
	22.1
	nd
	nd

	Citric acid (CA)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.1%
	6.2
	93.8
	93.8
	94.1
	+3
	0.40
	+4
	+3
	3.00
	 +3
	32
	0.4
	20.9
	nd
	nd

	0.2%
	5.5
	94.5
	94.5
	94.7
	+4
	0.32
	+4
	+4
	3.32
	+4
	34
	1.5
	20.3
	nd
	nd

	0.3%
	6.0
	94.0
	94.0
	94.2
	+4
	0.34
	+4
	+4
	3.33
	+4
	34
	1.6
	28.0
	nd
	nd

	Control 
	5.0
	95.0
	95.0
	95.3
	+4
	0.45
	+3
	+3
	2.16
	+3
	32
	0.8
	26.0
	nd
	nd

	CD (at 5% level)
	
	0.8904
	0.7835
	0.8113
	
	
	
	
	
	
	1.9767
	0.5433
	3.1681
	
	


	Appearance 
	Colour
	Texture 
	Odour
	 Consumability 
	Overall acceptability 

	
	+4 creamy 

+3 mousy

+2 brown 

+1 dark brown  
	+4 smooth open 

+3 wrinkled 

+2 pulpy 

+1 unacceptable
	+4 typical fresh mushroom 

+3 dry powdery 

+2 off smell 

+1 pungent 
	+4 readily acceptable 

+3 acceptable 

+2 not acceptable 

+1 unacceptable
	+4 excellent 

+3 good 

+2 poor 

+1 bad 



nd – not detected; (-) not done (in unacceptable mushrooms)  

Lots = 7; Replicates/lot = 3 ; Total replicates = 21

Date of experiment = from Sept, 2008 to March, 2009
In other method of dehydration, mushrooms may be blanched for 3 minutes in water containing 2% salt and 0.1% citric acid, presoaking in water containing 1000 ppm SO2 and 0.1% citric acid solution for 30 minutes. Mechanical drying was carried out at 55-65oC, until moisture level was reduced upto 5-10% (Anonymous, Undated).  


Out of the three mushroom drying methods tried during the study, microwave oven drying was found as the best in terms of moisture loss and keeping quality of the dried product.    

4.5
Packaging of mushrooms 
Mushrooms were harvested fresh and divided into 21 lots each weighing 100 grams. They were  washed with potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2% w/v) and citric acid (CA; 0.1%, 0.2%, 0.3% w/v) for 10 minutes and allowed to air dry on muslin cloth for 30 min and then packed in polypropylene, polyethylene and paper bags. The bags were stored at room temperature and in the refrigerator (4-8oC) upto 7 days. Physical, chemical and microbiological changes were recorded. It was recorded that mushrooms stored in sealed polypropylene and polyethylene bags were unfit for consumption after 24 hrs at room temperature. However, mushroom stored in polypropylene, polyethylene bags punched with 10 holes (0.5 cm diameter) each could retain mushrooms fresh appearance upto 24-48 hrs (Table 7, 8 and Plate 11, 12). The mushrooms packed in perforated polypropylene bags showed up best when washed with citric acid 0.1% & 0.2% with minimum microbial count after 48 hr to show creamy white fruit bodies with no change in odour. Percentage of weight loss, veil opening and liquefacation was less in citric acid 0.1% treated mushrooms. There are several reasons by which citric acid might reduce mushroom spoilage. Use of citric acid inactivates trace metals which may cause haze or deterioration of colour and flavour. Citric acid upto 40 g/L can be used for preservation of mushrooms (Brennan and Gormley 1998). Moreover, use of acids in mushrooms affects the rate of evaporation of various volatile ingredients, thus, controlling the aroma of the food (Anonymous 1969). Citric acid is widely used as an additive in the food industry. It is relatively cheap and safe. The maximum concentration of citric acid permitted in food in quantum satis, i.e. unspecified but not higher than that necessary to achieve the intended purpose (European Communities Regulation 1997 on Control of Additive for use in Foodstuffs). All organic acids are known antimicrobial agents by virtue of their low pH and also by dissociation of acid molecules within bacterial cells. Citric acid is also a metal chelator, metal ions are necessary for bacterial growth and for enzymatic browning reactions but citric acid traps the metal ions and makes them unavailable. The bacterial count decrease is possible with the increase in concentration of citric acid. However, the bags placed in refrigerator were not acceptable for consumption after 24 hours. 

Table 6: Effect of paper bag packaging on the shelf life of Volvariella volvacea 

	Treatment
	Weight loss (%)
	Appearance on 7nth day
	Biochemical analysis

(On 7nth day)
	Bacterial count (cfu g-1 tissue)

	
	II
	III
	IV
	V
	VI
	VII
	Colour
	Texture 
	Odour
	Consumability
	Overall acceptability
	Carb (%)
	Fat (%)
	Protein (%)
	After 7 days

	Potassium metabisulfite (KMS)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.05%
	50
	80
	84
	85.4
	87.4
	88
	+3
	+3
	+3
	+3
	+3
	45
	2.2
	25
	nd

	0.1%
	40
	82
	84
	86.6
	87
	87.4
	+3
	+4
	+4
	+4
	+4
	46
	2.4
	26
	nd

	0.2%
	56
	80
	84
	89
	90
	90
	+3
	+2
	+3
	+3
	+3
	43
	2.0
	23.2
	0.4x103

	Citric acid (CA)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.1%
	62
	80
	88.6
	89
	98.4
	90
	+2
	+3
	+3
	+3
	+3
	44
	2.1
	24.4
	1.2x103

	0.2%
	50
	76
	87.2
	88
	98.4
	90
	+2
	+3
	+1
	+2
	+2
	42.4
	2.0
	24
	1.8x103

	0.3%
	64
	84
	84.6
	89.2
	90
	94.4
	+2
	+2
	+2
	+1
	+2
	39
	2.2
	23
	2.1x103

	Control 
	60
	84
	85.8
	86
	87
	87.8
	+3
	+3
	+3
	+4
	+3
	44.3
	2.3
	25
	nd

	CD (at 5% level)
	3.1832
	2.7167
	1.2392
	1.3116
	2.0141
	3.1509
	
	
	
	
	
	2.0150
	NS
	1.9516
	


	Appearance 
	Colour
	Texture 
	Odour
	 Consumability 
	Overall acceptability 

	
	+4 creamy 

+3 mousy

+2 brown 

+1 dark brown  
	+4 smooth open 

+3 rubbery 

+2 pulpy 

+1 unacceptable
	+4 typical fresh mushroom 

+3 dry powdery 

+2 off smell 

+1 pungent 
	+4 readily acceptable 

+3 acceptable 

+2 not acceptable 

+1 unacceptable
	+4 excellent 

+3 good 

+2 poor 

+1 bad 


nd – not detected, 

ns – non significant  

Lots = 7; Replicates/lot = 3 ; Total replicates = 21; Date of experiment = June 2009

Table 7: Effect of perforated polypropylene bags (100 gauge) packaging on shelf life of Volvariella volvacea 
	Treatment
	Weight loss (%)
	Veil opening (%)
	Liquification (%)
	Biochemical analysis (after 2 days) 
	Bacterial count (cfu g-1 tissue)

	
	24 hrs
	48 hrs 
	24
	48
	24 hrs 
	48 hrs 
	Carbohydrates (%)
	Fat (%)
	Protein (%)
	24 hrs
	48 hrs

	Potassium metabisulfite (KMS)
	
	
	
	
	
	
	
	
	
	
	

	0.05%
	2
	5
	66
	91.6
	No 
	Yes (5)
	30
	1.8
	20
	1.6x104
	3.2x103

	0.1%
	1
	5
	61
	76
	No 
	Yes (5)
	42
	2.4
	25
	1.8x104
	5.5x103

	0.2%
	2
	10
	66
	83.3
	No 
	Yes (10)
	38
	1.6
	27
	2.6x104
	6.8x103

	Citric acid (CA)
	
	
	
	
	
	
	
	
	
	
	

	0.1%
	2
	5
	60
	80
	No 
	Yes (5)
	45
	2.1
	26
	nd 
	4.4x102

	0.2%
	5
	10
	70
	80
	No 
	Yes (10)
	40
	2.5
	24
	nd 
	3.2x104

	0.3%
	5
	15
	66
	75
	No 
	Yes (15)
	36
	2.3
	24
	1.2x103
	2.4x103

	Control 
	5
	10
	88
	100
	No 
	Yes (10)
	35
	2.3
	20
	nd 
	2.8x103

	CD (at 5% level)
	1.7721
	4.1805
	5.2395
	6.2107
	
	
	3.9267
	0.8112
	2.1204
	
	


nd – not detected

Lots = 7; Replicates/lot = 3; Total replicates = 21

Date of experiment = June 2009



Table 8: Effect of perforated polyethylene bags (100 guage) packaging on shelf life of Volvariella volvacea 
	Treatment
	Weight loss (%)
	Veil opening (%)
	Liquificaction (%)
	Biochemical analysis (after 2 days)
	Bacterial count (cfu g-1 tissue)

	
	24 hrs
	48 hrs 
	24 hrs 
	48 hrs 
	24 hrs 
	48 hrs 
	Carbohydrates  (%)
	Fat (%)
	Protein (%)
	24 hrs
	48 hrs

	Potassium metabisulfite (KMS)
	
	
	
	
	
	
	
	
	
	
	

	0.05%
	2
	5
	66
	91.6
	No 
	Yes (5)
	28.5
	1.8
	10
	2.8x105
	4.0x103

	0.1%
	2
	5
	61
	76
	No
	Yes (5)
	40.3
	2.4
	24
	2.5x105
	5.7x103

	0.2%
	2
	10
	66
	83.3
	No
	Yes (10)
	38
	2.0
	26
	2.8x105
	7.8x103

	Citric acid
	
	
	
	
	
	
	
	
	
	
	

	0.1%
	2
	5
	60
	80
	No
	Yes (5)
	44
	2.1
	25
	nd
	5.7x102

	0.2%
	5
	10
	70
	80.2
	No
	Yes (5)
	42
	1.5
	24.2
	nd
	4.8x102

	0.3%
	5
	15
	66
	75
	No
	Yes (15)
	37.5
	2.3
	23
	1.2x105
	3.0x103

	Control 
	5
	10
	88
	100
	No
	Yes (10)
	35
	2.2
	21
	nd
	3.2x103

	CD (at 5% level)
	1.7216
	3.4506
	4.2392
	6.7147
	
	
	2.4519
	0.4219
	1.0428
	
	


nd – not detected

Lots = 7; Replicates/lot = 3; Total replicates = 21

Date of experiment = June 2009


The mushrooms packed in paper bags at room temperature were found to be the best in colour, texture and odour in KMS 0.1% treatments as well as unwashed mushrooms upto 7 days of storage at room temperature (Table 6, Plate 10). However, significant weight loss has been observed during storage period leaving mushrooms tough and dried after two days of storage.  The results indicated that  the mushrooms can be kept fresh in paper bags upto 48 hours (2 days) at room temperature, storage of mushrooms in polypropylene polyethylene bags should be avoided. The high relative humidity in the atmosphere surrounding the product, and the controlled O2 and CO2 level inside package can potentially reduce respiration rate and decay, generally represented by physiological disorders with dehydration, firmness loss, enzymatic browning and/or bacterial damages in the resulting benefits of extending product life. So, during storage, inside package intended obtain an optimal atmosphere composition that is due to dynamic equilibrium between vegetables respiratory activity and gas diffusion through semi-permeable plastic film packaging (Salvador et al 2002).  

Chapter V

Summary

Volvariella volvacea strain Vv-5 was grown indoor on paddy straw under natural climatic conditions in Punjab during summer season (April-August). During study 63 beds were laid in four different lots to obtain average yield as 9.0 kg/qtl dry paddy straw. The average weight of a fruit body was recorded as 8.9 g. The mushrooms were harvested and subjected to storage and shelf life study through washing, blanching, steeping, drying and packaging. Washing of mushrooms in potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2% w/v), citric acid (CA; 0.1%, 0.2%, 0.3% w/v) and sodium chloride (NaCl; 3%, 5%, 7%) indicated the best quality in terms of colour texture, odour and consumability when treated with 0.1% potassium metabisulphite (KMS) followed by washing with citric acid (CA) (0.1%). . The colour of mushroom fruit bodies was bright and creamy when they were treated with 0.1% potassium metabisulphite (KMS) or 0.1%, 0.2% citric acid. The colour was at par with untreated mushrooms (control) when 0.05%, 0.2% KMS treatments were given. sodium chloride washing treatments as well as 0.3% Citric acid treatment showed decline in colour chart (darker brown in colour). The texture of fruit bodies was more stretched and smooth when treated with 0.05% and 0.1% potassium metabisulphite as well as 0.1% citric acid treatment. Blanching was done in boiling water for 3 min and steeping was tried in solution comprising of KMS 0.1%, Citric acid 0.2%, sugar 6% and NaCl 3% and stored in wide mouth bottles at room temperature. Observations on physical (colour and texture), chemical (protein, fat, carbohydrate) and microbiological (total plate count) parameters were made after 5 days of steeping. Blanching and steeping of paddy straw mushrooms was not upto the mark even after five days of storage. Mushrooms were dried in the cabinet dryer, in the sun and in microwave after washing with potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2%) and citric acid (CA; 0.1%, 0.2%, 3%,). After 3 days of storage at room temperature, drying experiment indicated that mushrooms were at their best upto six months after drying in microwave oven followed by cabinet and in the sun in terms of physical and chemical parameters. In case of mushrooms dried in microwave oven all the treatments gave acceptable dried mushrooms irrespective of the treatments. The observations made on colour, optical density, texture, consumability, dehydration ratio, rehydration ratio had indicated that in cabinet drying citric acid 0.3% was the best treatment which was at par with unwashed dried mushrooms, in sun drying KMS 0.1% which was the best and at par with the unwashed dried mushrooms and in microwave all treatments were overall acceptable which were at par with unwashed dried mushrooms. The experiment on mushroom drying indicated that mushroom can be best dried in the microwave oven followed by cabinet drying and the sun drying. The dried mushrooms were packed in air tight (sealed) polypropylene bags. Packaging of mushrooms after washing with potassium metabisulphite (KMS; 0.05%, 0.1%, 0.2%) and citric acid (CA; 0.1%, 0.2%, 0.3%) in perforated polypropylene, polyethylene and paper bags it indicated that mushrooms can be stored upto 48 hours in paper bag followed by polypropylene, polyethylene bags punched with 10 holes in each bag containing mushroom washed with citric acid (0.1% and 0.2% w/v). The mushrooms packed in paper bags at room temperature were found to be the best in colour, texture and odour in KMS 0.1% treatments as well as unwashed mushrooms upto 7 days of storage at room temperature. However, significant weight loss has been observed during storage period leaving mushrooms tough and dried after two days of storage. The results indicate that the mushrooms can be kept fresh in paper bags upto 48 hours (2 days) at room temperature. 


To sum up Volvariella volvacea can be cultivated on paddy straw under natural conditions of Punjab during summer. The mushroom can be stored upto three days at room temperature after washing with 0.1% potassium metabisulphite (KMS) and or 0.1% citric acid. Mushrooms cannot be kept in steeping solution. The mushrooms can be dried best in microwave oven for prolonged shelf life upto 6 months in sealed polypropylene bags. Fresh mushrooms can also be stored upto 7 days in paper bags after either washing with KMS 0.1% or as unwashed mushrooms. 
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