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ushrooms, a group known as fungi, lacks chlorophyll and
cannot therefore make its own food. It grows on dead
organic matter either parasitically or symbiotically with
other living organisms. Among the various mushroom
species, button mushroom (Agaricus bisporus), oyster

mushroom (Pleurotus spp.), paddy straw (Volvariella

spp.), milky mushroom (Calocybe Indica) are most popular among

the commercial growers.
Nutritive value of mushroom

Mushrooms are a rich source of nutrients, particularly proteins, minerals and vitamins such as
Vitamin B, C and D. The content of the anti-pellagra vitamin, niacin is comparable to its levels
found in pork or beef, which are the richest known sources of this vitamin. Mushroom cultivation
is the only major fermentation industry, which involves the bio-conversion of cellulose wastes
into edible biomass. According to an estimate, yield of mushroom per unit area, as such or in
terms of proteins is 100-1000 times more than conventional agriculture like production of paddy,
wheat, pulses and cereals etc., hence, mushrooms are considered to be the best alternative to
supply the masses with vegetable protein rich food. Mushrooms are also good source of
minerals. They are rich in phosphorus, potassium and iron but are low in sodium. About one
third of the total iron in mushrooms is in the available form. Mushrooms are good sources of
several vitamins and excel many fruits and vegetables on this account. They are particularly rich
in thiamine (B,), riboflavin (B.), niacin, biotin, ascorbic acid, vitamin K and vitamin E.

In addition to these, some other interesting features in the nutritional quantities of mushrooms

are (i) lack of starch (ii) low fat content (iii) low calorific value (iv) presence of a variety of sugars



and their derivatives and (v) high fiber content. Hence, they are said to be the  ‘delight of

diabetics’.
Cultivation Technologies of Edible Mushrooms

Four types of mushrooms viz., white button, oyster, paddy straw and milky mushrooms have
been adopted by farmers/ entrepreneurs at marginal and commercial scale in different parts of
the country at present. The cultivation technologies of some of these mushrooms are being

described here in brief.
A) Cultivation of White button mushroom (Agaricus Bisporus)

It is popularly known as European or Temperate mushroom and is extensively cultivated
throughout the world. It requires a temperature of 14-18'C during cropping hence its cultivation
has become popular in the cooler hilly regions of our
country. One crop can easily be taken during the winter
season in the plains of north India and maximum two crops
can be grown in hilly areas. This mushroom (both fresh and
canned) has better market acceptability. Unlike other

cultivated species its cultivation needs more technical skill,

which can be acquired by training. The steps involved in its

cultivation are given below. Button mushroom

i) Compost Preparation: Itis grown on a specially prepared substrate called compost.
This is prepared by mixing various raw materials in specific proportions either by long or
short method of composting. Straw based compost involves the use of wheat or paddy straw
or sugarcane bagasse as base material, whereas horse dung is used for preparation of
natural compost. In both cases the base materials are supplemented with some activators
(chicken manure, molasses, wheat bran and nitrogen sources - organic/inorganic fertilizers
cakes). The nitrogen content is adjusted at 1.5 % of the dry weight of the base materials,

activators and nitrogenous sources.

Spawning and spawn run: Spawning means seeding of the compost. Pure and productive
spawn is procured from a reliable source a few days prior to seeding. Fresh spawn should be
used always. Three methods are generally employed:



a) Surface spawning: Spreading the spawn in top layer of compost and mixing to a depth of

3-5 cm and it is then covered with thin layer of compost.

b) Layer spawning: Spawn is mixed with the compost in 2-3 layers and pressed. Bags are

spawned while filling.

¢) Through spawning: In this method, spawn is mixed in the compost thoroughly and

then spawned compost is filled in the bags.

Rate of spawning is important in getting optimum yield. It is generally calculated per unit bed
area or according to the quantity of compost to be spawned. Generally, 500-750 g spawn is
sufficient for one gt of compost, thus spawning rate comes to 0.5-0.75 % of compost. More
spawn is required for layer or through spawning than in surface spawning. After spawning the

compost is pressed hard to make it compact.

The trays are then arranged in cropping room in tiers and are covered with newspaper sheets
sprayed with 2 % formalin. Presently, cultivation in polythene bags is in use as an alternate to
old tray cultivation method. The temperature during spawn run should be maintained between
22-25C. In case of tray method, the trays are covered with newspaper. The newspapers should
be sprinkled with water at least twice daily to prevent drying of compost and to provide 90-95 %
RH in the room. The compost is impregnated with mycelial threads completely within 15-20
days showing whitish strands. The dark brown colour of compost changes to light brown. Little

ventilation is required during spawn run.

Ii1) Casing: It means covering the spawn run compost with a layer of sterilized or pasteurized

casing soil of any other materials. The following mixtures are used with success in India;
a) Mixture of 2 years old FYM and 2 years old spent compost (1:1).

b) Garden soil and sand mixture (4:1 by volume).

¢) Decomposed FYM and loam soil (1:1 by volume).

Casing soil is treated either by steam at 60°C for 4 hours or by drenching with formaldehyde or
formalin (40 %) at the rate of 3 litres in 40 litres of water per m*. The pH of casing soil is
adjusted between 7-8 with the addition of chalk (calcium carbonate). Casing soil should be
porous and allow good gaseous exchange. Before casing newspapers are removed and the

trays or bags are covered with a layer of casing material (3-4 cm) depth. The humidity in the



room is maintained at 95 % and temperature 22-25C. Not much aeration is required during the

first week. The beds are kept moist.

iv) Cropping: One week after casing, the room temperature is lowered to 14-18°C and the
pinheads start appearing within 7-10 days. Good ventilation is required at this stage. The carbon
dioxide concentration in the room should remain below 0.1 % and 2-4 air changes per hour are
required. The air-bed ratio should be 6:1 if forced air circulation is not used. More watering is
required during the production of flushes. Pinheads appear within 12-15 days of casing.
Cropping continues for 6-8 weeks. At pea size stage, heavy mist spraying should be done.
Mushrooms appear in flushes every 7-10 days. Periodicity of flushes depends on temperature in

the room.

v) Harvesting of mushroom and
marketing: Mushrooms are harvested while
still in button stage (cap tightly closed over the
stem 2.5-3.5 cm dia). These are collected in
small baskets. Soil particles and mycelial
strands sticking to the base of stalk are
removed carefully and fruit bodies are cleaned
with a soft cloth and washed in EDTA solution

(0.125 g/l of water) before sending them for
marketing. An average Yyield of 10-20 kg/100 kg compost is generally obtained by good growers
within a period of 8-10 weeks. This, however, depends on the quality of compost and spawn
along with other management factors. This mushroom is consumed mostly fresh due to its short
shelf-life. It can be stored in polythene bags at <5'C up to 3 days. Storage at high temperature

results in browning and rotting.

vi) Economics of cultivation: Cost of cultivation varies from place to place depending upon
the price of raw material, labour wages, environmental conditions at the site and marketing

opportunities.

Cost of production Rs. 35-50/- per kg.
sold at Rs. 80/- per kg at production centres
during different months




Cultivation of Oyster or Tropical Mushroom

(Pleurotus spp.)

Oyster mushroom is the 3" largest cultivated mushroom
in the world and it is being cultivated in about 25
countries. n India, it is being produced in the States like
Orissa, Karnataka, Maharashtra, A.P., M.P., West

Bengal, Meghalaya, Manipur, Mizoram, Assam, etc.

Many species of Pleurotus grow wild on dead decaying
tree logs, stumps, or dead branches of Oyster mushroom

living trees or on dead decaying organic matter mostly during the rainy season. All these
species of oyster mushroom are edible except P. olearius and P. nidiformis. There are thirty
eight species reported in this genus, out of which only 25 species are commercially cultivated in
the world. Different substrates like wheat and paddy straw, saw dust, maize stalks, dried leaves,
waste from food industries and synthetic compost (used for European mushroom) are used for
its cultivation. It can also grow on dried logs of soft wood trees and roots of water hyacinth,

paper waste and shelled maize cobs.

Different species need different temperature ranges between 20-30°C for their growth. Hence
they are ideally suited for cultivation at different times of the year in various regions. This
mushroom has better prospects in our country, especially as the technology for its cultivation is
simple and cheap. Further, the produce has a longer shelf life, and it can be dried easily.

Artificial cultivation involves the following steps:

i) Preparation of substrate: This mushroom proliferates equally well on both paddy as well
as wheat straw. It should preferably be fresh or not more than a year old using 3-6 cm cut

pieces.

a) Chemical sterilization of substrate: The straw or any other recommended substrate is
steeped in a solution of Bavistin and formalin (Bavistin 75 ppm and Formaldehyde 500 ppm) for
a period of 18 hours. This can be prepared by mixing 7.5 g of Bavistin (50 % WP) and 125 ml of
Formaldehyde (40 %) in 100 litres of water (approximately 10 buckets) in a 200 lit. Capacity
drum or a tub or a tank. This solution is sufficient to steep 20 kg of dry straw in 2 lots of 10 kg
each. Treated straw is put on a sieve for 30 minutes for removal of extra solution. It is then

spawned.



b) Hot water treatment of substrate: The substrate can also be sterilized by boiling in
water (80°C for 40 minutes). If pasteurization facilities are available, bulk pasteurization can be

carried out after over-night wetting at 60-65°C for 2 hours.

i) Spawning and Spawn run: As soon as the substrate is free from excess of chemical
solution and has cooled down to 25-30°C, it is filled in polythene bags (size 30 x 40 cm) or other
container after mixing the spawn @ 2-3 % by wet weight of substrate (i.e. 200-300 g in 10 kg).
The moisture content of substrate should be 65-70 %. Fresh grain spawn not more than a
month old should be used. The bags should be perforated at 15cm regular intervals for gaseous
exchange with a nail. These are then arranged on raised platform or shelves in a room or shed.

And 20-25°C temperature and 70-85 % RH is maintained for spawn run.

i) Removal of bags for production of mushrooms: As soon as the substrate is fully
covered with the mycelium, the polythene bags are removed from the substrate. The spawn run
bags are then arranged on a wooden platform or shelves at a distance of 15-20 cm between the
bags. Watering is done twice a day or as required to ensure 70-80 % RH. Walls and floor of the
room are also sprinkled with water. Fresh air is also given once or twice a day during cropping.
Sufficient amount of diffused light is required for normal fruit body formation. Mushroom
pinheads will appear within 7-10 days which can be harvested after 2-3 days. The right stage of
picking is prior to the up curving of the margin of the pileus, before they over-mature. Younger

fruit bodies have longer shelf life. Three to four flushes appear within a period of 4-5 weeks.

iv) Harvesting and Yield: The fruit bodies may arise singly or in clumps and form tiers on
the substrate. They are variable in size, shape and colour. They should be harvested carefully
to avoid any disturbance to other pinheads as much as possible. The debris from the lower
portion of stalk is removed before marketing. These are then packed in perforated polythene
bags for sale in fresh form. Surplus produce can be sun-dried or dehydrated at 50-55C and
stored in sealed/closed polythene bags for later use or can be pickled in absence of market. Its

yield per unit substrate and area is good which varies from 2.5-3 kg per 10 kg of wet substrate.

V) Economics of cultivation: As this mushroom can grow on a wide variety of
agricultural wastes, which are easily available and cheap, its cost of production is lower than

that of others.



cost of production Rs. 20-30 per kg of mushroom

sold at a market price of Rs. 40/- per kg

Canning: Canning is technique by which the mushrooms can be stored for longer periods up to a
year and most of the international trade in mushrooms is done in this form. The canning process can
be divided into various unit operations namely cleaning,
blanching, filling, sterilization, cooling, labeling and
packaging. In order to produce good quality canned
mushrooms, these should be processed as soon as
possible after the harvest. In case a delay is inevitable,
mushrooms should be stored at 4 to 5°C till processed.
The mushrooms with a stem length of one cm are
preferred and are canned whole, sliced and stems-and-
pieces as per demand. Longitudinal (mushroom shape)

slicing is common.

Canned button mushroom Can sizes- 8 Ounce,

A-1 tall, A-2%2, A-10, wholes and slices

Cleaning: The mushrooms are sorted to remove diseased, damaged, bruised and browned ones.
Fresh mushrooms white in colour, without dark marks in either cap or stem are preferred for canning.
The veil should be in tight closed condition and not stretched otherwise the mushroom will open in the
blanching and will be rejected in can-filling process. Grading based on cap diameter is also followed.
Then the whole mushrooms are washed 3-4 times in cold running water to remove adhering
substances. Use of iron free water with 0.1 per cent citric acid prevents discolouration. Hydration with
jets before blanching is now a common practice in the industry; it washes as well as hydrates the

mushrooms to reduce weight-loss in canning.

Blanching: Blanching is normally done to inhibit polyphenol oxidase enzyme activity and to inactivate
micro organisms. It also removes the gases from the mushroom tissue and reduces bacterial counts.
Mushrooms are blanched in stainless steel kettles filled with a boiling solution of 0.1 per cent citric acid
and 1 per cent common salt. The blanching time ranges from 4-6 min at 95-100°C. Some plants
blanch the mushrooms in slightly acidified water to improve the colour of the canned product. The
foam developed during blanching should be removed constantly. The loss of weight during blanching

is about 20-25 per cent of the fresh weight of the product. If blanching time is reduced to restrict



weight loss, the loss of weight at sterilization will be accordingly higher. Six minute blanching is
common to give proper drained weight of the final product especially in A-2Y% cans. Over blanching
can cause poor quality of colour and texture with loss of free amino acids and sugars. Different
blanching times should be used for the various sizes to prevent over-blanching and shrinkage. A short

spray of cold water should follow the blanching process to cool the mushrooms to 36°C or lower.

Filling: Mushrooms after blanching are manually filled in tin cans; it takes care of the rejection of
mushrooms broken and opened during blanching (rejection is almost 10 % of the original weight). The
size of the can depends on the amount of produce to be filled in them as per the requirements of the
customer. In our country generally A-2%2 and A-1 tall can sizes containing approximately 440 and 220
g drained weight respectively are preferred. However, for export A-10 (3 kg with drained weight of 1.96
kg) is preferred. The cans are thoroughly washed to remove any adhering dust or foreign matter. All
the cans are sterilized before use. Mushrooms can be filled in the cans either manually or

mechanically in case of automatic can filling machines.

Lidding or Clinching: The cans after being filled are covered loosely with the lid and passed through
exhaust box. In large-scale process, this has certain disadvantages such as spilling of the contents,
toppling of the lids etc. Lidding has now been modernized by the clinching process in which the lid is
partially seamed to the can by a single first roller action of a double seamer. The lid remains sufficiently
loose to permit the escape of dissolved as well as free air from the contents and also the vapour formed

during the exhaust process.

Exhausting: Before sealing, it is necessary to remove all air from the contents. The process by which
this is achieved is known as exhausting. By removing air, risk of corrosion of the tin plate, pinholing
during storage and discolouration of the products are reduced; because oxidation is prevented. The
exhausting process will also assist in avoiding overfilling or underfilling of can, which normally happens
due to the tendency of expanding or shriveling during heating. The other advantages of the exhaust
process are: prevention of bulging of the can when stored at high altitudes or in hot climates, reduction
of chemical reaction between the container and contents; and prevention of excessive pressure as well
as strain during sterilization. Cans are exhausted in the exhaust box where filled cans are passed
through a hot steam at about 100°C on a moving chain conveyor through a covered double jacketed
steam box. The time of exhaust varies from 10 to 15 min. At the end of the exhaust box, the

temperature at the centre of the can should be about 80°C.



Sterilization: Sterilization is the process of heating the cans to prevent the spoilage by microorganisms

during storage. Two procedures are preferred for common sterilizing of the cans:

a) A continuous process called ‘steriflame’ in which cans are treated by passing them over gas
burners. This process lasts for 3-8 min.

b) A batch process, in which the cans are placed in an autoclave and sterilized for 25-30 min, under
15 Ib/sq inch (1.06 kg/sq cm) (time and pressure varies with can and mushroom size).

The sterilization temperature should not be above 118°C to avoid discolouration and burnt taste.

Cooling: The cans are cooled immediately after sterilization process to stop over-cooking and to
prevent stack-burning. Cooling can be done by placing the cans in a cold-water tank. It also gives an

abrupt shock to the microorganisms to get rid of their adverse activities.

Labeling and Packing: The outer surface of the can should be completely dry as even small traces of
moisture are likely to cause rusting. The clean and dry cans are labeled manually or mechanically and
packed in strong wooden crates or corrugated cardboard cartons. The cans are stored in a cool and
dry place before dispatch. In a hot country like India, where the ambient temperatures are high during

several months in a year, basement stores are useful, especially during the summer months.

Very high loss in weight of the mushrooms is the most serious problem in the canning. This is also
known as ‘shrinkage’, which is caused by the removal of water as well as solids from the mushrooms
during processing operations. The losses vary from 35-40 per cent and seriously affect the profitability
of the cannery. To ameliorate this problem, various methods have been tried to varied degrees of
success. Water binding additives viz., sodium polyphosphate, sodium alginate, Agar-agar, methyl
cellulose, carboxy methyl cellulose, pectin and pectin-calcium chloride have been used by various
workers in increasing the drained weight (reducing the shrinkage) of canned products. The shrinkage

losses can also be decreased by the vacuum

treatment of the fresh mushroom, cutting the

blanching time and also prehydration treatments.

Setting up of a canning unit: Among the various
preservation methods followed, canning is the
extensively used method for storage and trade of

mushrooms. The process of sealing foodstuffs

Imported automatic canning unit



hermetically in containers and sterilizing them by heat for long term storage is called canning or
appertization. Canning is the most popular method of preserving the mushrooms for more than a

period of one year. .

Many Asian countries like India, China, Taiwan, Korea, etc., export their produce to the American and

European Countries in the form of canned mushrooms

This canning unit can be used for canning any produce and the capacity of most of the machine is one
ton mushroom per shift of 8 hours (3 tons per day). Bigger, automated, imported and FDA approved
canning units are established in 100 % EOU big mushroom commercial units in India.

Lid-Embossing machine: This machine is used to emboss the lids
with the required reference letter or figures like date of manufacture,
date of expiry, rate, batch number, brand name and quantity. This
machine is operated by a foot treadle which, when depressed,

embosses the lid by virtue of marker dies, without piercing it.

Lid embossing machine

Can reformer: This is simple machine, which makes the flattened can bodies
to round, prior to flanging. The flattened can is mounted on to the rubber roller and on depressing the
pedal, it presses the can against the rotating steel roller there by giving it a round shape. The capacity

of the can reformer varies from 600 to 800 cans per hour.

Can reformer

Can flanger: This simple hand operated machine, shown in the Figure is used
for simultaneous flanging of both sides of the round can obtained from can-
reformer. A toggle motion balanced hand-lever enables the machine to be

operated with minimum exertion.




Flange rectifier: This is a simple hand operated machine the Fig. used for rectification of
misshaped flanges of cans. The misshaped flanged can is placed on the die and by simple

application of the handle the flange is rectified.

Steam jacketed kettle: This machinethe is mounted on a

heavy duty mild steel stand with tilting arrangement. The pan
has a double jacket for maximum steam utilization and
efficiency. Both the pan and jacket are made up of high quality
stainless steel. This is mainly used for batch heating and

blanching of mushrooms in brine solution. The capacity of the

steam jacketed kettle is 100 Gallons. It is also available in the

smaller capacity of 25 and 50 Gallons. Steam jacketed kettle

Exhaust box: This machine (Fig. 10) consists of a chain

conveyor moving at low rpm to keep the cans filled with
mushrooms to contact with steam for 1 to 2 min to get it
sterilized. It can pass two A-2% size cans at a time and the
overall length of the exhaust box varies from 14, 16 and 18

feet.

Fig. 10. Exhaust box

Double-seamer: This is a semi-automatic machine most suitable for
seaming processed cans as well as flanged cans with the embossed lids
on both sides. The capacity of the double seaming machine is
approximately 600 cans per hour and heavy-duty double seamers also

available at the capacity of about 2000 cans per hour.

Canning retort

Canning retort: This equipment is used for sterilization of cans under pressure, after filling and seaming.
It is equipped with pressure gauge and safety valve. The capacity of the canning retort is 280 to 300 cans

of A-2% size and it is also available in the smaller capacities like 21, 75-80, 90-100 cans of A-2Y%% size.

Conclusion: Mushroom production should be encouraged in the country and it is a peculiar agricultural

activity suited to the country for varied reasons such as:



1. Mushroom production is indoor activity hence do not need agricultural land, thus suited to small
farmers and landless labourers.

2. Many agricultural wastes can be utilized to produce quality food and organic manure for field
crops. Besides mushroom have high bio-efficiency i.e., conversion of dry substrate into fresh
mushroom.

Spent mushroom substrate can be used to produce organic manure.

4, It can generate self employment.

Families living below poverty line can be brought above poverty line through mushroom
production and improving their socio-economic status.

6. It can provide nutritional security particularly to poor people through incorporating mushrooms in
their diets.

It is expected that with the above advantages, the day is not too far when the government,

entrepreneurs, farmers and funding and marketing agencies truly realise the potential of the
venture and come forward in a big way to solve the problems of poverty, unemployment and
malnutrition prevalent in the country.

Equipments Supplier: Guru Partap Refrigeration , Mohali, Punjab, India

For any queries readers may contact:

The Director,

Directorate Of Mushroom Research,

Indian Council of Agriculture Research ,

Chambaghat- 173213 ,

Solan , Himachal Pradesh , India. Phones: 91-1792-230767, 230541.
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