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INTRODUCTION

Nature alone is antique, and the oldest art, a mushroom. The use of
mushroom as food goes back to the farthest antiquity, considered as a delicacy from
the early days of civilization, for its aroma e-md flavour. The world demand for
mushrooms is increasing at very fast rate, thanks to the greater appreciation and
awareness of their unique nutritional and medicinal values. Though the
consumption of mushroom is very limited, India is now witnessing a virtual
revolution in promoting exports, with a large number of units mushrooming up; the
country with a meagre production of 4000 tonnes in 1985-86 has crossed 30,000
tonnes in 1996-97 (Ganeshkumar et al., 1997). The production of mushrooms does
not demand land and sunlight and also helps in the bioconversion “of potential

pollutants like agrowaste to protein rich foods for human consumption.

No food is so wrapped in mystery as mushroom so amazing to see tiny pin
heads on a tray of dung anci straw growing into buttons rich in proteins, vitamins
and minerals, being called as 'Quecn of vegctables’. Mushroom, a protein rich
wonder food is ideal to bridge the gap of protein malnutrition, than any other
vegetable. The mushroom protein is easily digestible and also contain essential
amino acids, tryptophan and lysine, which are deficient in cereals. In the present era
of healthy eating by cutting down the calories, saturated fat and cholesterol,
mushrooms are found to attract the human attention. As a low calorie, high protein
diet with almost no starch and sugars, mushrooms are the ‘delight of diabetic’.
Mushrooms also contain fairly good amount of vitamin C, vitamin B complex,
minerals like potassium, sodium etc., besides, it is also known for its high fibre
content, hence form the best choice of dietitians for those suffering from
hyperacidity, constipation and are also believed to have anticancerous properties
(Rai and Sohi, 1988). These qualities finally led mushroom to be described as “the
ultimate health food’ (King, 1993).



However, the problem faced by the mushroom growers is its high
perishability, the ouset of deterioration follows immediately with the harvest, ending
up in a brownish soft deteriorated material within a few hours resulting in an
unacceptable produce, situations become still worse with high environmental
temperatures. Unlike other horticultural produce, mushrooms are having a high
respiration rate, hence a short shelf-life. This cautions to develop' any suitable

technique to extend the storage life of mushroom in fresh or processed form.

A variety of methods and innovations are applied which include
irradiation, chemical treatments, refrigeration, modified atmospheres, dehydration,
canning, sun-drying, pickling etc. However, bandling and transportation of fresh
mushrooms still poses a problem to the producers who often finds discolouration
and fast spoilage of mushrooms while in handling and transportation, which
considerably reduces the marketability of the produce.

Under these circumstances, developing suitable methods to extend the
shelf-life of fresh mushrooms and to preserve the mushrooms during market glut

becomes inevitable.

Hence the present study was taken up with the following specific

objectives.

1. To extend the shelf-life of fresh produce, especially in transit and handling, till
it reaches a refrigerated storage.
2. To improve the method and quality of the present packaging and dehydration

technique meant for long term storage.
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2. REVIEW OF LITERATURE

Mushroom, a fast perishable vegetable deteriorates immediately after
harvest owing to its high respiration rate compared to other horticultural crops and
contains large quantities of phenols, which are oxidised, resulting in browning and
wilting after harvest. Unlike fruits and vegetables, they lack a thick protective
surface coating of suberin or cuticle, thus leads to fast deterioration resulting in loss
of texture, de'velopment of off-flavour and colour ending in reduced marketability
and consumer acceptability. Therefore development of appropriate storage and
processing techniques to extend their life and to improve marketability imbibes
great significance. Short term preservation methods like pre-packaging coupled
with low temperature storage, irradiation and steeping preservation help to prolong
the storage life from one to three weeks. Long term preservation methods such as
canning, drying, pickling etc. could make the availability of mushroom throughout

the year at reasonable price.

Literature on related works hitherto at different places is reviewed and
presented here under the two broad titles.

2.1 Handling and storage of fresh mushroom
2.2 Storage of processed mushroom
2.1 Handling and storage of fresh mushroom

Mushrooms have very short shelf-life and can remain acceptable only for
a lew hours both under tropical and subtropical climatic conditions. In India, it is
mostly sold as fresh and only negligible amount is used for processing. The
mushroom growers find it extremely difficult to keep them fresh or without

discolouration till it reaches the consuming centres or cold storages. Therefore
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development of means and methods to keep them fresh or near fresh during

transport deserves priority.

According to Sethi et al. (1991) mushrooms start deteriorating
immediately after harvest due to enzymatic action resulting in the browning and
softening of mushroom crops, which is faster at higher temperatures. i{ajarathnam
and Bano (1988) and Saxena and Rai (1988) opined that mushrooms are
predisposed to active desiccation due to high moisture content of the fruiting bodies
affecting the texture, flavour and saleable weight of the produce. The storage
temperature increased the rate of metabolic changes taking place during storage,
which resulted in quality deterioration (Rai and Saxena, 1989). The loss in quality is
mainly due to their discolouration which results from the action of O-diphenol

oxidase (polyphenol oxidase) on phenolic compounds (Murr and Morris, 1975b).
2.1.1 Pretreatments

The main objective of preservation of mushrooms is to use them in their
original taste with all nutritive value intact. The changes in taste and nutritive value
are commonly due to the activities of the enzymes present in the food and also due
to the growth of microorganisms. Therefore it is imperative to inactivate the

enzymes and also to arrest the growth of microorganisms.

Bano and Singh (1972) suggested a preservation method for Agaricus
bisporus, wherein 200 g mushrooms were blanched and preserved in a stecping
solution containing sodium chloride 2.5 per cent, ascorbic acid 0.1 per cent, citric
acid 0.2 per cent, sodium bicarbonate 0.1 per cent and potassium mt;,tabisulphite
(KMS) 0.1 per cent for a period of 10 days at 21 to 28°C. The steeped mushrooms
were free from microbial spoilage and were organoleptically acceptable to the panel

of judges.
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Ramaswamy and Kandaswamy (1978) recommended the use of sodium

chloride or ascorbic acid or citric acid solutions for enhancing the storage life of

paddy straw mushrooms.

McCord and Kilara (1983) in their study found that citric acid was having
the capacity to inhibit both enzymatic (by lowered pH) and non-enzymatic activity

(by citric molecule).

Adsule et al. (1981) conducted studies to prolong the shelf-life of oyster
mushrooms (Pleurotus sajor-caju). The mushrooms were harvested, trimmed,
washed and blanched (in water containing 0.1 per cent citric acid) at 85 to 90°C for
four minutes. The blanched mushrooms after cooling were packed in glass bottles,
covered with water containing 5.0 per cent salt, 0.2 per cent citric acid and 0.1 per
cent KMS and subsequently screw capped. Such bottles could be kept for three

months without loosing much of its organoleptic attributes, at room temperature.

Mushrooms were preserved by steeping in different solutions by Pruthi et
al. (1984) in order to maintain the whiteness and to extend the shelf-life and for
transportation to different places. Various concentrations of acetic acid, citric acid,
ascorbic acid and KMS were utilised for steeping preservation of mushrooms.
Water blanched mushrooms steeped in solution containing 0.5 per cent citric acid
‘and 500 ppm SO, was the best treatment. Mushrooms could be steeped in this
solution without loosing much flavour and texture. Dipping of mushrooms in dilute
solutions of H,O; 30 volume (1:3) for half an hour and then steeping in water
containing 0.25 per cent citric acid and 500 ppm sulphur dioxide (SO,) solution had

shown significant effect and it helped in maintaining the whiteness.

Sethi and Anand (1984) found that the treatment with a solution of salt

(2%) and sodium bisulphite (0.15%) was effective in reducing discolouration,
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A study conducted by Chopra et al. (1985) revealed that mushroom
treated with honey (0.5 to 1.0%) for 1842 hours before harvest, air dried to remove
surface moisture, packed in 100 gauge polyethylene pouches with 0.5 per cent
venting area and stored at 3°C to 5°C, reduced the physiological weight loss and
polyphenol oxidase activity. Veil opening was delayed and shrivelling was
negligible even after 21 days of storage. The shelf-life was increased by more than a

week over control at 3°C to 5°C and two to three days at ambient tempcraturé.

Sudhakar et al. (1997) could reduce the browning to a certain extent by
placing SO, papers (grape guard) inside the polythene bags.

Saxena and Rai (1988) reported that washing of mushrooms in 0.5 per
cent KMS improved the whiteness which had eventually deteriorated slowly during
slorage. Maini et al. (1987) also found similar applications of lower conct;nlmtion of
KMS for short term storage (24 hours). However for long term storage, citric acid
(0.1%) and KMS (0.03%) or a combination of citric acid (0.1%) and tartaric acid
(0.3%) were found most suitable and white colour was retained upto a period of 48
hours. However, in the treattnent, when KMS was added to the citric acid and
tartaric acid combination, development of yellowish colour at the end of storage

period of 36 hours was noted.

The treatment of fresh mushrooms with 2.0 per cent Sodium chloride
(NaCl) + 0.1 per cent ascorbic acid with or without 0.1 per cent citric acid and low
temperature storage prevented browning and the development of off-flavour after
three days storage which developed in water stored mushrooms held at ambient

temperatures (Sihobing, 1987).

The effect of postharvest dip treatment of mushrooms in different

concentrations of ascorbic acid and sodium bisulphite for 10, 20 and 30 minutes
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were studied by Singh et al. (1997). Ascorbic acid (1%) dip for 20 minutes gave
minimum polyphenol oxidase activity and enzymatic browning. In the study fresh
dhingri mushrooms were washed in boiling water for pre-cooking, then the water
was decanted and the mushrooms were steeped in a solution of common salt (22 to
25%) and were placed in barrels or other containers which contained a brine
solution, consisting of 18 to 20 per cent common salt, and citric acid @ 80 gm for
each 100 kg of salt solution, in order to reduce the pH of the solution to 3.5. The
preserved mushrooms could be consumed after desalting by washing gently in warm

water.

2.1.2 Packaging

Mushrooms rich in moisture are sensitive to desiccation when exposed
open and will undergo fast discolouration. Therefore providing suitable package is

an important proposition.

According to Maini et al. (1983), washing of mushrooms prior to packing
is very important for enhancing shelf-life and thus extending the marketing period.
Mushrooms are usually packed in polypropylene (PP) bags of 250-500 g capacity;
quantities more than this have a tendency to loose acceptability.

Nichols and Hammond (1973) packed the freshly picked mushrooms in
styrene, white fibre or waxed card punnets and they were either overwrapped with a
poly vinyl chloride (PVC) stretch film or left unwrapped. They found that the loss of
weight from open punnets were marked amounting to as much as 9.0 per cent of the
fresh weight after five days at 2°C, or upto 37 per cent after five days at 18°C.
Mushrooms in styrene punnets lost the least weight, but difference between the
types of punnets was of little significance, when compared with the difference

between wrapped and unwrapped punnets.
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Gormley and MacCanna (1967) reported that the shelf-life of mushroom
could be increased by overwrapping with PVC films. They contributed the benefits
of conservation of water and indicate that artificial atmosphere might create

chemical changes.

Overwrapping of mushrooms with plastic film improved their quality as
observed by rate of cap opening, colour and reduction in weight loss (Nichols and
Hammond, 1975). Gormley (1975) recorded that the longer the refrigeration time,

the whiter the mushrooms, but the rate of loss of whiteness was similar whether the

mushrooms were refrigerated for 10 or 11 days.

Goodenough (1976) studied the effects of chilled storage on the
physiology of mushrooms. Colour changes at 2°C and 10°C were negligible for 10
days, but at 25°C colour was unacceptable afler four days, and deteriorated rapidly
after six days. Polybhenol oxidase activity at 25°C rose sharply for ab"out 15 days,
but thereafter declined rapidly. At 2°C, enzyme activity attained a peak after eight
days, after which there was little change and mushrooms could be maintained in

" excellent condition for upto 40 days.

Pantastico et al. (1975) recommended a temperature of 0°C with 95 per
cent relative humidity (RH) to extend the marketable life of mushrooms for about 10

days.

In a study conducted by Bush and Cook (1976) mushrooms were covered
with perforated or nonperforated plastic film and were kept at 2 to 25°C and 30 to
90 per cent RH for upto four days. The effects were assessed on their appearance,
weight loss and shape. The optimum conditions for retaining the most acceptable
colour and appearance were in perforated packs at 4°C to 7°C and 40 to 50 per cent

RH. The least weight loss and change in shape occurred in unperforated packs.



9

Goodenough and Ricketts (1977) studied the effects of different storage
conditions on the senescence in mushrooms, Agaricus bisporus. The mushrooms
were packed in styrene punnets, overwrapped with perforated polyethylene (PE)
film and stored at 0°C to 2°C, 10°C or 25°C and 45 to 56 per cent RH. At 25°C,
mushrooms remained in good physical condition for upto three days, at 10°C there
was no marked deterioration during 15 days of storage and at 0°C, deterioration was
slight for 30 days. However, transfer of mushrooms from 10°C or 0°C after eight
days to 25°C resulted in very rapid deterioration.

Rajarathnam et al. (1983) suggested a method to extend the shelf-life of
mushroom. When mushrooms were packed in 25 pm PE bags with one pin hole on
either side, they stored well upto 24 hours at ambient tcmpci'aturc and upto six days

at 5£2°C in intact bags.

Sethi and Anand (1984) reported that mushrooms when stored at high
temperature, resulted in brown discolouration of the surfaces, elongation of stalks
and opening of veils. Storage in refrigerator for a few days was possible when
mushrooms were placed between moist paper towel. Freshly picked mushrooms
were kept in prime condition (after washing and draining) at 32°F for five days in a
ventilated PE bag, at 40°F for two days and at 50°F for one day.

Chopra et al. (1985) recommended 100 gauge PE bags with 0.5 per cent
venting area for packing for the refrigerated storage.

Jandaik and Sharma (1987) studied the effect of different storage
conditions on shelf-life and reported that perforated PP or PE bags were effective in
reducing moisture loss as compared to unpacked condition, in which the loss of
moisture was about 32 to 35 per cent at 15 to 18°C and 6.0 per cent at 6°C to 8°C
after 72 hours. There was no loss of moisture in packed bags, but the fruiting bodies
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were slimy in appearance due to the accumulation of excess of moisture inside the

bags which resulted in liquefaction and unacceptability of fruit bodies.

Contradictory to the reports of Jandaik and Sharma (1987), Rajarathnam
and Bano (1988) and Saxena and Rai (1988) suggested small nonperforated PE
packets (< 100 gauge thickness) as the most common retail pack for prolonging the
shelf-life of mushrooms.

Umiecka (1986) found that the best conditions for storage of mushrooms
were a temperature of 0 to 1°C and a relative air humidity of 90 per cent with pre-
storage cooling and washing with water. Paper containers with 200 g ;:apacity were
best and a covering of plastic film helped to reduce weight loss and maintained the
optimal air humidity. At 0°C to 1°C, mushroom could be stored for seven to nine

days.

Suharban (1987) reported that the samples kept under refrigeration started
deteriorating with the accumulation of moisture in plastic bags and a liquid started
oozing from the mushroom which made them unfit for consumption. However
mushrooms when kept in open PE bags of 500 gauge thickness remained fresh for
five days. Those covered in plain paper started discolouration after 24 hours.

Mehta and Jandaik (1989) suggested that freshly harvested fruiting bodies
of Pleurotus sapidus can easily be stored in completely sealed nonperforated PE
bags upto 72 hours at room temperature (20-30°C) and 15 days at low temperature
(0-5°C).

Storage of Agaricus bitorquis mushrooms upto 144 hours at different
temperatures (15, 20 and 25°C) with or without chemical pretreatment and in
perforated and nonperforated PE bags were studied by Dhar (1992). Mushrooms
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exhibited better shelf-life in nonperforated bags, maintaining quality upto six days
with little change in colour either at 15 or 20°C. Mushrooms stored in perforated
bags began to rot within four days. Intense browning, extensive veil opening,
increased cap diameter and heavy water condensation were observed in perforated
bags at 20°C and 25°C. Pretreatment with 0.25 per cent KMS solution dip resulted
in faster loss of quality than in untreated samples.

Mushrooms can be packed most conveniently in PE bags of less than 100
gauge thickness (Anonymous, 1990). This study has shown that the PE bags should
be sealed properly at the mouth and need not be perforated. In these air tight packs,
mushrooms retained their freshness upto four days at 5°C.

Vijay and Gupta (1994) reported that mushroom bags could be sealed
without any perforations and due to the build up of carbon dioxide in the bags, the
metabolism of mushrooms and the partial depletion of oxygen was slowed down

which would increase its storage condition.

‘T'o minimise the deterioration of fresh mushrooms, care has to be taken to
eliminate unnecessary handling, bruising and unnecessary exposure to strong air

currents (Pradeep and Abraham, 1995).

Mushrooms can be preserved in fresh condition for eight days without any
change in quality by packing in PP bags with space under refrigeration (Suharban
and Natarajan, 1995).

Roy et al. (1995) studied the effect of over wrapping mushrooms with
difterent types of perforated or nonperforated films on quality of mushrooms during
storage. They found that water condensation occurred in the underside of the

nonperforated film, making the appearance of the pack unattractive, while excessive
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water loss was observed in those packed in perforated films resulting in a wrinkled
and discoloured patches on the mushroom surfaces. They also found that loss of

whiteness in mushrooms was proportional to water loss during storage whether

covered or uncovered.

Geetha et al. (1995) reported that mushrooms packed in PE covers (150
gauge) provided with holes (10 holes of five mm diameter) and kept under
refrigerated condition remained fresh for four days, while those packed in PE covers
without holes started deteriorating after 72 hours with the accumulation of moisture
in plastic bags. The mushrooms packed in paper packets showed burnt up tips after
24 to 36 hours. Those packed in thermocol box with ice cubes remained fresh for 45
hours. Packing in banana sheath, paper bits and straw bits were effective in
preserving the mushrooms only upto 24 hours after which the mushrooms became

dull and slimy.

Storing the fresh mushrooms in perforated (single pin holes) PE bags (100
gauge) at 5°C extended the shelf-life of mushrooms by eight to ten days (Bano er
al., 1992). They suggested that pin holes of the package expelled the CO; built in;
the refrigeration prevented the water loss, retarded the enzymatic activities and
drastically reduced the rate of respiration. At the end of storage life (eight to ten
days), the mushrooms were ranked for acceptability in terms of bitipg texture,

nondevelopment of off-flavour and firmness.

Saray et al. (1995) studied the importance of packaging and modified
atmospheres in maintaining the quality of cultivated mushrooms. Mushrooms
(Agaricus bisporus) were packed in pouches made of perforated PP film (0.2%, 3%
or 6% perforated surface) or in pouches with a modified atmosphere and stored at
5°C for seven days. After the storage, the quality was the best with PP films
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perforated to 3.0 per cent of its surface area. Transpiration loss and the microbial

count were lowest in modified atmosphere, but flavour was impaired.

Balakrishnan (1994) observed that unwashed mushrooms immediately
after harvest packed with little air in nonperforated PP (100 gauge) covers, sealed in
flame, could be kept in refrigerator for about 10 days or even more without any
damage as against locally practised method of packing of fresh mushrooms in
perforated PE bags under refrigerated conditions which showed discolouration and

decaying by fourth day of storing.

The shelf-life of freshly harvested mushrooms could be extended from
onc day at 24°C to 13 days by packing in 100 gauge PE bags and storing at 0°C
(Sudhakar et al., 1997). They could be stored in good condition for nine days at 4°C
and six days at 7°C. Use of newspaper lining or silicated packs inside the PE bags
helped in absorbing the excess condensed moisture, reduction of browning and
sliminess. Pre-cooling to 0+1°C extended the shelf-life of oyster mushrooms packed
in PE bags to 15 days at 0°C.

2.1.3 Controlled Atmospheric storage / Modified Atmospheric storage

In the recent years, controlled atmospheric storage (CA), a novel
preservation technique is catching up fast for all types of fruits and vegetables. In
this method, the concentrations of carbon dioxide (CO,) and oxygen (O,) are altercd
in the environment where the product is packed. The respiration rate also gets
altered due to this, the brown discolouration (enzymatic browning) is reduced and

the storage life is extended (Lopez-Briones et al., 1992).

But CA storage is costly and not practised for short térm storage of

produce with short life, such as mushrooms. Any beneficial effects of CA storage is
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lost as soon as the produce is removed from CA. Modified atmosphere packaging
(MAP) has continuing beneficial effects until the package is opened and can be very
useful for extending the shelf-life of fresh produce. MAP can provide an economical
and effective way of extending the shelf-life of fresh mushrooms during shipment

and marketing (Singh et al., 1970).

Sveine et al. (1967) while investigating the storage life of mushrooms
reported that high CO,, low O, and low temperatures prevented the cap opening.
They found that nitrogen (N), with 0.1 per cent O» and 5.0 per cent CO; in storage

was optimum for maximum shelf-life.

Nichols and Hammond (1973) used different in-package gaseous
concentrations in pre-packs stored at 2°C and 18°C using different films. Packages
with CO; of 10 to 12 per cent and O; of one 10 two per cent stored at 18°C resulted
in mushrooms with slowest opening of the films and colour deterioration. At 2°C,
CO, and O; concentrations came to equilibrium at about four to ten per cent and 1
to 17 per cent respectively, depending on film overwrap. At that temperature,
mushrooms tended to discolour, which may have been due to the high CO,.

Controlled atmospheric storage prolonged the shelf-life of mushrooms
(Agaricus bisporus), when the O, concentration was nine per cent or the CO,
concentration was 25 or 50 per cent (Murr and Morris, 1975a). Hatton et al. (1975)
noted the beneficial effects of CA in preventing mold growth and retarding cap
opening at CO; levels as high as 20 per cent; the atmosphere with lcsé than 10 per

cent O; was found to be injurious.

Dang et al. (1980) reported that storage under CA by lowering O, and/or
increasing the CO, at low temperature extended the storage life of harvested fruits

and vegetables. They also suggcéted storage under low temperature as an excellent
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method for restricting deterioration for harvested mushrooms for a limited period of

time.

Saray (1986) recommended the optimum atmospheric composition for
cold storage (1°C and 80% RH) of cultivated mushrooms as 15 per cent CO; + 10
per cent Oz + 75 per cent N,. After 21 days of storage, 82 per cent mushrooms were

marketable, the loss due to shrinkage being seven to eight per cent.

Burton et al. (1987) reported an improvement in colour of mushrooms
stored in MAP. Reduced O, during storage can influence colour by suppression of
enzymatic browning and by reduction of microbial population (Doores et al., 1987,
Beelman et al., 1989).

Burton and Maher (1991) suggested that MAP successfully delayed
senescence and maintained the quality after harvest in the system. Beit-Halachmy
and Mannheim (1992) stated that the beneficial effect of MAP on appearance may
be due to a microstatic effect, since MAP did not affect the rate of respiration.

Roy et al. (1995) studied the effect of O, concentration at two to six per
cent CO; on shelf-life of fresh mushrooms in MAP. For mushrooms, optimum in-
package O, was six per cent to reduce cap development. Precise control of RH was
recommended. MAP reduced weight loss in normally grown mushrooms, compared

to conventional packages (with 2 holes).

A study conducted by Sahoo and Anjaneyulu (1995) illldicatcd that
lowering of O; level in MAP environment helped in extending the shelf-life of the
product by reducing metabolic rates and chemical oxidation rates. But they also
suggested that it could stimulate the growth of anacrobic pathogens. Carbon dioxide

is mainly responsible for bacteriostatic effect on the microorganisms found in
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modified atmosphere environment. The gas selectively inhibited the growth of
gram-negative bacteria which grow rapidly and produces off-odours and off-
flavours. For maximum anti-microbial effect, the storage temperature of a MAP
product should be kept as low as possible, because the solubility of CO, decreases

drastically with increasing temperature.

Burton and Twying (1989) studied the effect of MAP and cooling on the
shelf-life of mushrooms. The clean white button mushrooms were weighed into
polystyrene punnets which were left open or wrapped with standard lidding film,
with or without patches of microporous films inserted. Punnets were stored
continuously at 18°C, 10°C or 2°C for four, eight and fourteen days respectively, or
were held initially at 2°C or 10°C for two days before transferring to 18°C.
Atmosphere in punnets wrapped with unmodified lidding film was highly modified
within 24 hours, Oxygen concentration increased and CO; content decreased when
microporous film was inserted. At lower temperature, the insertion of microperous
film had lcss cffect. Wrapping punnets greatly decreased the weight loss during

storage.
2.2 Storage of processed mushroom

Since the present study emphasise only on dehydration under processed

mushroom, work done on dehydration alone was reviewed.
22.1  Dehydration

Owing to the highly perishable nature, the preservation of mushrooms
into more stable products derives great significance. So the development of
appropriate technology for storage and processing becomes inevitable. Long term

preservation methods such as canning, drying, pickling etc. can make the
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availability of mushroom of a good quality throughout the year. Freezing and freeze
drying methods have also been recommended for long term storage, but these arc
energy ‘intensive, sophisticated and cost prohibitive techniques to be adopted for
local markets. Pickling and dehydration methods are comparatively viable methods
of preservation. Speciality mushrooms like oyster mushrooms and Shiifake are

mostly traded in dried form (Rai and Sharma, 1994).

According to Saxena and Rai (1989), dehydration is the most prevalent

method for long term storage of oyster mushrooms.

Drying refers to the removal of water by heat to such a level that the
biochemical and microbial activity is checked due to reduced water activity in the
product. Dehydration of mushrooms by sun-drying has been advocated by Anand
(1975) to be an appropriate technology because of the inexhaustible free source of
energy and minimal investment in capital cost. However, dehydration in a cabinet
drier equipped with hot air circulation was found to be superior to sun-drying
(Mudahar and Bains, 1982).

. Dang and Singh (1978) pointed out that sulphited mushroom dried at
60°C, retained the original colour and flavour for zix to seven months, when stored

in hermaetically sealed containers.

Pruthi et al. (1978) standardised the conditions of dehydration of tropical
paddy straw mushroom, Volvariella volvacea. For the inactivation of peroxidase and
catalase prior to dehydration, the optimum time of water blanching was three to four
minutes. The dehydration process in a cross flow drier at 60°C took about eight
hours, while dehydration in a phased manner at 70 - 65 - 60°C took about seven
hours. An optimum tray load of 2 kg per tray or 6.25 kg per square metre surface

area was recommended. Overnight steeping of blanched mushrooms in 1.0 per cent
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KMS solution containing 0.2 per cent citric acid considerably improved the colour,

‘texture and reconstitution properties.

Kumar et al. (1980) carried out packaging and storage studies on two
types of mushrooms. The study, showed that the unblanched sample had very poor
storage stability and hence not evaluated for sensory qualities. ’I‘he" blanched and
treated samples at the normal storage condition, indicated a shelf-life upto three
months when packed in foil laminate and only one month when packed in high

density polyethylene (HDPE) pouches.

Deshpande and Tamhane (1981) reported that water blanching for three
minutes inactivated polypheno! oxidase, which causes browning during drying of
mushroom.

Pruthi et al. (1984) carried out dehydration studies in 4garicus bisporus
and Volvariella volvacea. Prior to dehydration, mushrooms were thoroughly washed
and cut into small pieces longitudinally as well as cross slitting separately. After
blanching, they were dried in a cross flow drier at 60°C to a moistﬁre level of 7.0
per cent. During the storage, it was observed that the dehydrated mushrooms kept in
“friction top’ tins maintained very good colour and texture upto nine months at room
temperature (18-38°C). On the contrary, those kept in PE bags turned pale yellow

during storage and remained hardly for five to six months.

Mudahar and Bains (1982) reported that about 10% hours was required
for the hot air dried product to reach about 5.0 per cent moisture. No appreciable
variation was observed among the samples subjected to various treatments. The hot
dried produces were looking attractive as compared to the sun dried products which
turned perceptibly darker. Among the various treatments, bisulphite in combination

with citric acid produced a superior product as compared to the control which
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turned distinguishably brown. Dehydration ratios of mushrooms were seemingly
constant in all cases, irrespective of pretreatments. A drying temperature of 50°C
was recommended since drying at 100°C resulted in caramelization and formation
of melanoidins. Hot air dried mushrooms had higher rehydration ratio and superior
cooking quality. The discolouration was minimum when bisulphite and citric acid

were mixed together as an immersion media for blanching.

According to Sethi and Anand (1984), mushrooms can be dried in the sun
or in a solar or mechanical dehydrator at 60 to 70°C. Although, mushrooms are
mostly sun-dried in the open, the relative advantages of quicker drying in a solar or
mechanical drier in a dust free atmosphere are obvious. After the completion of
drying, weight was reduced to one eighth to its original. The dried mushrooms
should be stored in air-tight containers in a cool dry place. Dried mushrooms can
also be ground into' mushroom powder which can be used for making mushroom
soup. The powder must be packed in perfectly air-tight plastic pouches to prevent
caking and loss of quality.

Katiyar (1985) noted that blanching did not help in improving the dried
product. Blanching time for button mushroom ranges between four and six minutes
(Tanga, 1974). Sharma et al. (1991) also reported the effect of blanching media on
the weight loss and final quality of button mushroom.

Drying in mechanical dehydrator was reported to be faster by Katiyar
(1985) because of higher air temperature and forced air-circulation as compared to
sun-drying. The mean dehydration time was 8.4 hours whereas 16.8 sunhours was
needed in sun-drying. A storage life of more than six months was reported for
pretreated unblanched mushrooms (0.5% KMS + 0.2% citric acid for 12 hours)
(Kumar, 1992). '
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Pleurotus spp. could be easily dried in sun or mechanical fiehydrator at
50°C and rehydrated without loss of flavour (Jandaik, 1978). Jandaik and Sharma
(1987) studied the effect of different drying methods and stated that sun-dried fruit
bodies have three to four per cent moisture in comparison to 2.0 per’cent in fruit
bodies dried at 40 to 45°C. The change in colour was also slight in sun-drying as
compared to hot air drying (55 to 60°C) which resulted in dark brown colour.

Lal et al. (1990) opined that a 16 hour soaking 1.0 per cent KMS + 0.2
per cent citric acid + 6.0 per cent sugar + 3.0 per cent salt solution followed by
drying at 60+2°C for 8.5 hours gave the best produce with higher yield as well as
shelf-life.

Suharban (1987) stated that properly dehydrated mushroom either by sun-
drying or drying in a drier, preserved effectively when kepl in PE bags.

-Bano et al. (1992) in their experiments on dehydration of mushrooms,
found that samples when treated in KMS solution without blanching did not stay for
a long time, evidently reflecting on the enzymatic browning. Though water
blanching was found very effective in the control of browning there was a loss in
weight and flavour. Hence they suggested steam blanching. While comparing the
different methods of drying, the authors stated that sun-drying, though the most
economical, it required the assurance of eﬁough exposure to sunlight so as to reach
a minimum moisture content in the product and also the appearance of final produce
was not good. They found that drying in cross flow driers or through flow driers at
60°C requires about eight and six hours respectively, to dry the mushrooms to a

moisture content of 5.0 per cent.

Singh et al. (1995) reported that mushroom can also be processed by

microwaves. The mushrooms when dried with combined hot air-microwave
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treatments at different hot air flow temperatures, viz., 35, 40, 60 and 75°C showed
that the combined treatment shortened the processing time, yielding a good
quality final product. However, retention of the characteristic aroma compound
(1-octen-3-ol) and its oxidation product (1-octen-3 one) was positively affected by
microwave drying (Riaz et al., 1991). A comparative study on the efficiency of
drying by hot air and a combined hot air-microwave treatments at different
temperatures showed that the use of combined treatment was better and it gave a

quality product of satisfactory rehydration and flavour retention (Rao et al., 1995).

Suguna et al. (1995) conducted studies on dehydration of mushrooms by
sun-drying, thin-layer drying, fluidized bed drying, and solar cabinet drying.
Rehydration ratio of sun-dried mushrooms was lesser and the browning index value
was higher than those of hot air dried mushrooms. Among thin-layer and fluidized
bed drying, higher rehydration ratio and lower browning index were noticed in
fluidized bed drying.

Nehru et al. (1995) fabricated a solar mushroom drier to dry 2.5 kg fresh
oyster mushroom and they were tested with four different treatments. The drying
time required to dry the mushroom from 92.6 per cent to 10.per cent moisture
content was found to be 5.5 to 6.5 hours, Among the treatments, the mushrooms
dried after treating with preservatives such as KMS and sodium benzoate at 0.5 per
cent concentration for 15 minutes had the same amount of nutrients as fresh
mushrooms. The maximum rehydration ratio of 5.2 was obtained for KMS treated
samples. The organoleptic evaluation of the dried product revealed that mushrooms
dried for 15 minutes after 0.5 per cent KMS treatment was superor to other

treatments.

Geetha et al. (1995) reported that mushrooms dried in a mechanical drier

retained the white colour, whereas mushrooms dried either by a solar drier or
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sun-drying showed a brown discolouration. Among the treatments tested, blanched
mushrooms showed slight brown discolouration, while blanched and sulphited
mushrooms appeared yellow. The loss in weight was lower in, the sun-dried
mushrooms as compared to those dried in a mechanical drier. In general, the

mushrooms dried in a mechanical drier had a better appearance.

Suharban and Natarajan (1995) showed that fresh mushrooms can be
dried in the sun or in dehydrator at 60°C, and can be stored in air-tight PP covers

without any change for about an year.

Batagurki et al. (1997) conducted studies on dehydration of oyster
mushroom Pleurotus sajor-caju using an electrical drier. Mushroom samples were
pretreated with KMS, ascorbic acid and citric acid with one per cent concentration
each and it was observed that KMS was efi'ective in preventing browning,
Mushroom samples both in the form of whole and sliced were pretreated with these
chemicals and the sliced pieces were found to be better than whole mushroom.
Steam blanching of mushroom samples for tvs;o minutes yielded dark brown
coloured and rubbery dried product.

It was also found that a temperature range of 60°C to 70°C resulted in
better quality product based on dehydration characteristics, rehydration properties
and sensory evaluation scores. Air flow rates of 3 m® per minute was found

optimurm.

Tiwari et al. (1997) conducted studies on the dehydration of oyster
mushrooms with the objective to improve the quality of dried mushfooms. Freshly
harvested oyster mushrooms were washed, subjected to various pretreatments viz.,
water steam blanching, dipping in solutions of KMS, citric acid and ascorbic acid

and in different combinations. Hot water blanching (90°C) or steam blanching for
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two minutes was found sufficient. After pretreatments, mushrooms were dried in
cabinet drier at 55 to 60°C for 16 to 18 hours; packed in 400 gauge PE bags,
vacuum sealed and stored. Yield of dried mushrooms was in a range of 7.48 to 9.28
per cent; moisture content 3.89 to 6.44 per cent; drying ratio of 10.8:1 to 13.4:1,
while rehydration ratio ranged from 1:2.6 to 1:4.5.

Blanching at 80°C for two minutes was adequate to inactivate the activity

of peroxidase enzymes in Pleurotus ostreatus (Riaz et al., 1991).

Singh et al. (1996) suggested the prescrvation of mushrooms by
dehydration technique, although expensive due to the use of mechanical drier and

high energy input etc. But it may be practicable because dehydrated mushrooms

have longer storage life.

According to Suharban (1990), mushrooms can be dried in open sun
during summer and is the efficient and cheap method. According to the author,
mechanical dehydrators can also be used for drying mushrooms after which they
have to be properly packed and stored in a cool dry place. It can also be ground into
powder for use in making mushroom soup. By drying, usually the mushrooms are
reduced to one tenth of its original weight.

Fresh mushrooms after picking, cleaning properly and slicing
longitudinally can be dehydrated under hot air continuously for four to five hours at
a temperature of 50°C to 55°C. The dried mushrooms are crisp and are packed in
air-tight containers immediately to avoid resorption of moisture. Dried mushroom
segments, especially the small pieces can also be powdered, mixed with powdered
pepper and cloves and used in tasting soups and sauces (Khader, 1993).
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3. MATERIALS AND METHODS

The present investigation on the extension of shelf-life of freshly
harvested oyster mushrooms, was carried out at the department of Processing
Technology, College of Horticulture, Vellanikkara, Thrissur, Kerala during 1997-
1998. Vellanikkara enjoys a typical warm humid climate throughout the year.

Harvested fresh Pleurotus can remain acceptable only for a few hours,
under ambient conditions. In the present study, an attempt has been made to develop
a simple and cheap storage technique to extend the shelf-life of freshly harvested
oyster mushrooms by controlling the physiological loss in weight, discolouration and

decay; and also to improve the quality of dehydration in mushroom, which forms a

long term storage technique.

The whole programme was divided into two major experiments.

3.1 Standardisation of the packaging technique and pretreatment methods to
extend the shelf-life of fresh mushrooms both under ambient and
refrigerated conditions

3.2 Quality improvement in dehydration and storage

3.1 Standardisation of the packaging technique and pretreatment
methods to extend the shelf-life of fresh mushrooms both under
ambient and refrigerated conditions

3.1.1 Source of mushrooms for the study

The experiment was carried out with oyster mushrooms of two speces

(Plate 1).

a) Pleurotus florida
b) Pleurotus sajor-caju
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Fresh samples of mushrooms were obtained from Mushroom Production

Unit attached to the College of Horticulture, Vellanikkara (Plate 1).

3.12 Preparation of mushroom

Harvesting was done in the morning hours, before 10 am to minimise

transpiration loss. They were taken to the laboratory for further treatments.

Mushrooms were sorted out for any insect spoilage, damage or
discolouration; if observed, they were discarded. In each replication, 100 g samples

were taken. Weight of mushrooms was takenan an electronic balance (OHAUS 200
portable standard) with 200 mg accuracy.

3.1.3 Treatments

The following were the treatments.

*T, Packaged in 100 gauge polypropylene (PP) bags with- 0.4 per cent
ventilation
**T, Packaged in 100 gauge PP bags with 0.1 per cent ventilation and with

in-package fumigant (muslin cloth sachets containing 1.0% KMS +
0.3% citric acid on weight basis)

T; Packaged in PP bags without ventilation, but with in-package fumigant
as above

Ty Packaged in kraft paper bags without ventilation but with in-package
fumigant

*¥**Ts Packaged in cartons (cake boxes) with in-package fumigant in filter
papcr sachets pastcd in the inner side of the upper lid and 0.4 per cent
ventilation but overwrapped with cling film



Plate la. Internal view of the mushroom unit

Plate 1b. P. florida and P. sajor-caju grown on paddy straw bed
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Te Steeped in citric acid solution (0.5%) for 15 minutes, draincd, air dried
and packaged in 0.4 per cent ventilated PP bags

T, Packaged in PP bags of 100 gauge and air blown in

T Packaged in 100 gauge PP bags without ventilation

Ty Control - Unpackaged, open stored sampies under ambient conditions

Tio to Ty7 All the above treatments were repeated, but stored under refrigerated

temperature
Tis to Tys The above treatments given for P. florida were repeated sequentially for

P. sajor-caju
* PP bags of size 30 x 25 cm with 21 holes of 3 mm radius to make 0.4 per

cent ventilation

** PP bags of size 30 x 25 cm with 5 holes of 3 mm radius to make 0.1 per cent
ventilation :

***  Cake boxes having surface area of 950 cm? given 2 holes of size 1.9 x
1.0 cm?, to give 0.4 per cent ventilation

‘The PP bags were heat sealed using a heat sealing machine (Quick seal

'T™ of Sevane (India) Ltd.).
3.14 Layout

All the experiments were laid out in a Completely Randorised Design
(CRD) with three replications each.

3.1.5 Observations

Observations on both physical and chemical changes during storage were

taken at 12 hours interval as detailed below.



3.1.5.1 Physical observations
3.1.5.1.1 Physiological loss in weight (PLW)

The physiological loss in weight (PLW) was calculated on the initial
weight basis as suggested by Srivastava and Tandon (1968) and expressed as

percentage.

Initial weight - Final weight
PLW % = x 100
Initial weight

3.1.5.1.2 Decay percentage

The decay percentage was calculated as per the formula given by
Bhatnagar et al. (1980).

Weight of the mushrooms decayed in the pack

Per cent decay of mushroom = x 100
Total weight of the mushrooms in the pack

3.1.5.1.3 Marketability

Marketability was calculated based on cumulative spoilage and PLW
(Onwuzulu et al., 1995).

Per cent marketable fruits = 100 - (% spoilage + PLW)

3.1.5.1.4 Termination of the observations

Observations were terminated when 50 per cent or more of the original

sample was discarded as suggested by Kapitsmadi (1989).
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3.1.5.2 Chcmical analyses

Composite samples selected at random in respect of each treatment were

drawn at an interval of 12 hours for the estimation of ascorbic acid, protein and

residual SO,.

The samples were washed and wiped dry with a clean muslin cloth, for

chemical analyses. Analytical grade chemicals of standard companies were used for
this purpose.

3.1.5.2.1 Ascorbic acid

Ascorbic acid content of the mushrooms during the storage period was
determined by 2,6-dichlorophenol indophenol dye method as suggested by
Ranganna (1986).

3.1.5.2.2 Protein

Protein content was analysed in dried samples. Nitrogen content was
estimated by Microkjeldhal digestion and distillation as described by Jackson
(1958), which was then multiplied with a factor of 6.25 to get the protein content.

3.1.5.2.3 Residual SO,

Residual SO, was determined as per the method suggested by Ranganna
(1986).
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3.2 Quality improvement in dehydration and storage

This experiment was formulated with the objective of improving in the

method of dehydration for better quality and storage.
3.2.1 Preparation of mushrooms for dehydration

Mushrooms were harvested before 10 am to minimise transpiration loss.
They were sorted out for spoilage, insect damage or discolouration and such
damaged materials were discarded. Mushrooms were separated from each other,
and the stalk ends were trimmed and washed in clean water. The stalk portions, due
to being thicker than cap were split into two. Samples of 200 g in each replication

were taken for the study.
3.2.2 Pretreatments
The following were the pretreatments

TiSDpp Blanched in boiling water for 3 to 4 minutes, sun-dried (SD) and packed
in 100 gauge polypropylene (PP) bags

TiSDpg  Treatment same as above, but packed in 100 gauge polyethylene (PE)
bags

Ti)MDpp Blanched in boiling water for 3 to 4 minutes, mechanically dried (MD)
and packed in PP bags

TiyMDpr Treatment same as above, but packed in PE bags

TiMWpp Blanched in boiling water for 3 to 4 minutes, microwave oven dried
(MW) and packed in PP bags

T\MW;g Treatment same as above, but packed in PE bags



T2SDpp

T2SDeg
TMDpp

TaMDype

ToMWpp

TZMW[‘E
T38Dpp

T5SDpg
TsMDpgp
TsMDypg
TsMWpp
TsMWee
TsSDpp
T4SDp
TsMDegp
TsMDpg
T:MWep
TMWp
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Blanched in boiling water containing 0.3 per cent citric acid for 3 to 4
minutes, SD and packed in PP bags

Treatment same as above, but packed in PE bags

Blanched in boiling water containing 0.3 per cent citric acid for 3 to 4

minutes, MD and packed in PP bags

Treacment same as above, but packed in PE bags

Blanched in boiling water containing 0.3 per cent citric acid for 3 to 4
minutes, MW and packed in PP bags

Treatment same as above, but packed in PE bags

Blanched in boiling water containing 2.0 per cent salt + 0.3 per cent citric
acid solution for 3 to 4 minutes, stceped in KMS solution (1500 ppm SO,)
+ 0.1 per cent citric acid for 30 minutes, SD and packed in PP bags
Treatment same as above, but packed in PE bags

Pretreatment same as T3SDgp, but MD and packed in PP bags
Pretreatment same as above, but packed in PE bags

Pretreatment same as TgSDpp,. but MW and packed in PP bags

Treatment same as above, but packed in PE bags

Sun-dried without any pretreatment, packed in PP bags

Treatment same as above, but packed in PE bags

Mechanically dried without any pretreatment but packed in PP bags
Treatment same as above, but packed in PE bags

Microwave oven dried without any pretreatment, but packed in PP bags
Treatment same as above, but packed in PE bags

All the above treatments were repeated sequentially with P. sajor-caju.

The PE or PP bags were heat sealed in the same way as that of fresh

sample storage.
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3.2.3 Layout

‘The experiment was laid out in a Completely Randomised Design (CRD)

with 3 replications each.

3.24 Drying methods
3.24.1 Sun-drying (SD)

Freshly harvested mushrooms, P. florida and P. sajor-caju having 92.4
per cent and 89.8 per cent moisture respectively were washed, trimmed to remove
damaged portions and subsequently were given various pretreatments. Pretreated
samples were sun-dried to a moisture content of five to six per cent by spreading on
aluminium trays. It took about 14 hours to complete the drying in pretreated samples

and only 12 hours for those samples dried without any pretreatment.

3.2.4.2 Mcchanical drying (MD)

A cabinet dryer with inner dimensions as 0.9 x 1 x 0.61 m with 2.5 KW
heating capacity was used. Two stage dehydration was given to f.he samples.
Temperature was maintained at 60°C for the first 4 hours and later at 50°C for the
rest of the period of drying upto a final moisture content of five to six per cent. It
took about 11 hours to complete drying in pretreated samples whereas for the

samples without any pretreatment, it was only eight hours.

3.24.3 Microwave oven drying (MW)

Microwave oven used for drying was T-23 Touch Electronic model
manufactured by M/s.Kelvinator (India). The size of oven was 394 x 279 x 213 mm

(inner dimensions) and 578 X 305 x 308 mm (outer dimensions) with 23 litre
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capacity. The power output was 700 watts with microwave frequency of 2450 Hz.
‘l'he non-ionising electromagnetic waves, when bombard the food, are absorbed and
penetrate to a depth of 2 to 4 cm; thus they excite the molecules in the foed and

causes the molecules to vibrate 2,450 million times per second which causes friction

and produce heat.

Three stage dr)}ing was given to the samples. Initial power level sclected
as 100 per cent for a period of 20 minutes followed by 60 per cent for another 20
minutes and 20 per cent for the rest of the period of drying. The time taken to
complete drying was 90410 minutes for pretreated samples and 70+10 minutes for

the samples without in pretreatment to reach a moisture level upto five to six per

cent.

325 Observations
3.2.5.1 Physical observations
3.2.5.1.1 Dehydration ratio

‘The dehydration ratio was calculated as per the formula given by Pruthi et
al. (1978).

Weight of mushroom taken for dehydration

Dchydration ratio =
Weight of the dried mushrooms

3.2.5.1.2 Drying rate and dehydration parameters

Drying rate was found out using the method described by Narasimham
and John (1995). Mushrooms which were put for dehydration were taken at

different intervals and their weight as percentage to original weight was found out.
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The temperature ranged from 21.6°C to 35.7°C during the period of SD.
‘I'he density of spread of mushrooms in MD was 6 kg/m?.

3.2.5.1.3 Shrinkage rate

For the determination of volume shrinkage, dimensions of random
samples were measured, using vernier callipers before and after dehydration.

Shrinkage was calculated (Ocansey, 1984) as below:

(Initial volume) - (Final volume obtained after
dehydration)
Per cent volume = x 100
shrinkage Initial volume

Per cent volume shrinkage was measured at regular intervals during

drying to find out the shrinkage rate.

3.2.5.1.4 Shrinkage ratio

The shrinkage ratio was determined as per the formula given by Ocansey
(1984) as below:

Final volume obtained after dehydration

Shrinkage ratio
Initial volume

3.2.5.1.5 Reconstitution rate

Weighed samples of dried mushrooms were reconstituted with hot water

and at regular intervals, the weight pick up was assessed using electronic balance.
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3.2.5.1.6 Reconstitution ratio

Reconstitution ratio was calculated using the formula given by Pruthi et

al. (1978).

Weight of sample aftcr maximum reconstitution

Reconstitution ratio =
' Weight of the original dried sample

3.2.5.1.7 Restdual moisture

Moisture content was found out by drying the samples in hot air oven at
70+2°C till the samples attained constant weight. The moisture content was

expressed in percentage (Ranganna, 1986).
3.2.5.1.8 Extent of discolouration due to drying

Colour changes due to various pretreatments were assessed visually and
classified into 4 categories, that is, creamy white, creamy yellow, light brown and
brown.
3.2.5.2 Chemical analyses

All the chemical analyses given under 3.1.5.2 were carried out here also.

3.3 Sensory evaluation

Sensory evaluation was carried out with the help of a trained panel

consisting of 15 members who were asked to evaluate the samples for its overall
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appearance, colour, flavour and texture in comparison with freshly harvested

mushrooms on a 10 point hedonic scale. ‘T'he ratings were as follows:

0-2 Poor
3-5 Satisfactory
6-8 Good

9-10 Excellent

34 Tabulation and statistical analyses

Observations under each experiment were tabulated and analysed
statistically in a Completely Randomised Design (CRD) or factorial CRD, wherever
appropriate as proposed by.Panse and Sukhatme (1976). The treatments were
ranked according to Duncan’s Multiple Range Test and scores of organoleptic
evaluation were analysed by Kruskal-Wallis one-way analysis of variance (Siegel,
1956).
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4. RESULTS

The results of the studies conducted in the Department of Processing
Technology, College of Horticulture, Vellanikkara during 1997-98 to extend the
shelf-life of mushrooms under ambient and refrigerated conditions and to improve
the quality of dehydration in oyster mushrooms, viz., Pleurotus florida and

Pleurotus sajor-caju are presented in this chapter.

4.1 Standardisation of the packaging technique and pretreatment
methods to extend the shelf-life of fresh mushrooms both under

ambient and refrigerated conditions

The effect of different packaging techniques and pretreatment methods on
the shelf-life of fresh mushrooms viz., P. florida and P. sajor-caju under ambient
and refrigerated conditions were evaluated. The results are tabulated and presented

in Tables 1a to 4a and 1b to 4b respectively for P. florida and P. sajor-caju.

4.1.1 Physiological loss in weight (PLW), decay percentage and marketability
of fresh mushroom

Changes in PLW, decay percentage and marketability of fresh mushrooms
of P. florida and P. sajor-caju recorded at 12 hours interval arc presented in Tables
la, 1b, 2a and 2b.

4.1.1.1  Physiological loss in weight (PLW)
Mushrooms (P. florida) packaged in PP without ventilation after 12 hours

of storage (Ts) recorded the lowest PLW (0.35%) and was in comparison to those

packaged in PP with air blown in (0.40%) (T7). Similar trend continued till 36 hours



Table 1a. PLW, decay percentage and marketability of fresh mushroom P. florida,
under different ambient storage techniques

Treatments PLW Decay Marketability
() (%) (%)

12 24 36 12 24 36 12 24 36

(hours)

T; PP 0.4% vent 5.96° 16.85% - 0 0 _ 94.04%%83.15°

T, PP0.1% vent + 1749 868 - 0 1706 - 98.26%74.26°
fumigant

T; PP novent+ 060 - - st12 - - 4182° - -
fumigant

T4  Kraft paper bags + 24.54° . - 0 - - 75.46° - -
fumigant

Ts  Cake box 0.4% 6.74° 16.14° - 0 0 - 9326° 83.86° -
vent + cling film .
+ fumigant

T¢ Citricacidtreated 1949 8529 - 0 6573 - 98.06%2575¢ -
mushroom in
PP 0.4% vent

T+  Air blown PP 0.40° 041° 140 0 0 0 99.60% 99.59% 98.6

Tg No vent PP 0359 035" 080 o 0 0 99.65° 99.65® 99.2

To Control 47190 - - . - - s448% . L

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying
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Table 1b. PLW, decay percentage and marketability of fresh mushroom P. sajor-
caju, under different ambient storage techniques

Treatments PLW Decay Marketability
(%) (%) (%)
12 24 36 12 24 36 12 24 36
(hours)
Tys PP 0.4% vent 4959 997° - 0 6.76 95.05° 87.90° -
Tio PP0.1% vent + 12 7.16° - 0 2153 - 9888 71.30° -
fumigant
Tyo PP no vent + 1.09° - - s62 - - 4268 - :
fumigant
T21 Kraft paper bags + 2057° - - 0 - - 79430 . -
fumigant ’
Ty, Cakebox 0.4%.  6.77° 14.41° - 0 - - 9323° 85.59° -
vent + cling film
+ fumigant
T,y Citric acid treated  1.02° 6.92° - 0 5836 - 9898 34719 -
mushroom in
PP 0.4% vent
Ta4 Air blown PP 0.35° 084 123 0 0 0 99.65° 99.16* 98.76
Tss  No veat PP . 033° 0559 068 0 0 0 99.67°99.44% 9932
T26 Control 39.39° - - . - - - - -

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying
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of storage with a final PLW of 0.8 and 1.4 per cent respectively, whereas control

| samples recorded 47.19 per cent PLW, even at 12 hours of storage (I'able 1a).

Under low temperature (4+:1°C) also, the same packages showed the
similar trend with minimum of PLW (3.49%) in PP without ventilation (T);) and PP
with air blown (Tys) (4.40%) both comparable after 10 days of storage and the
maximum was in those packaged with 0.4 per cent ventilation (23.51%) (T\o) and

remained only for seven days (Table 2a).

In the case of P. sajor-caju, the results are same as above, but with slight

changes in the respective values (Table 1b and 2b).
4.1.1.2  Decay percentage

Under ambient conditions, P. florida packaged in PP without ventilation
(Ts) and those packaged in PP with air blown (T;) showed no decay even after 36
hours of storage (Plate 2 and 3), whereas all other treatments showed varying levels
of decay with maximum in those packaged in PP without ventilation, but with in-
package fumigant which decayed completely within 12 hours of storage followed
with those packaged in PP with 0.1 per cent ventilation and in-package fumigant,
both decayed completely by 24 hours of storage (Table 1a). Samples packaged in
kraft paper bags (Ts) and those in cake box (Ts) however did not degay but dried
after 24 hours of storage.

Under low temperature (4£1°C) also all treatments showed varying levels
of decay with maximum in those packaged in PP without ventilation but with in-
package fumigant (T;;) and those in PP having 0.1 per cent ventilation + in-package
fumigant (T;,;); retained only for a day and the minimum decay (5.0% and 6.7%



Plate 2a. P. florida packaged with PP with no ventilation (2) in comparison
to control (1)

Plate 2b. P. florida withdrawn from PP package with no ventilation after
36 hours of storage at ambient {emperature (2) in comparison-
to control (1) v






Table 2a. PLW, decay percentage and marketability of fresh mushroom P.florida, stored with different storage techniques under
refrigeration (4+1°C)

Treatment PLW Deca> Marketability
(%) (%) (%)
1 2 7 10 1 2 7 10 1 2 7 10
(days)
Tjo PP 0.4% vent 6.75° 6.76* 23.51* - 0 0 0 - 93.25° 93.24d 76.49
T1un PP 0.1% vent + fumigant 5.36d - - - 7.44 96.24 : - 87.20°
T12 PP no vent + fumigant 4.92' - - - 64.41 - - - 30.678
Tj3 Kraft paper bags + fumigant 33.42* - - - 0 - - - 66.58f
T14 Cake box 0.4% vent + 9.22b - - - 0 - - - 90.78d

cling film + fumigant

T15 Citric acid treated mushroom in  2.53f 511b - - 0 0
PP 0.4% vent

- - 97.47b 94.89°

Tj6 Air blown PP 0.008 0.71' 3.06b 4.40 0 0 0 6.7 100.003 99.29b 96.94  88.87

T17 No vent PP 0.008 o0.00d 2.68c 3.49 0 0 0 5.0 100.00a 100.00a 97.32 90.21

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying



Plate 3a. P.florida packaged in PP with air blown in (Ia) and PP with
0.4% ventilation (2a)

Plate 3b. P. sajor-caju packaged in PP with no ventilation along with
the withdrawn samples (4) in comparison to the control samples
(3) after 36 hours of storage






lable 2b. PLW, decay percentage and marketability of fresh mushroom P. sajor-caju, stored with different storage techniques

Treatment

T27

T28

T29

T30

T32

T33

T34

T35

PP 0.4% vent

PP 0.1% vent + fumigant
PP no vent + fumigant

Kraft paper bags + fumigant

Cake box 0.4% vent +
cling film + fumigant

Citric acid treated mushroom in

PP 0.4% vent

Air blown PP

No vent PP

5.13

4.90

4.86

29.211

8.48

1.81d

0.12'

0.00e

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% levd
- Denote the treatments terminated due to decay or drying

under refrigeration (4£ 1°C)

PLW Decay
(%) (%)
10 1 2
(days)
8.54* 18.67* 0 0
6.06
57.98
0
0
0.53b

0.24c 2.71b 3.60

0C 2.56b 3.20

10

Marketability
9%
10
94.90° 94.61b 81.33b
89.10
37.158

70.79

91.52

98.19b 0.00°

99.88a 99.76a 97.29a 87.60

100.00a 100.00a 97.44a 91.73
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respectively) was observed in those samples packaged in PP without ventilation and

PP with air blown in and they remained for 10 days (fable 2a) (Plate 4).

The results are similar with respect to treatments in P. sajor-caju but with

slight difference in values (Tables Ib and 2b).

4.1.1.3  Marketability

Percentage marketability was recorded maximum in those packaged in PP
without ventilation and those in PP with air blown in (99.2 and 98.6% respectively)
even after 36 hours of storage whereas all other treatments failed to have

marketability at 36 hours (Table la).

Under the low temperature also, the same treatments showed maximum
marketability (90.21% and 88.87% respectively) even after 10 days of storage; all
other treatments except Tio (PP + 0.4% ventilation) lost their marketability within
one or two days of storage, but T|0 retained marketability (76.49%) till seven days

(fable 2a).

Similar results were obtained for P. sajor-caju also under both ambient

and refrigerated storage, but with values different (Tables Ib and 2b).
4.1.2 Ascorbic acid, protein and residual S02of fresh mushrooms
Changes in ascorbic acid, protein and residual S02 content of fresh

mushrooms of P. Jlorida and P. sajor-caju recorded at 12 hours interval are

presented in Tables 3a, 3b, 4a and 4b.



Plate 4. P.Jlorida refrigerated for 10 days at 4£1°C, when packaged in PP
with no ventilation






Table 3a. Ascorbic acid and protein content of fresh mushroom P. florida, under

different ambient storage techniques

Treatment Ascorbid acid Protein
‘ (mg/100 g) (%)
(Fresh weight basis) (Dry weight basis)
12 24 36 12 24 36
(hours)
T; PP 0.4% vent 3.80° 3.77° - 2558  25.53 ;
T, PP 0.1% vent + 385 3.80% - 25.57  25.55 -
fumigant
T3 PPnovent+ 3.00° - - 25.56 - -
fumigant
T; Kraft paper bags +  2.85 . - 25.57 -, -
fumigant ’
Ts Cake box 0.4% 3.40% 2.69° - 2553 25.50 -
vent + cling film '
+ fumigant
Ts Citric acid treated 3.60° 3.05° - 25.56 25.54 .
mushroom in
PP 0.4% vent
T;  Air blown PP 3.86° 381  3m 25.58  25.57 25.52
Tg NoventPP . 3.90° 3.84° 375 25.57 2552  25.51
Ty  Control 2.83f - - 25.57 - -

(Fresh mushroom ascorbic acid 4.0 mg/100 g, protein 25.60%)

The values represent means of 3 replications

The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying



Table 3b. Ascorbic acid and protein content of fresh mushroom P.
sojar-caju, under different ambicnt storage techniques

Treatment Ascorbid acid Protein
(mg/100 g) (%)
(Fresh weight basis) {Dry weight basis)
12 24 36 12 24 36
(hours)
Tig PP 0.4% vent 4.10° 3.77° - 3543 35.40 ;
Ty9 PP 0.1% vent+ 400° 342 - 3543 35.39 :
fumigant
T20 PP no vent + 3.89° - - 35.41 2 -
fumigant '
Ty Kraft paper bags +  3.87° - - 35.42 -
fumigant
Ty Cake box 0.4% 3.83° 3.44¢ . 3541 3538 -
vent + cling film
+ fumigant
Tz3 Citric acid treated ~ 3.85° 3.77° - 3540 3539 -
mushroom in
PP 0.4% vent
Tas Air blown PP 441°  417° 406 3542 3543 3540
T'ys  No vent PP . 4.43° 431> 4.12 35.41 3540  35.38
Ty Control 2.86° - - 35.42 . -

(Fresh mushroom ascorbic acid 4.66 mg/100 g, protein 35.44%)

The values represent means of 3 replications

The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying



4.1.2.1 Ascorbic acid

The trend in the ascorbic acid content shows a gradual reduction with the
advancement of storage time irrespective of treatments. But the rate of reduction
varied with treatments, with maximum reduction observed in control (Te) (2.83
mg/100 g) after 12 hours storage, with minimum loss observed in samples packaged
in PP without ventilation (T;s) (3.75 mg/100 g) and in samples in PP with air blown
in (T) (3.73 mg/100 g) after 36 hours of storage (Table 3a).

Under low temperature also, samples packaged in PP without ventilation
(Ty7) and PP with air blown (Ts) in retained maximum ascorbic acid even after 10
days of storage (3.61 mg/100 g and 3.52 mg/100 g respectively), and samples
packaged in cake box with in-package fumigant though remained only for a day, the
ascorbic acid content was reduced (0 3.30 mg/100 g from 4.0 mg/100 g (Table 4a).

In the case of P. sajor-caju also, the trends were similar with least
reduction in samples packaged in PP without ventilation and PP with air blown in
(4.12 mg/100 g and 4.06 mg/100 g respectively) afier 36 hours of storage and
maximum reduction in control at ambient (2.86 mg/100 g) which remajned only for
12 hours. Under low temperature also, the same{reatments retained maximum

ascorbic acid even after 10 days of storage (Tables 3b and 4b).
4.1.2.2 Protein
For both P. florida and P. sajor-caju under ambicnt or refrigerated

storage, protein content did not differ significantly with respect to time of storage or

treatments (Tables 3a, 3b, 4a and 4b).
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Table 4a. Ascorbic acid and protein content of fresh mushroom 2. florida, stored
with different storage techniques

under refrigeration (4£1°C)
Treatment Ascorbid acid Prolein
(mg/100 g) (%)
(Fresh weight basis) (Dry weight basis)
] 2 7 10 I 2 7 10
(days) ’
Tio PP 0.4% vent 3.90° 3.82° 330 - 2557 2553 2552 -
T1y PP 0.1% vent + 3.90° - - - 2558 - - -
fumigant
Ti2 PP no vent + 3.90° - - - 2555 - - -
fumigant
Ty3 Kraft paper bags + 3.50° - - - 25.53 - - -
fumigant
'Ti4 Cakebox04%  3.30° - . - 2555 - - -
vent + cling film
+ fumigant
Tys Citricacidtreated  3.51° 341° - . 2553 2552 - -
mushroom in
PP 0.4% vent
Ti6 Air blown PP 3.90° 3.83° 371 352 2556 2555 25.51 25.50
Ti7 Novcat PP - 3.98° 3.90° 371 3.61 2558 25.56 25.55 25.51

(Fresh mushroom ascorbic acid 4.0 mg/100 g, protein 25.60%)

The values represent means of 3 replications

The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying
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Table 4b. Ascorbic acid and protein content of fresh mushroom P. sgjor-caju,
siored with different storage techniques under

refrigeration (4+:1°C)
Treatment Ascorbid acid Protein
(mg/100 g) (%)
(Fresh weight basis) (Dry weight basis)
1 2 7 10 1 2 7 10
(days)
Ty7 PP 0.4% vent 452 416%3.79° 3.95 3543 3541 3539 -
Tog PP 0.1% vent + 4.49% . - - 3544 - - -
fumigant
Tz9 PP no vent + 446° - - - 3542 - ; ]
fumigant
Ty Kraft paper bags + 4129 - - - 354 - - -
fumigant
T3y Cake box 0.4% 424° - . - 35.41 - . .
vent + cling film .
+ fumigant
Ty3 Citric acid treated ~ 4.23° 4.11° - - 3542 3540 - -
mushroom in
PP 0.4% vent
T4 Air blown PP. 4.56° 4.21° 3.95° 384 3543 3541 3541 3539
T35 No vent PP 4.57° 438" 3.99" 3.88 3542 3540 3539 35.37

(Fresh mushroom ascorbic acid 4.66 mg/100 g, protein 35.44%)

The values represent means of 3 replications

The values having different superscripts differ significantly at 5% level
- Denote the treatments terminated due to decay or drying



Table 5. Organoleptic evaluation of musliroom samples

Treatments P. florida Treatments‘ P. sajor-caju
Colour Flavour Texture Overall Colour Flavour Texture  Overall
appearance appearance
T; AirblownPP 7.80°  820° 8.07°  7.70° Tos Airblown PP 7.30°  8.13% 7.53° 6.73°
Ts NoventPP  820°  8.13° 8.07°  8.13° Tzs NoventPP  7.60°  8.20° 7.33¢ 727
Fresh 807°  807° 813  8.07° Fresh 753  833*  740°  8.00°

The values represent means of 15 replications

The values with different superscripts differ significantly at 5% level

8%
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4.1.2.3 Residual SO,

Residual SO, could not be detected in all the samples stored with KMS as
an in-package fumigant afier washing and cooking the stored pieces in boiling water

for 5 minutes.

4.13 Sensory evaluation

Fresh mushrooms stored in PP without ventilation and PP with air blown
in, remained for 36 hours under ambient conditions without any .deterioration,
therefore sensory evaluation of these samples were conducted. These samples after
" cooking in boiling water for 5 minutes with 0.5 per cent salt were compared with
freshly harvested mushrooms cooked in the same way to ascertain the quality and

the results are given in Table 5.

Results showed that no significant difference could be established by the
| panelists on quality attributes like colour, flavour, texture and overall appearance in
P. florida between the samples stored for 36 hours in PP without ventilation and
that of fresh samples; but samples stored in PP with air blown.in, was comparable
with fresh samples only in terms of flavour and texture whereas colour and
appearance was rated significantly inferior to fresh samples (5% level). In P. sajor-
caju also, all the quality attributes were comparable to that of fresh samples when
stored in PP without ventilation, but samples in PP with air blown in showed the
same results as that of P. florida (Table 5).

4.2 Quality improvement in dehydration and storage

Combinations of different drying methods and different pretreatments

were tried for the quality improvement in dehydration for better colour retention,
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lesser shrinkage, faster reconstitution and for better storage in the case of P. florida
and P. sajor-caju. ‘The results are tabulated and presented in Tables 6 to 13 and

Figures la to 6a and 1b to 6b.

4.2.1 Dehydration ratio, shrinkage ratio, reconstitution ratio and extent of
discolouration duc to drying

The effect of different combinations of drying methods and pretreatments
on the dehydration ratio, shrinkage ratio and reconstitution ratio for the varieties P.

florida and P. sajor-caju are presented in Table 6.
4.2.1.1  Dechydration ratio

Significant difference in the dehydration ratio (DR) was observed both
between pretreatments and between methods of drying (P <0.05) with microwave
oven drying being the best when compared to other methods of drying viz.
mechanical and sun-drying in the respective order. Dehydration ratio when
compared between various pretreatments prior to drying, T; (KMS + citric acid +
salt combination) showed the best pretreatment which was significantly different to
all other pretreatments * (P <0.05). While comparing the combinations of
- pretreatments and methods of drying, T; MW was found to be the best method of

drying (DR, 7.96) (Tablc 6).
Similar results were obtained in the case of P. sgjor-caju also (Table 6).
4.2.1.2 Shrinkage ratio

Higher the shrinkage ratio, better is the dehydrated product. Shrinkage

ratio was maximum (0.236) in the samples dried in microwave after pretreating
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with KMS + citric acid + salt (T;MW) and the lowest value was noted (0.182) in
the samples dried under sun without any pretreatment (T;SD). Between the methods
of drying no significant difference in the shrinkage ratio was observed between
microwave oven and mechanical drying (P <0.05); however, they differed
significantly with sun-drying (Table 6).

Similar to P. florida, maximum shrinkage ratio was obtained in T;MW
for P. sajor-caju also (0.203), but when methods of drying was compared, no
significant difference was observed between mechanical and sun-drying (P <0.05),
but both significantly differed with microwave oven drying (Table 6).

4.2.1.3 Reconstitution ratio

Comparing the reconstitution ratio of P. florida between the methods of
drying and types of pretreatments, microwave oven drying (T,MW) without any
pretreatment recorded the highest ratio (4.09) which was significantly different from
all other treatments (P <0.05) except T;MD, that is, mechanical drying without any
pretreatment (3.99) which was on par with T;MW. Among the rest of the
treatments, T,SD (sun-drying without any pretreatment) was significantly different
from others (2.48) (T: e;ble 6). Irrespective of the methods of drying, all the samples
without any pretreatment showed higher values compared with pretreated samples.

Reconstitution ratio in P. sajor-caju also followed the similar pattern as
that of P. florida but TMW in P. sajor-caju showed significant difference with that
of T4MD (3.17 and 2.92 respectively) (P <0.05), except this, all other results were
similar (Table 6).




Table 6. Dehydration ratio, shrinkage ratio, reconstitution ratio and extent of discolouration due to drying of mushroom P. florida and
P. sajor-caju dried under different techniques

Treatment P. florida P. sgjor-caju
Dehydration Shrinkage Reconstitution Extent of discolo- Dehydration Shrinkage Reconstitution Extent of discolo-
ratio ra’uo ratio ation due to ratio ratio ratio ration due to
drying drying

T,SD 10992 0.197%  2.10f B 1125%  0.161% 1.65 B
T,SD 10.75¢ 0.186 % 2.10f B 11.24° 0.161¢ 1.659 B
T3SD 9.978 0201 % 2.16% LB 10.61¢ 0.178 ™ 1.80f LB
T4SD 10.83° 0.182° 2.48° CcwW 11.262 0.149°¢ 2.82°¢ CwW
T;MD 10.92° 0206 *° 218 B 10.97° 0.171 >4 1.69° B
T,MD 9.62" 0.184 % 2.02f B 9.83f 0.171 >4 1.71h B
T3MD 825/ 0212% 2.26% CY 9.53 0.186 % 1.87° CY
T4MD 10.79 % 0.197%¢  3.99° CW 10.15°¢ 0.155 % 2.92° CW
TyMW 10.29°¢ 0.221 % 2.36¢ B 9720 0.188 % 1.738 B
T,MW 9.53 1 0.197%%¢  237¢ B 9.67" 0.185%° 1.748 B
T;MW 7.96* 0.236° 2.63° cY 9.47% 0.203° 1.97¢ CY
TMW 1020° 0.197%¢  409°® CwW 9.808 0.158 % 3.17° CW

The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
B - Brown; LB - Light brown; CY - Creamy yellow; CW ~ Creamy white
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4.2.1.4 Extent of discolouration due to drying

The samples dried after water blanching (T,) and blanching in citric acid
solution (T;) turned brown, after drying. The samples mechanically dried and
microwave oven dried after treatment T; (citric acid + KMS + salt combination)
were showing creamy yellow colour, whereas those sun-dried after treatment Ts,
were light brown in colour. When dried without giving any pretreatment, they were
creamy white coloured in all the three methods, viz., sun-drying, mechanical drying

and microwave oven drying.

Drying rate, shrinkage rate and reconstitution rate

4.2.2.1 Dryingrate

Drying rate with respect to pretreatrents under each method of drying

was studied separately.
Sun-drying

On comparing the drying rate between various pretreatments followed by
sun-drying in P. florida, samples pretreated with blanching in citric acid solution
(T2) showed rapid reduction in weight upto nine hours of drying (9.86%), but in the
later period upto 14 hours, samples which were blanched in boiling water (T))
showed a rapid reduction ending with 9.09 per cent weight which was significantly
different from T, (P <0.05). The treatment T; (citric acid + KMS + salt) showed
significant difference from T, and T, (10.03%). Samples without any pretreatment
(Ts) accomplished drying within 12 hours (9.23%) (Fig. la and Table 7). In P.
sajor-caju also samples without any pretreatment accomplished drying within 12
hours (8.88%) and other pretreatments T; and T, were on par (8.89% and 8.90%



Table 7. Drying rate of P. florida and P. sajor-caju dried under different techniques

Treatments

Sun-drying Mechanical drying Microwave oven drying
Hours Hours Minutes
3 6 12 14 2 6 8 i1 15 45 75 90
P. florida
T, 46.03° 14.51° 938° 9.09° 54.07° 16.46° 1055 9.16° 29.05° 9.94° 9.77° 973°
T, 43.65° 1276° 948° 930° 58.14° 15.58° 11.69° 10.40° 2394° 11.11° 1068° 10.50°
T, 54.11* 1994 10.13* 10.03® 75.33% 26.64* 15.85° 12.12° 3320° 12.69* 12.59° 12.56°
T, 51.76° 27.07*  9.23¢ - 65.69° 10.60° 926¢ . 29.76° 9.93° 981° -
P. sajor-caju '
T 42.68° 12.65° 935 889" 59.48° 2325 11.62° 9.12° 3554° 1351° 1096° 10.29°
T, 4374 1354° 918° 890 60.01° 24.01° 11.74° 10.17° 34.86° 13.25° 11.37° 1034°
T; 5229  18.54° 9.54%°  942°  7720° 3221* 1741° 1049 39.86° 15.16®° 11.48° 10.56°
Ts 4507 10.79¢ 8.88¢ - 61.96° 11.47° 985 - 35.11°  12.50° 10.20° .

The values represent means of 3 replications

The values with different superscripts differ significantly at 5% level
~ denotes the treatments which completed drying
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respectively), but differed significantly with Ts (citric acid + KMS + salt) on
completion of drying after 14 hours (9.42%) (Fig. 1b and Table 7).

Mechanical drying

Comparing the drying rate between various pretreatments followed by
mechanical drying in P. florida, rapid reduction in the weight was observed in
samples pretreated with blanching alone (T;) which was significantly different from
other treatments (9.16%) after 11 hours of drying, followed by T, and T, which also
differed significantly with each other at 5 per cent level (10.4% and 12.12%
respectively). Samples without any pretreatment (T,) accomplished drying within 8
hours of drying (9.26%) (Fig. 2a and Table 7).

Similar resulls were observed in P. sajor-caju also with T; having 9.12
per cent weight after 11 hours followed by T, and T5 with a final weight of 10.17
per cent and 10.49 per cent respectively after 11 hours and were significantly
different to each other at 5.0 per cent level. Samples without any pretreatment
accomplished drying within eight hours with a final weight of 9.85 per cent (Fig. 2b
and Table 7).

Microwave oven drying

Drying rate of P. florida under microwave oven drying showed that
samples without any pretreatment (T,) dried most rapidly within 75 minutes of
drying whereas all other pretreated samples took 90 minutes to complete the
drying. Among the various pretreatments, T, (blanching alone) was significantly
different (9.73%) from other two treatments with T, (citric acid + blanching) having
10.50 per cent and T; (12.56%) (Fig. 3a and Table 7). Similar was the results in

P. sajor-caju also, where the samples without any pretreatment completed drying
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within 75 minutes with a final weight of 10.2 per cent. Among other pretreatments
T, (10.29%), T> (10.34%) and Tj (10.56%) differed significantly with, each other in
the above order (P <0.05) (Fig. 3b and Table 7).

4.2.2.2 Shrinkage rate

Shrinkage rate with respect to pretreatments under each method of drying

was studied separately.
Sun-drying

Rate of percentage shrinkage of P. florida given different pretreatments
followed by sun-drying are given in Table 8. It was observed that the rate of
shrinkage was more in those samples without any pretreatment with the
advancement of drying time from 64.25 per cent after 3 hours to 81.85 per cent after
12 hours of drying and the drying terminated after 12 hours in T, whereas the
minimum shrinkage was observed in T3 (KMS + citric acid + salt) (79.86%), after
14 hours of drying which was statistically superior to I and T, (P <0.05) having
81.38 per cent and 80.28 per cent shrinkage respectively after 14 hours drying
showing si gniﬁqant difference between the treatments (P <0.05).

In P. sajor-caju also, the results were same as above with maximum
shrinkage in T, (drying without any pretreatment) (85.09%); with a minimum
shrinkage and superior treatment as T; (82.20%), but between T, and T), there was
no significant difference in the per cent shrinkage after the termination of drying
(83.94% and 83.87% even after 14 hours of drying) (Table 8).



Table 8. Shrinkage rate of P. florida and P. sajor-caju dried under different techniques

Treatments Sun-drying Mechanical drying Microwave oven drying
Hours Hours Minutes
3 6 - 12 14 2 6 8 11 15 45 75 .90
P. florida
Ty 54.66° 64.19° 78.76" 8028° 2523° 59.44° 75.06° 79.11° 33.36° 66.16c 74.38° 78.11°
T, 52.04¢  65.90° 79.45° 81.38° 20.66° 49.08% 7732° 8033° 34.73° 69.72® 7941° 81.63°
Ts 60.68° 63.50° 76.32° 79.86° 28.32% 62.52° 7561 78.78° 37.19° 7038% 76.02° 76.41°
Tq 64.25%  71.18° 81.85° - 29.66° 66.95> 80.34° - 39.34%  71.55° 80.34% -
P. sajor-caju
T, 56.58° 69.85° 77.04° §3.87° 2827° 63.01° 78.99" 8292° 36.08° 6805 7930° 8117°
T, 5536°  65.73° 78.24% 83942 25.12¢ 60.91° 75.38° 82.92° 39.78° 69.70° 79.42° §1.48°
T; 62.54°  66.59° 79.33% 8220° 31.46* 62.51° 7521° 81.42° 41.85° 70.49° 77.68° 79.70°

T4 63.17"  72.16* 85.09 - 30.38° 69.38° 84.52° - 42.49*  71.50° 84.24*

The values represent means of 3 replications

The values with different superscripts differ significantly at 5% level
- denotes the treatments which completed drying

6§
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Mechanical drying

The rate of per cent shrinkage of P. florida during mechanical drying after
different pretreatments is shown in Table 8. Percentage shrinkage was'maximum in
T4 (dried without any pretreatment) which was found to be 80.34 per cent on
termination of drying aﬁcr eight hours. Treatment T; (KMS + citric acid + salf)
recorded the minimum shrinkage of 78.78 per cent which was statistically on par
with T, (79.11%) after 11 howrs of drying. The rate of shrinkage in all the

treatments increased with the advancement of drying time with steep hike observed

between four and eight hours of drying.

In the @e of P. sajor-cgju, though the results were almost similar to
P. florida, towards the termination of drying after 11 hours, T; was having
minimum shrinkage (81.42%) and was superior to other two (reatments (P <0.05)
viz., T} and T, which were on par to each other having 82.92 per cent shrinkage
each. The treatment T, términated after 8 hours with maximum shrinkage (84.52%)

(Table 8).

Microwave oven drying

Per cent shrinkage in P. florida was maximum in T, (citric acid +
blanching) at the end of the microwave oven drying (81.63%) after 90 mts; this was
significantly different from T, and T; (78.11% and 76.41% respectively) but T; and
T; were on par (P <0.05). Drying without any pretreatment terminated after 75
minutes of drying with 80.34 per cent shrinkage (Table 8).

In P. sajor-caju, T; (without any pretreatment) showed the maximum
shrinkage rate throughout the period of drying, which increased from 67.01 per cent

afler 15 minutes to 84.24 per cent after 75 minutes. The treatment T; (citric acid +
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KMS + salt) showed the minimum shrinkage which was significantly superior to T,
and I3 (P <0.05) with only 79.70 per cent shrinkage at the end of drying (90 mts.)
(Table 8).

4.2.2.3 Reconstitution rate

Sun-drying

The pattern of reconstitution of sun-dried samples of P. florida after
various pretreatments are shown in Fig.4a and Table 9. The rate of reconstitution
was very fast in samples dried without any pretreatment (T;) and reconstitution
completed within an hour (348.39%) whereas all other samples took 90 minutes to
attain constant weight showing the completion of reconstitution. The samples T;
and T, were showing the same pattern, hence they were on par, but T; was superior
to T} and T, which became significantly different afier 90 minutes (216.36%) fo T,
and T; (210.08% and 209.96% respectively).

The trend was similar in P. sgjor-caju (Fig.4b and Table 9).
Mechanical drying

When mechanically dried, samples without any pretreatment showed the
fastest reconstitution which took only 60 minutes to complete the reconstitution
(399.1%). The samples of T, T; and T; took 90 minutes to complete reconstitution.
Percentage reconstitution at the end of 90 minutes differed significantly each other
with T (226.4%) superior to T, followed by T, (217.6% and 202.4% respectively)
(Fig. 5a and Table 9).

In P. sgjor-caju also, Ty (without any pretreatment) was having the

maximum percentage reconstitution (291.7%) which completed within 60 minutes.



Table 9. Rate of reconstitution of mushroom P. florida and P. sajor-caju dried

under different techniques
Treatment P. florida P. sajor-caju
30 60 90 30 60 90
(Minutes)
T\SD 200.90%  206.16%F 210.08° 159490 162.8° 164778
T,SD 187.09% 191.33% 209.96° 159.76  163.23F 164.87%
T3SD 201.16% 209.33%° 216.36° 165918 175.657 179.83°
T4SD 334.96° 34839° - 277.61°  281.80° -
T{MD 196.84% 201.25°% 2}7.58 165.41" 16625 168.53
ToMD 184.90° 186.83% 202.41° 165318 167.75° 170.47°
T3;MD 204.39%  209.13% 226.40° 171.05°  181.15° 187.37°
T4MD 396.04% 399.12° - 288.96°  291.66° -
T\MW 201.83% 218.18% 236.06° 167.30" - 171.948 173.40°
T,MW 201.94% 211.34% 236.62° 165518 170.61" 173.60¢
TsMW 231.90° 236.94° 262.94% 188.41°  194.58% 196.60°
TMW 401.98*  409.00° - 311.14°  316.50° -

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level

- Denotes samples reconstituted completely within an hour
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Though T; was superior to T, and T; similar to P. florida (187.4%), the treatment T,
was showing significantly higher reconstitution percentage (170.5%) than T
(168.5%) (Fig.5b and Table 9).

Microwave oven drying

Similar to other methods of drying, in microwave oven drying also T,
(without any pretreatment) completed the reconstitution within 60 minutes whereas
all other treatments took 90 minutes to attain constant weight showing the
completion of reconstitution. The maximum reconstitution percentage was in T;
(409.0%). After 90 minutes of reconstitution, Ts (citric acid + KMS + salt) was
superior (262.9%) to T; and T, which were on par (236.0% and 236.6%
respectively) (Fig. 6a and Table 9).

Similar results were obtained for P, sgjor-caju after completion of

reconstitution to attain constant weight (I'ig.6b and Table 9).
4.2.3 Moisture pick up

Moisture pick up of dried mushroom P. florida packaged in PP and PE
separately during storage were analysed for a period of six months under ambient
conditions and are presented in Table 10a. Comparing the moisture pick up
between the type of packaging material used, throughout the period of storage,
irrespective of methods of drying or type of pretreatments, no significant difference
was observed (P <0.05). But between methods of drying, moisture pick up was
always high in sun-dried samples, followed by mechanically dried and the least in
microwave oven dried, and they differed significantly throughout the period of
storage. But between the various pretreatments, the trend was crratic throughout the

period of storage.



Table 10a. Percentage moisture pick up of dried mushroom samples of P. florida during storage under ambient conditions with
different drying techniques and packages

Treatments Months
1 2 5

PP PE PP PE PP PE PP PE PP PE PP PE PP PE
T:SD 557 553 603 603 6.73° 673% 740° 743% 783 787° 813° 817° 877° 8.73°
T,SD 560 547 6.10° 597 647° 647° 7.07° 7.10° 7.77° 787° 8.10%® 8.07® 847* 8.50
TySD 555 545  6.03% 5909 637 627° 7.10° 6.87° 7.53° 7.50° 7.93° 800 8409 8339
TsSD 543 543 587 5874 - - - - - - - - - -
TMD 527 523 5577 5577 576%F 5738 6.03° 596% 6337 6300 670° 6.67F 7200 727
T,MD 533 530 5.67° 563 583%° 580%f 6.17° 597% 647° 633 676 6677 7577 7.478
T,MD 530 537 5607 567° 5874 583% 627 633 6777 673¢ 707 7000 7.73¢ 797"
™MD 537 530 567 5.60°F . - - - - - - - -
TIMW 507 500 533" 5309 5638 5632 5909 587 6300 6.33F 6508 657% 6.87° 6.90
MW 507 503 5309 523 560" 5500 5777 583" 593 6.038 623" 627" 693 6.87%
MW 517 510 5408 533% 570" 5638 50908 583" 6178 613" 6677 6.677 7.000 7.03
TMW 513 513 5438 5408 . - - - . - - -

The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration
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Table 10b. Percentage moisture pick up of dried mushroom samples of P. sajor-caju during storage under ambient conditions with
different drying techniques and packages

Treatments Months
0 1 ~ 2 3 6

PP PE PP PE PP PE PP PE PP PE PP PE PP PE
T,SD 560 558 6.00° 6.00° 643" 6.50° 690° 690° 7.17° 720° 7.53* 7.50° 7.93% 7.93°
T,SD 558 555  6.03° 6.07° 620° 627° 643° 650° 6.63° 6.67° 723° 727° 7.83% 7.80°
T;SD 557 553  6.03* 6.07° 630™ 630* 673 670° 7.00° 7.13*° 747° 7.50° 7.80° 7.83
T4SD 520 553 563° s593° . - - - - - - - - -
T,MD 515 513 . 550 547° 577° 587° 623% 620% 647 637¢ 6.60° 6.67° 6939 7.00°
T,MD 516 510 553%™ 550 6.00° 587 6107 6077 633%° 633%° 653¢ 6.63° 6.87% 690
T;MD 523 520 560 553" 577° 587 6.007 610 623¢F 6379 6.43% 6.60° 690° 6.87%
TMD 513 517 553 557 . - - - - - - - - -
TMW 503 505 523% 530° 5637 5568 6.03F 610° 6138 627% 6337 6.40° 6.53 6.57M
MW 501 507 5239 5309 5577 s560° 5808 5838 6078 6078 6377 6337 663" 6672
TsMW 503 505 527° 5309 5438 5438 563" 563" 587" 593" 6277 6337 6.63" 6.60"

TMW 505 507 5279 5308 - ° - . i

The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration

L3
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Same trend was observed in P. sgjor-caju also (Table 10b).

424 Ascorbic acid, protein and residual SO
4.2.4.1 Ascorbic acid

There was a gradual decline in ascorbic acid content from first to sixth
month of storage at ambient conditions for both P. florida and P. sajor-caju.
Microwave oven dried samples showed the least reduction followed by mechanical
drying and sun-drying, and differed significantly (P <0.05), the trend continued upto
six months. Among the different pretreatments, T; (citric acid + KMS + salt)
retained the maximum ascorbic acid content, and was significantly different from T,
and T, after six months of storage; T, (without any pretreatment) could be stored
only for a month due to quality deterioration. Packaging material as far as ascorbic
acid retention was concerned, no significant diflerence was observed between the
methods of packaging, viz., PP or PE during any period of storage (Tables 11a and
11b).

4242 Protein

Effect of treatments and methods of drying on protein content during
storage of both mushrooms P. florida and P. sajor-caju packaged in PP and PE
were studied and reported in Tables 12a and 12b. Results showed that there was no
significant difference in the reduction of protein content due to various
pretreatments in both the speces, however, a reduction in protein content was
observed in all the pretreated samples immediately after drying, except in untreated
samples (T4); T4 was discontinued after one month of storage due to quality
deterioration. As no significant difference was observed between treatments
immediately afier drying, subsequent statistical analysis was carried out only to

know whether any significant difference in reduction of the protein content exists



Table 11a. Ascorbic acid content of dried mushroom samples of P. florida during storage under ambient conditions with different

drying techniques and packages

(mg/100 g)
Treatments Months
0 1 2 3 4 5 6

PP PE PP PE PP PE PP PE PP PE PP PE PP PE
T,SD 130 128 1o1f 1.08f 099' 1.04% 097% o092% 083% 087% 0825 0817 0.81% 0.80%
T:SD 148 145 132 1329 130 1300 1245 128 1228 1218 118" 118! 1157 L14f
T3SD 178 182  1.59%F159%f 1507 1517 1477 144 1410 1397 131" 130" 1.16F 1.14F
TSD - 128 122 o91f ogef - - - - - - - - - -
TIMD 230 222 213% 2029 2028 197" 189" 187" 1828 172" 1657 1.53% 148° 141°
T,MD 266 270 254 254%™ 247° 248° 2307 236° 223° 229% 2109 2.11¢ 1.84¢ 1.87¢
T,MD 328 328 3.13% 316% 3.11° 3.11° 3.08% 3.02° 287° 296% 2.68° 273% 240° 245°
T,MD 121 120 09s5F 094f - - - - - - - - - -
TIMW 234 232 221% 2219 2137 213f 2088 2048 1967 1.95f 1.88° 1.89° 1.82¢ 1.81¢
MW 278 275  2.59%¢258% 257° 2519 242¢ 247° 235% 242° 229° 231° 209° 2.09°
TMW 340 342 331% 332% 320° 3207 3.09° 3.10° 297° 291® 279° 274 268° 2.63°

MW 132 126 1.00F o099f - -

The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration
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Table 11b. Ascorbic acid content of dried mushroom samples of P. sajor-caju during storage under ambient conditions with different

drying techniques and packages
(mg/100 g)
Treatments Months
0 _ 1 2 3 4 5 6

PP PE PP | PE PP PE PP PE PP PE PP PE PP PE

T,SD 166 163 15 1519 140 140 1288 1290 119 117 1.13% 1030 093 0.9V
T,SD 1.90 185 1.70% 17289 1600 1610 149" 152" 1398 140" 1190 127 108 113
T5SD 235 239 210 211 1928 1938 18f 185 1700 171 1637 1.60° 1.528 1.528
T,SD 1.50 153 1311 1.32! - - . - -
T;MD 1.86 189 1.72M 1728 160 161' 152" 152 1350 1448 1230 1208 111f 1.10
T_MD 223 241 195% 228% 212 218° 202° 207° 193° 1.99¢ 186 1.89% 181 177
TsMD 295 298 279" 275° 266> 257° 242 243% 231° 234> 224° 225° 220° 2.09°
T,;MD 173 171 144 1489 . -
TIMW 223 220 194% 192% 179" 177" 1618 1.62%8 1478 1465 1.32¢" 1348 120" 121"
T,MW 270 265 247° 243¢ 235¢ 230 223 217% 2145 201 1.97° 1.92%9 1.86¢ 1.85*
TsMW 315 318  3.04° 299 286 291° 2.76° 2.72° 2.60° 260° 2.50° 2.50° 232% 2.29°
TMW 165 162 150 1518 . - - - - - - - - -

The values répresent means of 3 replications
The values with different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration

04
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between the types of packages and duration of storage within the same treatment.
Results showed that there was no significant difference between the types of
packaging material used, irrespective of treatments or duration of storage.
Comparing the reduction of protein with the storage period, no significant reduction
was observed till three months of storage in all the samples, but a significant

reduction was observed after three months of storage (P <0.05), with respect to the

original sample.
4243 Residual SO,

The residual SO, of samples pretreated with KMS + citric acid + salt and
dried under different methods were analysed after reconstitution in boiling water for

five minutes.

Table 13 shows that the maximum residual SO, was in the microwave
oven dried samples throughout the period of storage and was significantly different
from other samples in P. florida (P <0.05). The samples dried mechanically and
dried under sun also differed significantly with each other, with higher values
observed in mechanically dried samples, in all the six months period. But there was

no significant difference between packaging materials in all the methods of drying.

Results and trends were similar in P. sgjor-caju also, with microwave
oven drying showing the maximum residual SO, content throughout the period of
storage (Table 13).

Sensory evaluation

Eventhough the treatment T3 (citric acid + KMS + salt) in terms of

quality attributes of dried samples are outstanding compared to others, on



Table 12a. Protein content of dried mushroom samples of P. florida during storage under ambient conditions with different drying

techniques and packages
(%)
Treatments Months
0 o 2 3 4 5 6

PP PE PP PE PP PE PP PE PP PE PP PE PP PE
al al abl ab! bei bel © cdl cdi di di el el

T/SD 2453 2454 2452 2456 2452 2456 2441 2444 2430 2433 2407 2424 2398 23.95
TSD 2474 2480 24.74 2480 2476 2480 2442 2476 2431 2471 24.13 2503 23.99 25.00
T:8D 2479 2475 2478 2475 2476 2473 2472 2466 2475 24.60 2472 2452 2471 2448
T,SD 2547 2533 2543 2533 - - - - - - - = - -

TIMD 2457 24.60 24.55 2455 2443 2439 2432 24,11 2424 2422 24.07 24.10 2393 24.07
T,MD 24.65 24.78 246z 2474 2455 24.66 24.52 24.63 2451 2461 2451 24.58 2444 2451
TsMD 2458 25.02 2457 2500 2450 24.89 2442 2473 2440 2468 2434 2439 2430 2438
T:MD 2558 25.22 25.55 25.18 - - - - - - - - - -

TIMW 2467 2495 24.62 2495 2446 2450 2440 2430 2436 24.18 2430 23.96 2427 2391
oMW 2463 2446 24.60 2445 2456 . 24.54 2454 2432 2435 2428 2430 2424 2427 24.15

T;MW 2457 24.62 2455 2462 2450 2446 2440 2452 2427 2455 2421 2452 24.17 24.60
TsMW 2419 2533 2517 2530 - - - . - - -

. -

* The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration



Table 12b. Protein content of dried mushroom samples of P. sgjor-caju during storage under ambient conditions with different

drying techniques and packages
(%)
Treatments : Months
0 1 2 3 5 6
PP PE PP PE PP PE PP PE PP PE PP PE PP PE

al al abi ab! bel bel cdi cdi di di el el
T,SD 3470 34.68 3470 34.68 34.68 34.66 34.63 34,62 3461 34.60 34.57 34.57 34.56 34.54
ToSD  ° 34.68 3463 3463 3460 3463 3458 34.61 3454 34.60 3451 3456 3448 34.50 3445
T3SD 34.65 34.67 3465 34.61 3460 34.65 34.58 3463 3451 3456 34.51 34.56 3448 34.53
T4SD 3529 3542 3525 3540 - - - - - - - - - -
TIMD 3476 3475 3473 3472 3474 34.68 3472 3464 34.65 3460 34.65 3460 34.61 34.57
T_MD 3477 3483 3476 3481 3473 3480 3470 3478 34.59 3471 3459 3471 34.57 34.68
TsMD 3481 3483 34.81 3483 3474 3480 3470 3476 34.59 3467 34.59 34.67 34.56 34.58
TsMD 3542 3543 3539 35.40 - - - - - - - - - -
TIMW 3572 3476 35.69 3476 34.68 34.66 34.65 3463 34.60 34.56 34.60 34.56 34.60 34.50
T:MW 3481 3473 3481 3470 34.76 34.68 34.74 3465 34.66 34.59 34.66 34.59 34.64 34.55
TsMW 34,78 3481 3478 3480 3473 3475 34.68 3470 3459 34.66 34.59 34.66 34.54 34.61
TMW 3544 3543 3540 3541 - - - - - - - - - -

The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration
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Table 13. Residual SO, of KMS treated dried mushroom P. florida and P. sajor-caju during storage under ambient conditions

(ppm)
Treatments P. florida P. sajar-caju
1 2 3 4 5 6 1 2 3 4 5 6
(months)

T3SDpp 90209 75.53° 66.03° 52.47% 33.60° 18.90° 84.30° 79.20° 6947  60.63™ 34.37° 2527°
T3SDpg 89.83° 76.03° 67.90° 55.53% 31.47° 1550° 86.60° 79.33° 68.97° 57.57° 34.23° 24.97°
T;MDpp 105.13% 92.17® 8090% 57.12% s5126% 33.87° 98.70° 8593° 75.17° 61.50° 41.33° 29.57°
TsMDpg 102.83° 89.00° 76.17%® 58.87° 53.80° 36.30° 96.73° 81.80° 73.03° 6037 41.07° 31.53®
TsMWpp 126.67° 97.30° 85.00° 70.40® 62.17® 53.23° 109.07° 93.63° 81.63° 65.83° 44.07%° 34.83°
TsMWpg 127.00% 99.40° 75.67° 67.57° 5597%° 51.87% 114.27° 96.53%° 82.13® 66.13%° 47.73% 35.40°

The values represent means of 3 replications
The values with different superscripts differ significantly at 5% level
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reconstitution the samples are less comparable to fresh samples in terms of texture,
flavour and appearance. However, the keeping quality was appreciable and as
powdered mushroom product, the quality was excellent, hence the monthly sensory

quality evaluation of reconstituted samples were not carried out.
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5. DISCUSSION

Mushroom, an edible fungus, is the most priced commodity among
vegetables, for its nutritive value and for characteristic aroma. But unlike fruits and
vegetables, mushrooms lack thick protective surface coating of suberin or cuticle.
Their richness in water content and phenols leads to rapid loss of water and
enzymatic browning resulting in fast deterioration at ambient temperature; added to
it, mushrooms respire at a very fast rate, which enhances further to the rapidity of
deterioration. Mushrooms are appreciated with its colour and flavour, but due to the
fast respiration and deterioration, it looses its texture, develop off-flavour and
undergoes discolouration, limiting the marketing period only to a few hours under
ambient conditions, resulting in financial loss to the mushroom growers. By
evolving a simple and cheap technique to extend the shelf-life of mushroom atleast
by a few hours under ambient conditions could make the materials to reach any
refrigerated storage before the onset of discolouration or deterioration. Besides this,
the preservation of mushrooms into more stable products at the time of gluts in the
market could add value to the highly perishable commodity. The results of the
studies conducted to evolve a simple and cheap technique to extend the shelf-life of
fresh mushrooms and to improve the quality of dehydration technique are discussed

in this chapter.

5.1 Standardisation of packaging and storage technique to-extend the
shelf-life of fresh mushrooms both under ambient and refrigerated
conditions

Mushrooms lack a protective epidermal structure to prevent excessive
moisture loss and has very high transpiration rates. The discolouration in
mushrooms is caused by drying, bruising and enzymatic browning. Besides

moisture, mushrooms are sensitive to desiccation and drought, coﬁscquently a
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suitable packaging is essential during storage. Providing a packaging to mushrooms
with a suitable material is a rate limiting step in weight loss (Gormley and
MacCanna, 1967). By reducing the rate of transpiration, freshness can be
maintained, therefore a ﬁlm with correct water vapour transmission rate is of prime

importance. Moisture retentive over wraps or film caps usually are beneficial in

reducing the moisture loss.

In the present study, the treatments, PP with no ventilation and PP with
air blown in were recorded as the most superior treatments in all the attributes,
which could store mushrooms successfully for 36 hours, under ambient conditions

and 10 days under refrigerated storage (4+1°C).

The activity of tyrosinase responsible for mushroom browning is
dependent on O, concentration (Duckworth and Coleman, 1970); at lower O;
concentration (below 21% O,) the enzyme activity is reduced. When mushrooms
stored in PP without any ventilation, they respire fast and modifies the surrounding
system equally fast, thus the package acts as a sort of modified atmosphere due to
the build up of CO; and reduction of O, within the bags which also reduced the rate
of metabolism of the commodity. Therefore in the present study, the retention of
colour by mushrooms packaged in PP without ventilation and with air blown in
could be aftributed to the reduced O, during storage, which supp‘ressed the
enzymatic browning and reduced microbial population. The findings of Doores ef
al. (1987), Beelmen et al. (1989) and Hotchkiss and Banco (1992) supported this
result, they had stated that the improved colour might be attributed to the lower
deterioration resulting in from low O, in MAP. Balakrishnan (1994) also got similar

results.

During the process of respiration and transpiration, the produce looses

water, which is not replinished after harvest. Loss of moisture is the most obvious
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way in which freshness is lost and it affects the appearance, texture and saleability

under open conditions,

Physiological loss in weight (PLW) is the loss of saleable weight, and
hence has to be minimised. Minimising the water losses from the produce involve
lowering the capacity of the surrounding air to take up additional water, that is, the
vapour pressure difference between the produce and the air surrounding it should be
minimised. This is the principle behind providing a pre-package to the fresh

mushroom.

Loss of water from the produce as a result of respiration and transpiration
reduces the fresh appeal. In the modified atmosphere packaging, utilization of O,
for respiration produces respiratory heat and water, resulting in high humidity

around the commodity.

Polypropylene with no ventilation and PP with air blown in recorded the
least PLW upto the end of the storage. The PP acts as a controlled condition and it
reduces the weight loss and extends the shelf-life of the mushrooms. ’l‘ﬂc low PLW
is due to the high humidity created within the packages by the respiring fruits and

low water vapour transmission rate of the packaging material.

In mushrooms packaged in PP with 0.4 per ¢ent ventilation, the PLW was
higher compared to the those packaged in PP with no ventilation and PP with air
blown in; here the loss of moisture by transpiration from mushrooms will be higher
through the ventilation, which resulted in rapid weight loss. The results are in
conformity with the findings of Saxena and Rai (1988). The excessive water loss
through the ventilated PP films caused rapid browning on the mushroom surfaces.
This fact is supported by Roy et al. (1995) who reported that loss of whiteness in

mushrooms was proportional to loss of water during storage whether covered or



uncovered. The highest PLW was noticed in control samples; here the rapid loss of

moisture from the mushrooms can be attributed to the rapid browning in control

samples.

Out of the packaged samples, the PLW was maximum in mushrooms
packaged in kraft paper bags followed by those in cake boxes. It is due to the higher
rate of water vapour transmission of the packaging material used. This resulted in
higher transpiration rate, and thus low relative humidity in the system. The higher
water absorption property of the paper resulted in faster drying up and browning.

The results showed that the mushroom packaged in PP bags with
in-package fumigant deteriorated faster in texture and they decayed faster. The
results are in conformity with the findings of Dhar (1992). However, the treatments
in which mushrooms pretreated with citric acid solution, air dried and stored in PP
with 0.4 per cent ventilation was keeping more compared to those stored in’PP with
in-package fumigant. The result is in conformity with the findings of McCord and
Kilara (1983) who reported that citric acid at pH 3.5 was effective in inhibiting
browning of mushrooms; the use of citric acid as acidulant was capable of inﬁibiting
both enzymatic. (by lowered pH) and non-enzymatic activity (by citric molecule).
However, the steeping in citric acid solution might have imbibed the water into ,the
tissues of the mushrooms, thus inviting faster microbial attack and faster decay

compared to mushroom packaged in PP with no ventilation.

Storage under low temperature is suggested as an excellent method for
restricting deterioration of harvested mushroom for a limited period of time.
Maturation and textural changes are slowed down at low temperature, thereby
maintaining an excellent quality. The most important parameters for extending the

shelf-life of mushrooms are low temperature and correct internal relative humidity.
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The results of the present study showed that under low temperature also
(4 £ 1°C) the same treatments, that is, PP without ventilation and PP with air
blown in’ were having the maximum shelf-life. Storage under low temperature
reduces the activity of the enzymes and retards the growth which is mostly
responsible for the better keeping quality. Low temperature also prevents microbial
infection and discourages further development of rot caused by bacteria and molds.
The treatments, PP with no ventilation, and air blown in, was kept under low
temperature storage (4 = 1°C) for 10 days without any change in colour, flavour and
texture or decay. When stored in 0.4 per cent ventilated PP bags, they could be kept
“for seven days only with little change in colour, flavour and texture. Hence the
results here indicate that packaging fresh mushrooms in unventilated PP bags is
superior to that in air ventilated PP bags. These results are in conformity with the
findings of Dhar (1992) who observed intense browning, excessive veil opening
along with increased cap diameter and heavy water condensation in perforated

packs, which resulted in quick spoilage of mushrooms.

The rate of PLW was lower in mushrooms stored under low temperature
storage, compared to those stored under ambient conditions. Minimising water
losses from the produce involve lowering the capacity of the surrounding air to take
up water, that is, the vapour pressure difference between the produce and the air
surrounding it should be reduced. The RH under refrigerated system is higher,
compared to ambient conditions, hence the vapour pressure difference is reduced,

resulting in lower rate of moisture loss from the commodity.

The PLW was the lowest for mushrooms packaged in PP with no
ventilation and PP with air blown in, when compared to all other treatments. The

same reasons under ambient conditions may be attributed to this also.
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The decay percentage was also the lowest in mushrooms packaged in PP
with no ventilation and PP with air blown, in both under ambient and refrigerated
conditions. Reduced O, in the modified atmospheric packaging brought about
reduction in spoilage (Doores ef al., 1987, Beelman et al., 1989). The findings of
Beit-Halachmy and Mannheim (1992) and Saray et al. (1995) further authenticated

this result.

The combined effects of PLW and spoilage determine the ultimate
marketability of the produce (Onwuzulu et al., 1995). Hence the treatments in
which mushrooms were packaged in PP with no ventilation and PP with air blown
in, were having the highest marketability compared to all other treatments for

P. florida and P. sajor-caju under both ambient and refrigerated conditions.

Ascorbic acid content of fresh Pleurotus spp. ranged between 2.2 and 5.0
mg/100 g on fresh weight basis, depending upon the species [Crisan and Sands
(1978); Bano and Rajarathnam (1982); Li and Chang (1985); Rai et al. (1988); Rai
and Saxena (1989)]. A decline in ascorbic acid content was observed in both
P. florida and P. sgjor-cgju, with the advancement of storage period both under

ambient and refrigerated storage in the present study.

Ascorbic acid in fruits and vegetables is sensitive to degradation as the
plant tissues contain certain enzymes like ascorbic acid oxidase, phenolase etc.
which are responsible for its oxidative degradation (White and Salvey, 1974),
especially when cellular disorganisation occur due to mechanical damage, rotting or
senescence, these oxidative activities become operative and leads to vitamin loss
(Harris and Karmas, 1977). Therefore the gradual decline of ascorbic acid during
storage might be due to senescence. The control samples lost the maximum ascorbic

acid content during storage, this is because of the high O, content in the air, which
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makes mushrooms more susceptible to disintegration of ascorbic acid as suggested

by Singh et al. (1970).

The loss of ascorbic acid was minimum in the mushrooms packaged in PP
with no ventilation followed by those packaged in PP with air blown in, both under
ambient and refrigerated storage; the O, concentration within the modified
atmosphéric packaging is reduced due to respiration, which might have brought
down the rate of oxidative changes including the oxidation of ascorbic acid. In
addition to this, ascorbic acid is water soluble. The lower rate of moisture loss, that

is, lower PLW might have also contributed to the maximum reteation of ascorbic

acid.

The rate of loss of ascorbic acid was comparatively low in samples stored
al low temperature storage compared (0 mushrooms stored under ambient
temperature. Probably under low temperature storage, the rate of metabolic
activities is also low, thus the enzyme activity is lowered. Ascorbic acid is water
soluble, hence its loss is related with PLW, as low temperature stdrage reduces
PLW compared to ambient conditions, the loss of ascorbic acid will also be

proportionatety lower,

When the protein content of fresh mushrooms during storage both under
ambient and refrigerated conditions are concermed, no significant reduction was
observed in both speces of mushrooms, as they were not exposed to any protein

denaturing conditions during storage.

The fresh mushroom samples packaged with in-package fumigant (KMS
+ citric acid) were analysed for the residual SO, content. The samples were cooked

in boiling water for five minutes, as it is consumed only in the cooked form. On
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analysing, no residual SO, could be detected; sulphur dioxide is sensitive to heat,

and hence might have escaped from the samples at the time of boiling.

Mushroom samples of both P. florida and P. sajor-caju packaged in
unventilated PP bags after 36 hours were organoleptically evaluated in comparison
with fresh mushroom samples. All the parametcrs'of the packaged samples of each
species (viz., overall appearance, colour, flavour and texture) were rated statistically
on par with those of corresponding fresh samples, indicating total consumer

acceptability of the packaged samples.

Based on all the results vide supra, it may be concluded that mushroom
samples packaged in unventilated PP bags can keep well for 36 hours under
ambient conditions for both speces with minimal deterioration in quality attributes;
and within this period, one can transport this produce to any marketing centre
having cold storage facility without the help of a refer-van.

5.2 'Quality improvement in dehydration and storage

Mushrooms being a highly perishable commodity and due to the market
glut during the time of harvest, some means of its preservation becomes imperative.
Dehydration is a widely used method for long term storage of oystci' mushroom
(Saxena and Rai, 1989) and is comparatively a cheaper method employed on
commercial scale. It involves simple air drying to modern freeze drymg techniques.
Even though freeze drying has several advantages over air drying, it is an expensive

technique. Therefore air drying is most commonly employed.

Drying refers to the removal of water by heat to such a level that
biochemical and microbial activity is checked due to reduced water activity in the

product.
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In the present study, out of the four pre-treatments tried and three methods
of drying employed viz., sun-drying, mechanical drying and microwave oven drying,
all the blanched samples [blanching in boiling water (T;), blanching in citric acid
solution (T3), blanching in (citric acid + salt) solution followed by dipping in KMS
+ citric acid solution for 30 minutes (T5)] were not showing any deterioration even
after six months of storage whereas the samples dried without any pre-treatment,
showed deterioration even after one month of storage. By drying, the water activity
get reduced to such a level that biochemical activity and microbial activity are kept
at minimal, which was further maintained by providing packaging to the product.
The dehydrated mushrooms are comparatively hygroscopic, therefore unless stored
properly will pick up moisture rapidly and will invite microbial spoilage, thus
deteriorating the product. So providing a suitablé packaging to the dried product

becomes inevitable.

The unblanched samples were showing faster deterioration compared to
the blanched samples after drying. Blanching is a hot-water treatment in which
vegetables or fruits are usually heated in water or live steam before processing
(Kalra, 1990). This is to inactivate the enzymes, to prevent browning in the dried
product.

Mushrooms are more susceptible to enzymatic browning wl;en dried in a
moist condition at 30-35°C, but browning can be inhibited if the temperature is
above 60°C. The blanching of mushrooms by immersion in boiling water for two
minutes, helped in obtaining good quality dried mushrooms (Singh et al., 1995).
Superior quality dried mushrooms were obtained by Pruthi ef al. (1978) when water
blanched for three to four minutes than steam blanched samples. In the present
study, the control lot (unblanched) though initially was better in colour, texture and
rchydration properties, during storage, it was more susceptible to darkening and off-

flavour development than the properly blanched lots.



Mushrooms have very delicate texture and aroma and as such they require
special precautions during the dehydration process. Blanching itself seemed to
adversely affect the quality of the product, especially the colour, texture and
rehydration properties. However, for complete inactivation of enzyme, blanching
was found very essential (Pruthi ef al., 1978). These reasons may be attributed to the
initial retention of better colour and texture, in the unblanched lots compared to the

blanched lots.

This is also in conformity with the findings of Kumar er al. (1980) who
observed that the blanched and sugar treated dehydrated P. flabellatus had no
visible browning upto six months, whereas the unblanched dehydrated mushrooms
had a shelf-life of only one month, which turned distinctly dark in colour, leathery in
texture and slightly bitter in taste.

The mushroom samples dried after blanching in ctiric acid + salt solution
and dipping in KMS + citric acid solution for 30 minutes showed the best colour
and overall appearance among the blanched éamplcs. Sulphuring or sulphiting is
known to prevent the enzyme catalyzed oxidative changes, inhibit microbial
deterioration and facilitate drying by plasmolyzing the cells (Tanga, 1974). The
texture was adversely affected compared to unblanched dried samples, which might
be due to blanching treatment. However, blanching was found essential to
completely inactivate the enzymes and to prevent browning of the dried product.
Bano et al. (1992) found that the samples without blanching, but with SO,
tratement in solution did not stay for long time, evidently réﬂecting on the enzymatic

browning.

Out of the three methods of drying, the mushrooms dried under
microwave oven was found to have the best colour, flavour and texture. The results

are in corroboration with-the findings of Ruello (1984) and Rao et ai. (f995) who
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reported that microwaved food had appearance and taste quite different from
conventionally cooked food, thus resulting in better sensory quality. Retention of
characteristic aroma compound (1-octen-3-ol) and its oxidation products (1-octen-3-

one) were positively affected by microwave oven drying (Rao et al., 1995).

Mechanically dried mushroom samples were having better overall
acceptability compared to sun-dried samples. This is supported by Mudahar and
Bains (1982), Katiyar (1985), Bano et al. (1992), Geetha et al. (1995) and Suharban
and Natarajan (1995).

The time taken for drying the blanched mushrooms was 14 hours in sun-
drying, 11 hours in mechanical drying and only 90 minutes in microwave oven
drying. The unblanched samples took relatively lesser time in all the three methods
of drying. This difference in (ime for drying may be altributed to difference in bound
moisture content as suggested by Suguna e al. (1995).

Sahni et al. (1998) reported that microwave energy is .believed to
inactivate microbes by the conventional thermal mechanism including potentially
irreversible heat denaturation of enzymes, proteins, nucleic acids or other cellular
constituents vital to cell metabolism and reproduction resulting in cellular death.
However, Chipley (1980) proposed that an athermal mechanism of lethal action
exists, an effect attributable only to the intrinsic nature of microwave, and unrelated
to lethality caused by heat. These findings are supported by Rao er al. (1995). Bano
et al. (1992) suggested that at a temperature of 55 to 60°C, the insects and microbes
on the mushroom would be killed within a few hours, during mechanical drying.
Therefore, all these factors including fast drying in a dust free atmosphere might
have attributed to the better appearance of microwave oven dried and mechanically

dried samples, over sun-dried samples.
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Dehydration ratio is an indicator of yield. Yield and quality of the dried
product are influenced by factors such as initial moisture content, drying
temperature and time, susceptibility of the material to heat damage, pre-drying
treatment and moisture content of the finished produce (Kaushal and Sharma,
1995).

Highest yield was recorded in microwave oven drying followed by
mechanical drying and sun-drying. The highest yield in microwave oven drying may
be attributed to the shorter period of exposure of the material to heat damage;
followed by mechanical drying and sun-drying due to longer time of exposure to
heat damage. This finding is supported by Decareau (1984) who reported that
microwave processing resulted in shorter processing time, higher yields and better
quality than by conventional drying. The report of Ruello (1984) that fast cooking
time of microwaves resulled in the retention of volatile substances ‘which were

usually expelled during conventional cooking, further authenticated the result.

Out of the four pretreatments, T; (citric acid + KMS + salt) recorded the
highest yield, followed by T> (blanching in citric acid solution), I (untreated dried
samples) and T (blanching in boiling water) in the respective order. Probably the
particles of citric acid, KMS and salt wright have entered the intercellular spaces of
mushrooms, thus contributing to the higher weight; in addition, steeping of
mushrooms in citric acid + KMS solution must have increased the bound moisture
content, thus resulting in higher weight of the dried product, which is evident from
the residual moisture content of the samples immediately after drying, that is, T; was
having highest residual moisture content compared to other treatments. The
mushrooms lost weight due to blanching, which resulted in lower yield of T,

compared to T, (the untreated dried samples). -
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The rate of drying was rapid for the samples dried without any
pretreatment in all the metheds of drying, compared to all other treatments, which is

due to the lower bound moisture content in these samples as mentioned earlier

(Suguna et al., 1995).

Similar to dehydration ratio, microwave oven dried samples showed
minimum shrinkage, that is, higher shrinkage ratio, followed by mechanical and
sun-drying; this again can be attributed to the duration of heat involvement, more
the time of exposure to heat, more will be the textural break down; microwave oven

drying involved the least time, hence the higher shrinkage ratio.

Among the different pretreatments, the treatment T; (citric acid + KMS +
salt) recorded the lowest shrinkage. This is in agreement with the findings of Nehru
et al. (1995) who reported that the samples dried after 0.5 per cent KMS treatment
was superior to water blanched, untreated and sodium benzoate treated samples

with respect to colour, appearance, flavour and texture.

Comparing the various methods of drying, microwave oven drying was
superior to mechanical and sun-drying with respect to rehydration ratio. Better
texture retention by the microwave oven drying compared to other methods might
have attributed to this.

The fastest rehydration and highest reconstitution ratio was 'cxhibitcd by
the samples dried without giving any pretreatment, when compared to the blanched
samples. This result was in conformity with the findings of Pruthi et al. (1978) and
Suguna et al. (1995), who reported higher and faster rehydration in the unblanched
mushrooms compared to the blanched samples. The elasticity of cell walls and
swelling power of starch, which are important for good rehydration are reduced

during heat treatment as suggested by Arsdel and Copley (1963); the lower
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rehydration ratio of blanched samples can be explained by this. The rehydration
ratio of blanched, sulphited lots were higher than that of non-sulphited, blanched
| lots, this might be because of the better texture retention in the sulphited lots.
During the rehydration, the steeping liquid in the case of unblanched lots, turned
brown and turbid whereas for the blanched sulphited lots, the solution remained
clear; probably in the former, starch might not have undergone gelatinization.

The residual moisture content was maximum in the sun-dried samples
followed by mechanical and microwave oven dried samples. This indicates that
microwave oven drying was the most efficient with maximum removal of moisture
in a shorter duration. When comparing the treatments, the treatment T3 (blanching
in citric acid + salt solution followed by steeping in KMS + citric acid solution) was
having the highest residual moisture content, this might be because of the increased
bound moisture content due to steeping, resulting in higher initial moisture content.
A gradual increase in the moisture content was observed during storage in all the
dried samples irrespective of packaging material used; however the increase did not
cross nine per cent, above which mushrooms were moist and unacceptable (Pruthi

et al., 1978).

A substantial reduction in the ascorbic acid content was observed in all
the dried samples, however the reduction was the least in microwave oven dried,
this is supported by the findings of Mabesa and Baldwin (1978); and the maximum
loss was observed in sun-dried samples, this may be due to the longer exposure to
.sun-drying. Loss in ascorbic acid can be attributed to factors such as cellular
disorganisation, exposure to heat etc. (Harris and Karmas, 1977). In the present
study also, wherever dried samples with better texture, better retention of ascorbic
acid was found. A reduction of ascorbic acid was also found in all the samples

during storage, this is in agreement with the findings of Mudahar and Bains (1982).
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A significant reduction of protein in the blanched samples compared to
unblanched samples immediately after blanching was observed. Pruthi et al. (1984)
and Nehru et al. (1995) obtained similar results. A reduction of protein may be
attributed to the denaturation of protein due to the heat treatment during blanching.
A gradual' decline of protein from first to sixth months of storage was observed and
the reduction was found to be significant. This is in conformity with the findings of
Rai and Saxena (1989), who observed a decline in soluble proteins during storage.
Kaushal and Sharma (1995) also got similar results, this is because of the increased

proteinase activity during storage.

When the samples dried after treating with citric acid + KMS + salt were
analysed for the residual SO, content, all were having levels within the prescribed

FPO limit (2000 ppm).

Maximum residual SO, was detected in the microwave oven dried
samples, with the pre-treatment, T; (citric acid -+ KMS + salt), compared to
mechanical and sun-drying; the time of exposure to heat was minimum in
microwave oven drying, therefore maximum SO, was retained in the samples. Since
sulphur dioxide will escape as gas when exposed to heat for longer periods, sun-
dried samples showed minimum residual SO, followed by mechanically dried
samples. Mudabar and Bains (1982) suggested that the higher residual SO, in the
dehydrated samples, both free and bound scemed to be responsible for restraining

the growing reactions in those samples of mushroom.

Concluding the above results, mushrooms pretreated with citric acid +
KMS + sait and subsequently dried under microwave oven gave the best result
(Plate 5). Though microwave oven drying looks an expensive proposition, the
quality wise it outstands all other methods of drying and hence can fetch premium
price. The samples though steeped in KMS solution, the residual SO, was much



Plate 5. Dehydrated mushroom P. florida packaged in PP bags under
various methods viz.,

7. Citric acid + KMS+salt 10. No pretreatment, but sun-dried
followed by sun-drying 11. -do-  mechanical

8. -do- mechanical 12. -do- microwave oven
9, -do- microwave oven )






below the permissible level, hence can be recommended. However, on a
commercial drying, microwave oven can be substituted with a mechanical dryer
with a little compromise to the quality. Dried samples will have to be stored in a
well protected moisture barrier, polyethylene or’polypropyienc bags to prevent
further absorption of moisture till its use.
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6. SUMMARY

Studies on the possibility of extending the shelf-life of oyster mushroom
(Pleurotus florida Eger and Pleurotus sajor-caju (Fr.) Singer) were carried out in
the Department of Processing Technology, College of Horticulture, Vellanikkara
during 1997-98. The main objectives were to develop a simple and cheap storage
technique to extend the shelf-life of fresh mushroom and to improve the quality of
dehydration for better colour retention, lesser shrinkage and faster reconstitution and
for better storage of two spedes, viz., P. florida and P. sajor-caju. -

The PLW was the least when fresh mushrooms were stored in
polypropylene (PP) without ventilation and PP with air blown in. The spoilage was
also the least in these samples and could be stored for 36 hours without any

delerioration, while the control samples spoiled within a few hours.

Under refrigerated conditions also, the mushrooms packaged in PP with
no ventilation and PP with air blown in were showing the least PLW and could be
kept for 10 days without any deterioration whereas those packaged in PP with 0.4
per cent ventilation remained only for seven days. The samples stored in PP with no
ventilation were organolepticaily rated on par with that of fresh samples in colour,
flavour, texture and overall appearance; the marketability was also on par with the

fresh samples.

Under dehydration studies, the samples pretreated with citric acid + salt +
KMS was found to be the best in quality. Though the untreated dried samples was
having better colour and rehydration properties initially, they failed on subsequent
storage; they remained only for a month without any change, whereas the former
remained for six months without any change. Comparing the various methods of

drying, microwave oven drying was superior to mechanical and sun-drying with
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respect to rehydration ratio. The samples dried after the pretreatment, citric acid +
KMS + salt, recorded the lowest shrinkage, longer storage and better yield. Between
polypropylene and polyethylene (PE), as a packaging material for dried mushroom,

no significant difference was observed.

Microwave oven drying though appears to be an expensive proposition, in
terms of quality, it has an edge over other methods of drying. However, on a
commercial scale, mechanical dryer can be substituted for microwave oven with a
compromise to the quality. Dried materials will have to be packaged within PE or
PP films to prevent further resorption of moisture,

'F1=a s



}‘@52’(2/’1625



REFERENCES

Adsule, P.G., Girija, V., Dan. A. and Tiwari, R.P. 1981. A note on the simple
preservation of oyster mushroom (Pleurotus sajor-caju). Indian J. Mushrooms

7:56

Anand, J.C. 1975. Development of appropriate technology for a breakthrough in
fruit and vegetable processing industry. Indian Fd Packer 29(6):31-35

Anonymous. 1990. Short term storage. Tech. Bull. No.2. Postharvest technology of
mushroom. National Centre for Mushroom Research and Training, Solan,
p-176

Arsdel, WB.V. and Copley, M.J. 1963. Food dehydration Vol.I The AVI
Publishing Company Inc., Westport, p.66-82

Balakrishnan, B. 1994. Improvement on the techniques for the cultivation and
preservation of tropical species of . mushrooms Ph.D. thesis, Kerala
Agricultural University, Vellanikkara, 'Ihnssmr Kerala, India, p.207

Bano, Z, and Rajarathnam, S. 1982, Pleurotus mushrooms as nutritious food.
Tropical Mushroom - Biological Nature and Cultivation Methods (Ed. Chang,
S.T. and Quimio, T.H.), The Chinese University Press, Hong Kong, p.363-282

Bano, Z., Rajarathnam, S. and Shashireckha, M.N. 1992. Mushrooms -
unconventional single cell protein for a conventiona! consumption. Indian Fd
Packer 46(5):20-31

Bano, Z. and Singh, N.S. 1972. Steeping preservation of an edible mushroom
(Agaricus bisporus). J. Fd Sci. Technol, 9(1):13-15

Batagurki, S.B., Deshpande, S., Javaregowda, S. and Shetty, K.S. 1997, Studies on
dehydration of oyster mushroom (Pleurotus sp.). Paper presented in Indian
mushroom conference. 10-12 Sept. 1997. Mushroom Society of India and
National Research Centre for Mushroom, Solan, India



ii

Beelman, R.B., Guthric, B.D. and Rayse, D.J. 1989. Influence of bacterial
populations on the post-harvest deterioration of fresh mushrooms. Mushroom

Sei. 11(2):655-665

* Beit-Halachmy, I. and Mannheim, C.H. 1992. Is modified atmosphere packaging
beneficial for fresh mushroom? Leb. Wes. U. Technol. 25(5):426-432

Bhatnagar, D.K., Singh, G.P,, Singh, J.P. and Singh, B.P. 1980. Studies on the
storage behaviour of different tomato cultivars. Haryana Univ. J. Res. 16(1):5-
9

Burton, K.S., Frost, C.E. and Nichols, R. 1987. A combination of plastic permeable
film system for controlling postharvest mushroom quality. Biotechnology
letters 9(8):529-534

Burton, K.S. and Maher, M.J. 1991. Modified atmosphere packaging of mushrooms
- review and recent development. Mushroom Sci. 12(2):12-14

Burton, K.S. and Twying, R.V. 1989, Extending mushroom shelf-life by combining
MAP and cooling. Acta Horticulturae. 258:565-571

Bush, P. and Cook, D.J. 1976. The purchase and domestic storage of pre-packed
mushrooms. Mushroom J. 39:76-80

Chipley, J.R. 1980. Effects of microwave irradiation on microorganisms. Adv. appl.
Microbiol. 26:129-145

Chopra, S.K., Naquash, G.S. and Chadha, T.R. 1985. Effect of pre-harvest sprays of
honey, citric acid and Euphorbia royleana latex on the shelf:life of button
mushroom Agaricus bisporus. National Symp. on Production and
Conservation, Forestry, 12-13 April, 1985, Solan



14

Crisan, E.V. and Sands, A. 1978. Nutritional value of edible mushrooms. 7he
Biology and Cultivation of edible mushrooms. (Ed. Chang, S.T. and Hayes,
W.A.), Academic Press, New York, p.137-168

Dang, R.L. and Singh, R.P. 1978. Preservation of mushrooms. Indian Mushroom
Sci. 1:215-213 '

Dang, R.L., Singh, R.P. and Gupta, A.K. 1980. Button mushrooms: Postharvest and
processing problems. Indian Fd Packer 34(5):18-23

Decareau, R.V. 1984. Microwave in food processing. Food Tech. in Aust. 36(2):81-
86

Deshpande, A.G. and Tamhane, D.V. 1981. Studies on dehydration of mushrooms
(Volvariella volvacea). J. Food Sci. Technol. 18(3):96-101

Dhar, B.L. 1992. Postharvest storage of white button mushroom Agaricus bitorquis.
Mushroom Res. 1(2):127-130

Doores, S., Kramer, M. and Beelman, R.B. 1987. Evaluation of bacterial
populations associated with fresh mushrooms (dgaricus bisporus).
Development in Crop Science, 10 Cultivating Edible fungi. (Ed. P.J.Wuest,
D.J.Rayse and Beelman, R.B.), Elsevier Publishing Co., Amsterdam, p.202

*Duckworth, H.W. and Coleman, J.E. 1970. Physicochemical and kinetic properties
of mushroom tyrosinase. J. Biol. Chem. 245:1613-1625

Ganeshkumar, C., Singh, S. and Singh,S. 1997. Mushroom prodyction - agro-
industry in India. Indian Fmg 47(9):19-23

Geetha, D., Sivaprakasam, K. and Sectharaman, K. 1995, Effect of refrigeration and
dehydration methods on the preservation of oyster mushroom. Paper presented
in the workshop on Mushroom Cultivation and Postharvest Technology. 28
June 1995, Division of Microbiology, TBGRI, Palode, Thiruvananthapuram



iv

Goodenough, P.W. 1976. How chilled storage affects the physiology of mushrooms.
Mushroom J. 43:208-210

Goodenough, P.W. and Ricketts, V. 1977. The effects of different storage
conditions on an enzyme marker of senescence in mushrooms (dgaricus

bisporus). Ann. Appl. Biol. 85(3):447-449
Gormley, R. 1975. Chill storage of mushrooms. J. Sci. Fd Agric. 26(4):401-411

*Gormley, T.R. and MacCanna, C. 1967. Prepackaging and shelf-life of mushrooms.
Irish J. agric. Res. 6(2):255-265

Harris, R.S. and Karmas, E. 1977. Nutririang}_-EvaIuaﬁon of Food Processing. The
AVI Publishing Co. INC., Westport, Connecticut, p.382

Hatton, T.T., Pantastico, Er.B. and Akamine, EK. 1975. Controliéd atmospheric
storage. Part III: Individual commodity requirements. Postharvest physiology,
Handling and Utilisation of Tropical and Subtropical Fruits and Vegetables.
(Ed. Pantastico, Er.B.), AVI Publishing, Westport, p.201

Hotchkiss, J.H. and Banco, M.J. 1992. Packaging technology on microorganism
growth. J. Fd Prot. 55(10:815-820

Jackson, M.L. 1958. Soil Chemical Analysis. Asia Publishing House, New Delhi,
p.498

Jandaik, C.K. 1978. Problems and prospects of Pleurotus cultivation. Indian
Mushroom Sci. 1:411414

Jandaik, C.L. and Sharma, A.D. 1987. Effect of different storage conditions and
drying methods on the shelf-life of Pleurotus spp. Indian Mushroom Sci.

2:212-14



v

Kalra, C.L. 1990. Blanching of fruits and vegetables. Indian Fd Packer 44(5):3-19

* Kapitsmadi, C.M. 1989. Effect of storage temperature on the postharvest behaviour
of four tomato cultivars. Gartenbauwissenschaft 54(2):66-70

Katiyar, R.C. 1985. Evaluation of drying characteristics and storage behaviour of
cultivated mushroom [4garicus bisporus (Lange) Sing). M.Sc. thesis, College
of Agriculture, Solan, India, p.108

Kaushal, BB.L. and Sharma, K.D, 1995, Post-harvest technology of mushroom.
Advances in Horticulture Vol.13. (Ed. Chadha, K.L. and Sharma, S.R.),
Malhotra Publishing House, New Derx,Indna, p.553-565

Khader, V. 1993. Money from mushrooms. Tech. Bull. Preservation of mushroom.
Agricultural Information and Communication Centre, APAU, p.18

King, T.A. 1993. Mushrooms, the ultimate health food, but little research in US to
prove it. Mushroom News 41(2):26-29

*Kumar, A. 1992. Studies on storage and dehydration of white button mushroms
[Agaricus bisporus (Lange) Sing]. M.Sc. thesis, UHF, Solan, p.122

Kumar, K.R., Bano, Z., Subramaniam, L. and Anandaswami, B. 1980. Moisture
sorption, storage and sensory quality studies on dehydrated mushrooms. Indian

Fd Packer 34(5):3-8

Lal, B.B., Katiyar, R.C. and Jandaik, C.L.. 1990. Some studies on mechanical
drying of Agaricus bisporus. Paper presented in International Horticultural
Congress, 27th Aug. to 1st Sept., 1980, Italy

Li, G.S.F. and Chang, S.T. 1985. Determination of Vit. C. (Ascorbic acid) in some
mushrooms by different polarography. Mushroom J. Tropics 5(4):11-16



vi

Lopez-Briones, G., Varoquaux, P., Chambroy, Y., Bouquant, J., Bureau, G. and
Pascat, B. 1992. Storage of common mushroom under controlled atmospheres.
Int. J. Fd Sci. Technol. 27(5):493-505

* Mabesa, L.B. and Baldwin, R.E. 1978. Flavour and colour of peas and carrots
cooked by microwave. J. Microwave Power 13(4):321

Maini, S.B., Sethi, V., Diwan, B. and Munjal, R.L. 1983. Postharvest washing of
mushroom to enhance their shelf-life and marketability. Paper presented in 3rd
Convention of Association of Food Scientists and Technologists, 2 to 4 June,
1983, Mysore, India

Maini, S.B., Sethi, V., Diwan, B. and Munjal, R.L. 1987, Pre-treating mushrooms
to enhance their shelf-life and marketability. Indian Mushroom Sci. 2:215-216

McCord, J.D. and Kilara, A. 1983. Control of enzymatic browning in processed
mushrooms (4garicus bisporus). J. Fd. Sci. 48:1479-1483

Mehta, K.B. and Jandaik, C.L. 1989. Storage and dehydration studies of fresh fruit
bodies of dhingri mushroom Plewrotus sapidus. Indian J. Mushroom 15:17-22

Mudahar, G.S. and Bains, G.S. 1982. Pretreatment effect on quality of dehydrated
Agaricus bisporus mushroom. Indian Fd Packer 36(2):19-27

Mur, D.P. and Morris, L.L. 1975a. Effect of storage atmosphere on postharvest
growth of mushroom. J. Am. Soc. hort. Sci. 180(3):298-301

Murr, D.P. and Morris, L.L. 1975b. Effect of storage postharvest changes in
mushrooms. J, Am. Soc. hort. Sci. 100:16

Narasimham, P. and John, P.J. 1995. Controlled low temperature vacuum
dehydration as an alternative to freeze-drying of diced bread fruit. J Fd Sci.
Technol. 32(4):305-309



vii

Nehru, C., Kumar, V.J.F., Maheswari, C.U. and Gothandapani, L. 1995. Solar
drying characteristics of oyster mushroom. Mushroom Res. 4:27-30

Nichols, R. and Hammond, J.B.W. 1973, Storage of mushrooms in pre-packs: the
effect of changes in carbon dioxide and oxygen on quality. J. Sci. Fd Agric.

24:1371-1381

Nichols, R. and Hammond, J.B.W. 1975. The relationship between respiration,
atmosphere and quality of intact and perforated mushroom pre-packs J. Fd
Technol. 10(4):427-435

Ocansey, OB. 1984. Effect of vacuum and atmospheric freeze drying on quality of
shrimp, turkey flesh and carrot samples. J. Fd Sci. 49:1457-1461"

Onwuzuly, O.C., Prabha, T.N. and Ranganna, S. 1995. Modified atmosphere
storage of ripening tomatoes. Effect on quality and metabolism of **C glucose
and “C-acetate. Trop. Sci. 38:251-258

Panse, V.G. and Sukhatme, P.V. 1976. Statistical Methods for Agricultural
Workers. Indian Council of Agricultural Research, New Delhi, p,360

Pantastico, Er.B., Chattopadhyay, T.K. and Subramanyam, H. 1975. Storage and
storage operations. Postharvest piwsia]ogu Handling and Ultilisation of
Tropical and Subtropical fruits and vegetables (Ed. Pantastico, Er.B.). AVI
Publishing, Westport, p.314

Pradeep, C.K. and Abraham, T.K. 1995. Post-harvest technology for preservation of
mushrooms. Paper presented in the workshop on Mushroom Cutlivation and
Postharvest Technology, 28 June, 1995, Division of Microbiology, TBGRI,
Palode, Thiruvananthapuram

Pruthi, J.S., Gopalakrishnan, M. and Bhat, A.V. 1978. Studies on the dehydration of
tropical paddy straw mushroom (Volvariella volvacea). Indian Fd Packer
32(2):7-15



viii

Pruthi, J.S., Manan, J.K., Raina, B.L. and Teotia, M.S. 1984. Improvement in
whiteness and extension of shelf-life of fresh and processed mushrooms
(Agaricus bisporus and Volvariella volvacea). Indian Fd Packer 38(2):55-63

Rai, R.D. and Saxena, S. 1989. Biochemical changes during postharvest storage of
button mushroom Agaricus bisporus. Curr. Sci. §9:508-10

Rai, R.D., Saxena, S., Upadhyay, R.C. and Sohi, H.S. 1988. Comparative
nutritional values of various Pleurotus spp. grown under identical conditions.
Mushroom J. Traopics 8:98

Rai, R.D. and Sharma, S.R. 1994. Prospects for production and processing of
mushrooms in India. Paper presented in the Seminar on ‘Opportunities for
Collaboration in Fruit and Vegetable Processing Industry in India’, 1 to 3 Dec.
1994, NCMRT, Solan

Rai, R.D. and Sohi, H.S. 1988. How protein rich are mushroom. Indian Hort.
33(2):2-3

*Rajarathnam, S. and Bano, Z. 1988. Pleurotus mushrooms. Part .II, Chemical
compositions, nutritional value, post-harvest physiology, preservation and role
as human food. CRC Critical Rev. Fd Sci. Nutri. 27(2):87-156

Rajarathnam, S., Bano, Z. and Patwardhan, M.V. 1983, Postharvest physiology and
storage of the white oyster mushroom (Pleurotus flabellatus). J. Fd Sci.
Technol. 18(2):153-162

Ramaswamy, K. and Kandaswamy, T.K. 1978. Possible causes for the quick
deterioration of quality of paddy straw mushroom in storage. Indian
Mushroom Sci. 1:329-335

Ranganna, S. 1986. Manual of Analysis of Fruit and Vegetable Products. Tata
McGraw Hill Publishing Co. Ltd., New Delhi, p.2240



ix

Rao, K.V.S.8., Zanjad, P.N. and Mathur, B.N. 1995. Microwave processing - An
emerging alternative to thermal processing of foods. Indian Fd Industry
11(1):17-23

Riaz, R.A., Khan, S.M. and Bhatti, M.A. 1991. Effect of blanching at storage on the
quality of the dehydrated oyster mushroom. Mushroom J. Tropics 2(2):39-44

Roy, S., Anantheswaran, R.C. and Beelman, R.B. 1995. Sorbitol increases shelf-life
of fresh mushroom stored in conventional packages. J. Fd Sci. 60(6):1254-
1259

Ruello, J.H. 1984. Seafood and microwaves: Some preliminary observations. Fd
Technol, Australia 39(11):82-86

Sahni, CK., Khurdiya, D.S., Dalal, M.A. and Maini, S.B. 1998. Microwave
processing of foods - potentialities and prospects. Indian Fd Packer 52(2):14-
20

Sahoo, J. and Anjaneyulu, A.S.R. 1995. Modified atmosphere packaging of muscle
foods: Technology, shelf-iife and safety aspects. Indian Fd Industry 14(3):28-
35

*Saray, T. 1986. The trends in storage stability of cultivated mushrooms (4garicus
bisporus L.) in a controlled atmosphere. Kertgasdazag 18(1):3225-3226

. Saray, T., Balla, C. and Horti, K. 1995. The importance of packaging and modified
atmosphere 'in maintaining the quality of cultivated mushrooms (Agaricus
bisporus L.) stored in chill chain, Acta Horticulturae 368:322-326

Saxena, S. and Rai, R.D. 1988. Storage of button mushrooms (Agaricus bisporus).
The effect of temperature, perforation of packs and pre-treatment with
potassium metabisulphite. Mushroom J. Tropics 8:15-22



Saxena, S. and Rai, R.D. 1989. Postharvest technology of mushrooms. Tech. Bull.
No.2, NCMRT, Solan, p.26

Sethi, V. and Anand, J.C. 1984. Postharvest care of mushrooms. Indian Mushroom
1:1-6

Sethi, V., Bhagwan, J., Behal, N. and Lal, S. 1991. Low cost technology for
preserving mushrooms (Agaricus bisporus). Indian Fd Packer 45(6):22-25

Sharma, R.C., Jandaik, C.L. and Bhardwaj, S.R. 1991. Effect of blanching media
on weight loss and appearance of button mushroom. Adv. mushroom Sci. p.23

Siegel, S. 1956. Nonparametric Statistics for the Behavioural Sciences. McGraw-
Hill Ltd. p.301

*Sihobing, P. 1987. Effect of preservatives and ice blocks on quality of fresh
mushrooms. Buletin Penetitian Hortikultura 15(1):92-99

Singh, A., Keshervani, G.P. and Gupta, O.P. 1996. Dehydration and steeping
preservation of paddy straw mushroom (Volvariella volvacea). Mushroom
Res. 5:3942

Singh, B.N.A,, Littlefidd and Solunkhe, D.K. 1970. Effect of controlled atmosphere
storage on amino acids, organic acids, sugars and rate of respiration of
Lambert sweet cherries. J. Am. Soc. hort. Sci. 95:458-461

Singh, S., Kumar, C.G. and Singh, S. 1995. Production, processing and
consumption patterns of mushrooms. Indian Fd Industry 14(6):37-47

Singh, V., Sharma, T.R. and Jandaik, C.L. 1997. Effect of postharvest dip treatment
of mushroom on enzymatic browning. Paper presented in Indian Mushroom
Conference, 10-12 Sept. 1997, Mushroom Society of India and National
Research Centre for Mushroom, Solan India



xi

Srivastava, M.P. and Tandon, R.N. 1968. Influence of temperature on
Botryodiploidia rots of citrus and sapodilla. Indian Phytopath. 21:195-197

Sudhakar, D.V., Rao, K.P.G. and Krishnamurty, S. 1997. Studies on storage of
oyster mushroom. Paper presented in Indian Mushroom Conference, 10-12
Sept., 1997, Mushroom Society of India and National Research Centre for
Mushrooms, Solan, India

Suguna, S., Usha, M., Sreenarayanan, V.V., Raghupathy, R. and Gothandapani, L.
1995. Dehydration of mushroom by sun-drying, thin-layer drying, fluid bed
drying and solar cabinet drying. J. Fd Sci. Technol. 32(4):284-288

Suharban, M. 1987. Monographic studies on edible species of Pleurotus and
standardisation of the techniques for large scale cultivation. Ph.D. thesis,
Kerala Agricultural University, Vellanikkara, Thrissur, Kerala, India, p.195

Suharban, M. 1990. Mushrooms Technical Bulletin-17, KAU, p.113-115

Suharban, M. and Natarajan, K. 1995. Postharvest packing and storage of oyster
mushrooms. Paper presented in the Workshop on Mushroom Cultivation and
Postharvest Technology, 28 June 1995, Division of Microbiology, TBGRI,
Palode, Thiruvananthapuram

Sveine, E.K., Klougart, A. and Rasmussen, C.R. 1967. Ways prolonging the shelf-
life of fresh mushrooms. Mushroom Sci. 6:463-474

Tanga, A.Q. 1974. Weight loss in mushroom during canning. Indian Mushroom
Sci. 1:225-232

Tiwari, R.B., Pandem, M. and Tewari, R.P. 1997. Studies on the dehydration of
oyster mushrooms. Paper presented in Indian Mushroom Conference, 10-12
Sept., 1997. Mushroom Society of India and National Research Centre for
Mushrooms, Solan, India.



xii

* Umiecka, L. 1986, Influence of the quality of the material, and its postharvest
treatment, method of packing and conditions of storage on the export value of
several mushroom strains. Biuletyn-warzywnicy 29:271-292

Vijay, B. and Gupta, Y. 1994. Cultivation of white button mushroom (Agaricus
bisporus), Tech. Bull. No.4, National Centre for Mushroom Research and
Training, Solan, p.40-57

White, P.L. and Salvey, N. 1974. Nutritional Qualities of Fresh Fruits and
Vegetables. Futura publications Co. New York, p.229

* Originals not seen



SHELF-LIFE OF OYSTER MUSHROOM
[ PLeurotus fLorida Eger and Pleurotud safos - caju (Fr.) Singer ]

By
V. RAMA

ABSTRACT OF A THESIS

Submitted in partial fulfilment of the
requirement for the degree of

Master of Science in Horticulture

Faculty of Agriculture
Kerala Agricultural University

DEPARTMENT OF PROCESSING TECHNOLOGY

COLLEGE OF HORTICULTURE
VELLANIKKARA, THRISSUR - 680 654

KERALA, INDIA



\ 11365

ABSTRACT

An experiment was conducted at the Department of Processing
Technology, College 6f Horticulture, Vellanikkara, during 1597-98 to evolve a
simpie and cheap storage technique for mushrcom both under ambient and
refrigerated conditions and to improve the quality of dehydration and storage for
better colour retention, lesser shrinkage and faster recoastitution.

Packaging of mushrcoms in PP without ventilation and PP with air blown
in was evolved as a simple and cheap technique to extend the shelf-life of fresh
mushroom spedes Pleurotus ﬂoridé and Pleurotus sajor-caju for 36 hours under
ambient conditions and 10 days under refrigerated conditions with least
deteriorative changes, the former having the same sensory attributes as that of fresh
mushroom. Fresh mushroom will perish within a few hours of hatvest under

ambient conditions."

The mushroom samples of Pleurotus florida and Pleurotus sajor-caju
dehydrated after pre-treating with citric acid -+ salt solution + XMS showed better
colour, lesser shrinkage and higher recenstitution and could be stored for snx months
without any deterioration, when packaged in polypropylene or polyethylene bags.
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