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L. INTR ODUCTION

Edible mushrooms have received a remarkable amount of interest in
recent decades with the realization that they are a good source of delicious
food with high nutritional attributes, They are rich in protein (20-40% of
the dry weight) and contain nearly all vitamins, particularly the B group.
Their mineral content is also quite high ; phosphorus, potassium, calcium
and iron are the most notable minerals in mushrooms. They are low in

cholesterol and contain fibers, which helps in preventing several intestinal

disorders.

Due to their nutritional value and spicy flavour mushrooms are
widely cultivated in USA, Europe and Japan. The total mushroom
production world-wide has increased more than ten-fold in the past 25
years from about 350.000 tons in 1965 to about 4.3 million tons in 1991,
Based on recent and historical trends, it is likely that diversification of the
mushroom industry will continue in the USA and other western countries.
In 1993-1994 the USA produced 346188 tons of mushroom, while Japan
produced 351027 tons in the same period. In the USA, Agaricus
accounted for over 90% of the total mushroom production value, while
Lentinula, Flammulina, Pleurotus, Hypsizgus, Pholiotas and Grifola were
the main genera cultivated in Japan. As consumers became more aware of
the additional culinary characteristics offered by a variety of mushrooms,
demands for "speciality mushrooms" should increase substantially in the

future (Daniel, 1995).



In recent years attention has been paid to mushrooms as a weapon
against starvation. It is well known that about 60% of the world's
population is insufficiently fed. Protein deficiency is almost restricted to
the under developed and developing countries. Lelley (1 988) argued that
the increased cultivation of mushrooms in the third world countries could
make a significant contribution to the feeding of their population. This
could be achieved even without diverting land and other agricultural
resources, but only by converting agricultural wastes into tasty and

nutritionally valuable mushrooms.

The third world countries have agriculture or agro-based industries
as the main activity of their population. The most important agriculture
products of these countries include rice, wheat, corn, millet, sugar cane,
vegetables and fruits, cotton and fiber plants. Production and processing
of these crops usually result in accumulation of plant residues which are
mostly regarded as wastes. These plant wastes contain cellulose,
hemicellulose and lignin. Edible mushrooms are able to flourish on
materials containing these substances. Among these mushrooms the
species belonging to Pleurotus are the most promising for cultivation in
developing countries. Pleurotus sp. are primary decomposers. So, they
can thrive on a wide range of agricultural waste materials without the
need for costly and complicated treatment of substrates. Methods of
cultivation are generally simple and can be modified to suit the local
socio-economic conditions. Pleurotus are high yielding ; in a few weeks 1
kg of dry plant material can be used to produce 0.5-0.75 kg of fresh, tasty
and nutritious fruit bodies. The spent substrate left after production of

fruit bodies consists of degraded cellulose and lignin and is protein-rich,
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compared to the original substrate. It can be used for animal feeding or as

organic fertilizer. -

In Egypt, growing and consumption of mushrooms are relatively
new. The first farm producing Agaricus bisporus started in 1985, Also, a
few studies on the cultivation of Pleurotus sp. have been made (Abd Ei-
Kawi 1989, Abd El-Rehem 1991 and Hassan 1992).

The main objectives of the present study were :

1. Evaluating the performance of four species of Pleurotus mushrooms on

different agricultural wastes.

2.Studying the effect of spawn ratio and supplements on the mushroom
yield.

3. Testing simpler methods for substrate preparation.

4. Evaluating the nutritive value of the produced mushrooms.

5. Preliminary evaluation of the spent substrate as animal feed.
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Z.REVIEW OF LITERATURE

2.1. The nutritional attributes of edible mushrooms:
2.1.1. Protein;
Published values for the protein content of four popular edible
mushrooms, Agaricus bisporus, Lentinus edodes, Pleurotus spp. and
Volvariella volvacea, which are commercially cultivated in various

countries ; range from 1.75 to 3.63% of their fresh weight (Chang, 1980),

The protein content of edible mushrooms, in general, is about twice
that of asparagus and cabbage and 4 times and 12 times those of oranges
and apples, respectively. On a dry weight basis, mushrooms normally
contain 19 to 35% protein as compared to 7.3% in rice, 13.2% in wheat,
39.1% in soybean and 25.2% in milk. Therefore, in amount of crude
protein, mushroom rank below most animal meats but well above most
other foods, including milk, which is an animal product (Bano and

Rajarathnam, 1982a and Naire, 1982).

2.1.2. Essential amino acids:

Altamura et al., (1967) and Huges et al., (1958), reported that
various species of mushrooms contain, in addition to the common amino
acids and amides, the less common amino acids and related nitrogenous
compounds such as methionine sulfoxide, B-alanine, cystic acid, hydroxy-
prolines, amino adipic acid, phosphoserine, cystathione, canavarine ;

creatinine, citrulline, omithine, glucosamine and ethanolamine.



2.1.3. Fat:

The fat content in different species of mushrooms ranges from 1.]
to 8.3% onadry weight basis, with an average content of 4.0%. Huang et
al. (1985), reported that six commonly cultivated mushrooms namely,
Volvariella volvacea, Lentinys edodes, Agaricus bisporus, Pleurotus
sajor-caju, Auricularia auricula and Termella fuciformis have a higher

percentage of saponifiable lipids than non saponifiable lipids.

2.1.4. Vitamins:

It has been reported that edible mushrooms are a good source for
several vitamins including thiamine (vitamin By), riboflavin (vitamin B2),
niacin, biotin and ascorbic acid (vitamin ¢) (Crisan and Sands, 1978). The
thiamine content per 100 g dry weight ranges from 0.35 mg in ¥,
volvacea, to 1.14 mg in A. bisporus, from 1.16 to 4.8 mg in Pleurotus
spp., 10 7.8 mg in L. edodes. The niacin content varied from 54.9 mg in /.

edodes to 55.7 mg in A bisporus, to 64.88 mg in V. volvacea, to 46.0 to
108.7 mg in Pleurotus spp.

2.1.5. Carbohydrates and fibers:

According to Crisan and Sands (1978), pentoses, methylpentoses,
hexoses, as well as disaccharides, amino sugar alcohols and sugar acids
are constituents of mushroom carbohydrates. Pleurotus species contain
carbohydrates ranging from 46.6 to 81.8% (as compared to 60% in A.
bisporus) on a dry weight basis (Bano and Rajarathnam, 1982a). The fiber
content ranges from 7.4 to 27.6% in Pleurotus species (as compared to
10.4% in A. bisporus and to 4.0 to 20.0% in V. volvacea) (Yoshioka et al.,

1975). Fiber is considered to be an important ingredient in a balanced and



6

healthy diet. Anderson and Ward, (1979) reported that feeding diabetjc
patients with high fiber diets reduces thejr daily insulin requirement and
stabilizes their blood glucose profile, possibly by decreasing the rate of

glucose absorption and or delaying gastric emptying,

2.1.6. Minerals:

Mushrooms are a good source of minerals. The minerals present in
the substrate are taken up by the growing mycelium and translocated to
the sporophores, as in higher plants, The mineral of highest content is
potassium, followed by phosphorus, sodium, calcium and magnesium.
These are considered to be the major mineral constituents while copper,
zinc, manganese, molybdenum and cadmium make up the minor elements

(Bano and Rajarathnam, 1982, ; Bano er al, 193] and Li and Chang,
1982),

2.1.7. Nuelic Acids:

Li and Chang (1982) reported that Pleurotus sajor-caju contains the
highest amount of nuclic acids among the four edible mushrooms studied
(4.06% on a dry weight basis). This is equivalent to 0.51% on a wet basis,
Accordingly, it is safe to consume as much as 392.5 g of fresh P, sajor-
cqju daily. The limit could be even higher in the case of the other
mushrooms with a lower nuclic acid contents or around 20% more after
being cooked. Therefore, the content of nuclic acid in edible mushrooms

should not be a limit to their use as daily vegetable.
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2.2. Production of Pleurotus mushrooms:
2.2.1. Suitability of substrates and efficiency of species:

Several substrates including lignocellulosic residues have been

used for cultivation of Pleurotus isolates.

Cultivation techniques have been set up by Ferri, (1972). The
author indicated the cultivation techniques on organic substrate

composted of corn cobs,

Zadrazil (1973) studied the growth of Pleurotus florida in plastic
bags each holding 25 kg substrate inoculated with 3% wheat inoculum
and held at about 20°C. The yield (cap weight as a percentage of the wet
weight of the substrate) was 20.6 for the first flush and 4.2 for the second.

Bano and Nagaraja (1974) used paddy straw as substrate for
cultivating Pleurotus Sabeliatus.

Balazs (1978) reported that corn cobs and straw mixture (50-50%)

produced the highest yield of Pleurotus mushrooms.

Bano et al. (1979) grew Pleurotus SAabellatus and P. sajor-caju in a
locally constructed village shed in Mysor, India during the rainy
(temperature 20-26°C, R.H. 70-80%) and winter (T. 15-25°C, R.H. 80%)
seasons. Two types of bed were used viz, a polyethylene bag, 35 times 55
cm with 0.9 kg straw (PB) and cylindrical hanging bed containing 3.6 kg
straw (HB). Both were inoculated with 3% spawn and 1% horsegram

powder. Vegetative growth required 10-20 days for P. flabellatus.
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Average rainy season yields for both (PB) and (HB) were 50.05-51.00%
for P. flabellatus and 83.3-83.9% for p. sajor-caju. Maximum yield of
both P. flabellatys and P. sajor-caju were obtained at 20-26°C and R.H.
70%. In winter, vegetative growth of P, Sabellatus was delayed and the
yield reduced to 35.5-41.6% but the second yield of p. sajor-caju
remained satisfactory at 69-709%.

Poo-Chow ( 1980) reported that perforated polyethylene bags were
used as containers to hold 2 kg of unsterilized raw cotton waste as the
basic component of the Substrate. A fast growing strain of P, Sforida was
used. The spawn was placed in layers and the bags were held at
209C+39C for 9-21 days and then at 26°C to 30°C for fruiting, Five

flushes were harvested at 7-10 days intervals.

Losovoi (1980) reported that various strains of p. ostreatus and one
of P. cornucopiae were grown successfully on sterile blocks of fresh
beach sawdust with added gypsum (1-2%), chalk (1-2%), Urea (0.3-0.5%)
and NPK (0.3-0.5%). The yield obtained was 25-30% on weight of

mixture. Best yields were obtained with P, ostrearus.

Flick, (1981) stated that sterilized spent mushroom compost
inoculated with 11 species of edible fungi P. ostreatus , P. ostreatus Var.

SAorida and Volvariella volvacea grew well,

Puri et al. (1981) reported that baddy straw was found to be a
suitable substrate, in which average yields amount to 300 g/kg of dry

substrate.



Sivaprakasam and Kandswamy (1981) studied the suitability of
Some waste materials for the cultivation of P. safor-caju. The best results
were obtained on substrates of waste paper, Sugar cane bagasse, hulled

and powdered maize cobg and rice straw. These gave yields of 183, 176,
176, 173 and 163 g/mz, respectively,

Nout and Keya (1983) found that cotton hull waste was a superior
substrate for cultivation of Pleurotus in Kenya.

Bisht and Harsh (1984) showed the possibility of using some weeds
like Lantang camara and other wastes, ie., waste paper as a substrate for

P. ostreatus cultivation.

Chakravrty and Sarkar (1984) found that rice Straw was a suitable

substrate to growing P. sajor-caju.

Punkow (1984) used Wwheat straw as a substrate for growing oyster

mushrooms.

Henicus and Voros (1985) reported that oyster mushrooms P,

ostreatus grew well on a substrate of maize stalks.

Das et al. (1987) used agricultural wastes as substrates for
cultivation of P. flabellatus and P. sajor-caju such as wheat straw, rice

straw, maize stems, banana pseudostems and water hyacinth which were
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used successfully. The best average yields of the two studied species were

1650 and 1970 g, respectively produced from 3 kg dry wheat straw.

Guzman-Davalos et al. (1987) studied the sugar cane bagasse as a
substrate for Pleurotus production in Jalisco state, Mexico. P. ostreatus

reached a biological efficiency of 49.08 and P. Sloridanus 51.05%.

Morales (1987) studied the cultivation of P. ostreatus on cardamon
pulp which proved to be a good substrate giving a good yield of
mushrooms and a biological efficiency of 113.64% (a production of 109}

g fresh fruit bodies/8 kg fresh substrate was obtained).

Nicolini et al. (1987) compared the cultivation of P. ostreatus and
Agrocybe aegerita on wheat straw, orange peel and distillery grape stalks,
separately or mixed. Good levels of substrate colonization on orange peel
and grape stalks were achieved by P. ostreatus and A. aegrita which

degraded 50-60% and 20-30% of lignin content, respectively.

In Egypt, Abd El-Kawi (1989), studied the growth of three
Pleurotus species namely, P. ostreatus, P. sajor-caju and P. florida on
rice straw. He found that P. florida gave a good yield followed by P.

sajor-caju and P. ostreatus.

Abd El-Rehem, Nahed, (1991), cultivated two Pleurotus species
viz, P. sajor-caju and P. columbinus on three ligniocellulosic materials
namely ; sawdust “wood shaving”, rice straw and water hyacinth. She

found that the two species of Pleurotus gave the highest yield on rice
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straw substrate followed by saw dust “wood shaving” and water hyacinth

under Egyptian conditions,

Hassan (1992) studied the growth of P, cornucopiae, P. flabellatys
on different substrates viz., rice straw, wheat straw, broad bean straw,
wastes of tomato and wastes of cowpea separately or mixed. He found
that the highest yield was obtained when the Pleurotus species were

grown on a broad bean straw separately or mixed with tomato or cowpea
wastes (50 and 75% from each).

2.2.2. Preparation of substrates;

Substrates for cultivation of Pleurotus mushroom can be prepared
by several methods. The success of any method depends on its ability to
fulfill the following requirements - to eliminate or kill the weed fungi in
the substrate or at least to inhibit their growth, to kill nematods, insects
and their dormant stages in the substrate, to precondition the substrate for

the attack of Pleurotus and to compete economically .

Methods used for the preparation of substrate for Pleurotus can be
summarized into 5 distinctive methods (Schies, 1991):
1. Sterilization of wet substrate under pressure in autoclave.
2. Partial sterilization (Pasteurization) of wet substrate.
3. Partial sterilization (Pasteurization)of dry substrate (xerotherm method).
4. Aerobic fermentation of wet substrate,

5. Semianaerobic fermentation.
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The semianaerobic fermentation is still relatively unknown for most
growers of mushroom. Schies (1991) and Lelley, (1986) studied this
method extensively. They concluded that this method for substrate
preparation requires less energy than the other methods. In addition,
semianaerobic fermentation allows the production of small amount of
substrate as well as large quantities and does riot requires special technical
devices or measures. Therefore they suggested this method to be used in
countries of the third world, and recommended further research on the
coarse of the semi-anaerobic fermentation at higher temperatures as may

be found in tropical and subtropical regions.

2.2.3. Supplementation of substrates:

Various organic and inorganic supplements including cotton seed
meal, horse gram powder, soybean meal, alfalfa meal, coconut cake, palm
kernel cake, rice bran, wheat bran, tobacco dust and spawn mat have been
tried in the cultivation of various Plewrotus spp. with increased yields
(Bano et al, 1979 ; Bano and Rajarethnam 1983 ; Gunasegaran and

Graham 1987, Royse and Schlsler 1987 ; Zadrazil and Kurtzman 1982).

Losovoi (1980) reported that various strains of P. ostreatus and one
of P. cornucopiae were grown successfully on sterile blocks of fresh
beach sawdust with added gypsum (1-2%), chalk (1-2%), Urea (0.3-0.5%)
and NPK (0.3-0.5%). The yield obtained was 25-30% on weight of

mixture. Best yields were obtained with P. ostreatus.

The addition of nutrients like oat meal to the substrate gave better

yield with most agricultural wastes (Quimio, 1980).
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A number of studies using rice and other straws have shown
increased yields with nitrogen rich supplements (Zadrazil 1980 ; Muller
and Gawley 1983 Rajarathnam et al., 1986 ; Gunasegaran and Graham
1987 ; Royse and Bahler 1988).

Bano and Rajarathnam (1982b) used chopped paddy straw asa
substrate and studied the effect of protein supplementation of the substrate
on the yield and protein content of the fruiting bodies. Protein
supplmentation greatly enhanced yield. The best results being obtained
with horsegram powder or yeast mud at 4.4 and 2.2% (dry weight basis),
respectively. The highest protein contents of fruiting bodies were obtained
with ground nut cake (3.3 or 4.4%) and were associated with relatively

low yields.

Visscher (1984) studied the effect of amending the dry straw
substrate with rice bran at 7.5 or 15.0% on yield of P. pulmonarius and P.

columbinus. The highest concentration gave the best results .

Sharma and Jandaik (1985) reported that Pleurotus waste which
constituted 40% of the contaminated straw during spawn running and
cropping and 60% of the lefi-over substrate after the cultivation of P.
sajor-caju did not support better yield than the fresh wheat straw, but an
average yield of 853 g/kg of air dried substrate could be obtained when

the waste was supplemented with 5% wheat bran .
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El-Kattan and Bahran (1986) reported that rice straw as a medium
for cultivation of an oyster mushroom could be supplemented with
organic additives containing nitrogenous compounds at a reasonably high

level. Wheat bran, soyabean meal, or dried berseem were added at rates of
1-5%.

Bisaria et al. (1987) cultivated oyster mushroom, P, sajor-caju on a
number of agro-residues and their mixtures. Biological efficiency, defined
as the percentage conversion of substrate into fruit bodies on a dry weight

basis, was maximum on paddy straw supplemented with cotton seed (12-
82 g/100 g substrate).

Ertan (1987) amended wheat straw medium with crushed barley,
wheat bran, cotton seed residues or cotton lint at 10, 125, 250 or 375 g/
3kg. Mycelial development and fructification of P. ostreatus took 26.7
and 36.7 days, respectively, with the unamended control medium. These
developmental periods were shortest with media supplemented with 250 g
cotton lint (14.7 and 26.8 days, respectively) and 250 g crushed barley
(15.3 and 20.9 days, respectively).

Gunasegaran and Graham (1987) noticed that yield of the phoenix
mushroom increased significantly by adding some organic additives i.e.
rice bran, palm kernel cake, corn meal, coconut cake and tabacco dust. On
the other hand it was reduced to zero by soya bean meal which stimulated

the competitive growth of Coprinus spp.
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Pettipher (1988) reported that cultivation of the oyster mushroom
(Pleurotus ostreakzls) on saw dust and coco-bean shei] waste with organic

supplements gave better yields.

Visscher (1989) studied the effect of adding various amendments to
straw  substrate on yield of p. ostreatus  and P. Pulmonarius . The
amendments comprised rice bran, lucerne meal, feather meal, millichamp
3000 (soya bean), poultry manure and gypsum. They were mixed with the
straw at filling when the moisture content of the straw had been raised to
between 72 and 78%. The reactions to the amendments varied between
strains and even between species. Lucerne meal gave better results than
rice bran, which was usually better than straw alone. The P. ostreatys
strain Somycel 3200 grew best without amendments, It did not respond to
lucerne meal whereas poultry manure delayed harvest and resulted in bare
patches. Lucerne meal, feather meal, millichamp 3000 and gypsum

depressed yields.

Upadhyay and Vijay, (1991) studied the effect of addition of
various nitrogen supplements to wheat straw. Wheat bran, rice bran, and
cotton seed meal at 5 and 10% (of dryweight of the substrate) and brewers
grain at 10 and 20% (pretreated with 2% formaldehyde solution) were
added to wheat straw before spawning. All the species i.e. P, ostreatus, P.
sp. cfr. Florida, P. cornucopiae, P. fossulatus and P. eryngii behaved
differently with addition of the above supplements. Dried brewers grain
20% gave the highest yield with P, eryngii and P. fossulatus (73 and 43%
B.E.) followed by cotton seed meal. However, rice bran 5% was found

superior to other supplements with P. ostreatus.
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2.2.4. Spawn ratio:
El-Kattan and Bahran (1986), studied the influence of spawn
inoculum on yield of fruit bodies and found that 4% spawn ratio attained

high percentage of yield/dry substrate weight.

Abd El-Kawi (1989) studied the effect of spawn ratio on biological
efficiency of Pleurotus spp. on rice straw. Although 6% increased the
(B.E)) the best spawn ratio was 4% because he did not find significant

differences between the yield at 4 or 6% spawn ratio.

Hassan (1992) studied the effect of the spawn ratio on production
of Pleurotus species. He found that the yield produced at 5% spawn ratio
was higher than at 3%. However, the latter ratio (3%) was more economic

and was recommended therefore, by the author.

2.2.5. Spent substrate as an animal feed:

The composition of the substrate before spawning and after
mushroom harvesting show variable changes in their constituents. The
residue after harvesting is refered to as a spent or compost substrate.
Generally, the spent could be used for feeding of animals or as a manure

for plants.

Rangaswami et al. (1975) reported that growing P. sajor-caju on N-
free medium, increased N-content of the substrate up to 30 days after
spawning, then N-content declined. After harvesting of the sporophores

the substrate contained 15-18% protein.
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Zadrazil (1975b) reported that Pleurotus spp. during their growth
on rice straw, caused variable changes in its constituents i.e., crude
protein, fiber, carbohydrates, lignin, amino acids and ash content. He
found that straw fermented with P. cornucopiae for 120 days at 22°C and
25°C attained a digestibility of 60-70% high quality. In addition, the C/N
ratio of straw was reduced due to the increase in crude protein. He also
reported that when P. florida was grown on wheat straw, the nutrient
extraction by the mycelium and fruiting bodies altered the proportion of

minerals in the substrate ; Ca and Mg showed a relative increase and N, P

and K a slight decrease.

Zadrazil (1977) reported an increase of 12 percentage units in the

in-vitro digestibility of wheat straw incubated with P. florida.

Bano et al. (1986) revealed the suitability of spent straw after
cultivation of the mushroom, P. sajor-caju and found that the extract of
spent straw did not contain any mycotoxins. Moreover, they stated that in
spite of the fact that body weights of albino rates, albino mice and weights
of vital organs of the treated animals were decreased when higher
concentrations of the “spent straw” were utilized, no abnormalities were
recorded in histopathological examinations of the vital organs or the
haematological observations. They concluded that feeding “spent straw”

to these animals did not cause any toxic hazards.

Muller and Trosch (1986) when tested 22 basidiomycetes for
lignin-cellulose and hemicellulose degradation reported that P. florida

was the fastest in delignifiaction.
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Tsang et al. (1987) found that cellulose digestibility of the residues
after Pleurotus species harvesting, was generally higher than that of the
original straw, They concluded that it is not feasible to simultaneously

produce Pleurotus and a highly delignified residue from wheat straw.

Gupta and Langer (1988) mentioned that P. cornucopiae, P. florida
and P. ostreatus exhibited promising properties for the decomposition of
lignin cellulose materials, mainly the cereal straw, to increase their value

as animal feeds.

Silanikove et al. (1988) reported that organic matter losses after
Pleurotus sp. growth were less for the cotton straw substrate than for the
wheat straw substrate as shown by the increase in ash content of the
substrate. During the growth cycle of the fungus the ligno-cellulose
content of the substrate decreased and the detergent soluble content
increase indicating that the quality of the substrates as feed stuffs for

ruminants had been improved.

Li and Wang (1989) determinated the nutritive value of the
substrate after cultivation of P. spidus with a view to its use as a poultry
feed, using cotton seed hulls as a substrate for cultivation. It was observed
that, waste from P. sapidus cultivation contained more water, crude ash

and crude protein but less crude fat and crude fiber.
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S.MATERIALS AND METHODS

3.1. Species of Pleurotus:

Four species of Pleurotus mushroom were used throughout the
present study, namely : Pleurotus sajor-caju (Fr.) Sing ; P. pulmonarius
(Fr.) Que’l ; P. cornucopiae (paulex Fr.)and P. ostreatus (Jacques Fr.)
Kummer. Cultures of the first three species were kindly offered by
Research Institute for Mushroom Cultivation of the Rheinland Chamber
of Agriculture in Krefeld, Germany. The fourth culture was kindly offered
by the National Research Center, Cairo, Egypt.

Cultures of Pleurotus spp. were maintained on Potato Dextrose
Agar (PDA) kept at 4°C and subcultured every 2-3 months. Cultures were
renewed every season by isolation from the inner parts of selected fruit

bodies under aseptic conditions on (PDA) or malt agar medium.

3.2. Preparation of spawn :

3.2.1. Spawn of Pleurotus :
Spawn of Pleurotus spp. was prepared according to Mueller, 1983
and Anonymous, 1986. Wheat grains were soaked in boiling water for 30
min., then separated from water and left to cool for 4 h. Grains were
mixed thoroughly with calcium carbonate and calcium sulphate added at
the ratios of 6% and 3% w/w, respectively. Amended wheat grains were
filled in glass bottles 600 ml capacity at the rate of 200 g/bottle and

sterilized in autoclave for 1 h. at 125°C.
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After sterilization bottles were left to cool and each bottle was then
inoculated with 3-5 disks of (PDA) fungus culture. Bottles were incubated
at 26-28°C for about 20-30 days (until full growth).

3.3. Substrates:

Agricultural residues which were used as substrate for the
cultivation of Pleurotus spp. in the present study were : rice straw, wheat
straw, maize straw and sugar cane bagasse. Dry and sound (not rotten or
decayed) batches of these agricultural wastes were chopped to small

particles of about 3-6 cm (Lelley, 1988).

3.3.1. Substrate treatment:

Two methods were applied for the preparation of the substrates:

Pasteurization and semianaerobic fermentation.

3.3.1.1. Pasteurization:
In this method, substrates were soaked in tap water for 24 h,, then
the excess water was drained off. The wet substrates were pasteurized
with live steam for 4 h., at 70-80°C. The pasteurized substrates were

allowed to cool overnight, then spawned and bagged.

3.3.1.2. Semianaerobic fermentation:

Semianaerobic fermentation was carried out as described by Lelley
(1988). The dry chopped substrate was placed in a water tight concrete
basin (1x0.8x1 m), pressed with a wooden cover and weighted down with
heavy stones. Water was poured into the basin until the water level was

about 10-20 cm above the cover. The fermentation was carried out either
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in the presence or without the addition of the fungicide benomyl. In the
former case, benomyl was added to the water at the beginning of the
fermentation at the concentration of 100 ppm (50 ppm. active ingredient).
The required quantity of benomyl was calculated and suspended in 3-4

liter of water and then added to fermentation water.

Fermentation continued for 10 days, with the substrate remaining
always under water the whole time. The temperature of the fermentation
mixture ranged between 15-18°C throughout the fermentation process.
Changes in pH of the fermentation mixture as well as microbial counts
were determined at 0, 2, 5 and 10 days of the fermentation process. After
ten days the water was drained away. The substrate was spread on clean

plastic sheets for 24 h. and then spawned and bagged.

3.3.2. Supplementation:

The effect of some supplements to improve the nutritional
properties of substrate and maximize the yield of fruit bodies was tested
using pasteurized wheat straw as substrate. Supplements tested were rice
bran, wheat bran, peat moss, gypsum and a balanced mixture of these
supplements. They were sterilized by autoclaving at 120°C for 1 h, left to
cool and then added to the substrate just prior to spawning in the rate of
5% w/w. Each treatment was represented by 5 replicats. Yield was
expressed as g fruit bodies/bag (4 kg wet substrate) and as biological
efficiency (B.E.).
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3.4. Cultivation procedure:
3.4.1. Spawning of substrates:

Spawn was added to the damp substrate at the rate of 4% (if it is not
specifically stated) and evenly mixed into the substrate, Spawned
substrate was filled into 50 x 35 cm polyethylene bags, which were
perforated before to permit enough aeration needed for fungal vegetative
growth. The holes were 1 cm wide and spaced 20 cm apart from each
other. The upper third of bag was not perforated. Each bag was filled with

4 kg spawned substrate and compressed. Bags were then tied firmly .

3.4.2. Colonization phase:
Bags were placed in dark at 22-25°C until the substrate was fully
colonized by the fungal mycelium (2-3 weeks) contaminated bags were

discarded. The relative humidity of the air around the bags ranged from
80-95% (Fig. 1).

3.4.3. Fructification and harvesting:
After 3 weeks, sound bags were transferred to a cultivation room (a
glass house covered with shading net) with temperature of 20-28°C and
80-95% relative humidity. Bags were water atomized whenever needed to

facilitate primordia induction.

Fruiting initials (primordia) appeared from the holes of the plastic
bags were allowed to grow until maturity (Fig. 2). They were harvested
from the substrate when the edges of most of the fruiting bodies in the
cluster no longer pointed downwards but were more or less horizontal

(Lelley et al., 1988) mature fruiting bodies were gently broken daily and



Fig. (1):Bags of spawned substrate keptin dark at 22-25"C and 80-959, RH.

Fig. (2): Bags in cultivation room at harvesting phase.
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weighted. Yield experiments were terminated 80 days after spawning. The
total yield of each experimental treatment was calculated and expressed as

g fruit bodies/bag (4 kg wet substrate) and as biological efficiency B.E.

as the following :

B.E. = Fresh weight of harvested fruit bodies
o Dry weight of substrate

3.5. Yield experiments:
3.5.1. Effect of spawn ratio:

The effect of spawn ratio on the yield of fruit bodies was tested
using three ratios of spawn (2%, 4% and 6% w/w of damp substrate) of
either P. pulmonarius, P. ostreatus, P. sajor-caju and P. cornucopiae.
Substrate used was pasteurized rice straw. Each treatment was represented

by 5 replicates. Yield was expressed as g fruit bodies/bag (4 kg wet
substrate) and as B.E.

3.5.2. Effect of Pleurotus spp.:
3.5.3. Effect of substrate:

The effect of Pleurotus spp. and that of the substrate on the yield of
fruit bodies were tested in a combined experiment. Four Pleurotus species
were used namely P. pulmonarius, P. ostreatus, P. sajor-caju and P.
cornucopiae. Substrates tested were pasteurized rice straw, wheat straw,
maize straw and sugar cane bagasse. Spawn ratio applied was 4% w/w.
Each treatment was represented by 5 replicates. Yield was expressed as g

fruit bodies/bag (4 kg wet substrate) and as B.E.
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3.5.4. Effect of method of substrate preparation :

Rice straw, wheat straw, maize straw and sugar cane bagasse were
prepared by either pasteurization or semianaerobic fermentation, The
latter was carried out either in the presence of the fungicide benomyl (100
ppm) or without benomyl. Treated substrates were spawned (4%) with
either P, pulmonarius, P. ostreatus, P. sajor-caju or P, cornucopiae. Each
treatment was represented by S replicates. Yield was expressed as g fruit
bodies/bag (4 kg wet substrate) or as B.E. In addition, the ratio of

contaminated bags to the tota] bags in each method was also determined.

3.6. Feeding experiments:

Feeding experiments were carried out to evaluate the suitability of
spent substrates for animal feeding. Experiments were carried out in the
experimental Farm of the Department of Anjmal Production, Faculty of
Agriculture, Kaft El-Sheikh, Tanta University .

3.6.1. Feed stuff:
Spent substrate left after the preduction of Pleurotus mushroom on
rice straw was collected, dried and stored. Sample was taken for chemical
analysis. Dry matter, crude protein, ether extract, crude fiber and ash were

determined.

3.6.2. Experimental animals :
Three Baladi goats aged two years old and weighted about 30 kg

were used to proceed the digestion trials for the evaluation of feed stuff,



26

3.6.3. Digestibility trials:

To determine the nutritive value of spent substrate, one digestibility
trial was carried out. The ration was offered to goats to cover maintenance
requirements (1% of body weight of each head spent substrate and the
remaining of concentrate ration) according to NRC(l976).Digestibilily
trial consisted of a 15 days preliminary period followed by a 6 days
collection period. Feces samples (10%) were collected, dried at 65°C for
16 h. The daily dried feces samples, from each animal were thoroughly

mixed and ground for chemical analysis.

3.7. Chemical analysis:
3.7.1. Moisture content:
Moisture content was determined by drying the sample in an oven

at 105°C untill constant weight according to (A.0.A.C. 1980).

3.7.2. Crude protein :
Crude protein of stip and cap together usually calculated from the
nitrogen content, as determined by the micro-kjeldahl method (Horwitz,

1980), using the conversion factor, (N x 6.25 ).

Crude protein of substrate and spent was determined by the macro-
kjeldahl technique using the conversion factor, (Nx6.25) according to
A.O0.A.C. (1980).
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3.7.3. Fats:
Crude fat was determined by Soxhlet procedure similar to basic

method described by A.0.A.C. (1980) modified by Chang and Quimio
(1982).

3.7.4. Crude fiber:

A known weight of the ground sample (2 g) was mixed with
sulphuric acid (200 mi 1.25% w/v). The mixture was boiled under reflex
condenser for 30 minutes, filtered through a Gooch crucible provided with
asbestos mat then throughly washed with hot distilled water according to
Chang and Quimio (1982).

3.7.5. Ash:

The ash content was determined according to the official method
(A.0.A.C. 1980) by heating the sample in a muffle at 550°C to constant
weight.

3.7.6. Determination of benomyl residues:
Carbamates (including benomyl) are anticholinesterases (Casida,
1963). So, determination of benomy! residues based on its effect on

acetylcholinesterase activity.

The method of Ellman et al. (1961) was used for assaying the
activity of acetylcholinesterase (AChE) in bovine blood. The method is
based on the hydrolysis of Acetylthiocholine (ASch) as a substrate by the
enzyme (AChE) to produce thiocholine and acetic acid. Thiocholine

reacts with dithiobisnitrobenzoate (D'TNB) to produce the yeliow colour
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anion of 5-thio-2-nitrobenzoic acid. The rate of colour formation as a

function of enzyme activity is measured spectrophotometrically at 412

nm.

Preparation of samples:

Chloroform (CHCI3) as a good organic solvent for benomyl
(Bleidner et al, (1978) was used to extract benomy! residues from either
fermented substrates, spent substrates or fruit bodies. Chloroform was
added to samples at the rate of 3:] (v/w). Samples with chloroform were
thoroughly blended at high speed twice for 5 min., and then were
filterated on sodium sulphate anhydrous. Obtained chloroform phase was
dried under vacuum using rotary evaporator and dried residues were

resolved in 1 ml acetone for biochemical determination.

Solutions:

i) Buffer phosphate, 0.1 M, pH 8.0.

ii) Substrate, acetylthiocholine iodide, 0.075 M (21.67 mg/ml).

iii) Reagent, Dithiobisnitrobenzoic acid (DTNB) 0.01 M of the 5:5-
dithiobis-2-nitrobenzoic acid (39.6 mg were dissolved in 10 ml, pH 7.0
phosphate buffer 0.1 M, and 15 mg of sodium bicarbonate were added).

Procedure:

1.Of  a prepared sample, 5 pl were transfered to a test tube and kept until
dryness before adding 6 ml of buffer phosphate (pH 8.0, 0.1 M)
containing 10 pl from fairly stable suspension of bovine blood. Tubes
were incubated at 37°C for 30 min.

2. Exactly 3 m! of the incubated mixture were pipetted into a cuvette.
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3.0f the DTNB reagent, 25 ul were added and the cuvette was placed in
the photometer. The photometer was adjusted so that the absorbance (at
412 nm) of the suspension in the cuvette was zero.

4.0f the substrate, 20 pl were added to this cuvette, and changes in

absorbance at 412 nm were recorded for at least 6 min.

The blank consists of buffer, substrate, sample and DTNB
solutions. The standard curve was prepared using different concentrations
of benomyl. Two tests and one blank were run for each sample. Means of
the changes in absorbance/min. (0.D.) were plotted on the standard curve

and residues of benomy| were assessed.

3.8. Microbiological analysis:

Counts of bacteria as well as molds and yeasts in the fermentation
water during the semianaerobic fermentation were determined. Samples
(10 ml) were taken under aseptic conditions from the fermentation water
on the 1st, 2nd, 5th and 10th day. Samples were diluted with sterilized tap
water up to 1077,

Counts of bacteria was determined using the poured agar plate
technique. Portions of 1 ml of each dilution stage were pippeted into
sterile petri dishes and 15-20 ml portions of molten and cooled to about
459C tryptone glucose yeast agar medium were poured in plates, mixed
evenly in and left to solidify. After solidification the medium, plates were
incubated in an inverted position for 2-3 days at 30°C, count of bacteria

was determined from the number of colonies on each of 5 plates per
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dilution. Only plates exhibiting between 30-300 colonies were used. the

mean value was calculated and then multiplied by the dilution factor.

Count of molds and yeasts was determined by spreading of 0.1 ml
portions of each dilution stage into petri dishes containing sterilized malt
agar medium. Five plates were used per dilution. Plates were incubated at
25°C for 4-5 days. Colonies of molds and yeasts were counted, the mean

value was calculated and multiplied by the dilution factor.

3.9. Media:
3.9.1. Malt agar medium:

g per liter
Malt extract 30.0g
Peptone 30g
Agar agar 140¢g
pH 4.0+0.1
3.9.2. Potato dextrose agar (PDA):
g per liter
Potato 2000 g
Dextrose 200 g
Agar agar 140 ¢
pH 7.0%0.1
3.9.3. Tryptone glucose yeast agar medium:
g per liter
Peptone from casein 50g
Yeast extract 25¢g
D (+) glucose 1.0g
Agar agar 140 g

pH 7.0£0.1
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3.10. Statistical analysis:

Experiments were designed as complete randomized and obtained
data were statistically analyzed according to the methods of Gomez &
Gomez (1984) using the least significant differences (at P<0.05), means

were compared.
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<. Experimental Results

4.1. Yield of fruit bodies of Pleurotys spp.:
4.1.1. Effect of Spawn ratio on the yield of fruit bodies:

P, sajor-caju and p cornucopiae grown op rice straw. Results are

expressed as biological efficiency and ag g fruit bodies/bag containing 4
kg substrate,

Results indicate that increasing the Spawn ratio from 2 to 4 and 6%
of the substrate significantly increased the yield of fruit bodjes (B.E. and
g/bag) of the tested Pleurotys spp. However, p. cornucopiae was an
exception, as it did not respond similarly to the higher spawn ratio. Itis
worthy to note that the first flushes of fruit bodies appeared earlier at

higher rather than at lower spawn ratjos,

that of P, cornucopiae (B.E. 0.83 ; 625 g/bag) whereas the lowest was that
of P, sajor-caju (B.E. 0.49 3 365 glbag): P. pulmonarius recorded the
highest yield at both 4% and 6% Spawn ratios (B.E. 1.08 ; 813 g/bag and
B.E. 1.24; 930 g/bag), whereas p, sajor-caju recorded the lowest yield at
the same Spawning ratios (B.E. 0.66 ; 498 g/bag and B.E. 0.74 ; 563
g/bag).

To evaluate the yield increase affected by increasing the spawn

ratio, means of yield attained at 2, 4 and 6% were compared. Increasing
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spawn ratio from 2 to 4% resulted in about 28% yield increase. However,

increasing spawn ratio from 4 to 6% was less effective, as it increased the
yield by about 14%,

Therefore, 4% spawn ratio seemed to be more suitable in the light

of cost-benefit ratio, and was used in the next experiments.

4.1.2, Performance of different Pleurotus spp. grown on
different substrates:
Data presented in Table (2) and illustrated in Fig. (2) represent the
yield of fruit bodies (B.E. and g/bag) of P. pulmonarius, P. ostreatus, P.
sajor-caju and P. cornucopiae grown on rice straw, wheat straw, maize

straw and sugar cane bagasse. Substrate were prepared by pasteurization

and spawned at 4%.

Results indicate that all the tested agricultural wastes can be used as
substrates for the production of fruit bodies of Pleurotus spp. However,
rice straw, wheat straw and maize straw were more suitable than sugar
cane bagasse for growing and production of fruit bodies of Pleurotus
mushroom. The mean biological efficiencies achieved using rice straw,
wheat straw and maize straw were not significantly different (0.93,0.91
and 1.10), whereas the mean biological efficiency achieved using sugar
cane bagasse was significantly lower (0.53). The same trend was noticed
in relation to achievable fruit bodies per bag containing 4 kg substrate. It
reached 718, 727 and 1028 g fruit bodies/bag containing 4 kg substrate of
rice straw, wheat straw and maize straw, respectively, while it reached

335 g/bag containing 4 kg of sugar canc bagasse .
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Also the performance of the tested  Pleurotus species varied
significantly on the different substrates. Significant species x substrate
interactions were observed. The highest yield (B.E. 1.77 ; 1645 p/bag
containing 4 kg substrate) attained was that of P. cornucopiae grown on
maize straw, whereas the lowest was that of P. ostreatus grown on sugar

cane bagasse (B.E. 0.33 ;210 g/bag containing 4 kg substrate).

Comparing the mean values of yield achieved by the tested
Pleurotus species reveals that P cornucopiae achieved the highest mean
yield of fruit bodies (BE. 1.12and 912 g/bag containing 4 kg substrate).
It was significantly higher than the means of all tested Pleurotus species.
The lowest mean yield was that of . sajor-caju (B.E. 0.66 ; 518 g/bag
containing 4 kg substrate), which was not significantly different from that

of P. ostreatus (B.E. 0.78 ; 635 g/bag containing 4 kg substrate).

4.1. 3. Effect of different supplements on the yield of fruit
bodies:
Data in Table (3) and illustrated in Fig. (3) represent the effect of
some supplements on the yield of fruit bodies of P. pulmonarius, P.
ostreatus, P. sajor-caju and P. cornucopiae grown on wheat straw.
Supplements were autoclaved and added to pasteurized substrate at 5%

ratio just prior to spawning.

Results indicate that supplements tested varied in their effect on
yield of fruit bodies. The addition of cither rice bran or wheat bran

significantly increased the yield of fruit bodies of all tested Plewrotus
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species compared with the other supplements and with the non
supplemented substrate (control). Addition of 5% rice bran to wheat straw
substrate increased the biological efficiency from 0.67 (non supplemented
control) to 1.07, which represent on increase in yield of about 67.0%. The
increase of yield affected by the addition of 5% wheat bran was less
pronounced, though still significant ; the biological efficiency increased

from 0.67 to 0.80, which reépresent an increase in yield of about 19%,

Addition of 5% of either peat moss or 2 balanced mixture of al]
supplements tested did not significantly affect the yield of fruit bodies,
However, amendment of wheat straw with 5% gypsum significantly
decreased the yield of fruit bodies of all Pleurotys Species as compared to
non - supplemented wheat straw (control) and other supplements, The
biological efficiency decreased from 0.67 10 0.46 which corresponds to a

decrease in yield of about 31%,

The highest yield recorded in the present experiment was that of p.
cornucopiae grown on wheat straw supplemented with rice bran (1.53 and
1225 g/bag containing 4 kg substrate). The lowest yield was that of p.
sajor-caju on wheat straw supplemented with gypsum (B.E. 0.31 and 250
g/bag containing 4 kg substrate). It is worthy to note that comparing the
means of yield achieved by the tested Plewrotus species in this experiment
reveals again that P, cornucopiae was the most efficient species. The
means of yield achieved by P. cornucopiue were significantly higher and

surpassed by far those of the other Pleurotus species.
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4.1.4. Effect of method used for substrate preparation on
yield of fruit bodies:
4.1.4.1. Substrates prepared by semianaerobic fermentation
in the presence of benomyl:

Data in Table (4) and illustrated in Fig. (4) represent the yield of
fruit bodies of p. pulmonarius, P, ostreatus, P. sajor-caju and P.
cornucopiae grown on rice straw, wheat straw, maize straw and sugar
cane bagasse, which had been prepared by semianaerobic fermentation
(10 days) in the presence of 100 ppm benomyl (50% active ingredient).
Spawning ratio used was 4%,

Results indicate that rice straw Was more suitable for the production
of fruit bodies than the other tested substrates. The mean values of
biological efficiency (0.95) and fruit bodics /bag containing 4 kg substrate
(711 g) achieved on rice straw were significantly higher than those
achieved on other substrates, Sugar cane bagasse gave the lowest mean
values of biological efficiency (0.51) and of fruit bodies /bag (322 g),
thought not significantly different from those achieved on wheat straw or

maize straw.

Results also indicate that P. cornucopiae was more efficient than
the other tested Pleurotus species. The mean values of biological
efficiency (0.82) and of fruit bodies /bag containing 4 kg substrate (605 g)
achieved by P. cornucopiae were significantly higher than those of P.
ostreatus and P. sajor-caju, but was not significantly different from that

of P. pulmonarius
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The highest yield of fruit bodies recorded on substrates prepared by
semianaerobic fermentation in the presence of benomyl was that of P.
pulmonarius grown on rice straw (B.E. 1.06 ; 795 g fruit bodies /bag
containing 4 kg substrate). The lowest, however, was that of P. sajor-caju

grown on sugar cane bagasse (B.E. 0.51 ; 322 g fruit bodies /bag

containing 4 kg substrate).

4.1.4.2. Substrates prepared by semianaerobic fermentation
without benomyl:
Data in Table (5) and illustrated in Fig. (5) represent the yield of
fruit bodies of P. pulmonarius, P. ostreatus, P. sajor-caju and P.
cornucopiae grown on rice straw, wheat straw, maize straw and sugar
cane bagasse, which had been prepared by semianaerobic fermentation
(10 days) without the addition of the fungicide benomyl. Spawning ratio

used was 4%.

Results indicate again that rice straw was more suitable for the
production of fruit bodies than the other tested substrates. The mean
values of biological efficiency (0.82) and fruit bodies /bag containing 4 kg
substrate (615 g) achieved on rice straw were significantly higher than
those achieved on other substrates. Also sugar cane bagasse gave the
lowest mean values of biological efficiency (0.48 and of fruiting bodies
/bag (305 g).

No significant difference could be detected between the
performance of the tested Pleurotus species grown on substrates prepared

by semianaerobic fermentation without the fungicide benomyl.



47

16 #<1 = S31BLSQNS X 53103dg

SY'L9 -~ sarensqng
SY'L9= satzadg

L1°0 = 31ensgng x saioadg

980°0 = Ssiensqng
980°0 = So103dg

€00 AST(PIRIX) sooas1 ()
18 90 S0¢ 80 8IS 950 S8t 19°0 S19 80 UBIA

80$ 99°0 124 LLO 08¢ 90 L8E 80 8¢ 3L°0 apydoonutos g

baa4 LSO 08¢ Y0 ¥y o0 €LS Lo 867 99°0 nfvo-10{vs '

LSy 850 LT 9¢0 9T¢ 9¢°0 906 €90 89¢ 9L°0 smpa4iso '

148 $9°0 0€C LEO ovs 850 1424 6¢°0 €18 80'1 smupuound d
3eq/3 Feq/3 Seq/3 Seq/3 Geq/3

sa1poq EX sa1poq R sa1poq ad satpoq qd sa1poq qg sarads
mig nng g mry iy

assedeq
UBIA Jued 1e3ng ‘| mens 9ZIBIA MBIIS JBIYAA ’ MEI}S Y sIje.qysqng

‘[Awrouaq JNOY)IM U0 EIUSULIDY

dlqoraeueiusds Aq paiedald sajeaysqns JUIIJIP uo umols serads snponajg Jo satpoq Iy Jo ppPRIx *(S) 3[qeL




aordoonuiod g 5 nfoo-10fvs'qg O

Snpa4iso°d [ snupuowiind g W

* [AuI0U3q JNOYIIM UOIJBIUIWIY

s1qosaeuerwas Aq pasedoud sajelysqns JuUIIIIP U0 UMo4S sawads snpoanald 3o ((4°g) L>usId jea13ojorg(s) 814

48

asseBeq sued sefing mens sziew

MELS JEAUM mens aony

I

Il

M

L1°0= deusqns X saadg
(%8)as1

(I Hllllll]lﬂﬂlllﬂl

|

Tk

K>ud1d1§J3 [Bd130f0!



49

The highest yield of fruit bodies recorded on substrates prepared by
semianaerobic fermentation without benomyl was that of p. pulmonarius
grown on rice straw (B.E. 1.08 ; 813 g fruit bodies /bag containing 4 kg
substrate). The lowest yield was that of . ostreatus grown on sugar cane

bagasse (B.E. 0.36 ; 227 g fruit bodies /bag containing 4 kg substrate).

4.1.4.3. Changes of PH and microbial counts in fermen-
tation liquid during the semianacrobic fermentation:
4.1.4.3.1. Changes of pH:

The pH of the fermentation liquid was measured daily during the
semianaerobic fermentation of rice straw, wheat straw, maize straw and
sugar cane bagasse either in the presence or absence of benomyl. Results
presented in Table (6) and illustrated in Fig. (6) show that a slight
acidification of the substrates took place during the semianaerobic
fermentation. The decrease of pH value 100k a wave-like pattern ; and
seemed not being affected by the presence of benomyl. In case of rice
straw fermented in the presence of 100 ppm benomy| the pH decreased
from 7.3 to 5.91 inthe second day. It increased again to 6.7 on the third
day to decrease again on the fifth day and so on, The same wave like
decrease of pH was also observed with or without benomy! during the

semianaerobic fermentation of wheat straw and maize Straw.

Noteworthy is the characteristic low PH of sugar cane bagasse.
After an initial decrease of pH from 7.11t04.3-4.7 in the first day, no

further decrease could be noticed.
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Table (6). Values of pH measured during semianaerobic fermentation of
some substrates.

Treatiments Rice straw Wheat straw Maize straw Sugar cane bagasse
Without Without ‘“_m Without
No. of days Benomyl Benomyl ‘Benomyl Benomyl Benomy! Benomyl Benomyl Benomyl
0 7.50 7.50 7.30 7.40 6.10 6.20
1 6.84 6.80 6.74 6.73 6.16 6.02 4.31 4.70
2 5.88 5.91 5.31 5.29 539 543 4.20 4.64
3 6.69 6.70 6.35 6.31 5.84 5.86 4.47 4.60
4 6.01 6.07 539 5.64 591 5.89 4.47 4.55
5 5.81 578 | 551 5.71 6.02 5.95 4.46 4.50
6 5.94 5.95 5.75 6.06 6.01 5.93 4.37 4.49
7 591 6.01 5.72 5.92 5.76 5.63 4.54 4.53
8 5.97 593 5.61 5.77 547 5.41 4.33 4.43
9 6.02 .57 5.61 6.20 5.33 523 4.21 4.30
10 6.33 6.52 6.00 5.81 5.27 5.37 4.50 4,75
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4.1.4.3.2, Changes of microbial counts:
Data presented in Tables (7-10) and illustrated in Fig. (7) represent
bacterial counts as well as counts of fungi and yeasts attained in the
fermentation liquid  during semianaerobic fermentation of rice straw,

wheat straw, maize straw and Sugar cane bagasse either in the presence or

absence of benomyl.

Results indicate that counts of bacteria as well as those of fungi and
yeasts increased in the first 2 days of the fermentation process and then
began to decrease up to the 10 days. This phenomenon was observed
during the semianaerobic fermentation of all substrates tested. Although
the same pattern was also observed in the presence of the fungicide
benomyl, the counts of bacteria, fungj and yeasts attained in the presence

of benomyl were markedly less than those attained without benomyl.

During the semianaerobic fermentation of rice straw, for example
counts of bacteria increased in the first two days from 4 x 10° CFU/ml to
4 x 10" CFU /ml in the absence of benomyl. Counts of bacteria decreased
gradually thereafter and reached 2.3 x |0° CFU /mt at the end of the
fermentation process. In the presence of benomyl, counts of bacteria
increased in the first 2 days from 3.1 x 10* CFU /ml to 1.7x 10" CFU /ml,
then decreased gradually and reached 2.7 x 10° CFU /ml at the end of the

fermentation process.

Counts of fungi and yeasts auained during semianaerobic
fermentation were less, by far, than bacterial counts, except in case of

sugar cane bagasse, where counts of fungi and yeasts were comparable



‘Table (7). Microbial counts of bacteria, fungi and yeasts attained during

semianaerobic fermentation of rice straw.

~.

Table (8). Microbial counts of bacteria, fungi and yeasts attained during

semianaerobic fermentation of wheat straw.

=
Treatments \\ Days 0 2 5 10
Microorgnnisnk
- (3 7 6 5
With Bacteria 2.85x10° | 8.95x 10 5.20 x 10 8.60 x 10
benomyl
Fungiand yeasts | 9.05x10% | 255x 10> | 0.77x10° | 0.75 x 10°
Without | Bacteria 6.00x 10° | 1.29x 10° | 4.60 x 107 | 3.42 x 10"
benomyl
Fungi and yeasts | 9.65x10° | 1.01 x 10* | 3.40x10° | 0.26 x 10"

Treatments Y Days 0 2 5 10 li
- |
Micr(lnrgalli5||l:“\\
) Bacteria 3.10x10° | 2.00x 107 | L70x 107 | 2.34x 10° |
With i
benomyl ;
Fungi and yeasts | 0.40x 107 | 1.00 x 10? | 0.40 x 10> | 0.20 x 102 :
" 6 7 7 6 |
Without | Bacteria 4.00 x 10 4.00 x 10 1.10x 10 2.70 x 10 »
benomyl
Fungiand yeasts | LISx10* | £.01x10" | 1.90x 10> | 0.25x 10
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Fig. (8). Changes in counts of bacteria as'well as fungi and yeasts durins-
semianacrobic fermentation of wheat straw in the presence and absence
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‘Table (9). Microbial counts of bacteria, fungi and yeasts attained during

semianaerobic fermentation of maize straw.

‘I'reatments

\ Days

0 2 5 10
\\\
Micmorganisms\
With Bacteria 875x10° | 1.59x107 | 2.80x10° | 1.33x 10°

benomyl

Fungi and yeasts 0.10 x 10* 2.62x 10° | 2.45x 10° 0.40 x 10°
Without | Bacteria 447x10° 1 225x 107 | 1.23x107 | 6.05x 10°
benomyl

Fungiandyeasts | 4.60x10* | 232x10° | 1.20x10° | 035 10

Table (10). Microbial counts of bacteria, fungi and yeasts attained during
semianaerobic fermentation of sugar cane bagasse.
g g
‘ Treatments Days 0 2 5 10
Microorganisms\
With Bacteria 2.88x10° | 4.82x10" | 270x 107 | 2.06 x 10

benomyl . . . .

Fungi and yeasts 1.35 x 10’ 3.04x 10 335x 10 225 x 1Y
Without | Bacteria 123x107 | 1o6x10® | 390x107 | 227x197
benomyl . .

Fungiand yeasts | 1.36x10° | 822x10° | 4.40x 10 1.59 x 10
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absence of benomyl,
~—#—With benomy! Bacteria ~—@—With benomyl Fungl and yeasts
~{1—Without benomyl Bacteria —O—Without benomyl Fungl and yeasts




57

with those of bacteria. However, change in counts of fungi and yeasts
during the fermentation process followed in general the same pattern as in
bacteria ; i.e. an increase in the first two days followed by a gradual

decrease up to the end of the fermentation process.

4.1.4.4. Residues of benomyl in substrates, fruit bodies and
spent:

Rice straw, wheat straw, maize straw and sugar cane bagasse were
fermented semianaerobically for 10 days in the presence of 100 ppm
benomyl (50% active ingredient). At the end of the fermentation, residues
of benomyl in substrates were determined, and substrates were spawned
with either P, pulmonarius, P. ostreatus, P. sajor-caju or P, cornucopiae,
Residues of benomyl were determined also in the early flushes of fruit

bodies, and in spent substrates left at the end (80 days after spawning).

Results in Table (1 1) show that the fermented substrates contained
5.37-13.09 ppm benomy! at the end of the fermentation process which
lasted for 10 days. However, no residuces of benomyl could be detected in
fruit bodies produced on these substrates. Since the sensitivity of the
determination method lays at 0.1 ppm of benomyl, it seems therefore
justified to assume that fruit bodies of Pleurotus species grown on such
substrates, would contain less than 0. | ppm benomyl. Spent substrates lefi
at the end of experiment (80 days after spawning) showed a benomyl

content ranging from 0.67-0.97 ppm.



58

Table (11). Residues of benomyl in substrates fermented semi -
anaerobically in fruit bodies grown on the fermented
substrates and in spent left after harvesting.

Sample Benomyl ppm (mg/kg)

1. Substrates at the end of 10 days fermentation

in the presence of 100 ppm benomyl:

Rice straw 13.09
Wheat‘stra“./ 10.29
Maize straw 10.15
Sugar cane bagasse 5.37

2. Fruit bodies grown on the fermented substrates:

P. pulmonarius <0.1
" P. ostreatus <0.1
P. sajor-caju <0.1
P. cornucopiae <0.1

3. Spent substrates left after harvesting:

Rice straw 0.97
Wheat straw 0.76
Maize straw 0.91

" Sugar cane bagasse 0.67
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4.1.4.5. Comparison between yields of fruit bodies of Pleurotus
grown on substrates prepared by different methods:
Data in Table (12) and illustrated in Fig. (12) represent the yield of
fruit bodies of P. pulmonarius, P. ostreatus, P. sajor-caju and P.
cornucopiae  grown on rice straw, wheat straw, maize straw and sugar
cane bagasse, which had been prepared by pasteurization, or by

semianaerobic fermentation either in the presence or absence of benomyl.

Results indicate that preparation the substrate with pasteurization
resulted in a significant increase in yield of fruit bodies compared with
semianaerobic fermentation. The mean values of biological efficiencies
and fruit bodies /bag achieved on pasteurized substrate (B.E. 0.87 ; 702 g
fruit bodies /bag containing 4 kg substrate) were significantly higher than
those achieved on substrates prepared by either semianaerobic
fermentation in the presence of benomyl (B.E. 0.71 ; 549 g fruit bodies
/bag containing 4 kg substrate) or without benomyl (B. E. 0.62 ; 468 ¢
fruit bodies /bag containing 4 kg substrate). The highest yield obtained by
using pasteurization was that of P. cornucopiae on maize straw (B. E.

1.77 ; 1645 g /bag containing 4 kg substrate).

On the other hand, fermentation of substrates in the presence of
benomyl resulted in significant increase in yield of fruit bodies compared
with substrates fermented without benomyl. The biological efficiency

increased from 0.62 t0 0.71 and the yield per bag from 468 g to 549 g,

It is worthy to state that yield results considered were those of

sound bags in each treatment. Contaminated bags were discarded. A
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Table (12). Comparison between
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yield of fruit bodies of Pleurotus species

as affected by methods of substrates preparation.
S obic fer tation
Pasteurization Mean
Treated with benomyl | uatreated with beaouyl
S S S
Species Substrates Fruit Fruit Fruit Fruit
B.E, | bodies B.E. | bodies B.E. | bodies B.E, | bodies
g /bag g /bag g /bag g /bag
rice straw Lis 863 1.06 795 1.08 813
N t st . . .
P. pulmonarius wheat straw 0.90 77 0.72 578 0.58 474
maize straw L1 103§ 0.60 855 0.58 540
sugar cane bagasse 0.56 355 0.49 307 0.36 230
Tttt |
Mean 0.93 743 0.72 559 0.65 514 0.77 605
rice straw 0.96 744 0.81 607 0.76 568
P. ostreatus wheat straw 0.77 613 0.64 BT} 0.63 506
maize straw 104 973 0.58 538 0.56 526
sugar cane bagasse | 0.33 210 0.52 327 0.36 227
!
Mean 0.78 635 0.64 495 0.85 457 0.50 529
rice straw 0.65 488 0.94 708 0.66 498
P sajor. caju wheat straw 1.03 820 0.67 534 0.72 573
maize straw 0.49 457 0.53 488 0.45 424
Sugar cane bagasse | 0.48 308 0.51 3 0.44 280
I —_ ]
Mean 0.66 517 0.66 512 0.57 394 0.62 475
rice straw 0.98 775 0.98 736 0.78 582
wheat straw 0.96 57 0.65 517 0.48 387
P. cornucopiae
maize straw 177 1645 0.78 730 0.62 580
sugar cane bagasse 0.75 470 0.84 533 0.77 483
Mean Li12 912 0.81 629 0.66 508 0.86 683
Total mean * 087 702 071 549 0.62 468
(B.E) LSDO0.05 (Yield) LSD 0.05

Species = 0.13

Substrates = 0,08

Methods = 0,07

Species x Substrates = 0,16
Substrates x methods = 0,13

Species x methods = 0,13

Species x substrates x methods = 0.27

Species = 122.1

Substrates = 122,1

Methods = 105.7

Species x Substrates = 211.4
Substrates x methods = 211.4
Specles x methods = 211.4

Species x substrates x methods =21

14
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bstrates x methods =0.27

LSD (5%)
Species x su
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Fig. (11). Biological efficiency of Pleurotus species affected by substrates preparation methods .
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preliminary evaluation of the overall contamination ratio in relation to
method of substrate preparation indicate that semianaerobic fermentation
in the presence of benomy! exhibited the least contamination ratio (13%),

followed by semianaerobic fermentation without benomy! (24%). The

highest contamination ratio (41%) was found in substrates prepared by

pasteurization.

4.2. Chemical composition of fruit bodies of Pleurotus
mushroom:
4.2.1. Moisture:

Table (13) show the moisture % of fruit bodies of different
Pleurotus species grown on different substrates, Results indicate that fruit
bodies grown on rice straw or wheat straw contained significantly higher
moisture (91.51%, 91 .64%) compared with those grown on maize straw or
sugar cane bagasse (88.47% and 88.93%). It is clear that the moisture
cdntent of fruit bodies depends to some extent on the water holding
capacity of the substrate and on conditions prevailing during harvesting.
Results also indicate that P. ostrearus and P. sajor-caju had significantly
less moisture in their fruit bodies (87.46%, 87.88%) than P. pulmonarius
and P. cornucopiae (92.35%, 92.85%). The mean value 0f 90.14% could
be considered a representative value of moisture content of Pleurotus fruit

bodies regardless of species or substrates.

4.2.2. Protein :
Results of experiments carried out to determine the protein content
in fruit bodies of Pleurotus species are presented in Table (14). Results

indicate significant differences between species of Pleurotus. P. ostreatus



Table (13 ). Moisture percentage of fruit bodies of
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on different substrates.

Pleurotus species grown

- Substrates Rice Wheat Maize Sugar cane | Mean

Species \\‘ ) straw straw straw bagasse
T S
Pleurotus pulmonarius 96.94 94.52 90.75 87.18 92.35
Pleurotus ostreatus 86.66 86.88 86.65 89.67 87.46
Pleurotus sajor-caju 88.35 90.30 86.06 86.83 87.88
Pleurotus cornucopiae 94.10 94.84 90.40 92.04 92.85
—_ ] ]
Mean 91.51 91.64 88.47 88.93 90.14
LSD (5%)
Species =1.10
Substrates = 1.10
Species x substrates = 2,20
Table (14). Protein percentage in harvested fruit bodies Pleurotus species
grown on different substrates.
\‘\\_ ) Substrates Rice Wheat Muaize Sugar cane Mean
Speci - straw straw straw bagasse
pecies ~
~

Pleurotus pulmonarius 19.37 17.24 16.53 12.60 16.43
Pleurotus ostreatus 13.45 22.95 21.57 22.90 20.27
Pleurotus sajor-caju 21.92 20.63 16.18 18.01 19.19
Pleurotus cornucopiae 18.58 17.69 16.81 17.96 17.76
Mean 18.38 19.63 17.77 17.87 18.41
LSD (5%)

Species = 2.04
Substrates = 2.04
Species x substrates = 4.07
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gave the highest mean value of protein content in fruit bodies (20.27%)
whereas the lowest was that of P. Plumonarius (16.43%). Results also
indicate that substrates on which fruit bodies were produced had no
influence on their protein content. So, no significant differences could be
noticed between protein content of fruit bodies produced on either rice
straw, wheat straw, maize straw or sugar cane bagasse (18.38, 19.63,

17.77 and 17.87, respectively).

However, a significant species x substrate interaction was observed
for protein content of Plewrotys fruit bodies. The highest protein content
of fruit bodies achieved was that of P. ostreatus grown on wheat straw
(22.95%), while the lowest was that of 2. pulmonarius grown on sugar
cane bagasse (12.60%).

4.2.3. Fibers:

Table (15) show percentages of fibers in fruit bodies of Pleurotus
species grown on different substrates, Results indicate that no significant
differences in fiber % could be detected between fruit bodies of the tested
Pleurotus species. Substrates on which fruit bodies were produced had
clearly no influence on the percentage of fibers in fruit bodies. In addition,
no significant species x substrate interaction could be observed for fiber
% of the fruit bodies. The mean value 0f 5.67% could be considered a
representative value of fiber content in Plenrotus mushroom regardless of

species or substrates.
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Table (15) Fiber content (%) of dry weight of fruit bodies of Pleurotus
species grown on different substrates.

™ Substrates Rice Wheat Maize Sugar cane Mean
Species ~_ straw straw straw bagasse
T~

Pleurotus pulmonarius 5.63 5.52 4.97 5.68 545
Pleurotus ostreatus 6.06 6.76 4.75 4.78 5.59
Pleurotus sajor-caju 4.51 5.55 6.85 5.97 572
Pleurotus cornucopiae 4.92 5.86 7.64 5.27 5.92
Mean 5.28 5.92 6.05 5.27 5.67

LSD (5%)

Species = 1.24

Substrates = 1.24

Species x substrates = 2.497

Table ( 16). Fat content (%) of dry weight of fruit bodies of Pleurotus
species grown on different substrates.

\\\\\ Substrates Rice Wheat Maize Sugar cane Mean
Species \\\‘\\\ straw straw straw bagasse

Pleurotus pulmonarius 8.11 429 5.77 6.06 6.06
Pleurotus ostreatus 9.96 4.88 10.68 8.50 8.51
Pleurotus sajor-cuju 9.62 7.43 4,73 4.54 6.58
Pleurotus cornucopiae 7.42 5.53 8.78 6.37 7.02
Mean 8.78 5.53 7.49 6.37 7.04
LSD (5%)

Species = 0.82
Substrates = 0.82
Species x substrates = 1.63
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4.2.4. Fats :

Table (16) show the fat content in fruit bodies of Pleurotus species
grown on different substrates. Results indicate significant differences
between species and between substrates. P. ostreatus contained the
highest mean value of fat (8.51%), whereas P. pulmonarius showed the
least mean value of 6.06%. Fruit bodies produced on rice straw contained
significantly higher fat content (/8.78%) compared with other substrates ;

whereas those produced on wheat straw, contained significantly lower fat
content (5.53%).

A significant species x substrates interaction was observed for fat
percentage of fruit bodies. The highest fat percent was achieved in frujt
bodies of P. ostreatus grown on maize straw, while the lowest was that

achieved in fruit bodies of P. pulmonarius grown on wheat straw.

4.2.5. Carbohydrates:
Data in Table (17) show the calculated carbohydrates % in fruit
bodies of Pleurotus species grown on different substrates. results indicate

significant differences between species and between substrates.

The highest mean value of carbohydrate percentage in the harvested
fruit bodies was noticed with P. pulmonarius (57.47%) while the lowest
was that of P. ostreatus (51.72%). Also the highest mean value of
carbohydrate percentage in the harvested fruit bodies was recorded with
sugar cane bagasse substrate, (56.74%), while the lowest was that of rice

straw substrate (53.17%).
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Table (17). Calculated carbohydrates content (%) of dry weight of fruit
bodies of Pleurotus species grown on different substrates.

\\\ Substrates Rice Wheat Maize Sugar cane Mean
i \ straw straw straw bagasse
Species
~

Pleurotus pulmonarius 51.48 58.36 57.74 62.28 57.47
Pleurotus ostreatus 57.70 48.12 50.70 50.36 51.72
Pleurotus sajor-caju 49.62 49.93 57.56 56.67 53.45
Pleurotus cornucopiae 53.88 57.40 51.27 57.63 55.05
Mean 53.17 53.45 54.32 56.74 54.42
LSD (5%)

Species = 2.32
Substrates = 2.32

Species x substrates = 4.63

Table (18). Ash percentage in harvested fruit bodies of Pleurotus species

grown on different substrates.

Substrates Rice Wheat Maize Sugar cane Mean
Species — straw straw straw bagasse
Pleurotus pulmonarius 15.41 14.59 14.99 13.38 14.59
Pleurotus ostreatus 12.83 17.29 12.30 13.46 13.97
Pleurotus sajor-caju 14.33 16.46 14.68 14.81 15.07
Pleurotus cornucopiae 15.20 13.52 15.50 12.77 14.25
Mean 14.44 15.46 14.37 13.60 14.47
LSD (5%)

Species = 0.96
Substrates = 0.96
Species x substrates = 1.9
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A significant species x substrates interaction was observed for
carbohydrate percentage of the harvested fruit bodies. The highest
carbohydrate percentage in the harvested fruit bodies was achieved by P.
pulmonarius grown on sugar cane bagasse (62.28%), while the lowest was

that achieved by P. ostreatus grown on wheat straw substrate (48.12%).

4.2.6. Ash :

Data in Table (18) show percentages of ash in fruit bodies of
Pleurotus species grown on different substrates. Results indicate
significant differences between species and between substrates. The
highest mean value of ash percentage in the harvested fruit bodies was
noticed in P. sagjor-caju  (15.07%), whereas the lowest was that of P.
ostreatus (13.97%). Also the highest mean value of ash percentage in fruit
bodies was recorded in those produced on wheat straw (15.46%), whereas

the lowest was in fruit bodies grown sugar cane bagasse (13.60%).

A significant species x substrates interaction was observed for ash
percentage in the fruit bodies. The highest ash percent was achieved in P.
ostreatus grown on wheat straw (17.29%), while the lowest was that of

same specie grown on maize straw (12.30%).

4.3, Substrate as animal feed:
4.3.1. Chemical composition of spent:
4.3.1.1. Moisture:
Table (19) show the moisture % of spent of different substrates left
after growth and harvesting of fruit bodies of different Pleurotus species.

Results indicate that spent of rice straw exhibited the least mean value of
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Table (19 ). Moisture content (%) in spent substrate of Pleurotus species.

g Substrates Rice Wheat Maize Sugar cane Mean
. \ straw straw straw bagasse

Species
Control (Untreated) 87.02 83.21 87.55 88.79 86.64
Pleurotus pulmonarius 54.26 66.88 81.30 84.80 71.81
Pleurotus ostreatus 73.29 73.30 80.89 88.99 79.12
Pleurotus sajor-caju 52.15 70.65 80.39 85.39 72.14
Pleurotus cornucopiae 80.21 60.74 71.98 83.99 74.23
Mean 64.98 67.89 78.64 85.79 74.33
LSD (5%)
Species = 0.47

Substrates = 0.42
Species x substrates = 0.93

Table (20). Protein percentage in spent substrate of Pleurotus species.

\\\ Substrates | Rice Wheat | Maize | Sugarcane | Mecan

Specics \\\\ straw straw straw bagasse
T~

Control (Untreated) 2.94 2.60 1.711 2.00 2.31
Pleurotus pulmonarius 11.11 11.90 7.59 12.56 10.78
Pleurotus ostreatus 9.47 11.49 10.48 10.10 10.38
Pleurotus sajor-caju 7.77 18.73 5.85 7.85 10.05
Pleurotus cornucopiae 11.87 10.10 9.24 11.52 10.68
Mean 10.05 13.06 8.29 10.51 10.48
LSD (5%)

Species = 2.68
Substrates = 2.40
Species x substrates = 5.37
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moisture % (64.89%) compared with other spent substrates, whereas spent
of sugar cane bagasse contained the highest value (85.79). Moisture
content of spent substrate varjes obviously between the different
substrates depending on the water holding capacity of each substrate and
on conditions prevailing during harvesting. Results also indicate that P,
pulmonarius and P. sajor-caju had less moisture in their spent substrates
(71.81 and 72.14%) than P. cornucopiae and P. ostreatys (74.23 and
79.12). The mean value of 74.33% could be considered a representative

value of moisture content of spent substrates regardless of species or

substrates,

4.3.1.2. Protein:

Results of experiment carried out to determine the protein content
in spent substrates left after growth and harvesting of different Pleurotus
species are presented in Table (20). Results reveal significant increases in
protein content of all spent substrates compared with the untreated
substrates. So, the protein content of rice straw increased from 2.94% to
10.05% in spent, in wheat straw from 2.60% to 13.06% in maize straw
from 1.71% to 8.29% and in sugar cane bagasse from 2.00% to 10.51%.1t
is obvious from these results that using agricultural wastes for the
production of Pleurotus fruit bodies leads also to a significant increase in

the protein content of the spent substrate left after harvesting the fruit

bodies.

4.3.1.3. Crude fiber:
Data in Table (21) represent percentages of fiber in spent substrates

after harvesting of fruit bodies of Pleurotus mushroom compared with the
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Table (21). Fiber percentage spent substrate of Pleurotus species.

Substrates

Rice Wheat Maize Sugar cane Mecan
. straw straw straw bagasse

Species
Control (Untreated) 35.61 35.60 36.39 38.37 36.49
Pleurotus pulmonarius 17.40 25.87 19.31 33.51 24.02
Pleurotus ostreatus 18.62 31.70 19.61 28.35 24.57
Pleurotus sajor-caju 19.06 24,79 24.25 35.41 25.89
Pleurotus cornucopiae 18.87 30.57 20.23 29.17 2471
Mean 18.49 28.23 20.85 31.61 24.80
LSD (5%)
Species = 2.49
Substrates = 2.22
Species x substrates = 4.97
Table (22). Fat percentage in spent substrate of Pleurotus species.

Substrates Rice Wheat Maize Sugar cane Mean

. straw straw straw bagasse

Species
Control (Untreated) 1.59 1.59 1.09 1.40 1.42
Pleurotus pulmonarius 1.75 1.61 1.07 0.49 1.23
Pleurotus ostreatus 0.70 1.86 1.75 0.54 1.22
Pleurotus sajor-caju 1.57 2.13 1.85 1.10 1.66
Pleurotus cornucopiae 0.59 0.73 0.43 0.61 0.59
Mean 1.16 1.58 1.28 0.69 1.18
LSD (5%)

Species =0.10
Substrates = 0.10
Species x substrates = 0.23
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untreated substrates. Results indicate significant reduction in fiber content
of all spent substrates compared with the original untreated substrates.
The fiber content of rice straw decreased from 35.61% to 18.49% is spent
in wheat straw from 35.60% to 28.23%, in maize straw from 36.39% to
20.85% and in sugar cane bagasse from 38.37% to 31.61%. Comparing
the mean value of fiber content of the untreated substrates (36.49%) with
that of the spent substrate (24.80%) an overall decrease of 32% can be

calculated.

4.3.1.4. Fat:

Data in Table (22) represent percentages of fat in spent substrates
after harvesting of fruit bodies of Pleurotus mushroom compared with the
untreated substrates. No significant differences could be detected between
the fat content of spent of wheat straw or maize straw and their
corresponding original untreated substrates. However, a slight decrease in
the fat content of the spent of rice straw and sugar cane bagasse was

noticed compared to the fat content of the original substrates.

3.4.1.5. Carbohydrates:

Data in Table (23) represent percentages of carbohydrates in spent
substrate after harvesting of firuit bodies of Pleurotus mushroom
compared with the untreated substrates. No significant differences could
be detected between the carbohydrates content of each spent substrate and

its corresponding original untreated substrate.
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ge in spent substrate of Pleurotus

species.
Substrates Rice Wheat Maize Sugar cane Mean
. straw straw straw bagasse

Species
Control (Untreated) 43.80 45.63 53.42 51.61 50.49
Pleurotus pulmonarius 43.14 50.80 60.19 47.18 S1.10
Pleurotus ostreatus 47.55 44.79 56.21 54.19 5153
Pleurotus sajor-caju 46.94 32.88 57.53 49.06 47,44
Pleurotus cornucopiae 43.99 41.50 57.69 52.47 49.74
Mean 45.40 42.49 57.92 50.72 49.94
LSD (5%)
Species = 3.24
Substrates = 3.01
Species x substrates = 6.11
Table (24). Ash percentage in spent substrate of Pleurotus species,

Substrates Rice Wheat Maize Sugar cane Mean

. straw straw straw bagasse

Specices
Control (Untreated) 16.06 13.33 7.39 6.62 10.85
Pleurotus pulmonarius 26.60 9.82 11.84 6.26 13.63
Pleurotus ostreatus 23.66 10.16 11.85 6.82 13.12
Pleurotus sajor-caju 24.66 21.47 10.52 6.58 15.81
Pleurotus cornucopiae 24.68 17.10 12.41 6.23 15.11
Mean 24.90 14.64 11.66 6.47 14.42
LSD (5%)

Species = 1.25
Substrates = 1.12
Species x substrates = 2.50
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3.4.1.6. Ash:

Data in Table (24) represent percentages of ash in spent substrates
after harvesting of fruit bodies of Plenrotus mushroom compared with the
untreated substrates. Results show a significant increase in ash content of
the rice straw and maize straw compared with their original untreated
substrates. However, the increase of ash content was minimal in case of
wheat straw spent, and not significantly different from that of the original
untreated substrates. The same was noticed also regarding the ash content

of sugar cane bagasse spent.

4.3.2. Nutritive value of spent:
Data in Table (25) represent the proximate chemical composition of
rice straw spent and of the original untreated rice straw, which were used
in the digestibility trial. It is clear that the spent had higher contents of

protein and ash, but a lower content of fiber compared to the untreated

substrate.

Results of digestibility trial shown in Table (26) indicate that
digestibility coefficient of the crude protein increased from 63.35 to
70.78% by using spent instead of the untreated substrate (control) in the
diet. Also the digestibility coefficient of fat increased from 80.87 to 82.53
and that of fiber from 30.10 to 32.78% whereas that of nitrogen free
extract (NFE) from 71.58 to 80.18%. The higher content of crude protein
in spent as well as higher digestibility coefficient of protein resulted in an
increase of DCP from 7.90 to 8.98 in diet containing spent.The
improvement of the digestibility coefficient of protein, fat, fiber and NFE
has led to an increase of the TDN from 61.31 to 63.36%. Results of DCP
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Table ( 25). Proximate chemical composition of rice straw spent
compared with untreated rice straw .

Treatment Protein Fat Ash Fiber NFE

Rice straw spent 10.36 10.31 26.13 22,79 39.41

Raw rice straw
2.50 1.59 15.45 35.61 44.85

untreated (control)

Table ( 26). Mean values of digestibility coefficients digested crude protein
(DCP) and total digested nutrients (TDN) of diet containing
spent rice straw as feed for goats.

Treatment Protein Fat Fiber NFE | DCP | TDN

Rice straw spent 70.78 82.53 32.78 80.18 8.98 63.36

Raw rice straw 6335 | 80.87 | 300 | 71.58 | 7.90 | 6131

untreated (control)
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and TDN show that

inclusion of rice straw spent in ration instead of the
untreated substrate increases the feeding value (nutritive
ration.

quality) of the
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5. Discussion

Yields of Pleurotus mushroom are affected by many factors, some
of which have been dealt with in the present study. Bearing in mind the
abundance of agricultural wastes in our region (Kafr El-Sheikh
governorate) and the suitable climatic conditions prevailing for more than
9 months yearly, we tried to test some yield factors in order to simplify

the production process and raise the yield of fruit bodies.

Results of experiments carried out to explore the effect of spawn
ratio on the yield of fruit bodies indicated that increasing the spawning
ratio of substrate from 2% to 4% significantly increased the yield by about
28%. A further increase of spawn ratio from 4% to 6% resulted in a
significant but less pronounced increase (15%) of fruit bodies. Increasing
the spawn ratio obviously decreases the time of mycelial colonization and
reduces the competition of the other microbial contaminants. A
preliminary cost/ benefit analysis revealed that 4% spawn ratio is more
economic than 2% and 6%. This may lead us to recommend 4% spawn
ratio to obtain economic yields. El-Kattan (1986) and Abd El-Kawi
(1989) found also that 4% was the best spawn ratio for Pleurotus
mushroom. Hassan (1992), however recommended the use of 3% spawn

ratio.

Results of experiments carried out to evaluate the performance of
different Pleurotus species on different agricultural wastes revealed
significant differences in the productivity of the tested Pleurotus species

regardless of substrate, P. cornucopiae was the most efficient species and



78

gave the highest yield followed by P. pulmonarius, P. ostreatus and P.
sgjor-caju. Similar findings about the distinguished performance of P.
cornucopiae have been recently reported. Upadhyay and Vijay (1991)
found that P. cornucopiae had yielded double compared with P.ostreatus
when both species were cultivated on wheat straw. Zirvakies and Balis
(1991) also reported during a broad scale survey of Pleurotus species in
Greece that P. cornucopiae appeared to be capable to exploit the cellulose
substrate with greater efficiency compared with P. sajor-caju, P. ostreatus
or P. pulmonarius depending on the fact that P. cornucopiae was

physiologically distinguished with higher cellulose degradation efficacy.

Results also indicated the suitability of all tested agricultural
wastes (rice straw, wheat straw, maize straw and sugar cane bagasse) as
substrates for cultivation of Plewrotus mushroom. Actually, Pleurotus
species can grow on almost all kinds of lignocellulosic materials as
repeatedly reported (Losovoi, 1980 ; Puri ef al., 1981 ; Sivaprakasam and
Kandswamy, 1981 ; Bisht and Harsh, 1984 ; Punkow, 1984 ; Henicus and
Voros, 1985 ; Das et al., 1987 ; Guzman-Davalos et al., 1987 ; Morales,
1987 : Nicolini et al., 1987 ; Abd El-kawi, 1989 ; Abd ElI-Rehem, 1991
and Hassan, 1992.

In the present study maize straw proved to be more suitable than the
other tested substrates followed by rice straw, wheat straw and then sugar
cane bagasse. The mean value of biological efficiency attained on these
substrates were 1.10, 0.93, 0.91 and 0.53, respectively. However, the
biological efficiency attained on each su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>