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Agricultural wastes that were used in this research rice straw, sugarcane bagasse
and cotton wastes. Also, five species of the genus Pleurotus (P. ostreatus, P.
columpinus, P.pulmonarius, P. sajor-cajue and P. floridanus) were evaluated with
the substrate mixture to ascertain their contribution to the biological efficiency
(BE). Total yield and mean number of fruit body per flush were studied the
experiment was set up as a complete randomized design with three replicates The
period of spawn run was constant 21 days for all oyster mushroom species tested.
The mycelial growth on liquid media exhibited the highest values at sugarcane
bagasse, followed by rice straw, whilst the cotton wastes produced the lowest
mycelial dry weight. On solid agricultural wastes media, rice straw produced the
highest total yield for P. columpains and P. sajor-cajue where the BE was the
highest recording 64.4% and total yield 225.4gm. On the other hand, sugarcane
bagasse produced the highest total yield for P. columpains 215.8 gm and biological
efficiency 61.6% whilst cotton wastes produced the highest total fruiting body yield
for P. flouridans 215 gm and biological efficiency 61.4%. The first flush gave the
highest mean number of fruit body and total fruit body weight, the third flush gave
the lowest mean number of both traits and the second flush produced the second
highest mean number of fruit body and total yield.

Keywords Agricultural wastes, biological efficiency, oyster mushroom
cultivation solid and liquid media, Pleuroteus species.

1. Introduction
Edible mushrooms have high nutritional and functional food value
with medicinal properties, some of which also are of economic
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significance., mushrooms have significant organoleptic food properties
as an individual experience via the senses like smell, taste, sight, and
touch (Chang and Miles, 2008; Ergonul et al., 2013; Valverde et
al., 2015). The cultivation of edible mushrooms offers one of the most
feasible and economic method for the bioconversion of agro-
lignocellulosic wastes (Gbolagade, 2005; Gbolagade,et al., 2006;
Jonathan et al., 2008).

The technology can also limit air pollution associated with burning
agriculture wastes as well as to decrease environmental pollution due to
unutilized agricultural wastes Jonathan et al., (2012). Most of the
cultivated species of mushrooms belong to the phylum Basidiomycota,
although some Ascomycota such as members from the genera Morchella
or Tuber have also been successfully cultivated and commercially
exploited (Rubini et al., 2014; Liu et al., 2017; Carrasco et al., 2018).
However, the most extensively cultivated mushroom worldwide is
Agaricus bisporus (J. E. Lange) Emil J. Imbach., followed by Lentinula
edodes (Berk.) Pegler and P. ostreatus (Jacq. ex Fr.) P. Kumm.
Pleurotus genus is one of most extensively studied white-rot fungi due to
its exceptional ligninolytic properties. It is an edible mushroom and it also
has several biological effects, as it contains important bioactive
molecules. The genus Pleurotus (Fries) Kummer (Basidiomycota,
Agaricales) was defined by Kummer (1871).

It is a cosmopolitan group of mushrooms with high nutritional value
and therapeutic properties, besides a wide array of biotechnological and
environmental applications (Knop et al., 2015). Usually regarded as
oyster mushrooms, these edible basidiomycetes are among the most
popular worldwide, as much as they achieved the third position in the
production of edible mushrooms, behind the species of the genus
Agaricus and Lentinula (Fernandes et al., 2015). The most important
Pleurotus species cultivated in large scale are P. ostreatus and P.
pulmonarius (Fr.) Quél. (Bazanella et al., 2013; Ergonul et al., 2013).
Concerning the amount of crude protein, mushrooms are ranked below
animal meats, but well above most other foods, including milk, which is
an animal product. Not to mention the fact that mushroom, enabling their
use as a substitute for meat diet (Kakon et al., 2012). Mushroom proteins
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are considered to be intermediate between that of animals and vegetables
(Gbolagade et al., 2006; Jonathan and Adeoyo, 2011) as it contains all
the nine essential amino acids required for human body (Aina et al.,
2012).

Unlike plants, mushrooms are heterotrophic organisms which require
external nutrients to grow; the vegetative mycelium (hypha network)
supplies nutrients for the growth of basidiomes (reproductive stage),
(Taylor and Ellison, 2010).

Mushroom supplementation is an agronomic process which consists of
the application of nutritional amendments to the substrates employed for
mushroom cultivation. Different nitrogen and carbohydrate rich
supplements have been evaluated in crops with a substantial impact on
mushroom yield and quality; however, there is still controversy regarding
the nutritional requirements of mushrooms and the necessity for the
development of new commercial additives (Carrasco et al., 2018).
Furthermore, mushrooms require oxygen and a specific pH in order to
develop a normal metabolism and to grow properly. C and N are the two
main macronutrients required by fungi for structural and energy
requirements; P, K and Mg are also considered macronutrients for
mushrooms, in addition, trace elements such as Fe, Se, Zn, Mn, Cu and
Mo appear to be needed for diverse functions (Chang and Miles, 2004).
The initial phase of mushroom production consists of a solid
fermentation process. From spawning, the vegetative mycelium grows
under controlled environment and aseptic conditions to colonize the mass
of substrate before fructifying (Zervakis et al ., 2013). Carrasco et al.,
(2018) reported that the use of low-protein supplements based on carbon-
rich sources such as cellulose and hemicellulose components improves
the performance of the mushroom equally or even more than nitrogen
addition.

The production of the sbstrates employed in mushroom cultivation are
derived from agricultural by-products such as cereal straw, plant
fiber/husk, manure, cotton wastes, sugarcane bagasse or sawdust, etc. as
organic manure are being utilized. These crop residues results after
harvesting in the farm are leaves, stem and shelves which are
characterized as coarse plant byproducts and big size, chemically low in
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protein and fat contents. Also, it is high in lignin and cellulos contents.
The problem of agriculture wastes becomes very obvious and aggregated
after the harvest of summer crops. That is because at this time of the
season, the farmer is in a rush to recultivate his land therefore getting rid
of the wastes has his highest priorities, usually by burning. This method,
burning not only is considered an economic loss but also has harmful
effects on the environment Egypt contains agricultural wastes amount
range from 30-35 million tons a year (Shaban et al., 2010) .

There is an enormous amount of wastes from field, agro-industry.
Only using 25% of the yearly burned cereal straw in the world could
result in a mushroom yield of 317 million metric tons (317 milliard kg) of
fresh mushroom per year. The yearly mushroom production is only 6
milliard persons or 1 kg per year or 3 gm per day (Courvoisier, 1999). In
fact counting the early available world waste in agriculture (500 milliard
kg) and forestry (100 milliard kg), we can easily grow 360 milliard kg of
fresh mushroom on the total of 600 milliard kg dry wastes. This would
bring us a yearly mushroom food of 6 kg per head per year containing 4%
protein in fresh mushroom and we know that 30% of the world population
is protein deficient (Ergonul et al., 2013)

Accordingly the aim of preset investigation was to evaluate the
efficiency of different agricultural wastes on of mycelia production as
well as total yield and biological efficiency of five oyster mushrooms.

2. Materials and Methods

2.1 The substrates:

Agricultural wastes used the most common were rice straw,
sugarcane bagasse and cotton wastes obtained from private farm from
Assiut governorate and were utilized as growing media for the different
Pleurotus spp.

2.1.2 Determination of moisture content of the agricultural wastes

10 Grams of sample were dried in oven at 105 °C for about 24 hours
and then reweighted. The percentage of moisture content was then
calculated according to the following equation
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A-B

M.C.%= x100, where A and B are the weight before and after

drying, respectively (Makavona et al., 2018).

2.1.3 Determination of Mineral content of the agricultural wastes
Total nitrogen of dried agricultural wastes was determined using Kjeldahl
digestion method as described by Jackson (1973). Total phosphorus was
determined in agricultural wastes spectrophotometrically (Specronic 200
Spectrophotometer) in the acid solution of the digested samples using
ammonium molybedate and stannus chloride reagents as described by
Page et al. (1982). Total potassium of agricultural wastes was determined
in the acid solution of the digested samples using flame photometric
method according to Page et al. (1982).

2.2. Cultivation of mushroom:
2.2.1. Source of Pleurotus species cultures

The spawn packets and cultures of five species of the genus Pleurotus
(P. ostreatus, P.columpinus, P. pulmonarius, P. sajor-caju and P.
floridanus) were used in the current research were obtained from
Agricultural Research Center, Food Technology, Egypt.and were used .

2.2.2. Preparation mixtures of substrate

The chopped substrates of different agricultural waste were soaked in
water for 24 hours until the moisture content reached about 60-80%, then
pasteurization of substrate was carried out by autoclaving (60°C for 4 hr ).
The pasteurized substrate was left to cool down and to drain excess water.
350 gm of the substrate was thoroughly mixed with 10 gm calcium
carbonate, 10 gm wheat bran and moisture content was kept at 80%
(Markson et al., 2017).

2.2.3. Spawning

The spawn material was distributed over the substrate at the rate of 17
gm. The spawn was thoroughly mixed with the substrate and then filled
into plastic bags (Birara et al., 2014). The mixtures of the spawn and
organic substrates were bagged tightly in plastic sheet and covered with
black sheet.
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2.2.4. Cultivation conditions and harvesting

The inoculated bags were incubated in a cultivation dark room and
maintained at 25-30 °C with relative humidity of 85%5%, for
ramification of the mushroom mycelia. Growth of mushroom was
observed daily for all the treatments. When the bags covered with full
of mycelium and pin-heads started appearing, the bags were mouth
opened to facilitate the development of fruiting bodies and put it on a
light room. As soon as the fruiting bodies developed and attained
their full size, they were cut just above surface of the substrate
with sterile sharp knife. The harvesting was done in 3 harvests. After the
2" harvest, the substrate was turned upside down and regularly watered to
harvest the 3" harvests. The yields of mushroom were recorded (Igbal et
al., 2005; Menaga, et al., 2012). After harvest, the mushrooms samples
were cleaned by rubbing, scrapping and brushing for removal of all
foreign matters. Thereafter they were cut in small pieces of around 2 to 3
cm across using a knife and then wrapped in newspaper and stored in
moisture free open places. They were air-dried in shade that took
15 days or more (Markson et al., 2017).

2.2.5. Determination of biological efficiency

Fresh mushrooms were harvested and the biological efficiency
determined as the percentage of weight of fresh mushrooms to dry weight
of substrate (Salama et al. 2016) at spawning as described by Mueller et
al. (1985), Banik and Nandi (2004) and Oseni et al. (2012) .
Biological efficiency of mushrooms was calculated by dividing weight of
fresh mushroom yield (in gm) by weight of air dried substrate (in gm) and
multiplied by 100.

Yield of fresh mushroomingm

Total weight of dry substrate used (gm)

2.2.6. Cultivation of oyster mushroom on liquid media:

Preparation of rice straw, sugarcane bagasse and cotton wastes,
grinding, soaking for 24 hr sterilization and put it in sterilized conical
flasks 1 liter. Added 10 gm of grinded straw, 100 ml distilled water, 5 gm
CaCOs3, 5 gm of yeast extract and 5 gm of spawn, incubation at room

Bio logical efficiency = x100
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temperature about 45 days avoid movement and light , then filtrate and
weight of mycelium.

2.3. Statistical analysis:

The data were statistically analyzed following the Randomized Complete
Block Design (RCBD) with arrangement of three replications and means
were compared following Duncan’s test at 5% level of probability for
interpretation of results (Gomez and Gomez, 1984).

3. Results and Discussion
3.1. Agriculture waste properties

Based on oven dry method moisture content of rice straw was 8%,
whereas moisture content of sugarcane bagasse was 29% and moisture
content of cotton wastes was 14% as shown in (Table 1). Total nitrogen,
phosphorus and potassium of rice straw has relatively high nitrogen and
potassium contents by about 0.96% and 0.60%, respectively, while
phosphorus was low (0.22%). But, sugarcane bagasse has total nitrogen
(0.61%), P (0.48%) and K (0.60%). While, Cotton waste was the lowest
of mineral content (0.21%, 0.13% and 0.24%) respectively (Table 1).

3.2. Mycelia growth rate

In the present investigation, the colonization of substrate was
completed in 21 days which was concomitant with previous studies
(Igbal et al., 2005; Kumari and Achal, 2008; Soniya et al. 2013; Yang
etal., 2013). Dahmardeh et al. (2010) reported that the spawn running
take three weeks and fruiting bodies appeared after 2-3 days.

In liquid media, the weight of mycelial growth varied depending on the
type of agricultural wastes and oyster mushroom species. As illustrated in
Table 2 Fig 1, the weight of mycelium cultivated on liquid media using
the sugarcane bagasse exhibited the highest values, followed by Rice
straw, while the cotton wastes produced the lowest mycelial dry weight.
The highest weight of mycelia was observed in P. floridans and P.
ostreatus (17.2 gm) on sugarcane bagasse. While, the lowest weight was
observed in P. pulmonarius (11 gm) on cotton wastes. These variations
could be explained by the fact that the texture and substrate formulations
as well as nutrients in substrates possibly affected the composition of the



42 Khayria M. Abdel-Gawad, Attef Abdel- Aziz Hassan, Mona F. A.
Dawood and Mahmoud A.A. Rashwan

final mushroom growth substrate and qualities such as water holding
capacity and degree of aeration (Reyes et al., 2009; Kurtzman, 2010;
Salama et al., 2016).

3.3. Mushroom production

Three different types of substrate were investigated to determine the yield
and their quality of oyster mushroom as illustrated in ( Table 3 Fig 2)
First flush gave the highest fresh weight, third flush 3 gave the lowest
mean values of fresh weight and second flush produced intermediated
mean of fresh weight. Moreover, the number of fruit bodies per harvest
decreased from flush to flush as shown in Table ( 3), this may be ascribed
to the nature and amount of nitrogen available in a substrate after each
harvest affect the degree of cellulose degradation which in turn affects the
yield (Manso et al., 2011).

The main components of lignocellulosic substrate are cellulose,
hemicellulose and lignin. Pleurotues mushrooms can biodegrade cellulose
and lignin of lignocellulosic materials to get their carbon requirement
(Mohamed et al., 2016). Cotton wastes contain 59% cellulose, rice straw
contains 33% cellulose (Ukis, 1986; Sun et al., 2004) and sugarcane
bagasse contain from 44.7 to 45.9% cellulose. The ability of mushrooms
to biodegrade the agricultural wastes reflected on fruiting body
production. The results demonstrated in Table 3 showed that the highest
total yield was for P. columpains and P. sajor-cajue on rice straw which
recorded nearly 225.6g for each from 350 g waste compared with the
other wastes. Also, P. columpains had the highest total fruiting body
yield on sugarcane bagasse which gained nearly 215.8g / 350g compared
to 215g from 350¢g on cotton wastes. The results of the present study are
in agreement with those reported by Abd El-Kawi (1989) and Abd EI-
Rehem , Nahed(1997) who cultivated two Pleurotus species on three
lignocellulosic materials namely sawdust, rice straw and water hyacinth.
They found that the two species of Pleurotus gave the highest yield on
rice straw substrate followed by sawdust and water hyacinth under
Egyptian conditions. While, EI-Bagory (1997) stated that the maize straw
proved to be the most suitable substrate followed by rice straw and wheat
straw then sugarcane bagasse.
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Biological efficiency is the most important parameter in mushroom
cultivation. It was found that the biological efficiency of these studied
species ranged from 51.02% f or P. Pmonarius on sugarcane bagasse
and 64.4% for P. columpains and P. Sajor-cajue on rice straw.

Generally, P. ostreatus recorded variable biological efficiency deponding
upon.the employed waste where rice straw, sugarcane bagasse and cotton
wastes had biological efficiencies of 64.4, 61.6 and 58.9%, respectively.
P. pulmonarius registered biological efficiency of 61.2% on rice straw
and 51.02% on sugar cane bagasse. On the other hand, the biological
efficiency of P. sajor-caju was at the highest value on rice straw (64%)
and around 57% for the remnant wastes. P. floridans recorded
comparable biological efficiency values ranged from to 58.30-61.40% on
the studied wastes. These results are agree with Shah et al. (2004)., Igbal
et al. (2005) and Ananbeh and Almomany (2005).
The highest number of primordia and fruiting bodies and the amount of
fresh weight was obtained with sugarcane bagasse in all flushes as the
lowest with mustard straw Dey et al.(2008).
An example of Pleurotus production was provided in plate 1 for
Pleurotus Sajor-cajue.
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Plate 1: Different stages of production of PleurotusSajor-cajue.
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Table 1. Mineral content nitrogen, phosphorus and potassium in
agricultural wastes.

Kind of | Moisture N%% P K%

wastes content

Rice straw 8+ 0.78% 0.96+0.04% | 0.22+0.03 % 0.60£0.05 %
Sugarcane 20+1.13% 0.61+0.02% | 0.48+0.02 % 0.57+ 0.02%
bagasse

Cotton wastes | 144098 % | 0.21+0.01% 0.13+0.02% 0.24+0.01 %

Table2. Weight of Pleurotus spp. mycelium cultivated on liquid media
using rice straw, sugarcane bagasse and cotton wastes

Kind of wastes Oyster mushroom species Weight of mycelium with gram
P. ostreatus 13.2C +0.85
P. columpinus 15.0 B+0.98
Rice straw P. pulmonarius 15.0 B£1.19
P. sajor-caju 16.2 A+1.14
P. floridans 15.6 A+0.92
P. ostreatus 17.2 A+0.82
P. columpinus 15.80 A+ 0.76
Sugarcane bagasse P. pUlmOnariUS 16.0 A+0.87
P. sajor-caju 16.0 A +0.99
P. floridans 17.2 A+1.12
P. ostreatus 12.40 +0.98
P. columpinus 14.40 B £0.76
Cotton wastes P. pulmonarius 11.0D +0.88
P. sajor-caju 13.0 C+0.96

P. floridans 13.0 C+1.16
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Table 3 Total yield and biological efficiency of Pleurotus sp on rice
straw, sugarcane bagasse, and cotton wastes

ABx2.17

Oyster Mean Table 3. Value
mushrrom Kind of waste First flush Second flush Third flush
species 28 days 35 days 45 days
Rice straw 84.0 B+3.1 66.2 C+0.68 45.2 G+0.86
P. ostreatus Sugarcane 77.4D4.25 | 61.2 E+0.97 57.2 C£0.71
bagasse
Cotton wastes 82.4 C+3.25 70.4 B+2.10 51.4 F+0.66
. 83.0
Rice straw BC+4.18 78.8 A£1.78 63.6 A+0.63
P. columpinus Sugarcane 814C+2.16 | 74.4 BC0.74 60.0BC+0.57
bagasse
Cotton wastes 83.8 B+3.17 | 67.8C+0.86 45.8 G+0.59
Rice straw 84.0 B+4.19 72.8 BC+2.17 57.4 C+0.63
_ Sugarcane 69.6 E+1.14 | 62.2 E+0.98 46.8 G+0.46
P. pulmonarius bagasse
Cotton wastes 85.4 76.8 A+2.15 41.0 H+0.78
AB+2.16 ' ' R
Rice straw 87.2 At3.24 76.4 B£1.63 62.0 B+0.67
P.sajor-caju Sugarcane 834 B+2.89 | 64.2D+0.97 52.6 F+0.77
bagasse
Cotton wastes 81.6 C+3.15 67.0 C+1.99 55.0 E+0.64
. 84.4
+ +
Rice straw AB+4.12 64.0 D£3.12 55.8 E+0.61
P. floridans Sugarcane 79.6 C+2.25 | 65.8D+2.15 62.4 A+0.54
bagasse
84.6
Cotton wastes 72.0BC+£1.85 58.4 C+0.36
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Fig. 2. Total yield of Pleurotus spp on rice straw, sugarcane bagasse, and cotton wastes
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Fig.3. biological efficiency of Pleurotus spp on rice straw, sugarcane bagasse, and cotton
wastes.
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Table 4 . Mean value of fruit body per harvest.

Mean. Value
Oyst.er mushrrom Kind of waste First flush Second Third flush
species flush
28 days 35 days 45 days
Rice straw 11B+0.41 7B+0.11 5B+0.06
P. ostreatus Sugarcane bagasse | 12A+0.36 8A+0.09 4C+0.07
Cotton wastes 11B+0.98 6B+0.13 6B+0.12
Rice straw 10B+0.16 8A+0.17 6B=0.09
P. columpinus Sugarcane bagasse | 12A+0.28 9A+0.19 7A+0.08
Cotton wastes 13A+0.19 8A+0.21 5B+0.17
Rice straw 11B+0.28 9A+0.27 4C+0.04
P. pulmonarius Sugarcane bagasse | 12A+0.26 6B+0.08 4C+0.03
Cotton wastes 12A+0.63 9A+0.06 5B+0.02
Rice straw 13A+0.95 8A+0.63 6B+0.07
P. sajor-caju Sugarcane bagasse | 12A+0.69 7B+0.27 8A+0.08
Cotton wastes 10B+0.71 8A+0.13 7A+0.03
Rice straw 10B+0.56 8A+0.10 4C+0.01
P. floridans Sugarcane bagasse | 10B+0.63 7B+0.14 8A+0.05
Cotton wastes 11B+0.75 9A+0.52 5B+0.02

ORice straw
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Fig. 4: Mean value of fruit body per harvest

CONCLUSION
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The mycelial growth on liquid media exhibited the highest values on
sugarcane bagasse, followed by rice straw, whilst the cotton wastes
produced the lowest mycelial dry weight. On solid agricultural wastes
media, rice straw produced the highest total yield for P. columpains and
P. sajor-cajue, the biological efficiency were the highest and recorded
biological efficiency of 64.4% and total yield 225,4 gm. On the other
hand, sugarcane bagasse produced the highest total vyield for P.
columpains 215.8g and the biological efficiency was 61.6%, whilst the
cotton wastes produced the highest total fruiting body yield for P.
flouridans by about 215 g and the biological efficiency was 61.4%.

REFERENCES
Abd El-Kawi, K.A. 1989. Studies on the cultivation and production of oyster
mushroom Pleurotus spp. in Egypt. M.Sc. Thesis, Fac. of Agric., Cairo
Univ.
Abd EI-Rehem, Nahed, S.Y. 1997. Studied on the processing of mushrooms
cultivated on some Agro-Industrial wastes. Ph.D. Thesis, Fac. of Agric.,
Ain Shams Univ., Egypt.

Aina, D.A.; Jonathan, S.G.; Olawuyi, 0.J.; Ojelabi, D.O. and Durowoju,
B.M. (2012). Antioxidant, antimicrobial and phytochemical properties of
alcoholic extracts of Cantharellus cibarius — Nigerian mushroom. New
York Science Journal 5(10):114-120

Ananbeh, K. and Almomany, A. (2005). Production of Oyster Mushroom
(Pleurotus ostreatus) on Olive Cake Agro Waste, Dirasat, Agricultural
Sciences, Volume 32, No.1., 64 — 70.

Banik, S. and Nandi, R. (2004). Effect of supplementation of rice straw with
biogas residual slurry manure on the yield, protein and mineral contents of
oyster mushroom. Ind. Crops Prod. 20: 311-319.

Bazanella, G. C. S., Souza, D. F., Castoldi, R., Oliveira, R. F., Bracht, A.,
and Peralta, R. M. (2013). Production of laccase and manganese
peroxidase by Pleurotus pulmonarius in solid-state cultures and
application in dye decolorization. Folia Microbiologica, 58, 641-647.

Birara, M.; A. Ayalew and A. Kehede (2014). Evaluation of biomass of some

invasive weed species as substrate for oyster mushroom (Pleurotus spp.)

cultivation. Pakistan J. of Biological Sciences, 17 (2): 213-219.;

Carrasco, J., Zied, D. C., Pardo, J. E., Preston, G. M., and Pardo-Giménez,

A. (2018). Supplementation in mushroom crops and its impact on yield and

quality. AMB Express, 8(1), 146.



INFLUENCE OF DIFFERENT CELLULOSIC SUBSTRATES ... 49

Chang, S. and Miles, P.G. (2004). Mushrooms: cultivation, nutritional value,
medicinal effect and environmental impact, 2" edn. CRC Press, Boca
Raton. ISBN 0-8493-1043-1

Chang, S.T. and Miles, P.G. (2008). Mushrooms: cultivation, nutritional value.
Medicinal effect, and environmental impact, CRC Press, Boca Raton, Fla,
USA, 2" edition.

Courvoisier, M. (1999). Less champignons comestible dans lemonade. Bul.
Fed. Syn. Champ., 82: 829-837.

Dahmardeh, M.; Dahmedeh, M.; Hossienabadi, R.; Safarpoor, H. and
Dahmerdeh, M. (2010). Comparative study on cultivation and yield
performance of Pleurotus ostreatus (oyster mushroom) grown on different
substrates (wheat straw and barley straw) and supplemented at various
levels of spawn. J. Food Agri. Environ. 8: 996-998.

Dey, R. C.; Nasiruddin .K.M, Haque.M.S andAl Munsur.M.A.Z (2008).
Production of oyster mushroom on different substrates using cylindrical
block system. Progress. Agric. 19(1) : 7-12.

El-Bagory, M.H.M. 1997. Studies on the production of mushroom on
agricultural wastes. Agric. Botany Dept., Fac. of Agric., Kafr El-Sheikh,
Tanta Univ., Egypt.

Ergonul, P.G.; Akata, I.; Kalyoncu, F. and Ergondl, B. (2013). Fatty acid
compositions of six wild edible mushroom species. Sci. World J. 2013,
Acrticle ID 163964, 4 pages.

Fernands,L.B,Anabela.M,Paulo.H,l.andFerreira.C.F.R  (2015).Nutritional
characterisation of Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm. produced
using paper scraps as substrate Food Chemistry, Volume 169, Pages
396-400

Gbolagade, J.S (2005). Bacteria associated with cultures of Psathyrella
atrombonata (Pegler), and Schizophyllum commune (Fr.Ex.Fr), Nigerian
edible mushrooms .Acta Phytopathologica. Et Entomologica Hungarica.
40 :( 2-3), 333-340 13.

Gbolagade, J.S.; Fasidi, 1.0.; Ajayi, E.J and Sobowale A.A. (2006). Effect of
physico-chemical factors and semi-synthetic media on vegetative growth
of Lentinus subnudus (Berk.), an edible mushroom from Nigeria. Food
Chemistry. 99:742-747

Gomez, A.C. and Gomez, A.A. (1984). Statistical Procedures for Agricultural
Research (2" Edn.). John Wiley and Sons, New York. p. 680.

Igbal, M.; Abdul Rauf.Ch and Igbal Sheikh.M. (2005). Yield Performance
of Oyster Mushroom on Different Substrates, International Journal of
Agriculture & Biology. 1560-8530/2005/07—-6-900-903


https://www.sciencedirect.com/science/article/pii/S0308814614012424#!
https://www.sciencedirect.com/science/article/pii/S0308814614012424#!
https://www.sciencedirect.com/science/article/pii/S0308814614012424#!
https://www.sciencedirect.com/science/journal/03088146
https://www.sciencedirect.com/science/journal/03088146/169/supp/C

50 Khayria M. Abdel-Gawad, Attef Abdel- Aziz Hassan, Mona F. A.
Dawood and Mahmoud A.A. Rashwan

Jackson, M.L. (1973): Soil Chemical Analysis. Prentice-Hall of India Private
Limited, New Delhi

Jonathan , S.G., Fasidi, 1.0., Ajayi, A.O, and Adegeye, A. (2008).

Biodegradation of Nigerian wood waste by Pleurotus tuber-regium (Fries)

Singer. Bioresource and Technology 99: 807- 811.

Jonathan, S.G. and Adeoyo, O.R. (2011) Evaluation of ten wild nigerian

mushrooms for amylase and cellulase activities. Mycobiology 39(2): 103-108.

Jonathan SG, Okorie AN and Babayemi OJ, Oyelakin AO Akinfemi A
.(2012) using

white rot fungus( Pleurotus florida). Nature and Science;10(9)

Kakon, A. J., Choudhury, Md. B. K., and Shusmita, S. (2012). Mushroom is
an ideal food supplement. Journal of Dhaka National Medical College &
Hospital, 18, 58-62.

Knop, D.; Yarden, O. and Hadar, Y. (2015). The ligninolytic peroxidases in
the genus Pleurotus: divergence in activities, expression, and potential
applications. Appl. Microbiol. Biotechnol. 99, 1025-1038

Kummer, P. (1871) Der Fihrer in die Pilzkunde (Mushroom-hunter's guide)
146 pp

Kumari, D. and Achal, V. (2008). Effect of different substrates on the
production and nonenzymatic antioxidant activity of Pleurotus ostreatus.
Life. Sci. J., 5: 73-76.

Kurtzman, R.H. (2010). Ventilation for mushroom cultivation: the importance
of the needs of mushrooms and of the gas laws. Micol. Apl. Int, 22 (2):
63-78.

Liu, Q.; Ma, H.; Zhang, Y. and Dong, C. (2017). Artificial cultivation of true
morels: current state, issues and perspectives. Crit Rev Biotechnol
38(2):259-271.

Makavana, J.M.; Agravat, V.V.; Balas, P.R.; Makwana, P.J. and Vyas,
V.G. (2018). Engineering Properties of Various Agricultural Residue.
Excellent Publishers. PRINT ISSN : 2319-7692, Online ISSN : 2319-7706

Manso, J.F.; Obodai, M.; Dzomeku, M. and Apertorgbor, M.M. (2011).
Influence of rice husk on biological efficiency and nutrient content of
Pleurotus ostreatus (Jacg. ex. Fr.) Kummer. International Food Research
Journal, 18 (1): 249-254.

Markson, A.A.; Agba, M.O.; Akpan, J.B. and Bassey, G.A. (2017). Yield
Performances of Pleurotus ostreatus on Different Growth Substrates as
Influence by Some Vegetable Additives IOSR. Journal of Pharmacy and



INFLUENCE OF DIFFERENT CELLULOSIC SUBSTRATES ... 51

Biological Sciences (IOSR-JPBS) Volume 12, Issue 1 Ver. Il (Jan. -
Feb.2017), pp. 84-88

Menaga, D.; Mahalingam, P.U.; Rajakumar, S. and Ayyasany P.M. (2012).
Evaluation of phytochemical characteristics and antimicrobial activity of
Pleurotus florida mushroom. Asian Journal of Pharmaceutical and
Clinical Research, VVol. 5, Issue, 4, ISSN. 0974-2441.

Mohamed, F.M.; Emad F.S.R.; Mohamed M.A.A. and Sayed H.A. (2016).
Fruiting bodies yield of oyster mushroom (Pleurotus columbinus) as
affected by different portions of compost in the substrate, Int J Recycl Org
Waste Agricult (2016) 5:281-288

Mueller, J.C.; Gawley, J.R. and Hayes, W.A.( 1985). Cultivation of the
shaggy mane mushroom (Coprinus comatus) on cellulosic residues from
pulp mills, Mushroom Newsletter for the Tropics 6: 15-20.

Oseni, T.O.; Dube, S.S.; Wahome, P.K.; Masarirambi, M.T. and Earnshaw,
D.M. (2012). Effect of wheat bran supplement on growth and vyield of
oyster mushroom (Pleurotus ostreatus) on fermented pine sawdust
substrate, experimental Agriculture & Horticulture, Academic Research
Centre of Canada, Article ID: 1929-0861, 30-40.

Page, A.L.; Miller, RH. and Keeney, D.R. (1982): "Methods of Soil
Analysis". TI- Chemical and Microbiological Properties. Amer. Soc.
Agron. Inc. Bull., Madison, Wisconsin., USA.

Reyes, R.G; Lopez, L.L.; Kumakura, K.; Kalaw, S.P.; Kikukawa, T.E. and
Eguchi, F. (2009). Coprinus comatus, a newly domesticated wild
nutriceutical mushroom in the Philippines. Journal of Agricultural
Technology. 5(2): 299-316.

Rubini, A.; Riccioni, C.; Belfiori, B. and Paolocci, F. (2014). Impact of the
competition between mating types on the cultivation of Tuber
melanosporum: Romeo and Juliet and the matter of space and time.
Mycorrhiza 24(1):19-27.

Salama, A.N.A.; Abdou, A.A.K.; Helaly, A.A. and Salem, E.A. (2016). Effect
of residues agricultural wastes on the productivity and quality of Pleurotus
colombinus 1. by using polyethylene bags wall technique, Advances in
Plants & Agriculture Research, Volume 5 Issue 3 — 2016

Shaban, D Abou Hussein and Omaima M. Sawan (2010). The utilization of
agricultural wastes as one of the Environment Issues in Egypt. A case
study Journal of applied science research 6-8; 1116-11124.

Shah, Z.A.; Ashraf, M. and Ishtiag, M.C. (2004). Comparative Study on
Cultivation and Yield Performance of Oyster Mushroom (Pleurotus



52 Khayria M. Abdel-Gawad, Attef Abdel- Aziz Hassan, Mona F. A.
Dawood and Mahmoud A.A. Rashwan

ostreatus) on Different Substrates (Wheat Straw, Leaves, and Sawdust),
Pakistan Journal of Nutrition 3 (3): 158-160.

Soniya, S.; Ran, K.; Yadaw, P. and Chandra P.P. (2013). Growth and yield of
oyster mushroom (Pleurotus ostreatus) on different substrates. Journal on
New Biological Reports, 2 (1): 3-8: ISSN 2310-1104 (online).

Sun, Jx; Sun Xf; Zhao, H. and Sun, R.C. (2004). Isolation and
characterization of cellulose from sugarcane bagasse. Polymer degradation
and stability, 84 (2): 331-339.

Taylor, J.W. and Ellison, C.E. (2010). Mushrooms: morphological complexity
in the fungi. PNAS 107(26):11655-11656.

Ukis, P (1986). A thesis on Technology of Environmental management Central
laboratory. Mahidol University. Potential of Agricultural Wastes for
glucose production. Faculty of Environment and resource studies.

Valverde Maria Elena, Talia Hernandez-Pérez, and Octavio Paredes-Lépez
(2015) Edible Mushrooms: Improving Human Health and Promoting
Quality Life. International Journal of Microbiology Volume 2015, Article
ID 376387, 14 page

Yang, W.J.; Fengling, G and Zheng, J. (2013). Yield and size of oyster
mushroom grown on rice (wheat straw basal substrate supplemented with
cotton seed hull). Journalist Saudi J. Biolsci., V 20 (4): 2013. Oct. PMC
3824138.

Zervakis, G.l.; Koutrotsios, G. and Katsaris, P. (2013). Composted versus
raw olive mill waste as substrates for the production of medicinal
mushrooms: an assessment of selected cultivation and quality parameters.
Biomed Res Int, Article ID: 546830

Cra Adliag £ 5 gad g 4un o gaal) op LS o AQLISal) 4y ) ol glacad) ) gal) il
sl QA s

Jaall gasamay o)l daplall Lo golaall Gl AN Gle iag

a5l LS dna g alle 4013 dad (g 4 ady Ll Baalil) Jsal) 8 La g

QA Qe del )i Al Asle piad Al Ll 3l Cldlidl o sy

Zie) )3 Lealatind 5 Lebe 3l e, 3l el ASEa Jad o taall

Al LSl piany Gadlaial g ) IS 5 JulSia Lmn 63 ying (53
et )l lall CVs (8 LBl 5 4dlgl)



INFLUENCE OF DIFFERENT CELLULOSIC SUBSTRATES ... 53

Al 4lae Lalu gl e o laal) Qi al (e de) )y &5 Canll 12 8

Gl Clilie a5 dae ) ) i) mend Ay Adiall Lalu V) a8 Al

QAN (e e plsl duad Aol 5OV (B - il ha S
5

five species of the genus
Pleurotus
(P. ostreatus, P.columpinus, P. pulmonarius, P. sajor-
cajua and P. floridanus)

OS5 cliall 313l sl 8 sl yally o el JISH U8V 008
<=, P. columpinus s P.sajor- cajue gl @l &l e
Guaid e P, columpinus 4k sl YYO U 5 eV s 5N @
O ohdll clilaa e P, floridanus 1) s sl YYO A (s S
Aavie

Ol eV Ll el o an g By Goa ol gull 3L lus
sP.columpinus: -2 s _tsall i ad)

DSl cuad ldlia e Lain 947¢ € SOY Ui ep. sajor-cajue
okl i e P, floridanus! & %71 .Y P.columpinus oS
047 ¢

san el QA Gl A Qi Qi) s gl Ll

S o (el o salussall 5F 31330 Jans gl (g0 Ay on LS 4 e J geanl)
asdiase (s o ol Coelal a8 i) as gl sl asdiaal) (e Ay g
P. floridanus L 0¥ i e ol a1 YP sajor-cajue s eV
aloa Ve ¢ ghaall laa e P columpinusas olos VY)Y Sl cuad e



