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ABSTRACT

For cultivation mushroom (Pleurotus ostreatus) four agro-industrial wastes
namely Rice straw (RS) , sawdust (SD) , waste paper (WP) and cardboard industrial
(Cl) were used. Molasses (M) can be used as a main energy source and addition of
o/ molasses fo the substrates to improve the mushroom growth, yield and biological
efficiency. Results regarding to the time required for completion of spawn running,
pinheads and fruiting bodies formation. The spawn running, pinheads and fruiting
bodies formation were found within the period ranged from VY to Ye. from YY to Y and
from Ye to e days respectively. When added molasses to the substrates the spawn
running, pinheads and fruiting bodies formation were found within the period ranged
from Y+ to VY, from Y. to ¢¥ and from Y¢ to °Ydays respectively. The rice straw
treatment containing ©’ molasses gave the maximum mushroom yield (Y\V,° g per )
kg dry substrate). Waste paper (WP) gave minimum mushroom yield (M'Y,)¢g). The
highest percentage of biological efficiency was obtained on molasses rice straw
treatment Y),Ve %. Low percentage of biological efficiency were found in WP (), YV7).
Molasses significantly increased the biological efficiency over control substrates.
Keywords :Pleurotus ostreatus, Agro-industrial wastes, Molasses, Cardboard

industrial.

INTRODUCTION

Cultivation of edible mushrooms is a biotechnological process for
lignocellulosic organic waste recycling. It might be the only current process
that combines the production of protein-rich food with the reduction of
environmental pollution (Beetz and Kustudia, Y* * £).The oyster mushrooms of
the genus Pleurotus are the third largest commercially cultivated mushroom
in the world. Many species of Pleurotus are commonly grown on a wide range
of lignocellulosic materials. Some experiments with the agricultural wastes
studied as substrates for Pleurotus spp. The substrates used in each region
depend on the locally available agricultural wastes. It was also observed that
the agricultural wastes of substrates used for cultivation of Pleurotus spp.
could hardly promote the nutrient composition of the fruiting bodies
(Ragunathan and Swaminathan, Y+ Y).

Molasses has high carbohydrates such as sucrose, glucose and
fructose. It seems that the carbon source is more necessary as an energy
source than protein sources for fruiting formation. Molasses can be used as a
main energy and nutritional source in the formulation of a substrate for
cultivating oyster mushroom (Yang et al., Y+ +Y).
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Previous research has shown great potential for using some
lignocellulosic materials as raw material for the production of P. ostreatus.
However, every kind of lignocellulosic substances is likely be used as
substrate for Pleurotus spp. cultivation, the main and co-substrate differ
among countries and even regions on the basis of availability and cost.

This study was carried out to cultivation of oyster mushroom (P.
ostreatus ) on different waste materials in Dakhlia, Mansoura city, Egypt, in
this study orde to the effects of the agro-industrial wastes, rice straw (RS),
sawdust (SD), waste paper (WP) and cardboard industrial (Cl) as substrates
on spawn running time, pinheads formation, fruiting bodies formation, yield
and biological efficiency (BE). Molasses addition to the substrates effects on
growth and yield.

MATERIALS AND METHODS

Pleurotus osrteatus :
The sorghum spawns of P. ostreatus was obtained from Mushroom Unit,
National Research Center (NRC), Douki, Cairo, Egypt.
Sugar cane molasses :
The sugar cane molasses was obtained from Hawamdia company for
the manufacture of Sugar and Integrated Industries — Hawamdia, Giza,

Egypt.

Table Y : Chemical analysis of sugar cane molasses.
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(Baker, Y4Vv4)

Substrate preparation and cultivation condition :

Rice straw (Oryza sativa), sawdust, waste paper of Handmade paper
industries and cardboard industries were used as a base substrates. These
substrates were chopped into small pieces of Y — ¢ cm. Rice straw (RS) and
Sawdust (SD) were soaked in water for Y¢ hour before use. Waste paper
(WP) and Cadboard industries (Cl) were soaked in hot water for ¥ hour to
remove dyes before use. But mushrooms have ability to degrade dyes
(Espindola et al., Y+ +V).All substrate were boiled for Yo — Y+ minutes and then
spread over clean. Slightly surface in thin layers for cooling and draining of
the excessive water.

The substrate types of lignocellulosic materials were prepared by
addition the molasses to each type of substrate at the concentration of °7
(wiw).
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Plastic bag technology was used in production experiments. Substrates
were spawned at a rate ¢7 of sorghum spawn (w/w). Each bag was closed
with a plastic neck. The spawned bags were then incubated at Yo — Y+ °C and
1. — e/ relative humidity for ¥ — ¥ weeks in a well-ventilated, semi dark room
until spawn run was completed (El-sawah, Y+« +).

Cropping :

After a complete spawn run, the bags were opened after ¥ weeks in
case with waste paper and cardboard, ¥ weeks for rice straw and ¢ weeks for
sawdust, when the mycelium had completely covered the substrate. The
compact mass of the substrate and mycelium was watered daily with distilled
sterilized water from the second day of opening of the bags. Within ¥ — A days
of opening, pin head fruiting bodies (¢ — ¢ cm in diameter) appeared on all
sides of the bag. These young mushrooms attained the normal size in about
Y — e days when the first crop was harvested from each of the bags. Mature
fruiting bodies were harvested at different periods and the fresh weight
recorded immediately after the harvest. The time taken for the spawn running
and appearance of pin heads was also recorded. Biological efficiency (BE)
was calculated as percentage yield of fresh mushroom fruiting bodies in
relation to dry weight of the substrate. It was necessary to calculate
percentage biological efficiency because certain substrates were denser than
others.

Statistical analysis :
Statistical analysis of data was carried out according to SPSS Y- for
Windows ( SPSS, Y444) using LSD test to compare between mean values.

RESULTS AND DISCUSSION

Growth Pleurotus spp. on different substrates :

The growth of oyster mushroom ( Pleurotus ostreatus ) on tested
different agro-industrial wastes, namely rice straw, sawdust, waste paper and
cardboard industrial was observed.

Spawn running :

The spawn running, pinheads formation and fruiting bodies formation are
three important phases in the cultivation of oyster mushroom, require proper
humidity and temperature. Temperature Y °C for spawn running and Y — Y
°C for fructification showed good results (Shah et al., Y+« ¢). The mycelium
totally colonized the tested agro-industrial wastes in YY,++ to Y¢,2+ days. The
shortest spawn running period was determined as average ‘Y,:: days on
waste paper, cardboard and the longest was Y°,°+ days on sawdust (Table
M.

Pinheads formation:

The pinheads formation is the second stage of mycelial growth during
cultivation of mushroom. Small pinheads like structures were observed,
(Shah et al.,, Y:+£). The substrate had valuable effect on the duration to
pinheads formation. The pinheads of P. ostreatus started appearing ¥,°+ —
v4,Ye days after spawn running, rice straw pinned in YY,++ days, sawdust
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pinned in Y'Y, + days, waste paper pinned in £¢A,Ye days and cardboard took a
longer time to pinned °Y,Ye days (Table Y).
Fruiting bodies formation:

The fruiting bodies formation are the third and final stage during the
cultivation of mushroom. Agro-industrial wastes tested were different in
suitability for oyster mushroom ( Pleurotus spp.) cultivation. The agro-
industrial wastes had valuable effects on fruiting bodies formation. The
fruiting bodies of P. ostreatus appeared Y.+ — 1,Yo days after pinheads
formation and took Ye,«+ — e2,.. days later after spawning. Rice straw and
cardboard took a shorter time to fruiting bodies formatted in Y,++ days after
pinheads formation. Waste paper took a longer time to fruiting bodies
formatted in 1,Ye days after pinheads formation, cardboard took a longer time
to fruiting bodies formatted in ¢2,+ + days later after spawning (Table Y).

The results are in agreement with those reported by Mandeel et al.,
(Y++°) and Kulshreshtha et al., (Y+) ) in their cultivation of oyster mushroom
(Pleurotus spp.) on various lignocellulosic wastes and bioremediation of
industrial waste.

Tabel Y. Days completion of spawn running, pinheads and fruiting
bodies formation of P. ostreatus at Y — ¥+ °C on different

substrates.
Substrates Spawn running [Pinheads formation| Fruiting bodies
(days) (days) formation (days)
Rice straw YA, 0 XYY, Yo,
Sawdust Yo,0. Y, 0 vo,0.
\Waste paper VY, e £A,YO oY, v
Cardboard industrial \Y,0 ov,vo 00,

Effect of molasses on growth :

Molasses has been reported to stimulate growth many microorganisms.
Molasses provides sugar, nitrogen source and other nutrients, that results in
better cell growth ( Erkel. Y:+4). Molasses can be used as a main energy
source and addition of ©7Z molasses to the substrates improved mushroom
growth rate. Molasses addition to the substrates had valuable effect on the
spawn running, pinheads formation and fruiting bodies formation. Results
revealed that only ¢ % molasses significantly effect on cultivation oyster
mushroom, the obtained results are recorded in ( Table Y ).

When cultivation P. ostreatus the mycelium totally colonized the
tested agro-industrial wastes and added ¢7 molasses in V+,o+ — YY¥,o. days.

The pinheads started appearing Y.+ — Yo, days after spawn running. The
fruiting bodies formation appeared £, days after pinheads formation and
took Y¢,e — oY,.. days later after spawn running (Table Y). Molasses

significant reduce in spawn running period of P. ostreatus over control
substrates at rate ),© — Y days ( Fig. ' ). Therefore reduce pinheads
formation period and fruiting bodies about ¥ — ¢,Ye and :.° — ¢ days
respectively.
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This results are in agreement with those reported by Erkel, (Y:+:%) in
their Yield performance of Ganoderma lucidum (Fr.) Karst cultivation on
substrates containing different protein and carbohydrate sources. These
findings confirms with some authors who reported that molasses has
stimulative growth the mycelial. When the 7 of various sugars were added
to PDA plates, the highest mycelial growth was found on the plate with
molasses addition (Paterrson-Beedle et al., Y+ Y, Hsieh etal., Y +°).

Table Y. Effect of molasses on the growth of P. ostreatus at Y¢ — ¥+ °C,

Substrates containing| Spawn running [Pinheads formation| Fruiting bodies
°/. molasses (days) (days) formation (days)
Rice straw VW, ee Yo, oo Yi,0.
Sawdust Yv,o. YV, oo YY,0.
\Waste paper Yoo £0,0. Ouyen
Cardboard industrial AR £V,0. oY, s
30

N N
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Fig \: Effect of molasses on growth of P. ostreatus

RS ; Rice straw. SD; Sawdust. WP; Waste paper. Cl; Cardboard industrial. RS + ¢/M ;
Rice straw + °Z Molasses. SD +°/M ; Sawdust + ¢/ Molasses. WP + ¢/M ; Waste paper +
°/.Molasses. Cl + ¢/M ; Cardboard industrial + ¢/ Molasses.

Yield and biological efficiency :

Biological efficiency was calculated as the percentage yield of fresh
mushroom fruiting bodies in relation to dry weight of the substrate. Biological
efficiency was calculated because some substrates were denser than others
(Akyuz and Yildiz, Y+ +A).

Analyses of oyster mushroom vyield revealed significant differences
(P<-+,+°) between used substrates (Table ¢). Rice straw was superior to all
the other substrates. Tested agro-industrial wastes recorded various flushes.

AR
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The first flush of crop gave °:7 of the yield obtained in all the by-product
substrates tested. Yield of P. ostreatus and biological efficiency on different
substrates. Data on the quantity of sporophores harvested in different flushes
are presented in (Table °).

The highest total weight of mushroom harvested per ) kg dry substrate
was recorded on rice straw ~ 1°Y,YA g, followed by sawdust ~ Ye),Y. g, and
the lowest yield was recorded on waste paper and cardboard. The biological
efficiency of P. ostreatus production varied in different used substrates (Table
°). The maximum biological efficiency of ¢, ¢/ was recorded with rice straw,
followed by sawdust Yo,) Y7 .

Table ¢. Analysis of variance of the effect of different substrates on
Yields of P. ostreatus and Biological efficiency.

Source Df SS MS F- value
Substrates s Yyot¢d,V4 YoAo£d,VY YEYAY,AA*
(Error) 'Y YVV,V¢ YA Y

* Indicate P < ¢+ @

Table ¢. Effect of different substrates on Yields of P. ostreatus and
Biological efficiency.

Substrates T(g)jlfgf;isbhsr::tigZtr)?fv\rgir;]%lis Biological (;;f;iciency (
Rice straw T0Y,vA 10,Y¢
Sawdust Yo),Y. Yo,\Y
\Wast paper YYD € 1Y, %)
Cardboard industrial YAV, V),AY
LSD at © % 1,00A Y

Effect of molasses on yield and biological efficiency :

The aim of the present study was to determine the yield performance of
added molasses for cultivation on agro-industrial wastes product of oyster
mushroom. Molasses has high carbohydrates such as sucrose, glucose and
fructose. It seems that the carbon source is more necessary as an energy
source than protein sources for fruiting formation. (Yang et al., Y+ +¥).

The analysis of the variance effect of molasses on oyster mushroom
yield showed significant differences (P < +,:°) between used substrates
(Table 7).

Table 1. Analysis of variance the Effect of molasses on yield of P.
ostreatus and Biological efficiency.

Source of variance DF SS MS F- value *
Substrates Y 9r9¢T., .1 YiYyey,vo YovY,VY
(Error) VY Yo ),AY AY, %0

*Indicate P < +, 2
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The effect of molasses on vyield performance of P. ostreatus was
shown in (Table Y). The application of ©7% molasses provide by the highest
yield compared to the other treatments. The highest yield was obtained by in
substrates added with ¢Z molasses to rice straw (RS) followed by sawdust
(SD) being YYV,e+ g and YV1,Yeg respectively. Also, the maximum biological
efficiency ( V),Ve % ) was obtained on rice straw ( RS ) followed by sawdust
(SD) molasses treatments ( YV,1¢ %). So, it could be stated that. Molasses
significantly increased biological efficiency over control substrates at the ratio
ranged from rate Y,\Y —1,0VZ (Fig ¥).

Table V. Effect of molasses on yield of P. ostreatus and Biological

efficiency.
Substrates containing ¢’ | Total fresh weight of fungus | Biological efficiency
molasses g/kg substrate dry weight (%)
Rice straw viv,e. vy, ve
Sawdust YV, yo YV, 1
\Waste paper YYY,TA VY, Ye
Cardboard industrial AARFRE AAFRN
LSD at © % VE,67) y,68Y
__ 80.00%
S 70.00% ]
§~ 60.00% -
© 50.00% -
o
% 40.00%
Tg 30.00% -
© 20.00%
S
i
m
0.00% T ‘
RS RS+ SD SD+ WP WP+ Cl Cl+
5% M 5% M 5% M 5% M
Substrates

Fig ¥ : Effect of molasses on biological efficiency of P.ostreatus

RS ; Rice straw. SD; Sawdust. WP; Waste paper. Cl; Cardboard industrial. RS + ¢/M ;
Rice straw + °Z Molasses. SD +°/M ; Sawdust + ¢/ Molasses. WP + ¢/M ; Waste paper +
°7. Molasses. Cl + ¢ZM ; Cardboard industrial + ¢’ Molasses.
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This results are in agreement with those reported by Erkel, (Y++4) in
their Yield performance of Ganoderma lucidum (Fr.) Karst cultivation on
substrates containing different protein and carbohydrate sources
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