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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 
(CI) were used. Molasses (M) can be used as a main energy source and addition of 
٥٪ 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 ۱۲ to ۲٥. from ۲۲ to ٥۲ and 
from ۲٥ to ٥٥ days respectively. When added molasses to the substrates the spawn 
running, pinheads and fruiting bodies formation were found within the period ranged 
from ۱۰ to ۲۲, from ۲۰ to ٤۷ and from ۲٤ to ٥۲days respectively. The rice straw  
treatment containing ٥٪ molasses gave the maximum mushroom yield (۷۱۷٫٥ g per ۱ 
kg dry substrate). Waste paper (WP) gave minimum mushroom yield (۱۱۲٫۱٤g). The 
highest percentage of biological efficiency was obtained on molasses rice straw 
treatment ۷۱٫۷٥ %. Low percentage of biological efficiency were found in WP (۱۱٫۲۱٪). 
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, ۲۰۰٤).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, ۲۰۰۳). 
         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., ۲۰۰۳). 



Afify, Aida H. et al. 

        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 (CI) 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 ۱ : Chemical analysis of sugar cane molasses.  
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molasses ۷٥٫۰ ۱٫٤۱ ٤٦٫۰ ۳٫۰ ٦۳٫۰ ۰٫۰ ۰٫۰ ۸٫۱ ۰٫۸ ۰٫۰۸ ۲٫٤ ۰٫۲ ۱٫٤ ۰٫٥ 

( Baker, ۱۹۷۹ ) 
   
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 ۲ – ٥ cm. Rice straw (RS) and 
Sawdust (SD) were soaked in water for ۲٤ hour before use. Waste paper 
(WP) and Cadboard industries (CI) were soaked in hot water for ۳ hour to 
remove dyes before use. But mushrooms have ability to degrade dyes 
(Espindola et al., ۲۰۰۷).All substrate were boiled for ۱٥ – ۲۰ 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 ٥٪ 
(w/w).  

 ۱۰٤ 
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Plastic bag technology was used in production experiments. Substrates 
were spawned at a rate ٤٪ of sorghum spawn (w/w). Each bag was closed 
with a plastic neck. The spawned bags were then incubated at ۲٥ – ۳۰ oC and 
٦۰ – ٦٥٪ relative humidity for ۲ – ۳ weeks in a well-ventilated, semi dark room 
until spawn run was completed (El-sawah, ۲۰۰۰). 
 
Cropping : 
         After a complete spawn run, the bags were opened after ۲ weeks in 
case with waste paper and cardboard, ۳ weeks for rice straw and ٤ 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 ۳ – ۸ days 
of opening, pin head fruiting bodies (٥ – ٤ cm in diameter) appeared on all 
sides of the bag. These young mushrooms attained the normal size in about 
۳ – ٥ 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 ۱۰ for 
Windows ( SPSS, ۱۹۹۹) 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 ۲٥ oC for spawn running and ۱۷ – ۲۰ 
oC for fructification  showed  good results (Shah et al., ۲۰۰٤). The mycelium 
totally colonized the tested agro-industrial  wastes in ۱۲٫۰۰ to ۲٥٫٥۰ days. The 
shortest spawn running period was determined as average ۱۲٫۰۰ days on 
waste paper, cardboard and the longest was ۲٥٫٥۰ days on sawdust (Table 
۲). 
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., ۲۰۰٤). The substrate had valuable effect on the duration to 
pinheads formation. The pinheads of  P. ostreatus started appearing ۳٫٥۰ – 
۳۹٫۷٥ days after spawn running, rice straw pinned in ۲۲٫۰۰ days, sawdust 

 ۱۰٥ 
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pinned in ۳۱٫۰۰ days, waste paper pinned in ٤۸٫۲٥ days and cardboard took a 
longer time to pinned ٥۲٫۲٥ days (Table ۲). 
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 ۳٫۰۰ – ٦٫۷٥ days after pinheads 
formation and took ۲٥٫۰۰ – ٥٥٫۰۰ days later after spawning. Rice straw and 
cardboard took a shorter time to fruiting bodies formatted in ۳٫۰۰ days after 
pinheads formation. Waste paper took a longer time to fruiting bodies 
formatted in ٦٫۷٥ days after pinheads formation, cardboard took a longer time 
to fruiting bodies formatted in ٥٥٫۰۰ days later after spawning (Table ۲).    
        The results are in agreement with those reported by Mandeel et al., 
(۲۰۰٥) and Kulshreshtha et al., (۲۰۱۰) in their cultivation of oyster mushroom 
(Pleurotus spp.) on various lignocellulosic wastes and bioremediation of 
industrial waste. 
 
Tabel ۲: Days  completion of spawn running, pinheads and fruiting 

bodies formation of P. ostreatus at ۲٥ – ۳۰ oC on different 
substrates.  

Substrates Spawn running 
(days ) 

Pinheads formation 
(days) 

Fruiting bodies 
formation (days) 

Rice straw ۱۸٫٥۰ ۲۲٫۰۰ ۲٥٫۰۰ 

Sawdust ۲٥٫٥۰ ۳۱٫۰۰ ۳٥٫٥۰ 

Waste paper ۱۲٫۰۰ ٤۸٫۲٥ ٥۲٫۰۰ 

Cardboard industrial  ۱۲٫٥۰ ٥۲٫۲٥٥٫ ٥۰۰ 

 
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. ۲۰۰۹). Molasses can be used as a main energy 
source and addition of ٥٪ 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 ٥ % molasses significantly effect on cultivation oyster 
mushroom, the obtained results are recorded in ( Table ۲ ). 

  When cultivation P. ostreatus the mycelium totally colonized the 
tested agro-industrial wastes and  added ٥٪ molasses in ۱۰٫٥۰ – ۲۲٫٥۰ days. 
The pinheads started appearing ۳٫۰۰ – ۳٥٫٥۰ days after spawn running. The 
fruiting bodies formation appeared ٤٫٥۰ days after pinheads formation and 
took ۲٤٫٥۰ – ٥۲٫۰۰ days later after spawn running (Table ۳). Molasses 
significant reduce in spawn running period of P. ostreatus over control 
substrates at rate ۱٫٥ – ۳ days ( Fig. ۱ ). Therefore reduce pinheads 
formation period and fruiting bodies  about ۲ – ٤٫۷٥ and ۰.٤ – ٥ days 
respectively. 

 ۱۰٦ 
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 This results are in agreement with those reported by Erkel, (۲۰۰۹) 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 ۱٪ of various sugars were added 
to PDA plates, the highest mycelial growth was found on the plate with 
molasses addition (Paterrson-Beedle et al., ۲۰۰۲, Hsieh et al., ۲۰۰٥). 
 
Table ۳. Effect of molasses on the growth of P. ostreatus at ۲٥ – ۳۰ oC.  
Substrates containing 

٥٪ molasses 
Spawn running 

(days ) 
Pinheads formation 

(days) 
Fruiting bodies 

formation (days) 

Rice straw ۱۷٫۰۰ ۲۰٫۰۰ ۲٤٫٥۰ 

Sawdust ۲۲٫٥۰ ۲۷٫۰۰ ۳۱٫٥۰ 

Waste paper ۱۰.٥۰ ٤٥٫٥۰ ٥۰٫۰۰ 

Cardboard industrial ۱۱٫۰۰ ٤۷٫٥۰ ٥۲٫۰۰ 
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               Fig ۱: Effect of molasses on growth of P. ostreatus 
 
 

RS ; Rice straw.  SD; Sawdust.   WP; Waste paper. CI; Cardboard industrial. RS + ٥٪M ; 
Rice straw + ٥٪ Molasses. SD +٥٪M ; Sawdust + ٥٪ Molasses. WP + ٥٪M ; Waste paper + 
٥٪ Molasses. CI + ٥٪M ; Cardboard industrial + ٥٪ 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, ۲۰۰۸). 
           Analyses of oyster mushroom yield revealed significant differences  
(P<۰٫۰٥) between used substrates (Table ٤). Rice straw was superior to all 
the other substrates. Tested agro-industrial wastes recorded various flushes. 

 ۱۰۷ 
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The first flush of crop gave ٥۰٪ 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 ٥). 
          The highest total weight of mushroom harvested per ۱ kg dry substrate 
was recorded on rice straw ~ ٦٥۲٫۳۸ g , followed by sawdust ~ ۲٥۱٫۲۰ 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 
٥). The maximum biological efficiency of ٦٥٫۲٤٪ was recorded with rice straw, 
followed by sawdust ۲٥٫۱۲٪ .   
 
Table ٤. Analysis of variance of the effect of different substrates on 

Yields of P. ostreatus and Biological efficiency.  
Source Df SS MS F- value 

Substrates  ۳ ۷۷٥٦٤۹٫۱۹ ۲٥۸٥٤۹٫۷۳ ۱٤۲۸۱٫۸۸* 

(Error) ۱۲ ۲۱۷٫۲٤ ۱۸٫۱۰۳  
* Indicate P < ۰،۰٥ 
 
Table ٥. Effect of different substrates on Yields of P. ostreatus and 

Biological efficiency. 
Substrates Total fresh weight of fungus 

g/kg substrate dry weight 
Biological  efficiency     ( 

% ) 
Rice straw ٦٥۲٫۳۸ ٦٥٫۲٤ 

Sawdust ۲٥۱٫۲۰ ۲٥٫۱۲ 

Wast paper ۱۱۲٫۱٤ ۱۱٫۲۱ 

Cardboard industrial ۱۱۷٫۹۳ ۱۱٫۸۳ 

LSD at ٦٫٥٥ % ٥۸ ۰٫٦٥٥ 

 
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., ۲۰۰۳). 
          The analysis of the variance effect of molasses on oyster mushroom 
yield showed significant differences (P < ۰٫۰٥) between used substrates 
(Table ٦). 
 
Table ٦. Analysis of variance the Effect of molasses on yield of P. 

ostreatus and Biological efficiency.  
Source of variance DF SS MS F- value * 

Substrates  ۳ ۹۳۹٤٦۰٫۰٦ ۳۱۳۱٥۳٫۳٥ ۳٥۷۲٫۷۷ 

(Error) ۱۲ ۱۰٥۱٫۸۲ ۸۷٫٦٥  
* Indicate P < ۰٫۰٥ 

 ۱۰۸ 
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          The effect of molasses on yield performance of P. ostreatus was 
shown in (Table ۷). The application of ٥٪ molasses provide by the highest 
yield compared to the other treatments. The highest yield was obtained by in 
substrates added with ٥٪ molasses to rice straw (RS)  followed by sawdust 
(SD) being ۷۱۷٫٥۰ g and ۲۷٦٫۳٥g respectively. Also, the maximum biological 
efficiency ( ۷۱٫۷٥ % ) was obtained on rice straw ( RS ) followed by sawdust 
(SD) molasses treatments ( ۲۷٫٦٤ %). So, it could be stated that. Molasses 
significantly increased biological efficiency over control substrates at the ratio 
ranged from  rate ۱٫۱۳ – ٦٫٥۱٪ ( Fig ۲ ). 
 
Table ۷. Effect of molasses on yield of P. ostreatus and Biological 

efficiency. 
Substrates containing ٥٪ 

molasses 
Total fresh weight of fungus 

g/kg substrate dry weight 
Biological  efficiency     

( % ) 
Rice straw ۷۱۷٫٥۰ ۷۱٫۷٥ 

Sawdust ۲۷٦٫۳٥ ۲۷٫٦٤ 

Waste paper ۱۲۳٫۳۸ ۱۲٫۳٤ 

Cardboard industrial ۱۲۹٫٦۰ ۱۲٫۹٦ 

LSD at ٥ % ۱٤٫٤۳۱ ۱٫٤٤۳ 
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         Fig ۲ : Effect of molasses on biological efficiency of P.ostreatus 
 
RS ; Rice straw.  SD; Sawdust.   WP; Waste paper. CI; Cardboard industrial. RS + ٥٪M ; 
Rice straw + ٥٪ Molasses. SD +٥٪M ; Sawdust + ٥٪ Molasses. WP + ٥٪M ; Waste paper + 
٥٪ Molasses. CI + ٥٪M ; Cardboard industrial + ٥٪ Molasses.  
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          This results are in agreement with those reported by Erkel, (۲۰۰۹) in 
their  Yield performance of Ganoderma lucidum (Fr.) Karst cultivation on 
substrates containing different protein and carbohydrate sources 
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 ت�����������أثیرالمولاس عل�����������ى زراع�����������ة فط�����������ر ع�����������یش الغ�����������راب الاویس�����������تر
( Pleurotus osrteatus )على المخلفات الزراعیة والصناعیة المختلفة 

 و* *، محم���د س���عد عل���ى *، محم���ود محم���د ع���وض الله الس���واح *عای���ده ح���افظ عفیف���ى
 *نبیل خضیرى عبد الرحمن

 مصر  -المنصورة -جامعة المنصورة - كلیة الزراعة -قسم المیكروبیولوجى  * 
 مصر -القاھرة -الدقى - المركز القومى للبحوث - قسم المیكروبیولوجى **

 
أج���رى ھ���ذا البح���ث لدراس���ة ت���أثیر أض���افة الم���ولاس كمص���در للكربوھی���درات للمخلف���ات  

الزراعیة والصناعیة المختلفة المستخدمة لزراعة فطر عیش الغراب الاویستر ، وقد استخدمت أربعة 
خلف�ات الزراعی�ة والص�ناعیة وھ�ى ق�ش الارز ، ونش�ارة الخش�ب، ومخلف�ات ال�ورق، مخلفات م�ن الم

، ویمك�ن  Pleurotus osrteatusوورق الكرتون الصناعى لزراعة الن�وع بلی�روتس اوس�تریتش 
كمص�در رئیس�ى للطاق�ة كم�ا اس�تخدمت ف�ى مع�املات أخ�رى باض�افتھ % ٥استخدام المولاس بنس�بة 

وین رؤؤس ال�دبابیس ، وتك�وین الاجس�ام لازم لنم�و الاس�بون ، وتك�وقد لوحظ أن الوقت ا% ٥بنسبة 
یوم على الت�والى ، وعن�د  ٥٥الى  ۲٥ومن  ٥۲الى  ۲۲ومن  ۲٥الى  ۱۲الثمریة تم خلال الفترة من 

اضافة المولاس الى المواد المستخدمة فى الزراعة كان�ت نت�ائج المتحص�ل علیھ�ا للوق�ت ال�لازم لنم�و 
 ۲۰ومن  ۲۲الى  ۱۰لثمریة فى خلال الفترة من الاسبون وتكوین رؤؤس الدبابیس وتكوین الاجسام ا

 .یوم على التوالى ٥۲الى  ۲٤ومن  ٤۷الى 
ال��ى ق��ش الارز اعط��ى اعل��ى كمی��ة لمحص��ول الفط��ر % ٥وعن��د اض��افة الم��ولاس بتركی��ز  

كجم وزن جاف من قش الارز ، فى حین اقل كمیة لمحصول الفط�ر ت�م الحص�ول / جم ۷۱۷٫٥وھى 
كجم وزن جاف من مخلفات الورق، كما تم الحصول / جم ۱۱۲٫۱٤ت علیھا من مخلفات الورق وكان

م��ولاس وق��درھا % ٥عل��ى اعل��ى نس��بة للكف��اءة البیولوجی��ة م��ن معامل��ة ق��ش الارز المحتوی��ة عل��ى 
وبالت��الى ف��ان % ۱۱٫۲۱كم��ا اعط��ى مخل��ف ال��ورق اق��ل نس��بة للكف��اءة البیولوجی��ة وھ��ى % ۷۱٫۷٥

زراع�ة تعم�ل عل�ى زی�ادة الكف�اءة البیولوجی�ة لمحص�ول الى الم�واد المس�تخدمة ف�ى الاضافة المولاس 
 .الفطر 
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