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ABSTRACT 

 
Medium heat treatment cost represents high proportion of total cultivation cost and consumes much time 

and effort. It is very important to study how we can make the mushroom cultivation much profitable.  Pleurotus 
ostreatus, Flammulina velutipes and Hericium erinaceus were grown on unpasteurized, pasteurized (mild heat 
treatment) and sterilized rice straw medium under local climatic conditions. Incubation period (days), yield (g/ 
kg wet medium), biological efficiency(BE%) and infection rate were studied. H. erinaceus mycelium could not 
grow on unpasteurized medium in all growing attempts. The incubation period of the tested mushrooms ranged 
from 17 to 35 days. P.ostreatus yielded 275- 330 g / kg wet unpasteurized medium. The yield of P. ostreatus 
grown on pasteurized medium was 370 - 430g/ kg wet medium. On the other hand, using the autoclaved 
medium increased the yield by about 5 - 11.8 % compared to those gained from pasteurized ones. F. velutipes 
grown on unpasteurized medium yielded relatively low yield being 157- 168 g/ kg wet medium in the first 
season. The pasteurized medium increased yield to reach 210- 320 g/ kg wet medium. The yield of F. velutipes 
in both cases (pasteurized and unpasteurized) were taken in only two flushes which first flush represent about 
80% of the total yield. The yield of F. velutipes grown on autoclaved medium ranging  from 340- 370 g/ kg wet 
medium. H. erinaceus grown on pasteurized medium yielded so low yield being 75 -120 g / kg wet medium (21- 
29 % BE.). By using sterilized medium the yield increased to reach 160- 230 g/ kg wet medium with BE 42 - 61 
%. Under the conditions of this investigation, it could be concluded that, satisfied yield of P. ostreatus could be 
obtained from unpasteurized medium. Also good yield of F.velutips could be obtained by growing on 
pasteurized medium. Meanwhile, H.erinaceus only gave good yield  by using sterilized medium. For all tested 
mushrooms most yields were obtained from first and second flushes. Alternative media preparation methods 
could mean saving time, effort and money to make mushroom cultivation much profitable especially for farmers 
and small growers to get sustainable development in our rural communities. 
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                    incubation. 
 
 
Introduction 
 

Mushrooms are being recognized as important food items from ancient times. Their usage is being 
increased day by day for their significant role in human health, nutrition and disease. Caglarlrmak (2007) 
reported that, mushrooms are good source of vitamins and minerals. Chang (2007) demonstrated that, many of 
mushrooms produce a range of metabolites of intense interest to the nutriceutical , pharmaceutical  and food 
industries. Most mushroom species, if not all, contain biologically active polysaccharides. Fruiting bodies, 
submerged broth are sources of the bioactive compounds. 

F. velutipes grows all over the world; its fruit bodies are small but delicious. It grows on trunks or stumps of 
broad-leaved trees from autumn to early spring. In Japan, it has been used as food for many centuries and 
cultivated artificially (Tonomura, 1978 and Bahl, 1994). Chyi et al., (2005) recorded that, recent studies have 
determined that Hericium spp. mushrooms, may have important physiological functions in humans, including 
antioxidant activities, the regulation of blood lipid levels and reduction of blood glucose levels. Gue et al (2006) 
mentioned that, Hericium erinaceum is a medicinal and edible mushroom with anti-microbial and anti-cancer 
activities. Mushrooms of Pleurotus spp. are commonly known as oyster mushrooms which occupy the second 
position among cultivated edible mushrooms worldwide due to their nutritional and medicinal values (Khan et. 
al., 2008). 

Different medium preparation methods for mushroom cultivation were described by several authors. Bano 
et. al. (1979) reported that for growing Pleurotus spp., dried paddy straw was chopped into 1-2cm long and 
soaked in water overnight. Excess water was drained off and horse gram powder (8g / kg) and spawn (30g /kg) 
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were added and mixed with wet straw and filled into polyethylene bags with holes for incubation at room 
temperature (11 to 14 days). 

The safest method of substratum preparation is a variation of the Till method used in mushroom cultivation 
(Toth, 1970 and Sangbusch et. al.,1971): spawn-running under sterile conditions in plastic sacs, which are 
opened after permeation for development for fruit bodies. Zadrazil (1978) reported that, this method is, 
however, difficult to carry out in commercial growing of Pleurotus and other fungi. A simplification of the Till 
method is to subject the substratum to heat (100 or 80 oC). Moreover, Hassan (2002) pasteurized the substrates 
for growing P.ostreatus by boiling  in water for 2 hours. Hassan ( 2007) cultivated H.erinaceus on rice straw 
and wheat straw filled in polypropylene bags and autoclaved at 121oC for 1 hour. Uddin et. al. (2011) prepared 
the medium for Pleurotus spp using sawdust and wheat bran at the ratio of 2:1 which were autoclaved at 121oC 
and 15 PSI for 1 hour.    

Stamets (1993) reported that, there were several inexpensive, alternative methods which can be used for 
treating straw (and other bulk materials that do not involve heat treatment. The first three treatments are 
chemical, while the last is biological. Small pilot- scale experimentation is strongly encouraged before 
cultivation using these techniques commercially. The future of such methods is promising.  

Moreover, Pathan et. al. (2009) recorded that, all the previously reported methods for boiling, 
pasteurization and fermentation of agricultural and industrial wastes are difficult, expensive and complicated. 
They, recommended that, wherever steam sterilization or other reported methods of boiling, pasteurization and 
fermentation of substrate are not feasible, the waste material could be soaked and boiled for 75 minutes for 
obtaining similar growth and production of the oyster mushroom, without extra operating cost and other 
problems, as felt by the common mushroom growers. Lin &Lin (2011) reported that, F.velutipes  cultivation 
could be classified into sterilization or  raw material cultivation based on whether or not the substrate is 
sterilized. Raw material cultivation is only suitable for those low- temperature areas since it must be carried out 
when the temperature is stably lower than 15 oC. The environmental factor is very important for the production 
of oyster mushrooms. The major environmental factors like temperature, humidity, fresh air and compact 
materials affect the mushroom production (Schmidt, 1983; AMGA, 2004 and Uddin et. al., 2011). 

Since, medium heat treatment cost represents high proportion of total cultivation cost and consumes much 
time and effort, it is very important to study some different media heat treatments. This investigation aimed to 
determine the possibility of growing some mushroom types on unpasteurized, pasteurized and autoclaved 
medium depending upon local climatic conditions.  

 
Materials and Methods 
 
Fungal species: 

 
Pleurotus ostreatus P30, Flammulina velutipes  Fc 01 and Hericium erinaceus H 966 were kindly obtained 

from Juncao Research Institute, Fujian Agriculture & Forestry University (FAFU), China. The cultures were 
maintained on Potato Dextrose Agar (PDA) medium and stored in a refrigerator at 5 -7 oC after growth as 
recommended by Stamets (1993). The cultures were used for producing the grain spawn by the convenient 
method. The prepared spawn of the tested mushroms were stored at 5 oC until using them for cultivation. 

 
Growing Medium Preparation and Cultivation: 

 
Chopped  rice straw was used as a base medium , 20%wheat bran , 2% calcium carbonate, and 2% defatted 

soybean flour were added to the straw on dry weight basis and mixed well. The medium water content was 
adjusted to be around 63%. The prepared medium was divided into three parts as follows: 

The first one: unpasteurized medium (without any heat treatment) was filled in polypropylene bags 
containing 2 kg for P.ostreatus and 0.5 kg for F.velutipes and H. erinaceus (25 bags for each mushroom 
specie).The unpasteurized medium was inoculated during filling with 3% of previously prepared spawn for each 
mushroom type and the spawn was distributed evenly. Then the bags were plugged with cotton plugs and moved 
to incubation. 

The second part: the prepared medium was put into a perforated thick sack then steam pasteurized at 95-98 

oC for 1 hour (bulk steam pasteurization) , left to cool down to ambient temperature. Thereafter, the pasteurized 
medium was filled and inoculated for each mushroom type typically as in the first part and moved to incubation. 

The third part: The prepared medium was filled in polypropylene bags containing 2 kg for P.ostreatus and 
0.5 kg for F.velutipes and H. erinaceus and closed tightly, autoclaved at 121 oC for 1 hour, then cooled down to 
ambient temperature. The bags were inoculated with 3% spawn for each mushroom type at the top of the bags 
and plugged by cotton plugs and moved to incubation.  
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In the first week of October 2010 a preliminary experiment as the same previously procedure  was carried 
out to evaluate the growing possibility of the tested mushrooms under the climatic conditions in this period 
(recorded maximum temperature was 33 oC, minimum temp. was 25 oC, and the average temp. was 29 oC ). 
According to the gathered data from the preliminary experiment, the aforementioned explained procedure was 
repeated in two consecutive seasons each one has two growing trials(during expected low temperature periods) 
as follows: 
 
First season: 

 
Trial A: started in 19 Dec. 2010 (recorded max. temp.20 oC, min. temp. 12 oC , average temp..16 oC ). 
Trial B: started in 10 Jan. 2011  (recorded max. temp.19.5 oC, min. temp. 12 oC , average temp..15 oC ). 

 
Second season: 

 
Trial A: started in 25 Dec. 2011 (recorded max. temp.15.5 oC, min. temp. 9 oC , average temp..11 oC ). 
Trial B: started in 10 Jan. 2012  (recorded max. temp.17.5 oC, min. temp. 7 oC , average temp..14 oC ). 
 
Note: The temperature figures here above were recorded during incubation periods 

 
Analysis: 

 
Moisture content was determined according to the AOAC (2000). Biological efficiency (BE %) was 

determined according to Stamets (1993). Other growing parameters such as incubation periods in days, flush 
and total yield were determined as g fruit bodies / kg wet medium. Also infection was determined by physical 
inspection.  

 
Results and Discussion 

 
Medium moisture content: 

 
The moisture content of growing media (Table, 1) for all tested mushrooms ranged between 62.16 and 

64.70% for the two trials in the first season. In the second season the moisture content ranged from 61.86 to 
65.23% for the two growing trials. It is clear that, moisture content of the pasteurized medium in each growing 
trial for the two seasons were higher than those autoclaved or unpasteurized. This could be attributed to that the 
medium absorbed some steam during bulk pasteurization. Autoclaved medium were packed tightly in 
polypropylene bags. Unpasteurized medium was not subjected to steam or any heat treatment .Generally the 
moisture content of the growing medium are in accordance with the data obtained by (Hassan 2007, Lin &Lin 
2011).   

 
Table 1: Media moisture content% (on fresh weight basis) 

 Unpasteurized Steam pasteurized Autoclaved 
First Season 

Trial A 64.27 64.70 62.85 
Trial B 62.33 63.95 62.16 

Second Season 
Trial A 62.73 65.23 62.46 
Trial B 61.86 64.61 62.67 

 
Preliminary experiment: 

 
This experiment was held in the first week of October 2010 to examine the growing possibility for the 

tested mushrooms in this period (high temperatures, 33 oC for max. temp.; 25 oC for min. and 29 for average day 
temp.). The results gathered from this experiment reveal that, no mycelium growth was detected for all tested 
mushrooms when using unpasteurized medium with high rate of contamination. Also, F.velutipes and 
H.erinaceus mycelium could not grow on pasteurized medium, while partially growth was recorded to 
P.ostreatus . with high contamination rate. Partially mycelium growth of all the tested mushrooms was observed 
on autoclaved medium. The non or partially mycelium growth of the tested mushroom mycelium could be 
attributed to the higher temperature during these period than the optimum temperatures of these types. Various 
mushrooms are known to be sensitive to the climatic conditions. The major environmental factors like 
temperature, humidity, fresh air and others affect mushroom production (AMGA, 2004; Lin& Lin 2011 and 
Uddin et. al., 2011).  
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According to these results, it was decided to perform the experiment two times in Dec. and Jan. for two 
consecutive seasons.  
 
Incubation time: 

 
The results in table (2) clear that , H. erinaceus mycelium could not grow on the unpasteurized medium in 

all growing attempts. The spawn run (incubation period) of tested mushrooms ranged from (19- 23 days), (17-27 
days) and (19-35 days) when grown on unpasteurized, pasteurized and autoclaved media, respectively. These 
results are in the range of the data obtained by Hassan, (2002) and Medany (2004), while the incubation periods 
of H.erinaceus in this study are shorter than those reported by Hassan (2007).  

H. erinaceus recorded a long spawn run period compared to other tested mushrooms through all growing 
trials. Moreover, the mycelium growth of all the tested mushrooms recorded a long incubation period when 
grown on autoclaved medium compared to those on unpasteurized or pasteurized medium. This may be due to 
the procedure of spawn addition, spreading only on top layer of the autoclaved medium bags. Meanwhile, spawn 
distributed evenly with the pasteurized or unpasteurized medium during bags filling which fasten the growth. 
 
Table 2: Effect of different heat treatments for medium on incubation period (days) of some mushroom types. 

 Unpasteurized Steam pasteurized Autoclaved 
First season 

Trial  A 
Pleurotus ostreatus 23 19 26 
Flammulina velutips 20 18 19 
Hericium erinaceus - 27 33 
Trial  B 
Pleurotus ostreatus 22 19 23 
Flammulina velutips 19 17 19 
Hericium erinaceus - 24 29 

Second season 
Trial A 

Pleurotus ostreatus 22 22 24 
Flammulina velutips 20 18 22 
Hericium erinaceus - 25 35 

Trial B 
Pleurotus ostreatus 20 17 22 
Flammulina velutips 19 17 20 
Hericium erinaceus - 26 31 

 
Infection rate: 

 
Each mushroom type has 25 inoculated bags for each (unpasteurized, pasteurized and autoclaved) medium. 
As for unpasteurized medium the results (Table, 3) show that, only 2 and 1 bags of P. ostreatus were 

infected by competitor microorganisms(specially weed fungi)  during incubation of trial A and B, respectively. 
While it were 2 bags for each trial during fruiting period in the first season. In the second season 2 bags for each 
trial during incubation and only one for trial A during fruiting were infected by compotator microorganisms for 
P. ostreatus with infection rate not exceeding 8%.  

 
Table 3: Infection percentage of inoculated substrate by competitors microorganisms . 

 Non-pasteurized Steam pasteurized Autoclaved 
Incubation Fruiting Incubation Fruiting Incubation Fruiting 

First season 
Trial  A 

P. ostreatus 8 8.7 8 4.3 - - 
F. velutips 24 21 12 4.5 - - 
H. erinaceus No growth  19 28.6 8 8.7 
Trial  B 
P. ostreatus 4 8.3 4 4.2 - - 
F. velutips 28 22 8 13 - - 
H. erinaceus No growth  20 20 8 4.3 

Second season 
Trial A 

P. ostreatus 8 4.3 4 8.3 - - 
F. velutips 32 23.5 12 4.5 - - 
H. erinaceus No growth - 28 16.7 4 8.3 

Trial B 
P. ostreatus 8 - 4 4.2 - - 
F. velutips 20 40 8 8.7 - - 
H. erinaceus No growth  21 15 4 4.2 
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It could be noticed that, infection for F.velutipes ranged from 20 to 32% during incubation and 21 to 40% 

during fruiting stage when using unpasteurized medium. On the other hand no growth was detected for H. 
erinaceus with unpasteurized medium with very high infection rate. 

During fruiting stage of P. ostreatus and F. velutipes, all bags were subjected to attack by  mushroom flies 
just after first flush, which was more dense in later one than the former 

Regarding steam pasteurized medium, the results reveal that, the number of infected bags for P.ostreatus 
ranged between 1 to 2 during incubation or fruiting stages with 4-8% infection for the two cultivation seasons. 
As for F.velutipes the infection percentage was 8 - 12% for incubation stage and 4.5- 13% for fruiting stage. 
Meanwhile, H. erinaceus recorded higher infection rate being (19- 28%) during incubation and(15-28%) during 
fruiting stage. Also all producing bags of F.velutipes and H.erinaceus were subjected to sever attack of 
mushroom flies just after first flush. 

Using autoclaved medium reflect good mycelium growth for P.ostreatus and F.velutipes  mushrooms with 
no infection of competitor microorganisms. While, only 2 - 8% of  H.erinaceus bags were infected during 
incubation or fruiting stages. Also no or very little mushroom flies were detected in later flushes only.  

Heat treatment for the media of mushroom cultivation eliminates or kills the competitor microorganisms 
and pests. Also high temperature in growing rooms enhances and accelerates the infection. Lin &Lin (2011) 
stated that good hygiene practices and control climatic conditions specially temperature and ventilation could 
prevent and control the infection of the competitor microorganisms and pests 

 
Effect of medium preparation on mushroom yield: 

 
The results in table (4) show that, the yield of the tested mushrooms differ greatly depending upon medium 

heat treatment. H. erinaceus mycelium did not grow on unpasteurized medium and subsequently no yield was 
obtained, while, it grew on pasteurized or autoclaved medium. P.ostreatus and F.velutipes grow successfully on 
unpasteurized, pasteurized and autoclaved medium. 
 
Table 4: Effect of medium heat treatment on yield of different mushroom types. 

 Unpasteurized Steam pasteurized Autoclaved 
Yield g/ kg wet medium BE 

% 
Yield g/ kg wet medium BE 

% 
Yield g/ kg wet medium BE 

% 1st 
flush 

2nd 
flush 

3rd 
flush 

Total 1st 
flush 

2nd 
flush 

3rd 
flush 

Total 1st 
flush 

2nd 
flush 

3rd 
flush 

Total 

First season 
Trial A 

P.o 217 80 33 330 92.4 239 94 47 380 107.6 281 90 54 425 114.4 
F.v 136 21 - 157 43.9 263 57 - 320 90.7 282 56 27 365 98.3 
H.e - - -  - 80 20 - 100 28.3 120 60 - 180 48.5 
 Trial B 
P.o 197 76 22 295 78.3 241 98 51 390 108.2 262 112 36 410 108.4 
F.v 156 12 - 168 44.6 244 50 - 294 81.6 281 51 23 355 93.8 
H.e - - - - - 75 20 - 95 26.4 115 45 - 160 42.3 

Second season 
Trial A 

P.o 190 80 15 285 76.5 280 112 48 430 106.7 253 88 59 400 106.6 
F.v 123 16 - 139 37.3 243 57 - 300 86.3 296 52 22 370 98.6 
H.e - - - - - 120 - - 120 29.3 161 69 - 230 61.3 
 Trial B 
P.o 203 56 16 275 72.1 260 77 33 370 104.5 245 97 48 390 104.5 
F.v 132 13 - 145 38 145 65 - 210 59.3 234 76 30 340 91.1 
H.e - - - - - 75 - - 75 21.2 113 52 - 165 44.2 

P.o: Plerotus ostreatus F.V: Flammulina velutipes H.e: Hericium erinaceus 
 
P.ostreatus yielded 330, 295 g fresh fruit bodies / kg wet unpasteurized medium with BE. of 92 , 78%  for 

trial A and B in the first season, respectively. While, in the second season the yield was 285 and 275g / kg wet 
unpasteurized medium for trial A and B, consecutively. Meanwhile, the yield of P. ostreatus grown on 
pasteurized medium was 380, 390 g/ kg wet medium (107, 108% BE) for trial A and B in first season, 
respectively, with the same trend in the second season. On the other hand, using the sterilized medium increased 
the yield to reach 425 and 410 g /kg wet medium with BE.  (114 and 108%) for trial A and B in the first season, 
respectively. The increment in the yield in this case was about 5- 11 % compared to those gained from 
pasteurized ones. Generally, the yield of P. ostreatus gained through three consecutive flushes which represent 
(62 -74%), (20 - 28%) and (5 - 13%) for first, second and third flush, respectively for all growing trials.  

It is clear that, the obtained yield from unpasteurized medium under the conditions of this experiment is 
satisfied and could be applicable. Also this yield is coincide with those reported by Hassan (2002), 338g / kg 
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wet pasteurized rice straw medium with BE. of 119%. Pasteurization process considerably enhances the yield of 
P.ostreatus. Also, sterilization process increased the yield but it is more difficult and cost a lot. Zadrazil (1978) 
reported that, sterilization process for the medium is difficult to carry out in commercial growing of Pleurotus 
and other fungi. Pathan et. al. (2009) recorded that, all the previously reported methods for boiling, 
pasteurization and fermentation of agricultural and industrial wastes are difficult, expensive and complicated 

As for F. velutipes grown on unpasteurized medium yielded relatively low yield being 157, 168 g/ kg wet 
medium with 43.9 and 44.6% for trial A and B, respectively in the first season. The same trend was observed in 
the second season. Lin &Lin (2011) reported that, raw material cultivation of F.velutipes is only suitable for 
those low- temperature areas since it must be carried out when the temperature is stably lower than 15 oC. 

 Using pasteurized medium increased yield to be 210 – 320 g/ kg wet medium. The yield of F. velutipes in 
both cases (pasteurized and unpasteurized) were taken in only two flushes which first flush represent about 80% 
of the total yield. The yield of F. velutipes grown on autoclaved medium increased to be 340-370g/ kg wet 
medium through 3 flushes.  

The yield of F.velutipes gained by using unpasteurized medium is fairly low, while those obtained from 
both pasteurized and sterilized medium are very good ,which meet the yield recorded by many authors. 
Tonomura (1978), Stamets & Chilton (1983), Lu et al (1989), Xiong and Jiang (1999) and Tang et al (2001)  
found that, the total yield of F.velutipes  grown on different media ranged between 158-220g fruit bodies / 550g 
wet media with a BE of 76.73 –106.68% . Also, Oei (1991) found that, the yield of F.velutipes was equivalent to 
20-37% of the initial wet weight of the substrate, and Zhang et al (2001) obtained a BE of 112% when 
cultivated F.velutipes on cotton seed hulls. Meanwhile, Stamets (1993) recorded higher BE of 150% for 
F.velutipes. Medany (2004) stated that, the yield of first flush represented 51-72.2% of the total yield of 
F.velutipes.   

H. erinaceus grown on pasteurized medium yielded so low yield being 95-100 g / kg wet medium (26-28 % 
BE.) in first season, respectively. The same trend was observed in the second season. By using autoclaved 
medium the yield increased to reach 160 - 230 g/ kg wet medium with BE 42 - 61%. The yield obtained was 
taken in only two flushes in all cases. 

The yield obtained with sterilized medium is coincide with those obtained for H. erinaceus by Gyu et al. 
(2005) who demonstrated that, the biological efficiency of Hericium spp. mushroom cultivated on oak sawdust 
substrate with 20% rice bran supplement was 26-70%. Also,  Hassan (2007) who get  (168- 184 g/ kg wet 
medium) with 47- 50.3% BE on saw dust and (133- 138 g/ kg wet medium) with 33.9% BE when grown on rice 
straw.  

Under the conditions of this investigation, it could be concluded that, satisfied yield of P. ostreatus could be 
obtained from either pasteurized or unpasteurized medium. Also good yield of F.velutips could be obtained by 
growing on pasteurized or sterilized medium. Meanwhile, H.erinaceus only gave good yield  by using sterilized 
medium. For all tested mushrooms most yields obtained from first and second flush. Alternative media 
preparation methods could mean saving time, effort and money to make mushroom cultivation is much 
profitable. Also, using this simple media preparation method greatly encourages the small growers and farmers 
to cultivate mushroom for their own meal and for small projects. So, sustainable development in rural 
communities could be established. Also more studies in this area and economic studies of these techniques are 
strongly needed.         

     
References  

 
AMGA., 2004. The Australian Mushroom Growers Association (AMGA), Locked Bag 3, 2 Forbes St., 

Windsor, NSW, 2756, Australia . C.F. Uddin et. al (2011). 
A.O.A.C., 2000. Official methods of analysis of the association of official analytical chemists international. 

Published by the Association of Official Analytical Chemist's International. Maryland 20877- 2417. USA. 
Bahl, N., 1994. "Handbook on mushrooms" 3rd ed. Published by Oxford & IBH Publishing Co. PVT. LTD, 

New Delhi, India. 
Bano, Z., S. Rajathnam and N. Nagaraja, 1979. Some aspects on the cultivation of Pleurotus flabellatus in India. 

Mush. Sci., 10(2): 567-608. 
Caglarlrmak, N., 2007. Analytical, Nutritional and Clinical Methods. The nutrient of exotic mushrooms 

(Lentinus edodes and Pleurotus species)and an estimated approach to the volatile compounds. Food 
Chemistry., 105(4): 1188-1194. 

Chang, S.T., 2007. Mushroom cultivation using the " ZERI" principle: potential for application in Brazil, 
Micologia aplicada international., 19(2): 33-34. 

Chyi, W.J., H.S. Hui, W.J. Teng, C.K. Shao and C.Y. Chen, 2005. Hypoglycemic effect of extract of Hericium 
erinaceus.  Journal of the Science of Food and Agriculture., 85(4): 641-646. 

Khan, M.A., S.M.R. Amin, M.N. Uddin, M. Tania and N. Alam, 2008. Bangladesh J. Mushroom 2, 9.  C.F. 
Uddin et. al (2011). 



3018 
J. Appl. Sci. Res., 8(6): 3012-3018, 2012 
 
Gue, S.C., S.J. Woo, C.J. Hyo, C.C. Kwan, Y.C. Heui, C.W. Tae and H.S. Hyun, 2006. Macrophage activation 

and nitric oxide production by water soluble component of Hericium erinaceum. International–
Immunopharmacology., 6(8): 1363-1369. 

Gyu, K.H., P.H. Gu, P.S. Ho, C.C. Won, K.S. Hwan and P.W. Mok, 2005. Comparative study of mycelial 
growth and basidomata formation in seven different species of the edible mushroom genus Hericium. 
Bioresource- Tecnology, 96(13): 1439-1444. 

Hassan, F.R.H., 2002. Studies on the bioconversion of some agricultural wastes using Pleurotus and Agaricus 
mushrooms. Ph.D. Thesis, Fac. Of Agric., Cairo Univ., Egypt. 

Hassan, F.R.H., 2007. Cultivation of the Monkey Head Mushroom (Hericium erinaceus) in Egypt. Journal of 
Applied Sciences Research, 3(10): 1229-1233. 

Lin, D. and Z. Lin, 2011. Training Course on Juncao Technology for Developing Countries, Reference Material 
for China-Aid Training Programs, Oct. 27th – Dec. 21st , 2011, Fujian Agriculture & Forestry University, 
Fuzhou, China. 

Lu, Q.G., Y.M. Gui and X.L. Tong, 1989. Mycelium growth and mushroom yield of Flammulina velutipes on 
different culture media. Jinagsu Agricultural Sciences., (3): 26-27. 

Medany, G.M., 2004. Production and processing of Flammulina velutips and Lentinus edodes mushroom 
strains. Ph.D. Thesis, Fac. Of Agric., Cairo Univ., Egypt. 

Oei, P., 1991. "Manual on mushroom cultivation." First ed. Published by Tool Publications. Amsterdam, The 
Netherland. 

Pathan, M.M., M.A. Jiskani, K.H. Pathan, Z.A. Wagan and A.A. Nizamani, 2009. EFFECT OF SOAKING 
AND BOILING OF SUBSTRATE ON THE GROWTH AND PRODUCTIVITY OF OYSTER 
MUSHROOM Pak. J. Phytopathol., 21(1): 01-05. 

Sangbusch, R., Von, W. Huhnke, G. Lemke and O. Till, 1971. Verfahren und vorrichtung zum kultivieren von 
champignon.Deutsches Patentamt. Patentscrift. C.F. Zadrazil, 1978. 

Schmidt, E.L., 1983.  J. Mycologia 75, 870 . C.F. Uddin et. al (2011). 
Stamets, P., 1993. "Growing gourmet and Medicinal mushrooms" Published by, Ten Speed Press, Berkeley, CA 

94707. 
Stamets, P. and J.S. Chilton, 1983. "The Mushrooms cultivator": A practical guide to growing mushrooms at 

home. Agaricon Press, Olympia, Washington.  
Tang, Z.N., G.Q. Bian, M. Zhang, H.B. Yang and J.H. Yu, 2001. Studies on cultivating Flammulina velutipes 

(Fr)sing with paspalum notatum flugge. Edible Fungi of China., 20(4): 10-12. 
Toth, E., 1970. Sterile method for production of Pleurotus ostreatus.  Gradinarstvo  6, 42-44. C.F. Zadrazil 

(1978) 
Tonomura, H., 1978. Flammulina velutipes. In” The Biology and Cultivationof Edible Mushrooms” Editors ., 

S.T. Chang and W.A. Hayes.pp410-420. Published by Academic Press. Inc. U.S.A. 
Uddin,  M.N., S. Yesmin, M.A. Khan, M. Tania, M. Moonmoon, and S. Ahmed, 2011. Production of Oyster 

Mushrooms in Different Seasonal Conditions of Bangladesh.  J. Sci. Res., 3(1): 161-167. 
Xiong, H. and X.J. Jiang, 1999. Studies on the culture of Flammulina velutipes with quail ordure. Research of 

Agricultural Modernization., 20(2): 125-127.  
Zadrazil, F., 1978. Cultivation of Pleuortus. In "The Biology and cultivation of Edible Mushrooms" ed.Change, 

S.T and Hayes, W.A. Pp. 521-554. Published by Academic Press. INC, USA. 
Zhang, D.J., G. Gang, W.Q. Jan, J.Z. Dang, G. Ge and Q.J. Wu, 2001. Studies on raw material culture and 

physiology of white Flammulina velutipes, Edible Dungi of China, 20(4): 6-7. 


