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Abstract: Plerrotus eryngii is an edible mushroom that highly appreciated and has a commercial

potential in many countries, was newly introduced to Egypt from China. This study investigated the

possibility of using some local lignocellulosic wastes as growing media. Mycelium linear growth,

wheat bran supplementation level, incubation period, yield, and chemical composition of fruit bodies

were estimated. The suitable wheat bran supplementation level for sawdust, soybean straw and rice

straw media was 25%, which gave the maximum mycelium linear growth being 8.9, 8.4 and 7.6

mm/day. While, the maximum mycelium linear growth on sugar cane bagasse 6.7 mm/day was

achieved at 30%wheat bran level. Incubation period for the different tested media ranged from 30 –

41 days, sawdust recorded the shortest period, while sugar cane bagasse recorded the longest one. The

maximum yield being 201 g/kg wet media and biological efficiency (BE) 65.22%was obtained when

grown on sawdust. Sugar cane bagasse gave the lowest yield 139 g/ kg wet media with biological

efficiency of 45.71%. Pleurotus eryngii grown on different tested media contained 87.63 – 90.26%

moisture, 21.33 – 24.08% crude protein, 2.96 – 3.78% ether extract, and 6.54 – 8.02% ash.

Cultivation of Pleurotus eryngii under local conditions and using the available cheap lignocellulosic

wastes in Egypt is an important achievement, since this type of mushroom is highly prized for their

nutritive and medicinal value.

Key words: Pleurotus eryngii, mycelium –linear growth, yield, media, wheat bran, incubation period,

chemical-composition, cultivation.

INTRODUCTION

Since the earliest times, mushrooms have been treated as a special kind of food, it has been also

considered as the oldest microbial food. Caglarlrmak (2007) reported that, mushrooms are good source of

vitamins and minerals. increasing consumption of mushrooms is good for preventing malnutrition, although

mushrooms cannot be an alternative protein source instead of meat, fish, and egg. Chang (2007) demonstrated

that, many of mushrooms produce a range of metabolites of intense interest to the nutriceutical and

pharmaceutical ( e.g.. anti – tumor, immunomodulation agents, and hypocholesterolaemic agents ) and food

(e.g.. flavor compound ) industries. Most mushroom species, if not all, contain biologically active

polysaccharides. fruiting bodies, submerged broth are sources of the bioactive compounds. 

Among higher fungi, pleurotus is well acknowledged as an economically important genus. This may be

attributed to its world – wide dispersal, its broad adaptability in growing under various conditions and of

course to its dietetic properties. Thus, Pleurotus mushrooms are now cultivated on many agricultural wastes

and industrial by - products providing nutritious foods (zervakis and Balis (1991). Pleurotus eryngii is by far

the best tasting oyster mushrooms. (Stamets, 1993).

Pleurotus eryngii contained various compounds e.g. polyphenols and flavonides which have antioxidative

activities. Yin et. al. (2002) stated that, the addition of ethanolic extract of P.eryngii in maize emulsion oil

at 60 ºC significantly extended the induction period of lipid oxidation.The same results were obtained in the

thermal oxidative stability test using lard. also. Dubost (2007) found that P.eryngii mushroom has a significant

antioxidative activites 

Carbonero et. al. (2006) extracted â glucans, an important class of polysaccharides with potential boil

ogical activities from P eryngii mushroom with hot water. Synytsya et. al. (2008) stated that P.erryngii fruit

bodies contained high amount of insoluble dietary fiber and beta – glucans also, stems contained higher

amounts of such components than pilei – low food quality stems of mushrooms Pleurotus sp. could be a

valuable source cell wall glucans for the preparation of food supplements.
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In the course of a search for natural estrogen like materials from mushrooms, among 14 species, P.

erryngii extract showed the strongest estrogen – like activity. The data provide evidence that the ethanolic

extract of P.eryngii helps to protect against the bone loss caused by estrogen deficiency, without having a

substantial effect on the uterus ( Shimizu et. al., 2006) 

Pleurotus eryngii mushroom successfully cultivated on many agricultural and agro-industrial wastes

including various sawdust, wheat straw, cotton waste, peanut shells, sugar cane bagasse, wheat, rice bran, millet

straw, and soybean straw (Cangy and Peerally, 1995; Torng et. al., 2000; Zervakis et. al., 2001; Philippoussis

et. al. 2001; Ohga and Royse, 2004; Okano et. al., 2007 and Kirbag & Akyuz, 2008ab) 

The mycelium growth and the yield of P.eryngii greatly affected by the supplementation type and rate for

the media substrate. Upadyay and Vijay (1991) used rice bran, wheat bran, poultry manure, brewers grain and

cotton seed meal as organic supplements for P.eryngii cultivation. The highest BE 73% was obtained with 20%

dried brewers grain, while, unsupplemented wheat straw media failed to produce fruiting bodies. Torng et. al.

(2000) stated that, the average yield, biological efficiency (BE) and production efficiency (PE) of P.eryngii

ATCC 36047 increased significantly with increasing supplementation of the substrate with rice bran (0.0 –

47.95 %) in Holland 150 strain, BE and PE were highest with 38.08% rice bran but decreased significantly

when rice bran supplementation increased to 47.95%. Akyuz and Yildiz (2007) cultivated P.eryngii on a

mixtures of wheat straw- cotton straw, wheat straw and millet straw supplemented with 15% rice bran. They

get the highest BE being 73% with supplemented wheat, cotton straw. Kribag and Akyuz (2008b) get the

highest yield of P.erynjii 23.2g/100g wet media and BE 77.2% by using a mixture of wheat straw and cotton

straw with 20% rice bran while supplement with 10% was lower productivity. They also declared that, the

main reason for different results in incubation period, BE% and yield is due to the use of different materials

in culture medium.

The main objective of this investigation is to study the possibility of growing P. ergyngii as a newly

introduced mushroom specie in Egypt using local materials and study some of their growing conditions. 

MATERIALS AND METHODS

Fungal strain : Edible mushroom pleurotus eryngii Pe 6( king oyster) was brought from China. The culture

was maintained on potato dextrose yeast agar (PDYA) medium and stored in refrigerator at 5-7 C after growth 0

as recommended by Stamets (1993). The culture was used for producing the grain spawn by the convenient

method. The prepared spawn were stored at 5 C until using for cultivation.0

Growing media and supplementation level

Sawdust, soybean straw, sugar cane bagasse and rice straw were used as substrate growing media, wheat

bran supplementation level and mycelium linear growth were determined. 

This experiment was carried out to determine the most suitable wheat bran supplementation ratio on the

mycelium growth of P.eryngii on different substrate formulae – each medium substrate was mixed with 5%

calcium carbonate(CaCO3), supplemented with (5,10 15,20,25, 30, and 35%) wheat bran and moisture content

was adjusted to be approximately 69- 71%, then the mixture was packaged in polypropylene bags (10 bags,

2 kg for each ). The bags were autoclaved at 121 C for 1 hour. After the bags were cooled down to room0

temperature, they were inoculated with P.eryngii using previously prepared grain spawn at rate of 4%,

incubated at 25- 27 C after 5 days from inoculation (base line) the mycelium linear growth was measured in0

mm/day. The gathered data were statistically analyzed. The suitable supplementation level for each substrate

was used for the further experiment for the cultivation of P. eryngii. Other unsuitable supplementation levels

were excluded. 

Cultivation of P. Eryngii:

Each media substrate was mixed with 5% calcium carbonate and the suitable level of wheat bran, moisture

content was adjusted to approximately 69- 71%, then each medium was filled in polypropylene bags each one

contained 2kg medium. The bags were autoclaved at 121C for 1 hour and inoculated after cooleg down with

P. eryngii grain spawn at 4% level and incubated at 25-27 C till complete medium colonization by the0  

mycelium. 

At the end of incubation period the bags were opened and subjected to the fruiting conditions i.e. exposure

to scattered light, watering by daily water spraying, good ventilation, adjusting relative humidity to 85- 90%

and temperature was maintained around 20 C. The crop was harvested after 15-17 days from the end of0

incubation period in three consecutive flushes at intervals of 10- 15 days. 
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The further cultivation experiment was carried out in three consecutive trials to get actual and reliable

results. Since this mushroom type is newly introduced to Egypt from China ( may be the first attempt for their

cultivation in Egypt).

Analysis:

All determinations were carried out in triplicate, moisture content, crude protein ( N X 6.25),ash and fat

contents were estimated according to A..O.A..C.(2000). While, total carbohydrates were calculated by

differences. Biological efficiency ( BE%) was calculated by the following equation reported by Stamets (1993)

as follows:

BE % Fresh fruiting bodies (g)

)))))))))))))))))))))))))  X100

Dry weight of medium substrate

 The obtained data was statistically  analyzed  using  ANOVA procedure of the SPSS statistical package

(SPSS, 1990).

RESULTS AND DISCUSSION

Some Chemical Constituents of Raw Substrates:

Table (1) lists the contents of moisture, total nitrogen and ash for the used raw media substrates The

moisture content ranged from 8.21 to 11.22%. Soybean straw contained significantly higher moisture content

being 11.22 while sawdust had significantly lower moisture content being 8.21%. Regarding the total nitrogen

content. The obtained data show that soybean straw contained significantly higher amount being 0.79%

followed by rice straw being 0.51%, while sawdust and sugar cane bagasse recorded significantly lower values

being 0.31 and 0.36%, respectively.. The tested media substrates differed significantly for their ash contents.

Rice straw contained the highest ash value being 15.72% followed by soybean straw, 8.46%, while sawdust

recorded the lowest amount being 0.82%. These results are in accordance to Mohammady (1996) who found

that, rice straw and sawdust contained 19.7 and 0.6% ash as well as 0.51 and 0.16% nitrogen content,

consecutively also, Hassan (2002) stated that rice straw, soybean straw and sawdust contained 6.99- 9.58%

moisture 0.2- 0.74% total nitrogen and 0.62- 17.3 % ash, respectively. 

Effect of Supplementation Level on Mycelium Growth:

The mycelium growth of mushroom spp. is mainly dependents upon the substrate, nutrients and the

growing conditions. The data listed in Table (2) indicate that at 5% wheat bran supplementation level, no

evident growth for P.erryngii was detected for all tested substrates. The mycelium linear growth was 1.9, 1.7,

1.6 and 1.5 mm /day with no significant differences at level of 10% wheat bran addition to sawdust, soybean

straw,sugar cane bagasse and rice straw, respectively. The mycelium linear growth of P.erryngii increased to

3.0, 3.3.2.7 and 2.1 mm/ day for the aforementioned substrate consecutively by increasing the addition level

of wheat bran to be 15%. Addition of 20% wheat bran to the tested substrates approximately doubled the

amount of mycelium linear growth for all substrates and differed significantly compared to 15% wheat bran

level. Increasing wheat bran level to 25% significantly increased the mycelium linear growth to be 8.9, 8.4,

8.4, 5.4, and 7.1 mm/day for sawdust, soybean straw, bagasse and rice straw, respectively. Meanwhile,

increased the wheat bran level to 30 or 35 % did not significantly increased the mycelium growth for all

substrates except for sugar cane bagasse which reached the maximum significant growth at 30% level. It could

be observed that, the amount of mycelium linear growth and its increment with the increase of wheat bran

level was much pronounced in sawdust and soybean straw with no significant differences followed by rice

straw, while the mycelium linear growth in the sugar cane bagasse was the lowest.

The present results coincide with those obtained by Torng et. al. (2000) who used supplementation of rice

bran from 0.0 -47.95%, Zervakis et. al. (2001) found that, linear growth and colonization rate of P.erryngii

differed from supplemented substrate to another. Medany (2004) found that, increasing wheat bran to 25% for

different media substrates increased mycelium linear growth of Flammulina vetutips and Lentinus edodes

mushroom to be greater than 4mm/ day. While, our results are less than those of Cangy and Peerally (1995)

who stated that, the mycelium growth of P.florida, P. columbinus. P.cornucopiae and P.sajor – caju was

14mm/day and this may be due to different species.
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So, 25% wheat bran level was used to supplement sawdust, soybean and rice straws, while sugar cane

bagasse was supplemented by 30% wheat bran for preparing the growing media used for cultivation of

P.eryngii during the later three trials.

Growing Media Moisture Content::

The data in Table (3) declare that, the moisture content of the tested growing media ranged between 68.79

and 71.22% in the three cultivation trails with a little significant differences among the substrates and trials.

These results are confirmed by those reported by Akyuzy and Yildiz (2007, 2008) and Kirbag and Akyuz

(2008 a,b) who cultivated P. eryngii successfully on different media with 70% moisture content. Hassan, (2007)

stated that, the moisture content of the growing mushroom media is considered as one of the most important

factors, hence proper level encourage the growth, meanwhile, higher or lower ones had a negative effect on

growth.

Effect of Media Substrate on Incubation Period of P.eryngii: 

3To sawdust, soybean straw, rice straw, 25% wheat bran and 5% CaCO  were added, while sugar cane

3bagasse was enriched with 30% wheat bran and 5% CaCO . All media moisture content was adjusted to

approximately 69 – 71% and packaged in 2kg bags, sterilized, cold, then inoculated with grain spawn of P.

eryngii at 4% rate and incubated at 25 – 27 °C till complete spawn run. 

The data in table (4) declare that, the incubation time ranged from 30-41 days depending upon substrate.

Among all tested substrates, sawdust differed significantly and recorded the shortest incubation period being

30, 32 and 30 days in first, second and third trials, respectively, without significant differences between the

three trials. On the other hand, sugar cane bagasse had the longest incubation period 41, 37 and 39 days which

significantly differed from other substrates. As for soybean straw medium, it could be observed that, it has

shorter incubation period (33, 34 and 36 days) through the three trials compared to rice straw medium (35,

37 and 38 days). It could be observed that, substrates had high mycelium growth rate such as sawdust and

soybean straw recorded short incubation period, while low mycelium growth rate of sugar cane bagasse and

rice straw resulted in long incubation period.

These results are nearly in the range of the data reported by many authors. Akyuz and Yildiz (2007) who

recorded that, the longest mycelium growing period for P.eryngii was 27 days on wheat straw and millet straw

( 1 : 1 ) + 15% rice bran. Maddau et. al. (2002) cultivated P. eryngii on sugar beet or wheat straw in porous

bags (gas exchange more easily) and traditional bags. They found that, incubation period was 45 days in

porous bags, while it increased up to 90 days for traditional one. On the other side Kirbag and Akyuz (2008

a, b) recorded shorter incubation period for P.eryngii being 13 days on wheat straw + 20% rice bran, 18 days

on wheat straw and soybean straw (1 : 1 ) + 5% rice bran.

Yield and Biological Efficiency (BE%):

The data in Table ( 5 ) reveal that, the yield of P. eryngii grown on different tested media ranged between

(139 – 196), (145 – 192) and (150 – 201) g / kg wet media in first, second, and third trial, respectively. It

could be seen that, no clear trend of differences between the yield means of the same media through the three

trials. On the other hand, the yield of P. eryngii seems to be affected mainly by the media substrate. Sawdust

recorded significantly the highest yield being 201g/ kg wet media, followed by soybean straw throughout the

three trials. Meanwhile, sugar cane bagasse and rice straw recorded lower yield in the three trials. As for

biological efficiency (BE%) sawdust recorded the highest BE being 65.22%, while sugar cane bagasse had the

lowest one being 45. 71%. Also, from the data in Table (5) the different tested media could be arranged

according to their BE% in descending order as follows, sawdust, soybean straw, rice straw, and sugar cane

bagasse. Generally, the BE% of the tested media had the same trend of the yield order.

These results are in good harmony with those obtained by Akyuz and Yildiz (2007) who stated that the

yield of P. eryngii cultivated on different substrates was 15 – 22 g/ 100g wet media (70%moisture) with BE%

50 – 73%. Also, Akyuz and Yildiz (2008) found that, the highest yield of P. eryngii was 28 g/ 100g wet

media (70% moisture) on wheat straw- soybean straw(1:1) while, the lowest one 2.0 g/ 100g wet media

(70%moisture) was recorded to wheat straw. In another study carried out by Kirbag and Akyuz (2008a), they

found that, the highest yield of P. eryngii was 25.6 g /100g wet media on wheat straw- millet straw(1:1) +

10% rice bran with 85.2% BE, while the lowest one was 14.4g/ 100g wet media on wheat straw with BE

being 48%. Moreover, Kirbag and Akyuz (2008b), found that, wheat straw- cotton straw supplemented with

20% rice bran yielded 23.2 g P. eryngii fruit bodies with BE of 77.2% while unsupplemented one yielded only

14.6 g/100g wet media with BE of 48.6%
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Morphological Characteristics of P. Eryngii Fruit Bodies:

Regarding the morphological characteristics of P. eryngii fruit bodies grown on the different tested media,

data and descriptions are listed in Table (6 ). No special or specific characters in fruit bodies were detected

as a result of growing media or cultivation trial.

The present descriptions of the P. eryngii fruit bodies are confirmed by those reported by Stamets (1993).

Chemical Composition of P. Eryngii Fruit Bodies: 

The fruit bodies of P. eryngii grown on the different tested media obtained from the third trial were

analyzed for their main chemical constituents and the data are presented in Table (7). The data declare that

moisture content of fruit bodies ranged between 87.63 and 90.26% and no significant differences were detected

between those grown on sawdust, soybean straw and sugar can bagasse. As for crude protein content, it could

be seen that, it ranged from 21.33 on sugar can bagasse to 24.08% on soybean straw. No significant

differences in protein contents were detected between fruit bodies grown on soybean straw and rice straw, or

between those grown on sawdust or rice straw. Regarding ether extract contents, the results declare that, fruit

bodies grown on soybean straw contained the highest amount being 3.78% and significantly differed from other

ones. Meanwhile, fruit bodies grown on sawdust, rice straw and sugar cane bagasse contained 2.96-30.16%

ether extract and did not differ significantly. Also, the data reveal that, fruit bodies grown on rice straw and

soybean straw had higher amount of ash content being 8.02, 7.02%, consecutively and did not differ

significantly. W hile sugar cane bagasse and sawdust contained 6.94 and 6.54% ash and did not differ

significantly. Total carbohydrates of P. eryngii fruit bodies grown on different tested media were calculated

by difference and found to be ranged from 64.48 – 69.17%.

Table 1: Som e chem ical constituents % of the tested substrates. 

substrate M oisture content Total nitrogen Ash

sawdust 8.21c      ± 0.41 0.31c     ±0.01 0.82d     ±0.03

Soybean straw 11.22a    ±0.35 0.79 a    ±0.05 8.46b     ±0.30

Sugar cane bagasse 9.37bc     ±0.65 0.36c     ±0.03 4.01c     ±0.27

Rice straw 9.56b     ±0.38 0.51b     ±0.05 15.72a   ±0.61

M eans have different superscript   letter are differ significantly.

Table 2: Effect of wheat bran addition level on mycelium linear growth of P. eryngii

Wheat bran addition level % M ycelium linear growth

-------------------------------------------------------------------------------------------------------------------------------

sawdust Soybean straw Sugar cane bagasse Rice straw

5 - - - -

10 1.9Ca 1.7Da 1.6Da 1.5Ca

15 3.0Ca 3.3Ca 2.7Cab 2.1Cb

20 7.8Ba 6.2Bb 3.4Cc 4.2Bc

25 8.9ABa 8.4Aa 5.2Bc 7.1Ab

30 9.0Aa 8.4Aab 6.8Ac 7.6Abc

35 8.7ABa 8.5Aa 6.9Ab 7.5Ab

M eans within the sam e column have different superscript capital  letter are differ significantly. 

M eans within the same raw have different superscript small  letter are differ significantly.

Table 3: Growing media moisture content % for P. eryngii.

M edia First trial Second trial Third trial

sawdust 69.84abcd    70.47abc    69.18cd    

Soybean straw 70.19abcd    68.79d    70.04abcd    

Sugar cane bagasse 69.59bcd     71.22a     70.38abc     

Rice straw 71.01ab      68.82d      70.31abcd      

M eans have different superscript   letter or are differ significantly.

Table 4: Effect of media substrate on incubation period in days for Pleurotus eryngii.

substrate First trial Second trial Third trial

sawdust 30h   ± 1.4 32gf ± 1.5 30h ± 1.8

Soybean straw 33fg  ± 1.7 34efg ± 1.3 36cde ± 1.7

Sugar cane bagasse 41a   ± 2.4 37bcd ± 1.2 39ab ± 1.2

Rice straw 35def  ± 1.5 37bcd ± 1.5 38bc ± 1.5

M eans have different superscript   letter or are differ significantly.
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Table 5: Effect of m edia substrate on yield (g/kg m edium) and BE %for P.eryngii

M edia First trial Second trial Third trial

------------------------------------- --------------------------------------- --------------------------------------------

Yield BE Yield BE Yield BE

sawdust 196ab ± 2.75 65 187c ± 3.33 63.33 201a ± 3.50 65.22

Soybean straw 172d ± 3.86 60.05 192bc ± 4.67 61.52 180d ± 3.89 60.08

Sugar cane bagasse 139h ± 3.06 45.71 145g ± 3.80 50.38 150fg ±2.91 50.64

Rice straw 152f ± 4.59 52.43 145g ± 3.83 46.5 158e ± 4.62 53.22

M eans have different superscript   letter are differ significantly.

Table 6: M orphological characteristics of P. eryngii fruit bodies m ushroom

Item Description

Fruit occurrence Grown individually, sometimes grown in small clusters (2-4 fruit bodies together). 

Cap color White

Cap shape Small button carried centrically on large, very thick stem at first, then cab expanded

to gave funnel thick shape with  white short gills.  

Cap diameter 4 – 9 cm.

Stem color White

Stem shape Thick cylindrical, more thick at the bottom, while less at the top (tapering downward). 

Stem dimensions 3 – 8 cm . in length , while diameter vary from 1.5 - 3.0 cm . at bottom to 1.0 - 2.0 cm . at top. 

Average fruit 20 – 70 g.

 body weight Taste Special pleasant taste.

Table 7: M ain chemical constituents % of P .eryngii  mushroom fruit bodies.  

M edia M oisture Crude protein Ether extract Ash Total carbohydrates

sawdust 88.91 ± 0.56 22.17   ± 0.84 3.06   ± 0.26 6.94   ± 0.38 67.83ab  b b b

Soybean straw 90.26 ± 0.67 24.08   ± 0.33 3.78   ± 0.11 7.66   ± 0.22 64.48a  a a a

Sugar cane bagasse 90.17   ± 0.60 21.33 ± 0.06 2.96 ± 0.28 6.54   ± 0.24 69.17a b  b  b

Rice straw 87.63   ± 0.62 22.75   ± 0.47 3.16   ± 0.17 8.02   ± 0.20 66.07b ab b a

Total carbohydrates were calculated by differences.

M eans have different superscript   letter or are differ significantly.

Data of third trial only.

The present results are in good harmony with those obtained by Manzi et. al. (1999) who found that,

P. eryngii fruit bodies grown on wheat straw + 15% sugar beet contained 85 – 94.7% moisture content and

6.9 – 10.5% ash content. Also, Manzi et. al. (2004) stated that, edible weight of P. eryngii fruit bodies

contained 86.6% moisture, o.8% fat, 2.2 % protein (N× 4.38), and 1.2% ash on wet basis (86.6%

moisture).

It could be concluded that cultivation of P. eryngii mushroom is very promising in Egypt, and

supplemented sawdust, soybean straw are good media substrates. Besides, rice straw gave an acceptable

yield of P. eryngii
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