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ABSTRACT

Three strains of Lentinus edodes mushroom were grown using submerged culture. Different carbon and
nitrogen sources were examined to determine the most suitable source and their optimum concentration for
growth. Also, the effect of incubation time and temperature, pH value, and agitation were determined. The
highest mycelial biomass yields of the tested strains were obtained when using a medium containing 70g /L
glucose, 4 g/ L yeast extract at 25 оC  for 14 days, value pH 6.5 and agitation was 150 rpm. The mycelial
biomass obtained under the optimized conditions increased by 41.3, 40.6 and 31.2% compared to those
harvested under the control conditions, for LC 0032, LC 236 and LC2161 strains, consecutively. LC 2161 was
more efficient for producing the mycelial biomass compared to the other strains. Chemical constituents of the
mycelial biomass of the tested strains were estimated.
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Introduction

Mushrooms are widely consumed because of their delicious flavor, adequate protein content and exotic
preference.. In addition to their nutritional value, many edible large mushrooms have long been used for
medicinal purposes. Medicinal mushroom extracts have been considered as important remedies for the
prevention and treatment of many diseases for thousands of years especially in the Orient (Israilides and
Philippoussis, 2003; Kidd, 2000; Wasser & Weis, 1999). While much attention has been drawn to various
immunological and anti-cancer properties of these mushroom extracts, they also offer other potentially important
therapeutic properties including antioxidants, anti-hypertensive, cholesterol- lowering, liver protection, anti-
fibrotic, anti-inflammatory, anti-diabetic, anti-viral and anti-microbial activities (Hobbs,  1995; Ooi and Liu,
1999; Wasser and Weis, 1999; Gunde-Cimerman, 1999). Among the various bioactive components which have
been demonstrated to be most effective as antitumor and immunomodulatory agents are polysaccharides and
polysaccharopeptides.

Shiitake mushroom (Lentinus edodes) has been presented in the literature as a microorganism with potential
for food industry, medical application, enzyme production and effluent treatment. This fungus is the source of
bioactive  polysaccharides. Lentinan –a cell wall polysaccharide- extractable from both fruit body and
mycelium, and LEM –a protein bound polysaccharide derived only from the mycelium (Chihara, 1992). Both
compounds have demonstrated anti-cancer activity. Also both compounds have antiviral and antimicrobial
activity (Wasser and Weis, 1999). Besides, Eritadenine, a compound extracted from Shiitake fruit bodies, is
able to lower blood serum cholesterol (BSC) by the acceleration of the excretion of ingested cholesterol and
its metabolic decomposition (Susuki and Oshima, 1974).

Submerged culture, in contrast to cultivation on solid media, gives rise to potential advantages of higher
mycelial production in a compact space and shorter time with lesser chances of contamination (Yang and
Liau,1998). Moreover, possible uses of the biomass are food or feed in the form of protein supplement. It can
also be used for the extraction of flavours and other metabolites, such as enzymes and polysaccharides (Jong
and Birgmingham,1993).   

This study aimed to estimate the optimum conditions of submerged culture for the tested strains of
Lentinus edodes mushroom for getting the maximum biomass yield. 
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Materials and methods

Microorganisms:

Three strains (LC 0032, LC 236 and LC 2161) of Lentinus edodes mushroom used in the present work,
beeing kindly provided by Fujian Agric. Univ., China. The cultures were grown and maintained on Potato
Dextrose Agar medium (PDA)and stored at 5-7 оC  for routine work .

Liquid Culture Medium:

Submerged culture medium for the tested strains composed as follows (g / L) peptone 1.0; yeast extract
2.0;  K2 HPO4 1.0; MgSO4. 7H2O 0.2; (NH4)2 SO4 5.0; and glucose  60.0 at pH 6.0 (Rosado et al., 2003) The
medium was transferred to Erlenmeyer flasks (100 ml in each), sterilized for 15 min. at 121 оC. Flasks
containing sterilized medium was inoculated using ten  5 mm discs cut from the periphery of a 7- day old for
each  tested fungal strain grown on PDA medium in Petri- dishes. Incubation was performed at 25 оC on a
shaker bath at 150 rpm for 14 days under aerobic conditions. Culture broth was separated by filtration and the
fungal biomass was washed several times with distilled water, then oven dried at 55оC until constant weight.
This experiment under these conditions serves as control. Other experiments were conducted to optimize some
of the growing conditions affecting the biomass yield of the tested L. edodes strains as follows:

Carbon Source:

Different carbon compounds ( glucose, fructose, sucrose, lactose and starch ) were used separately at 60g
/L conc. as a sole carbon source in the control medium for growing the tested strains. The most suitable carbon
source (yielded the highest biomass for each strain) was chosen to determine their optimum concentration (2 -
9%) for getting the maximum biomass yield.

Nitrogen Source:

This experiment was done using the control medium without any nitrogen source then supplemented with
different nitrogen sources (peptone, yeast extract, urea, ammonium sulphate, and ammonium nitrate) separately
at 2 g /L conc. for growing the tested strains. The most suitable nitrogen source (yielded the highest biomass
for each strain) was chosen to determine their optimum concentration (2 - 7%)for getting the maximum biomass
yield. 

Incubation Period and Temperature: 

The experiment was done as the control, but with different incubation temperatures (19, 22, 25,….,37 оC).
Moreover, different incubation periods(6,10,14 and 18 days) were applied to the same control experiment.

Shaking Rate and pH Values:

Different shaking rates (0,100,150,200,250 rpm) as well as different pH values (5-8) were applied using
the control experiment.

Preparation of Crude Ethanol Extract (Turkoglu et al., 2007):

The mycelia of each strain only under control and optimized experiments were dried at 40°C before
analysis. These dried mycelia were pulverized and 20.0g each of the powdered samples were soaked separately
in 200ml of 95% ethanol in an Erlenmeyer flask. The sample was extracted by stirring at 30°C at 150 rpm
for 24 h. The mixture was filtered through Whatman's filter paper no 4. The residue was then extracted with
two additional 200ml of ethanol as described above. The combined ethanolic extracts were concentrated in a
rotary evaporator at 40°C. The ethanol was recovered and the extract was collected and dried then stored at
4°C for further use.

All the experiments in this work were conducted in triplicates. The data are represented as means of
replicates.   
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Analytical Methods:

Moisture content, ether extract, protein and ash content were estimated according to the methods described
in A.O.A.C.(1995). Total carbohydrates were calculated by differences.

Statistical Analysis:

The obtained data was statistically analyzed using ANOVA procedure of the SPSS statistical package at
confidence level of 5% (0.05) (SPSS, 1990).

Results and discussion:

The tested L.edodes mushroom strains  grown under the control experiment conditions gave 6.73 , 7.20
and 9.18 g /L mycelial biomass on dry weight basis for LC 0032 , LC 236 ,and LC2161, respectively. The
highest yield was obtained with LC2161 strain, while LC 0032 recorded the lowest one. These results are in
agreement with the results obtained by Maziero et. al. (1995) for L. edodes strains(6.5- 8.0 g/L).

Effect of Carbon Compounds:

Several compounds are used separately as carbon source at concentration of 60g/L for submerged culture
of L .edodes different strains(Table 1). Among the different carbon sources used , glucose enhanced the growth
and yielded the highest mycelial biomass and differed significantly compared to other carbon sources for all
tested mushroom strains. This was closely followed by fructose and lactose, while starch and sucrose came
lastly for LC0032 strain. As for LC236 strain no significant differences were obtained between fructose and
lactose which came in the second order, then sucrose and starch. The biomass yield obtained with fructose and
starch are in the second order followed by lactose, then sucrose for LC2161 strain. Similar  data were obtained
by Jonathan and Fasidi (2001) on Psathyerella atroumbonata mushroom. The preference of glucose over other
carbon compounds may be due to the ease with which this sugar was metabolized to produce cellular energy
(Garraway and Evans, 1984; Jandaik and Kapoor, 1976).

Table 1: Effect of different carbon sources on mycelial biomass.
Carbon source Mycelial dry weight g/L

------------------------------------------------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

Glucose 6.73a 7.20a 9.18a

Fructose 6.03b 5.69bc 7.81b

Sucrose 4.76d 5.56c 6.55d

Lactose 5.40c 6.00b 7.22c

Starch 4.82d 5.21d 7.55b

Means within the same column have different small superscript are significantly different. 

Hence glucose as a carbon source for submerged culture yielded the highest mycelial biomass for the
tested L. edodes mushroom strains, an experiment to determine the optimum glucose concentration was done
(Table 2). By using  glucose at 20g/L  medium, the biomass yield was 2.95, 3.67 and 5.13 g/L on dry weight
for LC0032, LC236 and LC2161 strains respectively. Moreover, increasing glucose concentrations in the media,
subsequently increased the mycelial biomass to reach their peak  at the level of 70g/L for the tested three
strains. The biomass yield at 70g/L glucose differed significantly than those obtained at lower glucose
concentrations for all tested strains. Meanwhile, no significant differences in yield were obtained by rising the
glucose concentrations above 70g/L  for the tested strains.

Table 2: Effect of glucose concentrations on mycelial biomass.
Glucose  g/L Mycelial dry weight g/L

------------------------------------------------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

20 2.95f 3.67f 5.13g

30 3.47e 4.30e 6.26f

40 4.09d 5.11d 7.12e

50 5.58c 5.89c 8.68d

60 6.73b 7.20b 9.18c

70 7.68a 7.97a 10.34a

80 7.51a 7.82a 10.22a

90 7.50a 7.72a 9.82b

Means within the same column have different small superscript are significantly different.
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Effect of Nitrogen Compounds:

Among the different nitrogen compounds tested in this study, yeast extract  gave the highest mycelial yield
being 6.52, 6.57 and 8.24 g/L on dry weight for LC 0032, LC 236 and LC 2161 strain consecutively followed
by peptone (Table 3). These yield values are lower than those of the control medium containing peptone and
ammonium sulphate along with yeast extract. Similar results were obtained by Fasidi and Olorunmaiye (1994)
Pleurotus tuber-regium, Jonathan and Fasidi (2001) on Psathyerella atroumbonata  . Stimulatory effect of yeast
extract on the growth may be due to their carbohydrate and protein composition as reported by Alberghina,
(1973)  Organic nitrogen sources increased biomass yields in submerged culture of Ganoderma lucidum as
reported by Fang and Zhong (2002), suggesting that, certain essential amino acids could not be synthesized
from inorganic nitrogen sources by G. lucidum.

Table 3: Effect of nitrogen source on mycelial biomass yield.
Nitrogen source Mycelial dry weight g/L

------------------------------------------------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

Peptone 5.90c 5.35c 5.50c

Yeast extract 6.52b 6.57b 8.24b

Urea 4.81d 5.29c 4.26f

Amm.sulphate 4.85d 3.72d 5.06d

Amm. nitrate 4.60e 5.47c 4.71e

Control 6.73a 7.20a 9.18a

Means within the same column have different small superscript are significantly different.

Depending on the previous results which revealed that yeast extract was the most suitable as sole nitrogen
source compared to other nitrogen compounds, different concentrations (2-7 g/L) were examined (Table 4). By
increasing the yeast extract concentrations in the growth medium, the mycelial biomass increased and reach
their maximum at 4 g/ L level which differed significantly than other concentrations, then turned to decline
for all tested strains. Also, LC2161 recorded the highest yield compared to other tested strains for all yeast
extract levels.

Table 4: Effect of yeast extract concentration on mycelial biomass yield.
Yeast extract (g / L) Mycelial dry weight g/L

------------------------------------------------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

2 6.52e 6.57e 8.24d

3 6.73c 6.99d 8.57c

4 8.47a 8.44a 10.00a

5 7.65b 7.32c 9.72b

6 6.88c 7.79b 9.49b

7 5.69d 6.05f 7.08e

Means within the same column have different small superscript are significantly different.

Effect of Incubation Temperature and Time:

The maximum mycelial biomass yield was obtained at 25 оC which differed significantly than values of
yield obtained with other temperatures (Table 5). There was a significant decrement in mycelial biomass at
other growth temperatures compared to those of 25 оC, for all the tested strains. No mycelial growth was
detected at 34 оC or above. Similar results were obtained by Osman et. al. (2009).

Table 5: Effect of incubation temperature on mycelial biomass yield.
Incubation temp. Mycelial dry weight g/L

--------------------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

19 оC 1.60c 1.33d 2.01c

22 оC 3.36b 4.24c 4.88b

25 оC 6.73a 7.20a 9.18a

28 оC 3.42b 4.65b 4.92b

31 оC 0.37d 1.15d 1.05d

34 оC - - -
37 оC - - -
Means within the same column have different small superscript are significantly different.

The correlation between mycelial biomass and incubation time (6,10,14 and 18 days) was tested (Table
6). The lowest biomass yield was obtained after 6 days of growth being 1.41 – 1.71 g /L for the tested strain.



354Res. J. Agric. & Biol. Sci., 7(4): 350-356, 2011

The mycelial biomass severely increased after 10 days of growth compared to those after 6 days, recording
an increment of 127.8, 167. 4 and 186.5 %for LC 0032, LC 236 and LC 2161, respectively. Moreover, after
14 days of growth, the mycelial biomass increased and reach to maximum values  with an increment of 74.8,
91.0 and 87.3 % for LC0032, LC236 and LC2161, respectively, compared to the values after 10 days. No
significant differences were detected between the mycelial biomass yielded after 14 and 18 days of growth,
while both are significant differ than those of 6 or 10 days. Similar results were obtained by Yousef et.al.
(2005) ,14 days on submerged culture of Pleurotus spp for production of mycelial and exopolysaccharides.

Table 6: Effect of incubation period on mycelial biomass yield.
Incubation period (days) Mycelial dry weight g/L

--------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

6 1.69c 1.41c 1.71c

10 3.85b 3.77b 4.90b

14 6.73a 7.20a 9.18a

18 6.64a 7.27a 9.33a

Means within the same column have different small superscript are significantly different.

Effect of Initial pH Values:

Using different pH values greatly affected the growth of the tested strains (Table 7). The mycelial biomass
ranged between  3.44 – 7.05 g/L on dry weight at pH value 5 for the tested strains. Increasing medium pH
values progressively increased the mycelial biomass which reached their maximum at pH value 6.5, while over
this pH value the mycelial biomass decreased for all tested strains. The mycelial biomass obtained at pH 6.5
differed significantly than all those obtained with other pH values for all tested strains. Xu and Yun (2003)
stated that, the optimum pH will depend  upon several factors including strain of the organism used.

Table 7: Effect of pH values on mycelial biomass yield.
pH values Mycelial dry weight g/L

------------------------------------------------------------------------------------------------------------------------------------------
LC0032 LC 236 LC 2161

5.0 3.44e 3.98d 7.05f

5.5 5.26d 5.23c 7.70e

6.0 6.73b 7.20b 9.18d

6.5 7.62a 7.71a 11.36a

7.0 6.69b 7.33b 10.39b

7.5 6.39c 7.29b 9.64c

8.0 5.06d 5.08b 7.69e

Means within the same column have different small superscript are significantly different. 

Effect of Shaking:

The mycelial biomass yield at zero rpm shaking (static) was 5.64, 6.04 and 4.5 g/L on dry weight basis
for LC 0032, LC 236 and LC 2161 strain, respectively ( Table 8) . However, increasing agitation rate increased
the yield and reach the maximum at 150 rpm. then declined by increasing agitation to 200 or 250 rpm . Nearly
no significant differences in mycelial biomass obtained at 100 and 150 rpm for each strain, while both of them
differ significantly than those obtained with other agitation values. Leatham and Griffin (1984) stated that
Lentinus edodes growth rate in liquid media increased under agitation. Higher Lentinus edodes mycelium yields
was observed by Song et al. (1987) when shaking frequency was increased from 0 to 150 rpm and they
showed that aeration limitation in L. edodes cultured in Erlenmeyer flasks reduced the aerial expansion of
mycelia.

Table 8: Effect of shaking on mycelial biomass yield.
Shaking (rpm) Mycelial dry weight g/L

------------------------------------------------------------------------------------------------------------------------------------------
LC 0032 LC 236 LC 2161

0 5.64c 6.04c 4.50d

100 6.62a 6.83b 9.07a

150 6.73a 7.20a 9.18a

200 6.04b 5.44d 7.94b

250 4.35d 5.35d 5.60c

Means within the same column have different small superscript are significantly different.
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Appling the Optimized Conditions:

The most suitable determined conditions (glucose 70g/L, yeast extract at 4g/L, pH value 6.5 at 25 C for
14 days with agitation of 150 rpm) in this study were applied together for comparing its yield against the
control experiment (Table 9). The mycelial biomass yield obtained under optimized experiment recorded
considerably increment being 41.3, 40.6 and 31.2 % compared to those obtained from the control experiment
for LC0032, LC 236 and LC 2161 strains consecutively. LC 2161 produced mycelial biomass more efficiently
and significantly different compared to other tested strains.

Crude ethanolic extract from different mycelial biomass(Table 9) ranged from 1.38 – 1.79 g/L under
control conditions . While under optimized conditions the values  ranged between 2.09 – 2.41 g/ L for the
tested strains .No significant differences in crude ethanolic extract were detected between tested strains under
optimized conditions. Meanwhile, LC0032 strain yielded the lowest crude ethanolic extract which differed
significantly than the other two strains under control conditions.

Table 9: Comparison in mycelial biomass and crude ethanolic extract yield.
Growing conditions LC 0032 LC 236 LC 2161

--------------------------------------------- --------------------------------------------- ----------------------------------------------
Mycelial Crude ethanolic Mycelial Crude ethanolic Mycelial Crude ethanolic
biomass (g/L) extract(g/L) biomass (g/L) extract(g/L) biomass (g/L) extract(g/L)

Control 6.73c 1.38B 7.20b 1.68A 9.18a 1.79A

Optimized 9.51c 2.09A 10.12b 2.41A 12.04a 2.38A

Means within the same raw have different capital superscript are significantly different.
Means within the same raw have different small superscript are significantly different.

The increment in the mycelial biomass of L. edodes obtained by using the optimized conditions reflect the
importance and need for determining  the optimum conditions of other mushroom species and strains.
The dried mycelial biomass and crude ethanolic  extract of the tested strains were stored for further use. The
possible uses of the biomass are food or feed in the form of protein supplement . It can also be used for the
extraction of flavours and other metabolites, such as enzymes and polysaccharides (Jong and
Birgmingham,1993).

Chemical Composition of Mycelial Biomass:

The mycelial biomass obtained from the optimized experiment were analyzed for their chemical
constituents (Table 10). Moisture content of mycelial biomass of the tested strains ranged from 87.25 to
88.24%. While, crude protein differed significantly between strains being 17.39% for LC 236 , 19.57% for LC
0032  and 20.44 for LC 2161 strain . L edodes mycelial biomass contained a small amount of ether extract
ranged from 2.67 – 3.88% for the tested strains. Regarding the results of ash and total carbohydrates ,they were
found to be ( 7.64 , 69.28 %); (9.23 , 69.50 %) and ( 8.51, 68.38 %) for LC 0032 , LC 236 and LC 2161
strains , respectively. 

Table 10: Chemical Composition of Mycelial Biomass of Different L.edodes Strains on Dry Weight Basis
Constituents % LC 0032 LC 236 LC 2161
Moisture content * 87.25b 87.85ab 88.24a

Crude protein 19.57b 17.39c 20.44a

Ether extract 3.51b 3.88a 2.67c

Ash 7.64c 9.23a 8.51b

Total carbohydrates 69.28 69.50 68.38
*on fresh weight basis.
Means within the same raw have different small superscript are significantly different.
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