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Abstract: Lentinus edodes a Chinese edible and medicinal mushroom (newly introduced to Egypt from
China) was grown using the submerged culture. The biomass  of the two tested strains were extracted
with ethanol to obtain the tested crude extract for its biological activity for further studies. Studies
on the physiological factors affecting the biomass production as well as the extract of the two strains
were carried out. The maximum production of the biomass and extract of the two strains was obtained
at 25°C, pH 7, fructose as carbon source and under static incubation. Strain Lentinus edodes LC202
produced maximum yield of biomass and extract by using yeast extract as nitrogen source at
concentration of 5 g/l, fructose concentration at 10g/L and 13 days incubation period. While Lentinus
edodes LC2141 gave the maximum biomass and extract yield by using sodium nitrate as nitrogen
source at 2 g/L concentration, fructose concentration at 15g/L and 15 days incubation period. Different
micro elements at different concentrations were also tested.
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INTRODUCTION

Mushrooms have long been valued as highly tasty and nutritional foods by many societies throughout the
world (Chang & Miles, 1992). In addition to their nutritional value, many edible large mushrooms have long
been used for medicinal purposes. At present, there are at least 270 species of mushroom that are known to
have various therapeutic properties (Ying et al., 1987).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 & Philippoussis, 2003; Kidd, 2000; Wasser & Weis, 1999a).

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, 2003,1995; Ooi & Liu, 1999; Wasser & Weis, 1999a, b; 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. 

Lentinus edodes belongs to the sub-division Basidiomycotina and family Agaricaceae. Shiitake (Lentinus
edodes) is a cultured edible fungus which is indigenous to Japan, China and other Asian countries with
temperate climates. 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 two
well- studied polysaccharide preparations. 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. It has been believed that such compounds function
by enhancing the immune system rather than attacking the cancer cells directly. Such compounds are
increasingly used in Japan as adjuvants to help support immune function in cancer patients during radio- and
chemotherapy and can prolong survival times in some types of cancer (Mizuno, 1995). Also both compounds
have antiviral and antimicrobial activity (Wasser & Weis, 1999a). A water extract of Shiitake demonstrated
growth-enhancing effects on colon-inhabitating beneficial lactic acid, Lactobacillus brevis and Bifidobacteria
breve. The effective factor in the extract is considered to be the disaccharide sugar, trehalose. The authors
suggest that the L. edodes extracts can improve the beneficial intestinal flora of the gut and reduce the harmful
effects of certain bacterial enzymes such as β-glucosidase, β-glucuronidase and tryptophanase as well as
reducing colon cancer formation (Bae et  al., 1997).
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Eritadenine, a compound extracted from Shiitake fruit bodies, is able to lower blood serum cholesterol
(BSC). Eritadenine reduces BSC in mice by the acceleration of the excretion of ingested cholesterol and its
metabolic decomposition (Susuki and Oshima, 1974). Various studies have shown that Lentinus mushrooms
can lower both blood pressure and free cholesterol in plasma, as well as accelerate accumulation of lipids in
the liver, by removing them from circulation (Kabir and Kumura, 1989). Nucleic acids from L. edodes also
have significant platelet agglutinating inhibitory effects (antithrombotic activity) (Hokama and Hokama, 1981).

The present study aimed to determine the optimum conditions of submerged culture for the two tested
Lentinus edodes strains to get the maximum yield of biomass and crude ethanolic extract.

MATERIALS AND METHODS

Fungal Strains:
The two edible fungal strains Lentinus edodes LC2141 and Lentinus edodes LC202 were kindly obtained

from Fujian Agriculture Univ., China. The culture was  maintained on Potato Dextrose Agar (PDA) medium
and stored in refrigerator at 5 -7 °C after growth as recommended by Stamets, (1993) for routine culture and
storage purposes.

Culture Media:
Medium for Submerged Culture of Shiitake(SM) (Mizuno, 1995):

Mycelia were grown in a submerged liquid culture in 250ml conical flasks. The substrate composition was:
Thiamine -Hcl, 1.0 mg; KH2PO4, 1.0g; Cacl2 .2H2O, 0.5g; MgSO4. 7H2O, 0.5g; FeSO4. 7H2O, 10mg; MnSO4.
6H2O, 7.2mg; ZnCl2, 4mg; CuSO4, 1.0mg; Starch, 70g; corn steep liquor, 10g; Glucose, 20g  Or Sucrose, 70.0g
and distilled water, 1 L; Initial pH= 5.5).  Each flask was inoculated with ten agar plugs 0.7cm covered by
the mycelium obtained from a 15 days old plate culture.

Preparation of Crude Ethanol Extract (Turkoglu et al., 2007):
The mycelia of each strain 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 and stored at 4°C for further use.

Some Physiological Parameters Regulating Growth:
Effect of Incubation Temperature:

Fifty ml aliquots of Shiitake medium were dispensed in 250ml Erlenmeyer flasks. The media were adjusted
to pH 5.5 and then sterilized at 121°C for 20min. After sterilization, each flask was inoculated with ten agar
discs 0.7cm covered by the mycelium obtained from a 15 days old plate culture, the flasks were then incubated
at different temperatures (15, 20, 25, 30, 35 and 40ºC) for 15 days. Thereafter, the mycelia were separated
from the culture media by filtration and washed several times with distilled water. The fresh weight was
determined, and then the fresh biomass was placed in the oven at 70ºC till constant weight. Extraction of
mycelia was carried out as previously described and the crude extract weight was estimated.

Effect of Incubation Period:
Fifty ml aliquots of Shiitake medium were dispensed in 250ml Erlenmeyer flasks. The media were adjusted

to pH 5.5 and then sterilized at 121°C for 20min. After sterilization, each flask was inoculated with ten agar
discs 0.7cm covered by the mycelium obtained from a 15 days old plate culture, the flasks were then incubated
on incubators at 25ºC for different incubation periods (5, 7, 8, 11, 13, 15 and 20 days). At the end of
incubation periods the contents of each flask was filtered. The fresh, dry biomass and crude extract weights
were determined as described previously.

Effect of pH Value:
Fifty ml aliquots of Shiitake medium were dispensed in 250ml Erlenmeyer flasks. The media were adjusted

to different pH values (3, 4, 5, 5.5, 6, 7 and 8) by using 1N HCl and 1N NaOH. All adjustments were carried
out before sterilization of medium by means of pH-meter 3310 Jenway. Each flask was inoculated as
previously described. After incubation, the mycelia were separated from the culture media by filtration. The
fresh, dry  biomass and crude extract weights were determined as described previously.
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Effect of Carbon Sources:
Shiitake medium was prepared without any carbon source and distributed in conical flasks. To each flask

one of the following carbon sources D-(glucose, sucrose, lactose, fructose, maltose and Mannitol) was
individually added as equivalent to 20g glucose per liter and autoclaved at 121ºC for 20 min. At the end of
incubation period, the content of each flask was filtered. The fresh, dry biomass and crude extract weights were
determined as described previously.

Effect of Fructose Concentrations:
The media was prepared with different fructose concentrations (10, 15, 20, 25, 30and 35g/l) as fructose

was the carbon source which gave the maximum growth and maximum extract production. At the end of
incubation period, the content of each flask was filtered. The fresh, dry biomass and crude extract weights were
determined as described previously.
 
Effect of Nitrogen Sources:

Shiitake medium was prepared without any nitrogen source and distributed in conical flasks. To each flask
one of the following nitrogen sources (ammonium nitrate, ammonium sulphate, urea, sodium nitrate, sodium
nitrite, potassium nitrate, tryptone, yeast extract, peptone, beef extract, Leucine and Asparagine) was
individually added as equivalent to 10g corn steep liquor per liter in presence of corn steep liquor. The
nitrogen sources that gave maximum growth were tested in absence of corn steep liquor. 

Effect of Different Nitrogen Concentrations:
Shiitake medium was prepared without any nitrogen source and distributed in conical flasks. Different

concentrations of Yeast Extract (1,2,3,4,5,6,7,8,9 and 10g/l) was prepared for cultivation of Lentinus edodes
LC202 and different  concentrations of NaNO3 (0.2,0.4,0.6,0.8,1 and 2g/L) was prepared  for cultivation of
Lentinus edodes LC2141 in presence of corn steep liquor.

Effect of Variable Inoculum Sizes:
Fifty ml aliquots of Shiitake medium were dispensed in 250ml Erlenmeyer flasks. The media were adjusted

to pH 7 and then sterilized at 121°C for 20min. After sterilization, each flask was inoculated with (5, 10, 15,
20 and 25) agar discs 0.7cm covered by the mycelium obtained from a 15 days old plate culture. At the end
of incubation periods the contents of each flask was filtered. The fresh, dry biomass and crude extract weights
were determined as described previously. 

Effect of Micro Elements Concentrations:
Different concentrations of FeSO4. 7H2O(4 - 16 mg/l.), MnSO4. 6H2O (2 - 13mg /l.), ZnCl2  (1 -

7mg/l.)and CuSO4 (0.4 - 6 mg/ l.) were tested for cultivation of the two strains of Lentinus edodes.

Effect of Shaking: Fifty ml aliquots of Shiitake medium were dispensed in 250ml Erlenmeyer flasks. The
flasks incubated on static and shaking(150 r.p.m.) incubators at 25ºC for15 days in case of the Lentinus edodes
LC2141 and for 13 days for Lentinus edodes LC 202. The end of incubation periods the contents of each flask
was filtered. The fresh, dry biomass and crude extract weights were determined as described previously.

Statistical Analysis:
Statistical analysis of data was carried out by using one way analysis of variance (ANOVA) followed by

homogenous subsets (Duncuna) at confidence level of 5% (0.05) using the Statistical Package for the Social
Science (SPSS) version8. Duncan’s multiple range tests were used to compare between means of treatments
according to Walter and Duncan (1969).

RESULTS AND DISCUSSION

Effect of Incubation Temperature:
The maximum growth of Lentinus edodes LC2141 and Lentinus edodes LC202 as well as their maximum

production of extracts were obtained at incubation temperature of 25ºC. By increasing incubation temperature,
the growth showed lower values and inhibited completely at 35ºC and 40ºC. Similar results were obtained by
Eyal (1991) and Litchfield (1979) who examined the growth of mycelial cultures of macrofungi in submerged
liquid fermentation at temperatures between 25°C and 36°C. Lee et al. (2007) reported different optimum
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temperatures for the production of cell biomass, and endopolysaccharide (10°C) and exopolysaccharide (EPS)
(25°C) for Ganoderma applanatum submerged cultivation. Hassegawa et al. (2005) reported that the optimum
growth temperature for L. edodes was 20°C in YEM broth with rice bran.

Table 1: Effect of incubation temperature on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes LC202.
Temperature Lentinus edodes LC2141 Lentinus edodes LC202
(o C) ------------------------------------------------------------------- -----------------------------------------------------------------------------

Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *
15 ºc 1 0.14 0.08 d 8 2.86 1.06 d
20 ºc 10.66 1.94 1.42 b 40.2 7.14 5.34 b
25 ºc 22.4 2.98 2.20 a 41.16 8 5.46 a
30 ºc 3.7 1.6 0.50 c 18.1 6 2.40 c
35 ºc - - - - - - 
40 ºc - - - - - - 
*: Means in the same column with different letters have significant differences between each other.

Table 2: Effect of initial pH value of the medium on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes
LC202. 

pH Value Lentinus edodes LC2141 Lentinus edodes LC202
------------------------------------------------------------------- -----------------------------------------------------------------------------
Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *

3 9.28 1.2 0.66 e 18.42 4.26 2.40 f
4 31.28 4.07 1.66 d 42.52 5.52 5.00 e
5 33.4 4.4 2.14 b 43.88 7.3 6.00 b
5.5 30.86 4.01 1.74 d 43.66 5.68 5.00 e
6 40.4 5.26 2.00 c 48.42 6.2 5.40 d
7 46.98 6.2 2.34 a 63 8.2 7.54 a
8 31.64 4.2 2.14 b 50.66 6.6 5.60 e
*: Means in the same column with different letters have significant differences between each other.

Table 3: Effect of incubation period on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes LC202 .
Incubation Lentinus edodes LC2141 Lentinus edodes LC202
period ------------------------------------------------------------------- -----------------------------------------------------------------------------
(days) Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *
5 5.14 0.66 0.14 f 13.16 1.72 0.26 f
7 5.7 0.74 0.20 e f 16.92 2.4 0.50 e
8 11.56 1.5 0.26 e 19.34 2.6 0.80 d
11 12.42 1.6 0.54 c 22.2 2.88 1.34 b
13 28 3.66 2.20 b 71.02 9.2 4.20 a
15 30.8 7.4 4.00 a 54 7.6 1.04 c
20 13.5 1.8 0.36 d 44 4.6 1.00 c
*: Means in the same column with different letters have significant differences between each other.

Table 4: Effect of different carbon sources on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes LC202.
Carbon source Lentinus edodes LC2141 Lentinus edodes LC202

------------------------------------------------------------------- -----------------------------------------------------------------------------
Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *

Maltose 26.4 3.44 1.73 b 41.4 5.4 1.94 e
Fructose 29 3.8 2.40 a 54.34 7 3.60 a
Mannitol 27.8 3.62 1.66 b 39.8 5.2 2.06 d
Glucose 26.8 3.4 1.40 c 46.4 6 3.40 b
Lactose 28 3.64 1.46 c 40 5.2 2.34 c
Sucrose 21 2.8 1.20 d 35.92 4.6 1.46 f
*: Means in the same column with different letters have significant differences between each other.

Effect of Initial pH Value of the Medium:
The two strains of Lentinus edodes grow over a wide range of pH value, but an initial pH 7.0 favored

the highest growth and the highest extract production. In submerged cultivation of all organisms, including the
macrofungi, initial pH of the medium may affect biomass and metabolite formation (Fang and Zhong, 2002).
In general, macrofungi seem able to grow over a wide range of pH (Worgan, 1968). Many macrofungi have
low pH growth optima (pH 4. 0), but higher pH optima for EPS production (pH 6.0) as suggested by the data
of Kim et al. (2005) and Jonathan and Fasidi (2003). However, these statements do not apply to all systems
(Fang and Zhong, 2002; Kim et al., 2003; Xu and Yun, 2003). The optimum pH will depend on several
factors, including the strain of the organism used (Xu and Yun, 2003).
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Table 5: Effect of different fructose concentrations on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes
LC202. 

Fructose
concentration Lentinus edodes LC2141 Lentinus edodes LC202
(g/L) ------------------------------------------------------------------- -----------------------------------------------------------------------------

Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *
10 12.2 2 1.58 a 53.9 7 2.60 a
15 13.14 3 1.7 a 41.8 5.4 1.46 b
20 12.12 1.8 1.58 a 32.4 4.2 1.00 d
25 11.6 1.5 1.00 b 38.3 5 1.22 c
30 9.54 1.24 0.60 c 36.2 4.7 1.20 c
35 9 1.18 0.40 d 32.8 4.2 1.00 d
*: Means in the same column with different letters have significant differences between each other.
Table 6: Effect of different nitrogen sources in addition to corn steep liquor on the biomass and crude extract of Lentinus edodes

LC2141 and Lentinus edodes LC202.
Nitrogen Source Lentinus edodes LC2141 Lentinus edodes LC202

------------------------------------------------------------------- -----------------------------------------------------------------------------
Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *

NaNO2 - - - - - - 
NaNO3 11.48 1.5 1.14 a 14.52 1.9 0.40 h
KNO3 7.96 1.04 0.80 c d 6.34 0.82 0.12 i
NH4NO3 8.94 1.16 0.86 c d 20.36 2.64 0.60 g
(NH4)2SO4 8 1.04 1.00 b 4.6 0.6 0.10 i
Urea 5.24 0.68 0.34 e f 14.76 1.92 0.80 f
Leucine 8.58 1.3 0.74 d 12.94 1.68 0.70 f g
Asparagine 7.3 0.92 0.20 g 21.02 2.74 1.20 e
Tryptone 11.26 1.52 0.80 c d 31.18 4.06 3.10 b
Peptone 9.34 1.22 0.26 f g 39.12 5.08 2.40 c
Yeast extract 10.32 1.34 0.40 e 39.16 5.1 4.80 a
Beef extract 10.52 1.36 1.00 b 8.38 1.08 0.40 h
Control 10 1.3 0.90 b c 22.48 2.92 2.20 d
*: Means in the same column with different letters have significant differences between each other.

Table 7: Effect of different nitrogen sources without the addition of corn steep liquor on the biomass and crude extract of Lentinus
edodes LC2141 and Lentinus edodes LC202.

Nitrogen Source Lentinus edodes LC2141 Lentinus edodes LC202
------------------------------------------------------------------- -----------------------------------------------------------------------------
Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *

Yeast extract 12.62 1.64 1.05 a 33.62 4.38 2.44 a
NH4NO3 6.34 0.82 0.30 d e 14.62 1.9 0.46 e
Peptone 7.16 0.94 0.40 d 28.64 3.72 1.80 c
Asparagine 4.14 0.54 0.18 e 15.72 2.04 0.80 d
Tryptone 11.16 1.46 0.90 b 29.5 3.84 2.10 b
NaNO3 7.76 1 0.60 c NT NT NT
*: Means in the same column with different letters have significant differences between each other.
NT: not tested.

Table 8: Effect of different sodium nitrate concentrations on the biomass and crude extract of Lentinus edodes LC2141.
NaNO3 Concentration (g/L) Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *
0.2 4 0.52 0.02 d
0.4 5.3 0.65 0.03 c d
0.6 7.6 0.99 0.06 c d
0.8 8.42 1.09 0.10 c
1 10.62 1.38 0.22 b
2 12.2 1.59 0.36 a
*: Means in the same column with different letters have significant differences between each other.

Table 9: Effect of different yeast extract concentrations on the biomass and crude extract of Lentinus edodes LC202.
Yeast extract concentration (g/L) Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *
1 11.76 1.52 0.40 f
2 13.81 1.8 0.60 e
3 17.3 2.24 0.80 c d
4 20.78 2.7 0.90 b c
5 24.2 3.14 1.08 a
6 21.39 2.78 1.00 a b
7 15.58 2.02 0.70 d e
8 12.39 1.68 0.3 f
9 10.14 1.32 0.10 g
10 4.28 0.58 0.02 g
*: Means in the same column with different letters have significant differences between each other.
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Table 10: Effect of variable inoculum sizes on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes LC202.
Inoculum Size Lentinus edodes LC2141 Lentinus edodes LC202
(disc/liter) ------------------------------------------------------------------- -----------------------------------------------------------------------------

Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *
100 11.26 1.46 0.8 e 19.94 2.6 0.74 e
200 13.37 1.74 1.00 d 22.48 2.92 2.20 d
300 15.6 2.03 1.40 c 30.82 4 2.40 c
400 17 2.21 2.00 b 48.74 6.34 3.60 b
500 27.4 3.56 2.40 a 58 7.54 4.01 a
*: Means in the same column with different letters have significant differences between each other.

Table 11: Effect of different micro elements concentrations on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus
edodes LC202.

Heavy Concentration Lentinus edodes LC2141 Lentinus edodes LC202
Metal (mg/L) ------------------------------------------------------ ---------------------------------------------------

Fresh wt Dry wt Extract wt Fresh wt Dry wt Extract wt 
(g/L) (g/L) (g/L)* (g/L) (g/L) (g/L)*

FeSO4. 7H2O 4 7.60 0.98 0.01 e 14.40 1.87 0.84 d

6 10.60 1.38 0.29 d 15.00 1.95 0.90 c d

8 12.80 1.66 0.64 b 16.60 2.16 1.00 c

10 (control) 13.34 1.74 0.72 a 22.48 2.92 1.90 a

12 11.00 1.44 0.31 c 19.94 2.59 1.52 b

14 10.80 1.40 0.30 c d 18.80 2.44 1.40 b

16 5.40 0.70 0.005 e 15.00 1.95 0.90 c d

MnSO4. 6H2O 2 11.53 1.50 0.37 c 19.60 2.55 1.20 d

4 12.67 1.65 0.51 b 22.00 2.86 1.50 c

6 13.33 1.73 0.72 a 23.20 3.02 1.93 b

7(control) 13.34 1.74 0.72 a 22.48 2.92 1.90 b

9 11.87 1.53 0.40 c 24.33 3.16 2.10 a

11 10.40 1.35 0.25 d 23.40 3.03 1.94 b

13 9.60 1.25 0.22 d 22.80 2.96 1.92 b

CuSO4 0.4 8.93 1.16 0.07 f 19.87 2.57 1.50 c

0.6 10.20 1.33 0.29 c 20.40 2.65 1.53 b c

0.8 11.67 1.52 0.39 b 23.60 3.07 1.94 a

1(control) 13.34 1.74 0.72a 22.48 2.92 1.90 a

2 10.73 1.39 0.30 c 22.53 2.94 1.92 a

4 10.07 1.31 0.13 e 21.13 2.76 1.60 b

6 9.60 1.25 0.22 d 20.00 2.60 1.48 c

ZnCl2 1 11.67 1.52 0.39 c 18.93 2.48 1.36 c

2 11.73 1.53 0.41 c 20.00 2.60 1.48 b

3 12.60 1.64 0.52 b 20.20 2.63 1.50 b

4(control) 13.34 1.74 0.72 a 22.48 2.92 1.90 a

5 9.27 1.21 0.20 d 18.27 2.37 1.30 c

6 8.73 1.14 0.08 e 18.20 2.37 1.27 c d

7 7.90 1.03 0.077 e 18.13 2.36 1.20 d

*: Means in the same column with different letters have significant differences between each other.

Table 12: Effect of shaking on the biomass and crude extract of Lentinus edodes LC2141 and Lentinus edodes LC202.
Incubation Lentinus edodes LC2141 Lentinus edodes LC202

------------------------------------------------------------------- -----------------------------------------------------------------------------
Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *

Static 13.34 1.74 0.72 a 22.48 2.92 1.90 a
Shaking - - - - -   -
*: Means in the same column with different letters have significant differences between each other.

Table 13: comparison between the biomass and crude extract of the two strains on the optimized and control media
Lentinus edodes LC2141 Lentinus edodes LC202

------------------------------------------------------------------- -----------------------------------------------------------------------------
Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) * Fresh Wt (g/L) Dry Wt(g/L) Extract Wt (g/L) *

Optimized 23.6 3.07 1.94 a 30.78 4 2.08 a
medium
Control 13.34 1.74 0.72 b 22.48 2.92 1.90 b
medium
*: Means in the same column with different letters have significant differences between each other.

Effect of Incubation Period:
The growth and the extract weight were increased by increasing the incubation time until reaching the

maximum production of biomass. For Lentinus edodes LC2141, 15th day of incubation is the optimum
incubation period for growth and extract production while 13th day of incubation was the optimum  incubation
period for Lentinus edodes LC202. In the submerged cultures of Ganoderma applanatum (Lee et al., 2007),
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the longer the cultivation time , the higher the molecular weight of EPS obtained, resulting in a viscous, almost
gel-like broth, where cells adhered and coagulated to form large clumps. Also, more EPS was produced during
the stationary phase, while more IPS accumulated in cells in the decline stage. 

Effect of Different Carbon Sources and Concentrations:
Different carbon sources were tested in presence of starch. Fructose showed the maximum growth and

maximum yield of crude extract for the two tested strains. Lentinus edodes LC2141 showed maximum
production of biomass and extract when fructose was added at concentration 15g/L while Lentinus edodes
LC202 gave maximum growth and extract yield at concentration 10g/L. Patterns of utilization of carbon sources
vary between fungal species (Hwang et al., 2004), and carbon source and concentration may have complex
effects (Kim et al., 2005; Lin et al., 2006). Many authors have studied the effects of different carbon sources
and initial sugar concentration on yields of cells and metabolites (Wymelenberg et al., 2006). Normally higher
concentrations of the carbon source (> 35 g/liter) lead to greater production of EPS, implying a high C: N ratio
is important, but good mycelial growth does not always seem to ensure a high yield of metabolites (EPS,
lipases) (Kim et al., 2005; Lin et al., 2006; Shih et al., 2006; Sone et al., 1985; Xiao et al., 2006). Fang and
Zhong (2002) noted a decrease in the average growth rate of Ganoderma lucidum as initial glucose
concentrations increased above 35 g/liter and attributed this to an increased osmotic pressure of the medium.
Lee,  et. al. (2007) showed that, both mycelial and EPS production by Ganoderma applanatum increased with
increasing concentration of glucose. By contrast, the endopolysaccharide content decreased.

Effect of Different Nitrogen Sources and Concentrations:
Several nitrogen sources include inorganic and organic sources were tested in the present investigation in

presence of corn steep liquor and the nitrogen sources which gave maximum yield of both growth and extract
were tested in absence of corn steep liquor. For Lentinus edodes LC2141, The results showed that sodium
nitrate at concentration 2g/L was suitable for producing the highest weight of biomass and crude extract
followed by beef extract and ammonium nitrate in presence of corn steep liquor. The lowest values were
produced by asparagine, peptone and urea while no growth occurred in case of sodium nitrite. In absence of
corn steep liquor, yeast extract gave the maximum production of growth and the maximum extract yield
followed by tryptone and NaNO3.

For Lentinus edodes LC202, The results showed that yeast extract at concentration 5g/L was suitable for
producing the highest weight of biomass and crude extract followed by tryptone and peptone in presence of
corn steep liquor. The lowest values were produced in presence of ammonium sulfate and potassium nitrate,
while no growth occurred in case of sodium nitrite. Beef extract and sodium nitrate gave moderate extract
yield. In absence of   steep liquor, yeast extract, asparagine, ammonium nitrate, tryptone and peptone were
tested. While slight decrease in the extract yield in comparison with the same nitrogen sources in presence of
corn steep liquor. Yeast extract gave the highest extract yield followed by tryptone and peptone. Lin et al.
(2006) reported that inorganic nitrogen sources supported lower mycelial production, but improved yields of
EPS in Antrodia cinnamomea. Organic nitrogen sources also increased biomass yields in submerged culture
of Ganoderma lucidum (Fang and Zhong, 2002), suggesting that certain essential amino acids could not be
synthesized from inorganic nitrogen sources by Ganoderma lucidum. Wasser et al. (2003) demonstrated that
types and concentrations of nitrogen sources strongly influenced cell growth and polysaccharide production in
Tremella mesenterica, and combined use of yeast extract and corn steep liquor enhanced accumulation of
extracellular polysaccharide.

Effect of Variable Inoculum Sizes:
For both strains, Lentinus edodes LC2141 and Lentinus edodes LC202, by increasing the inoculum size,

the growth yield and the extract production increased. The maximum growth yield and the maximum extract
weight were obtained at inoculum size 500 discs/liter. It is widely accepted that inoculum concentration and
form exert a major influence on the fungal fermentation profile. Unlike other filamentous fungi that readily
produce spores which can be used as an inoculum, this is not as practical as with most macrofungi, since
sexual spores are only formed once the fruiting body has matured (Wagner et al., 2003). Therefore, mycelium-
based inocula must be used, which makes their standardization difficult.

Effect of Different Micro Elements Concentrations:
Essential metals and other ions are required for fungal growth, usually being supplied as salts at low

levels. For Lentinus edodes LC2141, maximum growth and extract production was obtained by using FeSO4.
7H2O at concentration 10mg/L, MnSO4. 6H2O at concentration 7mg/L, CuSO4 at concentration 1mg/L and
ZnCl2 at concentration 4mg/L. while for Lentinus edodes LC202, the maximum growth yield and extract
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production was obtained by using FeSO4. 7H2O at concentration 10mg/L, MnSO4. 6H2O at concentration
9mg/L, CuSO4 at concentration 0.8mg/L and ZnCl2 at concentration 4mg/L. Some metal ions are toxic to some
fungi like Psathyenella atroumbanata, Agaricus campestris, and Volvariella volvacea, which grew only in the
absence of cobalt and manganese (Jonathan and Fasidi, 2001). On the other hand, copper and zinc were
essential for their optimal growth. Both are involved in enzymatic reactions, but zinc also plays an important
role in intermediary metabolism and synthesis of DNA and RNA (Griffin, 1994).

Effect of Shaking:
The two tested strains gave high growth at static incubation while shaking incubation at 150 rpm gave

no growth. In contrast, Leatham and Griffin (1984) stated that Lentinus edodes growth rate in liquid media
increased under agitation and generation time was 1.5 days. Higher Lentinus edodes mycelium yields was
related 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 and
prevented fruiting body formation. However, Itavaara (1989) observed that the total mycelium dry weight was
lower for fermented spawn cultivation when stirring was adjusted to 340 rpm and aeration to 2.0l/min, and
was highest in cultures incubated without agitation. Therefore, comparative biomass yields in stationary and
shaken cultures are strain dependent, as shown by Tan and Moore (1992).

Further studies will be required to characterize the active metabolites in the crude extracts and their
antimicrobial activity. Also antitumor studies are under investigation in cooperation with The National Cancer
Institute to find out the effect of the extracts on malignant tissues in infected mices.
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