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The objectives of this study were to optimize submerged culture conditions of a new fungal 
isolate, Ganorderma resinaceum, and to enhance the production of bioactive mycelial 
biomass and exopolysaccharides (EPS) by fed-batch culture. The maximum mycelial growth 
and EPS production in batch culture were achieved in a medium containing 10 g/l glucose, 
8 g/l soy peptone, and 5 mM MnCl2 at an initial pH 6.0 and temperature 31°C. After 
optimization of culture medium and environmental conditions in batch cultures, a fed-batch 
culture strategy was employed to enhance production of mycelial biomass and EPS. Five 
different EPS with molecular weights ranging from 53,000 to 5,257,000 g/mole were 
obtained from either top or bottom fractions of ethanol precipitate of culture filtrate. A 
fed-batch culture of G. resinaceum led to enhanced production of both mycelial biomass 
and EPS. The maximum concentrations of mycelial biomass (42.2 g/l) and EPS (4.6 g/l) 
were obtained when 50 g/l of glucose was fed at day 6 into an initial 10 g/l of glucose 
medium. It may be worth attempting with other mushroom fermentation processes for 
enhanced production of mushroom polysaccharides, particularly those with industrial 
potential.

Keywords: exopolysaccharides, fed-batch culture, mushrooms, submerged culture, Ganoderma 
resinaceum

Ganoderma are basidiomycete fungi belonging to the 
order Polyporales, and the family Ganodermataceae. 
Among the numerous species of Ganoderma, the most 
widely used one is G. lucidum (Lee et al., 2006). It 
serves as a traditional medicine in Asian countries, 
due to its diverse biological activities, which include 
anti-cancer (Ooi and Liu, 2000; Cao and Lin, 2004), 
anti-allergy (Tasaka et al., 1988), anti-inflammatory 
(Lin et al., 1993; Mizuno et al., 1995; Liu et al., 
2003), antioxidant (Ng et al., 1993; Lee et al., 2001; 
Lakshmi et al., 2003), blood pressure reduction 
(Kanmatsuse et al., 1985; Kabir et al., 1988; Lee and 
Rhee, 1990), hypoglycemic effects (Yang et al., 2002; 
Yang et al., 2004; Zhang and Lin, 2004), 
alpha-glucosidase inhibitor (Kim and Nho, 2004) and 
platelet-aggregation-inhibition (Shimizu et al., 1985; 
Tang and Zhong, 2002). More specifically, G. lucidum 

produces oxygenated triterpenes which are cytotoxic 
to hepatoma cells, and act to inhibit histamine and 
thrombin-induced platelet aggregation (Shiao et al., 
1994; Wu et al., 2001).
  Many investigators have tried to cultivate 
mushrooms on solid artificial media for fruit body 
formation in order to obtain polysaccharides (Bae et 
al., 2000; Bhargava et al., 2002). However, this 
method does not guarantee a standardized product, 
since composition of bioactive substituents varies 
from batch to batch. As a result, attention has been 
paid to the use of submerged culture for the 
production of mycelial biomass and bioactive 
polysaccharides (Kawagoe et al., 1999; Lee et al., 
1999; Park et al., 2001). Many investigators have 
demonstrated the various optimum submerged culture 
conditions for G. lucidum and their production of 
mycelial biomass and exopolysaccharides (EPS) 
(Wagner et al., 2003). However there are no reports 
describing submerged culture conditions of G. 
resinaceum even though it is expected to have similar 
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biological activities to G. lucidum.
  In the present study, the optimum submerged culture 
conditions for a new fungal isolate of G. resinaceum 
were determined for the production of mycelial biomass 
and exopolysaccharides (EPS). In addition, a process 
for the efficient production of both mycelial biomass 
and EPS using fed-batch fermentation was developed. 

Materials and Methods

Isolation and identification of the fungus 
The fungus was isolated from the gills of G. 
resinaceum in Shabsheer El-Hassa village, El-Garbiha 
governorate, Egypt. The isolated strain was phylogeneti-
cally identified by ITS-5.8S rDNA sequencing 
analysis. The chromosomal DNA of the strain was 
isolated from fresh mycelium using a Wizard genomic 
DNA purification kit (Promega, USA) according to 
the manufacturer’s protocol. The resulting genomic 
DNA was amplified using Taq polymerase (Applied 
Biosystem, USA), and the primers ITS1 (5'-TCCGTA 
GGTGAACCTGCGG-3') and ITS4R [5'- CAGACTT(G/A) 
TA(C/T)ATGGTCC AG-3'] (Carbone and Kohn, 1993) 
on a Techne gene thermocycler (GMI Inc., USA) 
under the following conditions: 95°C-5 min, 45°C-1 
min, 72°C-2 min (1 cycle); 95°C-1 min, 45°C-30 sec, 
72°C-2 min (29 cycle); 72°C-10 min (1 cycle). The 
PCR products were purified using Wizard SV Gel and 
PCR clean-up system (Promega, USA). The resulting 
products were cloned into the pGEM-Teasy vector 
(Promega, USA) and sequenced in both directions 
using M13 forward and reverse primers with an 
automated DNA sequencer (ABI PRISM® 3700, 
Applied Biosystems, USA). The nucleotide sequence 
obtained was compared with those of GenBank using 
the NCBI Blast program. Sequence homology was 
comparatively analyzed using the Clustal X program 
(Thompson et al., 1994). In the end, the sequence of 
the ribosomal RNA gene from the isolated strain was 
identified as that of G. resinaceum (accession number 
: AF248334S2) and named DG-6556 (GenBank data 
homology search result >99%, data not shown).

Microorganism and media
A culture of G. resinaceum was maintained on potato 
dextrose agar (PDA) slants stored at 4°C and 
subcultured every 4 weeks. The seed cultures were 
grown in 250 ml flasks containing 50 ml of MCM 
medium (Mushroom Complete Medium; 20 g/l 
glucose, 2 g/l meat peptone, 2 g/l yeast extract, 0.46 
g/l KH2PO4, 1 g/l K2HPO4, 0.5 g/l MgSO4·7H2O) at 
25°C on a rotary shaker incubator at 150 rpm for 4 days.

Inoculum preparation and flask cultures 
G. resinaceum was initially grown on PDA medium 

in a petridish, and then transferred into the seed cul-
ture medium as a 5 mm of the agar plate culture. The 
precultures were carried out in 250 ml flasks containing 
50 ml of MCM medium at 25°C for 4 days, using 4% 
(v/v) inoculation. All experiments were performed at 
least in triplicate to ensure reproducibility. 

Batch and fed-batch fermentations in stirred-tank 
bioreactor
Fermentations were carried out using a 5-l stirred-tank 
bioreactor (Ko-BioTech Co., Korea) with a six-bladed 
turbine impeller and a working volume of 3-l. The 
aeration rate and rotation speed were 2 vvm and 150 
rpm, respectively. Basically, the culture medium was 
the same as in flask culture. Samples were taken 
every 2 days for the analyses of mycelial dry weight, 
EPS and residual sugar concentration. For fed-batch 
cultures, various concentrations of glucose were 
supplemented in the medium when most of sugars 
were consumed at day 6.

Estimation of mycelial biomass and EPS concentration 
Samples were collected 50 ml of medium at various 
intervals from shake flask and bioreactor and then 
centrifuged at 10,000 g for 20 min. The resulting 
supernatant was then filtered through a Whatman 
filter paper No. 2 (Whatman International Ltd., 
England). The resulting culture filtrate was mixed 
with four volumes of absolute ethanol, stirred 
vigorously and left overnight at 4°C. The EPS on the 
surface of the solution (hereafter named “Top-EPS”) 
was recovered using a stainless steel mesh (pore size: 
45 μm) and the precipitated EPS (hereafter named 
“Bottom-EPS”) was collected by centrifugation at 
10,000 g for 10 min. Both EPSs were dialysed 
overnight against distilled water, followed by 
lyophilization and then the weight was estimated. 
After repeated washing of the mycelium with distilled 
water and drying at 70°C for 24 h to a constant 
weight, the dry weight of the mycelium was 
measured. The residual sugar content was determined 
by the phenol sulfuric acid method using glucose as 
the standard (Dubois et al., 1956).
 
SEC/MALLS analysis
The molecular weights of the EPS, were estimated by 
size exclusion chromatography (SEC) coupled with a 
multi angle laser light scattering (MALLS) system 
(DAWN DSP; Wyatt Technology, USA). The EPS 
samples were dissolved in a phosphate buffer (ionic 
strength = 0.1, pH 6.1) containing 0.04% ethyl-
enediaminetetraacetic acid-disodium salt (Na2 EDTA) 
and 0.01% sodium azide and filtered through 0.025 
μm filter membranes (Millex HV type; Millipore 
Corp., USA) prior to injection into the SEC/MALLS 
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Table 1. Effect of carbon sources on mycelial growth and exopolysaccharide (EPS) production in shake-flask cultures of G. resinaceum
DG-6556a

Carbon sources (2%, w/v) Mycelial dry weight (g/l) EPS (g/l)

Xylose 1.69±0.18b 0.16±0.07

Lactose 1.91±0.20 0.57±0.12

Glucose 2.33±0.18 0.94±0.19

Sucrose 1.65±0.20 0.36±0.09

Mannitol 1.01±0.06 0.19±0.11

Maltose 1.67±0.20 0.77±0.10

Sorbose 0.93±0.17 0.50±0.03

Fructose 1.55±0.29 0.33±0.04

Starch 0.61±0.21 0.09±0.01
a Fermentations were carried out in shake flasks for 7 days at 25°C.
b Values are mean ±SD of triplicate experiments.

Fig. 1. Effect of initial carbon (A) and nitrogen concentration (B) on mycelial growth and exopolysaccharide (EPS) production in shake
flask cultures of G. resinaceum DG-6556. The results were expressed as the average of triple determination with ±S.D.

system (Hwang et al., 2003; Kim et al., 2003). The 
SEC system consisted of a degassor (Degasys, DG- 
1200, uniflow; HPLC Technology, Maccles-field, UK), a 
high performance pump (Model 590 Programmable 
Solvent Delivery Module; Waters Corp., USA), an 
injection valve (Rheodyne Inc., USA) fitted with a 
100 μl loop, the SEC columns (Shodex PROTEIN 
KW-803, 804; Showa Denko K.K., Japan) connected 
in series, and an RI detector (Water 410). 
  Chromatography was performed at room temperature. 
The flow rate was 0.5 ml/min. The injection volume 
and concentration were 100 μl and 3 mg/ml, 
respectively. During calculation of the molecular 

weights of each EPS, the value of dn/dc (specific 
refractive index increment) was used according to the 
Wyatt Technology guide and data in the literature 
(Waytt, 1993), where estimated dn/dc was 0.14 ml/g. 
Calculation of molecular weights was performed using 
Astra 4.72 software (Wyatt Technology, USA).

Compositional analysis
  The sugar composition was analyzed by gas 
chromatography (Varian STAR 3600CX, Varian Co. 
Model: Star 3600CX, Lexington, MA, USA) equipped 
with a flame-ionization detector on SPTM-2380 
capillary column (15 m × 0.25 mm, SUPELCO Co., 
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Table 2. Effects of nitrogen sources on mycelial growth and exopolysaccharide (EPS) production in shake-flask culture of G. resinaceum
DG-6556a

Nitrogen sources (0.4%, w/v) Mycelial dry weight (g/l) EPS (g/l)

Sodium citrate 1.68±0.01b 0.42±0.03

Ammonium phosphate 1.75±0.01 0.15±0.06

Ammonium chloride 1.69±0.00 0.15±0.01

Ammonium citrate 1.84±0.01 0.57±0.18

Ammonium nitrate 1.65±0.01 0.22±0.02

Polypeptone 2.34±0.02 0.75±0.03

Casein peptone 2.30±0.01 0.68±0.02

Beaf peptone 1.81±0.01 0.55±0.22

Bacto peptone 1.77±0.01 0.61±0.05

Meat peptone 2.30±0.01 0.43±0.20

Soy peptone 2.94±0.04 1.05±0.21

Tryptone 2.22±0.01 0.64±0.01

Yeast extract 2.50±0.01 0.88±0.23

Corn steep powder 2.51±0.03 0.90±0.08

Corn steep liquor 2.57±0.02 1.07±0.15
a Fermentations were carried out in shake flasks for 7 days at 25°C.
b Values are mean ±SD of triplicate experiments.

Bellefonte, USA) with He as the carrier gas. For 
analysis of neutral sugars, the EPSs were hydrolyzed 
with 2 M trifluoroacetic acid (TFA) (3 h at 121°C). 
The resulting monosaccharides were quantified by gas 
liquid chromatography.

Results and Discussion

Optimization of nutrients for mycelial growth and 
EPS production 
To find out the suitable carbon source for the EPS 
production and mycelial growth in G. resinaceum, 
nine important carbon sources were separately 
provided at 20 g/l. Among the carbon sources tested, 
glucose yielded the highest mycelial growth and EPS 
production (Table 1). Although the maximum final 
concentrations of mycelial biomass and EPS were 
achieved at an initial glucose level of 70 g/l, 
production yields of mycelial biomass and EPS based 
on consumed glucose were highest when initial 10 g/l 
of glucose was used (Fig. 1A). 
  To determine the best nitrogen source, individual 
nitrogen sources were supplemented into the medium 
in place of the yeast extract and meat peptone 
commonly used in MCM (Table 2). The highest 
mycelial biomass and EPS production were achieved 

in media containing soy peptone. As shown in Fig. 1, 
the optimum concentrations of carbon and nitrogen 
sources were 70 g/l and 8 g/l, respectively. 
  The effects of mineral sources on mycelial growth 
and EPS production were examined by supplementing 
various mineral sources at a concentration of 5 mM, 
in place of three mineral ions used in the basal 
medium. Enhanced production of mycelial biomass 
and EPS were observed when MnCl2 was 
supplemented (Table 3).

Effect of initial pH and temperature 
To investigate the effect of initial pH and temperature 
on mycelial growth and EPS production, the fungal 
cells were cultivated at various initial pHs and 
temperatures in 250 ml flasks containing 50 ml of 
optimized medium. The maximum mycelial growth 
and EPS production were obtained at an initial pH of 
7.0 and 6.0, respectively (Fig. 2A). The optimum 
temperature for the culture mycelial growth was 
obtained at 28°C, whereas maximum EPS production 
was achieved at 31°C (Fig. 2B).

Effect of initial glucose concentration 
Fig. 3 shows the typical time profiles of mycelial 
growth and EPS production of G. resinaceum using a 
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Table 3. Effect of mineral sources on mycelial growth and exopolysaccharide (EPS) production in shake-flask cultures of G. resinaceum
DG-6556a

Mineral sources (5 mM) Mycelial dry weight (g/l) EPS (g/l)

None 0.69±0.07b 0.40±0.11

CaCl2 3.66±0.62 0.89±0.11

KNO3 0.93±0.04 0.62±0.08

KH2PO4 0.96±0.31 0.55±0.05

K2HPO4 1.02±0.16 0.56±0.09

MnCl2 1.67±0.53 1.58±0.19

MgSO4 1.29±0.31 1.01±0.02
a Fermentations were carried out in shake flasks for 7 days at 25°C.
b Values are mean ±SD of triplicate experiments.

Fig. 2. Effect of initial pH (A) and temperature (B) on mycelial growth and exopolysaccharide (EPS) production in shake flask culture of
G. resinaceum DG-6556. The results were expressed as the average of triple determination with ±S.D.

5-l stirred-tank bioreactor under three initial glucose 
concentrations (10, 35, and 70 g/l). The maximum 
concentrations of mycelial biomass at initial glucose 
levels of 10, 35, and 70 g/l were 3.5, 14.0, and 35.3 
g/l on day 8, 14, and 14, respectively (Fig. 3B). The 
maximum EPS productions at initial glucose 
concentration of 10, 35, and 70 g/l were 1.4, 1.5, and 
1.7 g/l on day 8, 10, and 12, respectively (Fig. 3C). 
The initial rates of total EPS concentrations (until day 
4) were nearly the same irrespective of initial glucose 
concentration. 
  The greatest EPS concentrations were observed 
when an initial glucose concentration of 70 g/l was 
employed, until day 12. However, EPS production 
was higher with an initial glucose concentration of 35 
g/l after day 12. This result implies that the optimum 
glucose concentration for EPS production would be 

achieved at a glucose concentration between 35 and 
70 g/l. The overall time profiles of top and bottom 
fractions of EPS were similar. However, Top-EPS was 
not detected after day 8 for those with an initial 
glucose concentration of 10 g/l. This result is 
probably due to the fungus utilizing Top-EPS as a 
carbon source once the glucose was depleted in the 
culture medium. The EPS yield versus glucose used, 
denoted as value ‘Y’, decreased with an increase of 
initial glucose concentration, where their values were 
0.092, 0.066, and 0.061 g/g at an initial glucose level 
of 10, 35, and 70 g/l, respectively (Table 4).
  In submerged cultures of bioactive polysaccharide- 
producing higher fungi, such as Basidiomycetes and 
Ascomycetes, nutritional and environmental conditions 
are particularly important, as they significantly affect 
the production of polysaccharides and their quality 
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Fig. 3. Time profiles of the mycelial growth and exopolysaccharide (EPS) production at different initial glucose concentrations in submerged
culture of G. resinaceum DG-6556 using 5-l stirred-tank bioreators. Top- and Bottom-EPS indicate top fraction of EPS and bottom fraction
of EPS in ethanol precipitate of culture filtrate, respectively. Initial glucose concentration: (●) 10 g/l; (○) 35 g/l; (▼) 70 g/l.

Table 4. Fermentation kinetics in batch and fed-batch fermentations by submerged culture of G. resinaceum DG-6556 for the production
of exopolysaccharides (EPS)

Kinetic parameter Batch Fed-batch

Substrate, S (g/l) 10 35 70 10+10 10+25 10+50

Maximum biomass, X (g/l) 3.46
(8 days)

14.02
(14 days)

35.34
(14 days)

11.54
(12 days)

19.72
(14 days)

42.22
(14 days)

Maximum EPS, P (g/l) 1.38
(8 days)

1.49
(10 days)

1.65
(12 days)

1.95
(8 days)

3.04
(12 days)

4.59
(12 days)

Yield of EPS on cell massa, PP/X (g/g) 0.048 0.013 0.003 0.093 0.014 0.013

Yield of EPS on substratea, YP/S (g/g) 0.092 0.066 0.061 0.211 0.189 0.180
a Yields were estimated from initial rates of EPS formation during the first 6 days. 

(Jonathan and Fasidi, 2001; De Baets et al., 2002; 
Kim et al., 2003). Many investigators have studied 
the effects of carbon sources and initial sugar concen-
tration in order to enhance the final cell density and 
production of useful metabolites (Bae et al., 2000; 
Park et al., 2001; Bhargava et al., 2002). By using a 
low initial glucose concentration and intermittent feeding 

during fermentation, the inhibitory effect of a relatively 
higher initial glucose concentration on the poly-
saccharides production was avoided and the process 
efficiency was greatly enhanced (Bhargava et al., 2002).

Fed-batch culture
On the basis of batch fermentation results, fed-batch 
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Fig. 4. Time profile of the mycelial growth and exopolysaccharide (EPS) production in fed-batch culture of G. resinaceum DG-6556 by
feeding different amount of glucose using 5-l stirred-tank bioreators. Top- and Bottom-EPS indicate top fraction of EPS and bottom fraction
of ethanol precipitate of culture filtrate, respectively. The vertical arrows indicate time of glucose feeding (day 6). Feeding glucose 
concentration: (●) 10 g/l, (○) 25 g/l, (▼) 50 g/l.

Table 5. Molecular weights of top and bottom fractions of EPS (Fr-I~IV) obtained from culture filtrate during ethanol precipitation with
the SEC/MALLS system

EPSa
Mw ⅹ105 g/mol (error %)

Fr-I Fr-II Fr-III Fr-IV

Top 39.720 (2.3) 1.210 (0.3) 0.458 (1.0) -

Bottom 52.570 (2.7) 1.548 (0.9) 0.671 (1.0) 0.530 (1.1)
a Samples were taken at day 8 (also see Fig. 5).

cultures were performed with three different feeding 
strategies. Starting with an initial 10 g/l of glucose, 
three different glucose concentrations (e.g. 10, 25, and 
50 g/l) were fed into the culture medium at day 6 
when most of initial glucose was depleted (Fig. 4A). 
As shown in Fig. 4B, maximum concentrations of 
mycelial biomass at feeding glucose levels of 10, 25, 
and 50 g/l were 11.5, 19.7, and 42.2 g/l on day 12, 
14, and 14, respectively. Correspondingly, maximum 
EPS concentrations were 1.9, 3.0, and 4.6 g/l on day 

8, 12, and 12, respectively. Compared with batch 
culture results at an initial glucose concentration of 35 
g/l, it is notable that the maximum concentration of 
mycelial biomass (from 14.0 g/l to 19.7 g/l) and EPS 
(from 1.5 g/l to 3.0 g/l) achieved in fed-batch culture 
by feeding 25 g/l of glucose (total amount of glucose 
fed = 35 g/l), were significantly enhanced. This yield 
is an underestimation due to the dilution effect of the 
glucose feeding.
  The strategy of fed-batch fermentation is to add 
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Fig. 5. Elution profiles of EPS for the determination of molecular weights in the SEC/MALLS system. For detailed analysis conditions,
see Materials and methods section. (A) Elution profiles of top fractions of ethanol precipitate of culture filtrate, (B) elution profiles of 
bottom fractions of culture filtrate during ethanol precipitation. Thick lines indicate the elution profiles from the MALLS detector, indicating
each molecular weight of EPS, while thin lines indicate the elution profiles from the refractive index detector, showing the existence of
different EPS (see vertical arrows). The high peaks appearing around elution volumes of 36 ml are a result of baseline noise by the buffer
solution.

one or more of the nutrients during fermentation. This 
is based on the possibility that the high concentrations 
required for high final cell growth and product yields 
might inhibit growth, if added in total at the start of 
fermentation. Potentially, growth and product formation 
could be extended for longer periods compared to 
normal batch fermentation.
  There are several reports describing submerged 
culture of mushrooms using the fed-batch method 
(Jonathan and Fasidi, 2001; Tang and Zhong, 2002; 
Wagner et al., 2004). Tang and Zhong (2002) 
developed an efficient process for simultaneously 
producing bioactive ganoderic acid and polysaccharide 
by fed-batch fermentation of G. lucidum. The authors 
demonstrated that fed-batch cultures were very useful 
for highly efficient accumulations of biomass, poly-
saccharides, and ganoderic acid. De Baets et al. 
(2002) reported that EPS production was increased by 
1.6-fold using single fed-batch cultures and by 
2.2-fold using cyclic fed-batch cultures of the 
mushroom Tremella mesenterica, compared to the 
reference batch fermentation.
  In the present study, it was found that mycelial 
growth was less efficient at higher sugar concen-
trations, possibly due to increased maintenance 
requirements of the fungus. For instance, the yield 

coefficient of EPS on consumed glucose was 
significantly decreased from 0.092 at 10 g/l of 
glucose to 0.061 at 70 g/l of glucose in batch 
fermentation (Table 4). From this result, a fed-batch 
culture strategy was adopted and proved to be 
efficient for enhanced production of mycelial biomass 
and EPS. The enhanced EPS and mycelial biomass 
production by fed-batch cultures in this study were 
probably due to a decrease in the osmotic pressure of 
the culture medium or by prevention of a catabolite 
regulating effect exerted by the rapidly degradable 
carbon source, glucose (Jonathan and Fasidi, 2001). 
When the yields of mycelial biomass and EPS in 
fed-batch fermentation were compared with those of 
batch fermentation of the same glucose concentration 
(35 g/l), 5.72 g/l of extra mycelial biomass and 1.55 
g/l of extra EPS were produced by fed-batch cultures.

Molecular features of EPS 
The top and bottom fractions of EPS solution were 
individually forwarded to the SEC system. Their 
molecular weights were also determined separately by 
the MALLS system. Fig. 5 shows the elution profiles 
of the top and bottom fractions of EPS. Three and 
four different EPS were eluted from top and bottom 
fractions of culture filtrates, respectively. The 
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molecular weights of Top-EPS ranged from 45,800 to 
3,972,000 g/mole, while those of Bottom-EPS ranged 
from 53,000 to 5,257,000 g/mole (Table 5). Lower 
molecular weight EPSs were abundant in both top and 
bottom fractions.
  In this study, we obtained a total of seven different 
EPSs from culture filtrate during ethanol precipitation 
with the SEC/MALLS system. The results of compo-
sitional analysis revealed that EPS consisted of 85~ 
92% glucose with small amounts of mannose, fucose, 
galactose, and xylose. However, the biological activities 
of each EPS were not studied and deserve further 
investigation. In conclusion, the fed-batch culture was 
proved to be a useful process for enhancing the 
production of both mycelial biomass and EPS in G. 
resinaceum. It may be worth attempting the fed-batch 
culture method with other mushroom fermentation 
processes for enhancing the production of mushroom 
polysaccharides, particularly those with industrial 
potential.

Acknowledgement

This work was supported by the Daegu University 
Research Grant, 2003.

References

Bae, J.T., J. Sinha, J.P. Park, C.H. Song, and J.W. Yun. 2000. 
Optimization of submerged culture conditions for exo- 
biopolymer production by Paecilomyces japonica. J. 
Microbiol. Biotechnol. 10, 482-487.

Bhargava, S., M.P. Nandakumar, A. Roy, K.S. Wenger, and 
M.R. Marten. 2002. Pulsed feeding during fed-batch 
fungal fermentation leads to reduced viscosity with out 
detrimentally affecting protein expression. Biotechnol. 
Bioeng. 81, 341-347. 

Cao, Q.Z. and Z.B. Lin. 2004. Antitumor and anti-angiogenic 
activity of Ganoderma lucidum polysaccharides peptide. 
Acta. Pharmacol. Sin. 25, 833-838.

Carbone, I. and L.M. Kohn. 1993. Ribosomal DNA sequence 
divergence within internal transcribed spacer 1 of the 
Selerotiniaccae. Mycologia. 85, 415-427. 

De Baets, S., S. Du Laing, C. François, and E.J. Vandamme. 
2002. Optimization of exopolysaccharide production by 
Tremella mesenterica NRRL Y-6158 through im-
plementation of fed-batch fermentation. J. Ind. Microbiol. 
Biotechnol. 29, 181-184. 

Dubois, M., K.A. Gillis, J.K. Hamilton, P.A. Febers, and F. 
Smith. 1956. Colorimetric method for determination of 
sugar and related substances. Anal. Chem. 28, 350-356.

Hwang, H.J., S.W. Kim, C.P. Xu, J.W. Choi, and J.W. Yun. 
2003. Production and molecular characteristics of four 
groups of exopolysaccharides from submerged culture of 
Phellinus gilvus. J. Appl. Microbiol. 94, 708-719.

Jonathan, S.G. and I.O. Fasidi. 2001. Effect of carbon, 
nitrogen and mineral sources on growth of Psathyerella 
atroumbonata (Pegler), a Nigerian edible mushroom. Food 

Chem. 72, 479-483.
Kabir, Y., S. Kimura, and T. Tamura. 1988. Dietary effect of 

Ganoderma lucidum mushroom on blood pressure and 
lipid levels in spontaneously hypertensive rats (SHR). J. 
Nutr. Sci. Vitaminol. 34, 433-438.

Kanmatsuse, K., N. Kajiwara, K. Hayashi, S. Shimogaichi, I. 
Fukinbara, H. Ishikawa, and T. Tamura. 1985. Studies on 
Ganoderma lucidum. I. Efficacy against hypertension and 
side effects. Yakugaku. Zasshi. (in Japanese) 105, 942-947.

Kawagoe, M., K. Kawakami, Y. Nakamura, K. Naoe, K. Miki, 
and H. Noda. 1999. Submerged culture of Tricholoma 
matsutake mycelium in bubble column fermentors. J. 
Biosci. Bioeng. 87, 116-118.

Kim, S.D. and H.J. Nho. 2004. Isolation and characterization 
of alpha-glucosidase inhibitor from Ganoderma lucidum. 
J. Microbiol. 42, 223-227.

Kim, S.W., C.P. Xu, H.J. Hwang, J.W. Choi, C.W. Kim, and 
J.W. Yun. 2003. Production and characterization of 
exopolysaccharides from an enthomopathogenic fungus 
Cordyceps militaris NG3. Biotechnol. Prog. 19, 428-435. 

Lakshmi, B., T.A. Ajith, N. Sheena, N. Gunapalan, and K.K. 
Janardhanan. 2003. Antiperoxidative, anti-inflammatory, 
and antimutagenic activities of ethanol extract of the 
mycelium of Ganoderma lucidum occurring in South 
India. Teratog. Carcinog. Mutagen. 23, 85-97. 

Lee, J.S., M.O. Lim, K.Y. Cho, J.H. Cho, S.Y. Chang, and 
D.H. Nam. 2006. Identification of medicinal mushroom 
species based on nuclear large subunit rDNA sequences. 
J. Microbiol. 44, 29-34.

Lee, S.Y. and H.M. Rhee. 1990. Cardiovascular effects of 
mycelium extract of Ganoderma lucidum: inhibition of 
sympathetic outflow as a mechanism of its hypotensive 
action. Chem. Pharm. Bull. 38, 1359-1364. 

Lee, K.M., S.Y. Lee, and H.Y. Lee. 1999. Bistage control of 
pH for improving exopolysaccharide production from 
mycelia of Ganoderma lucidum in an air-lift fermentor. J. 
Biosci. Bioeng. 88, 646-650. 

Lee, J.M., H.J. Kwon, H. Jeong, J.W. Lee, S.Y. Lee, and S.J. 
Baek. 2001. Inhibition of lipid peroxidation and oxidative 
DNA damage by Ganoderma lucidum. Phytother. Res. 15, 
245-249. 

Lin, J.M., C.C. Lin, H.F. Chiu, and J.J. Yang. 1993. Evaluation 
of the anti-inflammatory and liver-protective effects of 
Anoectochilus formosanus, Ganoderma lucidum and 
Gynostemma pentaphyllum in rats. Am. J. Chin. Med. 21, 
59-70.

Liu, Y.H., C.F. Tsai, M.C. Kao, Y.L. Lai, and J.J. Tsai. 2003. 
Effectiveness of Dp2 nasal therapy for Dp2-induced 
airway inflammation in mice: using oral Ganoderma 
lucidum as an immunomodulator. J. Microbiol. Immunol. 
Infect. 36, 236-242. 

Mizuno, T., G. Wang, J. Zhang, H. Kawagish, T. Nishitoba, 
and J. Li. 1995. Ganoderma lucidum and Ganoderma 
tsugae: Bioactive substances and medicinal effects. Food 
Rev. Int. 11, 151-166. 

Ng, P.C., Y.C. Kong, K.M. Ko, and C.M. So. 1993. 
Antioxidant activity of Ganoderma lucidum: protective 
effects on carbon tetrachloride-induced hepatotoxicity. 
Acta Hortic. 332, 219-226. 

Ooi, V.E. and F. Liu. 2000. Immunomodulation and anti-cancer 



242 Kim et al. J. Microbiol.

activity of polysaccharide-protein complexes. Curr. Med. 
Chem. 7, 715-730. 

Park, J.P., S.W. Kim, H.J. Hwang, and J.W. Yun. 2001. 
Optimization of submerged culture conditions for the 
mycelial growth and exo-biopolymer production by 
Cordyceps militaris. Lett. Appl. Microbiol. 33, 76-81. 

Shiao, M.S., K.R. Lee, N.L. Lee, and T.W. Chemg. 1994. 
Natural products and biological activities of the Chinese 
medicinal fungus Ganoderma lucidum. ACS. Symp. Ser. 
547, 342-354. 

Shimizu, A., T. Yano, Y. Saito, and Y. Inada. 1985. Isolation 
of an inhibitor of platelet aggregation from a fungus, 
Ganoderma lucidum. Chem. Pharm. Bull. 33, 3012-3015. 

Tang, Y.J. and J.J. Zhong. 2002. Fed-batch fermentation of 
Ganoderma lucidum for hyperproduction of polysaccharide 
and ganoderic acid. Enzyme Microb. Technol. 31, 20-28. 

Tasaka, K., M. Akagi, K. Miylshi, M. Mio, and T. Makino. 
1988. Antiallergic constituents in the culture medium of 
Ganoderma lucidum. I. Inhibitory effect of cyclooctasulfur 
on histamine release. Agents. Actions 23, 153-156. 

Thompson, J.D., D.G. Higgins, and T.J. Gibson. 1994. 
CLUSTAL W: improving the sensitivity of progressive 
multiple sequence alignment through sequence weighting, 
position-specific gap penalies and weight matrix choice. 
Nucleic Acids Res. 22, 4673-4680. 

Wagner, R., D.A. Mitchell, G.L. Sassaki, M.A.L.A. Amazonas, 
and M. Berovic. 2003. Current techniques for the 

cultivation of Ganoderma lucidum for the production of 
biomass, ganoderic acid and polysaccharides. Food 
Technol. Biotechnol. 41, 371-382. 

Wagner, R., D.A. Mitchell, G.L. Sassaki, and M.A.L.A. 
Amazonas. 2004. Links between morphology and 
physiology of Ganoderma lucidum in submerged culture 
for the production of exopolysaccharide. J. Biotechnol. 
114, 153-164. 

Waytt, P.J. 1993. Light scattering and the absolute 
characterization of macromolecules. Anal. Chim. Acta 272, 
1-40. 

Wu, T.S., L.S. Shi, and S.C. Kuo. 2001. Cytotoxicity of 
Ganoderma lucidum Triterpenes. J. Nat. Prod. 64, 
1121-1122. 

Yang, B.K., S.C. Jeong, and C.H. Song. 2002. Hypolipidemic 
effect of exo- and endo-biopolymers produced from 
submerged mycelial culture of Ganoderma lucidum in 
rats. J. Microbiol. Biotechnol. 12, 872-877. 

Yang, B.K., M.A. Wilson, K.Y. Cho, and C.H. Song. 2004. 
Hypoglycemic effect of exo- and endo-biopolymers 
produced by submerged mycelial culture of Ganoderma 
lucidum in streptozotocin-induced diabetic rats. J. 
Microbiol. Biotechnol. 14, 972-977. 

Zhang, H.N. and Z.B. Lin. 2004. Hypoglycemic effect of 
Ganoderma lucidum polysaccharides. Acta. Pharmacol. 
Sin. 25, 191-195. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


