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Ganoderma lucidum (Fr.) Karst (Polyporaceae), belonging to basidiomycota, is one of the most famous medicinal mushrooms.
This study was carried out to investigate favorable mycelial growth conditions, such as pH, temperature, growth media, car-
bon sources and nitrogen sources of Korean strains in G lucidum. The most suitable temperature for the mycelial growth
was obtained at 30°C. In general, optimal temperature range for the mycelial growth was found at 25~30°C. This Mushroom
has a broad pH range (5~9) for its mycelial growth and mostly favorable growth was found at pH 5. Generally, Hamada,
Glucose peptone, YM, Mushroom complete and Lilly media were the most suitable for the mycelial growth of G lucidum.
Among 10 different carbon sources, dextrin, galactose and fructose were best but the rest of other carbon sources also
facilitated the growth of mycelia. The most suitable nitrogen sources were ammonium acetate, glycine, arginine and calcium
nitrate, but to a certain extent, all of the supplemented nitrogen sources also stimulated the mycelial growth.
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Ganoderma lucidum (Fr.) Karst (Polyporaceae), a basi- and ganoderic acid (Tsujikura er al., 1992).

diomycota, is one of the most famous medicinal Thus, it is necessary to find optimal nutritional and
mushrooms in Asian countries. Its fruiting body is called environmental conditions for culturing mycelia in the lig-
‘Bulnocho’ in Korea, ‘Lingzhi’ in China, and ‘Reishi’ in uid and solid media. Because of that, this study was con-
Japan. In Korea, China and Japan, G lucidum has been a ducted to find out important parameters that affect
popular medicinal mushroom used for treating many  mycelia growth of Korean strains in G lucidum.

diseases, such as hepatitis, hypertension, hypercholesterol-

emia and gastric cancer (Mizuno et al., 1995). Several Materials and Methods

biological active triterpenes and sterols have been iso-

lated from this mushroom and showed cytotoxic, (Toth et Collection, identification and isolation. The fruiting
al., 1983; Kohda et al., 1985) antiviral (Lindequist ef al., bodies of 10 strains of Ganoderma lucidum were col-
1989) and anti inflammatory activities (Tasaka et al., lected from different parts of Korea (Table 1). After iden-
1988). Polysaccharides and glycoproteins possessing tification, mycelia were isolated using standard potato
hypoglycemic (Hikino and Mizuno 1989) and immunos- dextrose agar (PDA) method and incubated for 10 days at
timulant (Kino ez al., 1989) activities have also been found 25°C. After isolation, pure culture of the mycelia was
from the water extract of the fruiting body in Taiwan. In stored at 4°C for further study.

recent years, submerged cultivation of G fucidum has been

developed to obtain mycelial biomass, ganoderic acid and Effect of temperature. To find out the optimum tem-
polysaccharides which can be used to produce medicinal perature for the favorable mycelial growth of G lucidum,
products (Yang and Liau, 1998; Yang ef al., 2000). To

accelerate mycelial growth and metabolite production, the Table 1. List of G Jucidum strains used in this study

major concerns were to find environmentally good and

economically feasible compounds that stimulate mycelial Strain No. Geographical origin .Korea
growth and metabolite production of G lucidum (Yang et TUM 0037 Jangneung, Gyelonggldo
al., 2000). Therefore, the submerged culture of G lucidum TUM 0047 Jongmyo, Seou _

. . .. . TUM 0637 Yungunneung, Gyeonggido
has received great attention as a promising alternative for UM 0751 Jangneung, Gyeonggido
efficient production of its valuable metabolites, especially UM 0757 Cheolmasan, Incheon
polysaccharide (Lee er al., 1999a; Yang and Liau, 1998) IUM 0805 Dong gureung, Gyeonggido

IUM 0938 Cheolmasan, Incheon
*Corresponding author <E-mail : uylee@jincheon.ac.kr> TUM 1027 Cheolmasan, Incheon
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15 ml of molten PDA was dispensed into each of 9 cm
sterile Petri dish. Disc (Smm in diameter) taken from
advancing margin of 10 day old cultures of the isolates of
each strain by the aid of a cork borer were separately
placed each at the centre of the dish. The inoculated
dishes were incubated at 15~35°C (5°C intervals) for 10
days under dark condition. Mycelial growths on agar
plates were measured on the basis of mean colony diame-
ter and density. Each test was replicated 4 times.

Effect of pH. To find out optimum pH for the favor-
able mycelial growth of G lucidum, 15ml of molten PDA
was dispensed into each of 9 cm sterile Petri dish. Dishes
(5 mm in diameter) was taken from 10 day old PDA cul-
ture and placed on the center of the plate similarly. The
medium was adjusted to pH of 5, 6, 7, 8 and 9 with the
addition of 1 N NaOH or HCI and incubated for 10 days
at 25°C under dark condition. The measurement of myce-

lial growth and density was performed as described
earlier.

Favorable culture media. Disc (5 mm in diameter) was
taken and placed on the center of each plate separately
filled with 10 different solid culture media namely Cza-
pek dox, Hamada, Hennerberg, Hoppkins, Glucose pep-
tone, Glucose tryptone, Lilly, Mushroom complete, PDA
and YM (Yeast-malt extract) (Table 2). The inoculated

Table 2. Media and their compositions used in this study

dishes were replicated four times and incubated at 25°C
for 10 days under dark condition. Mycelial growth on agar
plate was measured following same manner described
previously.

Effect of carbon and nitrogen sources. Tests were per-
formed in the basal medium (Sung ef al., 1993) to screen
carbon and nitrogen sources favorable for the mycelial
growth of selected G fucidum strains, supplemented with
each of 10 carbon and 10 nitrogen sources. The basal
medium was composed of MgSO, (0.05¢g), KH,PO,
(0.46 g), K,HPO, (1g), Thiamine-HCl (120 ng), Agar
(20 g) and distilled water (1000 m/). To screen for the best
carbon source favorable for the mycelial growth, each car-
bon source supplemented with 5 g of peptone to the basal
medium at the concentration of 0.1 M per 1000 m/ and
mixed thoroughly (Shim ef al., 1997). The basal medium
which was used for screening the favorable nitrogen
source was made of same additives as those described by
Sung et al. (1993). Each nitrogen source with 20 g of glu-
cose was added to the basal medium at the concentration
of 0.02M (Shim et al, 1997). In both cases, the basal
medium was adjusted to pH 6 and autoclaved for
15 minutes at 121°C, poured into plates. The inoculated
dishes were replicated four times and incubated at 25°C
for 10 days under dark condition. Mycelial growth was
measured as describe before.

Composition

Media (g/])

Cza Ham Hen Hop

GP GT Lil MC PDA YM

Agar 20 20 20 20
Asparagine

Dextrose 10

Ebiose 5

Hyponex 3

Glucose 50 10
Malt-extract

Maltose

Peptone

Potatoes

Sucrose 30

Triptone

Yeast-extract 3

NaNO, 3 2

K,HPO, 1

MgSO, 0.5 0.5 0.5
KCli 0.5

FeSO, 0.01

Ca(l, 0.1

KH,PO, 1 0.1
KNO, 2 2

20 20 20 20 20 20

20 10

10 5
15 20 3
10
10 2 5
200

10
10 3 2

(V8]

0.5 0.5

1 0.5

Cza: Czapek dox, Ham: Hamada, Hen: Hennerberg, Hop: Hoppkins, GP: glucose peptone, GT: glucose tryptone, Lil: Lilly, MC: mushroom com-

plete, PDA: potato dextrose agar and YM: yeast-malt extract
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Table 3. Effect of temperatures on the mycelial growth and density of different strains of G lucidum

Mycelial growth (mm)® and density

Strain No.
15°C 20°C 25°C 30°C 35°C
TUM 0037 17.0+ 1c 64.7+ 1¢c 68.0+ 3¢ 87.0x0c 340+ 1c
UM 0047 13.7+ 3¢ 60.7 + 3¢ 757+ 4c 87.0+0c 353+ 5¢
IUM 0637 28.0+4¢ 50.3 £ 6¢ 87.0+0c 87.0+0c 11.7+2¢
1UM 0751 26.0+ 0c 41.0 £ 5¢ 87.0+0c 87.0 £ 0c -
UM 0757 173+ 1¢ 40.0 = 8¢ 87.0+0 87.0+0c -
IUM 0805 - 237+ 1¢c 343+ 2¢ 23.0+ 6¢ 14.0 £ 2¢
TUM 0938 - 22.7+2¢ 343+ 1¢ 263+ 1c 137+ 1¢
IUM 1027 143+ 2¢ 38.0+4c 87.0+0c 87.0+0c -
Mean 14531 26+4 70.0+1 714+1 13.5+1

"Mean of four replications. Temperature and pH effects were conducted in potato dextrose agar medium (PDA). ¢: Compact, sc: Somewhat com-

pact, t: Thin and st: Somewhat thin.

Results and Discussion

Effect of temperature. In general, the minimum and
maximum cardinal temperatures for the mycelial growth
and density of G lucidum were 15 and 35°C, respectively.
The best mycelial growth was (87 mm) obtained at 30°C
followed by 35°C (Table 3). Nevertheless, some of strains
(IUM 637, 751, 757 and 1027) showed optimum growth
at 25°C. However, ITUM 938 always showed slow growth
at all temperatures. No mycelial growth was found at
15°C (JUMB0S and 938) and 35°C (IUM721, 757 and
1027). But, incubation at 20°C showed considerable
mycelial growth for all strains of G lucidum. Therefore,
experimental results indicated that, optimum temperature
range was 25~30°C for the mycelial growth of 8 strains of
G lucidum. Lee et al. (1999b) and Shim er al. (2003)
reported that the mycelial growth of Paecilomyces
Jfumosoroseus had been expedited gradually in propor-
tion to the rise of temperature and was the most suit-
able at 25°C. Even though the mycelial growth of P.
Jumosoroseus was favorable at the range of 20~25°C
and had been expedited in proportion to the rise of
temperature, the mycelial growth appeared to be sup-

pressed at the temperature higher than 30°C. Similarly,
there were slow growth at 15 and 35°C. This could be due
to the denaturation and inactivation of important enzymes
which catalyze metabolic processes of tested mushroom
strains. Jonathan (2002) also reported that the growth of .S.
commune was inhibited at 45 and 50°C. Jonathan and
Fasidi (2003) found that Psathyrella atroumbonatai grew
fairly well within the temperature range of 25~35°C.

Effect of pH. Favorable mycelial growth of G lucidum
was obtained at the pH range of 5~9 (Table 4). Among
the eight strains, optimal mycelial growth was found at
pH 5 (IUM 37, 47, 805 and 938), 8 (TUM637) and 9
(IUM751, 757 and 1027). But, 8 strains of G lucidum
also showed good mycelial growth and density in the rest
of pH. Therefore, the results indicated that G lucidum
strains can grow at broad pH range, such as pH 5~9. This
result also implies that different G lucidum strains prefer
different pH values tending toward neutrality. Likewise,
Chandra and Purkayastha (1977) and Jonathan et al.
(2004) obtained very good mycelial growth of Agaricus
campestris and Volvariella esculenta at pH 6. Fasola et al.
(2007) also reported that V. speciosa grew over a wide

Table 4. Effect of pH on the mycelial growth and density of different strains of G lucidum

Mycelial growth (mm)' and density

Strain No.
pH 5 pH 6 pH 7 pH 8 pH 9
IUM 0037 87.0+0c 78.0+ 3¢ 73.7+4c 713+ 1c 66.7 + 4c
IUM 0047 87.0+0c 733+ 1c 65.7+2¢ 59.0+ 1c 493+ 1c
[UM 0637 40.3% Ic 423+ 3¢ 54.7+2¢ 58.0+7¢ 57.0+ 3¢
IUM 0751 16.0 £ 2¢ 16.7+ 3¢ 203+ 1c 20.7 + 1c 253 +3¢
UM 0757 277 +3¢ 303 +3¢ 36.7+2¢ 427 +7¢c 46.0 + 8¢
TUM 0805 87.0+0c 87.0+0c 84.7+ 3¢ 543+ 1¢ 16.7+ 1¢
TUM 0938 87.0+0c 78.7+ 1c 717+ 1c 713+ 1c 68.7+ 1c
TUM1027 213+ 2¢c 223+ 3¢ 247+ 1c 30.7+3c 317+ 3¢
Mean 56.6+1 535+2 54.0+2 51.0+3 452+3

Mean of four replications. Temperature and pH effects were conducted in potato dextrose agar medium (PDA). c: Compact, sc: Somewhat com-

pact, t: Thin and st: Somewhat thin.
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range of pH but optimum growth was obtained at pH 6.
Adejoye et al. (2007) also reported S. commune showed
favorable growth at pH 5.5. Akinyele and Adetuyi (2005)
reported that pH range for the mycelial growth of ¥ vol-
vacea was 5.5~8.5, while Kuforiji and Fasidi (1998)
obtained an optimal pH for mycelial growth of Pleurotus
tuberregium, Phellinus japonica and P. linteus at 5~7, 6~7
and 7, respectively. They suggested that mushrooms may
have a broad pH range for their favorable mycelial growth.

Screening for favorable culture media. Ten different
culture media were used to screen the optimal mycelial
growth of 8 different strains of G lucidum. The result
showed that Hamada, Glucose peptone, YM, Mushroom
complete and Lilly media were the most suitable and
Hoppkins was the most unfavorable for mycelial growth
of G lucidum. But remaining media were also showed
comparatively good mycelial growth for G ITucidum
(Table 5). This result is corresponded with that of P. sin-
clairii and P. fumosoroseus which had been studied by
Shim et al. (2003) where mycelial growth was optimal on

Hamada medium. Shim et al. (2005} also reported that PDA,
YM, Mushroom complete and Hamada were the most
suitable, where Czapex dox and Glucose peptone were
unfavorable to mycelial growth of Macrolepiota procera.

Effect of carbon sources. It was found that dextrin was
the best carbon source for mycelial growth of G lucidum
(Table 6). This was closely followed by galactose and
fructose which were not considerably different each other.
On the other hand, mannose, maltose, sucrose and xylose
showed moderate mycelial growth, while sorbitol lactose
and glucose showed slow level of mycelial growth in G
lucidum. But in case of [TUM 751, 757 and 1027, opti-
mum mycelial growth was obtained at galactose, while
TUM 938, optimum mycelial growth was found on fruc-
tose. However, Chandra and Purkayastha (1977) reported
that most of the tropical edible macrofungi were in favor
of utilizing glucose than other carbon sources. The prefer-
ence of glucose over other carbon compounds may be due
to the fast metabolization of glucose by the fungi to pro-
duce cellular energy easily (Garraway and Evans, 1984).

Table 5. Effect of media on the mycelial growth and density of different strains of G lucidum

Mycelial growth (mm)* and density

Strain No.
MC Lil Hop Cza Ham GT YM GP Hen PDA
IUM 0037 87.0+0c 700x1c 320+1t 51.7+£2t 87.0+£0c 257+1sc 87.0+0c 87.0+0.c 87.0+0c 68.0+3c
TUM 0047 87.0+0c 87.0+0c 750+4t 47.7+8t 87.0+0c 87.0+0c 87.0+x0c 757x4c 87.0+0c 757+4c
IUM 0637 87.0+0c 87.0+0sc 74.7+9st 77.0+0st 87.0+0c 87.0+0c 87.0+0c 87.0+0c 87.0x0c 87.0+0¢
IUM 0751 86.0+1c 87.0+0sc 703+1Ist 663+6sc 87.0+0c 740+6¢c 87.0+0c 83.0+4c 87.0+0c 87.0+0¢
IUM 0757 87.0+0c 83.0+3sc 29.7+3st 59.7+4sc 87.0+0c 787+1c 87.0+0c 87.0+0c 87.0+0c 87.0+0c
IUM 0805 523+2c 573x1lc 41.7+2t 307+2t 87.0+0c 553+2c 700+3c 83.7+2c 87.0+0c 343+2¢
IUM 0938 17.7+1sc 23.7+£2t 147+1t 230+1sc 19.7+2s¢c 200+2c 23.0+1c 303+2c 31.0+1t 343%lc
TUM 1027 87.0+0c 87.0+0sc 38.0+3st 57.7+4sc 87.0+£0c 79.0x3c 87.0+0c 87.0+0c - 87.0+ 0c
Mean 73.8+1 72.8+1 47.1£3 51.7+3 78.6+0 6332 76.8+1 7632 69.1+0 7001

‘Mean of four replications. Cza: Czapek dox, Ham: Hamada, Hen: Hennerberg, Hop: Hoppkins, GP: glucose peptone, GT: glucose tryptone, Lil:
Lilly, MC: mushroom complete, PDA: potato dextrose agar and YM: yeast-malt extract. c: Compact, sc: Somewhat compact, t: Thin and st:

Somewhat thin.

Table 6. Effect of carbon sources on the mycelial growth and density of different strains of G lucidum

Mycelial growth (mm)' and density

Strain No.
Suc Sor Lac Xy Glu Gal Dex Mal Man
IUM 0037 420+1c 30.7+3c¢ 330+lc 51.7+1lc 520+1c 353+1lc 57.0+2c 643+1c 413+1c 357+1l¢c
IUM 0047 410+1c 313+3c 33.7x1lc 467+9% 527+1c 360+lc 563+2c 633x2c 41.0+0c 367=lc
IUM 0637 16.0=5¢c 163+2¢ 123+1c 187+3¢c 197x2c 137x2c 177+1c 32.0+2c 177+3¢c 243x7c
IUM 0751 277+2¢ 260xlc 220+4c 277+1c 9.0+2c 253+3c 283+3¢c 273+2c 267xlc 30.0x2c
IUM 0757 20.0+1c 10.0£0c 13.7+2¢ 27.0£0c 157+1c 13.040sc 28.7+3¢c 203+3¢c 120+0c 157+1c
IUM 0805 41.0+1c 313+3c 337+1c 467+9c 527+1c 360+1c 563+2c 633+2c 41.0+0c 36.7+1c
IUM 0938 713+2c 567xlc 420+1t 303+1t 87.0+0c 533+1c 707+1c 847x1lc 87.0x0c 723+2sc
IUM 1027 223+1c 103xlc 13.0+1c 247+1c 177+1c 123+1lc 253+1lc 207+lc 143+2c 150=+2¢
Mean 352+2  266+2 254+£2 342=%3 408+ 1 28.1+1 425+2 4692 351+l 333+£2

"Mean of four replications. Dex: dextrin, Fr: fructose, Ga: galactose, Gl: glucose, Lac: lactose, Mal: maltose, Man: mannose, Sor: sorbitol, Suc:
sucrose and Xy: xylose. Each carbon source was added to the basal medium at the concentration of 0.1 M. ¢: Compact, sc: Somewhat compact,

t: Thin and st: Somewhat thin
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Table 7. Effect of nitrogen sources on the mycelial growth and density of different strains of G lucidum

Mycelial growth (mm)* and density
Met PN Ala Arg His Ur Gly AP CN AA

Strain No.

IUM 0037 49.7+3st 48.7+2st 613+ 1t 827+ 1sc 283+ 1st 61.7=1sc 673+2sc 453+2s¢c 69.0+2st 70.7+2sc
IUM 0047 59.0+2st 773 +2sc 51.0+ 1t 87.0+0c 643+1st 87.0+0c 87.0+0c 547+3st 87.0+0c 87.0+0c
IUM 0637 19.0+3st 21.0+2sc 42.0+10sc 35.0=10c 83+8st 36.7+3c 307+6c 23.0+10c 357+1c 41.7+10c
IUM 0751 24.0+0sc 21.7+10c 23.7+2sc 28.7+2c¢ - 33.7+6¢c 27.7+8c 363+4c 340+1lsc 483+8¢
IUM 0757 10.0+0st 8.7+1st 33.0=3st 9.0+ 1st - - 10.0 £ Ost - 10.0+0st  25.0+0st
IUM 0805 41.0+1c 313+3c 33.7+1c 46.7+9c 527x1lc 360xlc 563+2c 633+2c 41.0+0c 36.7+10c
IUM 0938 59.0+2st 77.3+2sc 51.0+1t 87.0+0c 643+1st 87.0+0c 87.0+0c 54.7+3st 87.0+0c 87.0+0c
IUM 1027 10.7+2st 21.0+2sc 183+2sc 35.0x10c - - 9.70 + 6st - 103+ 1st  22.7+2st
Mean 34.05+£2 384+3 393+3 514+4 299+2 428+1 523+1 347+3 468=+2 524+4

‘Mean of four replications. Ala: alanine, AA: ammonium acetate, AP: ammonium phosphate, Arg: arginine, CN: calcium nitrate, Gly: glycine, His:
histidine, Met: methionine, PN: potassium nitrate and Ur: urea. Each nitrogen source was added to the basal medium at the concentration of
0.02 M. c: Compact, sc: Somewhat compact, t: Thin and st: Somewhat thin.

dum strains, is an isomer of glucose which can be easily
transformed to glucose during metabolic pathway (Morri-
son and Boyd, 1992). Griffin (1994) suggested that man-
nose and fructose are the most commonly utilized sugars
after glucose. Shim et al. (2005) proved that maltose, dex-
trin, sucrose and mannose were effective where lactose
was highly negative for mycelial growth of M. procera.
Shim er al. (1997) reported that mycelial growth of Gri-
Jola umbellata was favorable to all tested carbon sources
except salicin, cellobiose and lactose. Shim et al. (2003)
revealed that dextrin was suitable for mycelial growth of
P. fumosoroseus. Those results are partially similar to our
findings, but they showed that mycelial density in all car-
bon sources is thin where our result is opposite.

Effect of nitrogen sources. According to the experi-
mental results, eight strains of G lucidum showed opti-
mum mycelial growth on ammonium acetate, glycine,
arginine and calcium nitrate. However, remaining other
nitrogen sources also facilitated considerable mycelial
growth of G lucidum (Table 7). In case of IUM 757 and
1027, these strains showed no mycelial growth on histi-
dine, urea and ammonium phosphate. The strain of JTUM
751 also showed no mycelial growth on histidine. Shim
et al. (2005) clarified that glycine was the most favor-
able and histidine, arginine and ammonium oxalate were
the most unfavorable nitrogen sources for the mycelial
growth of M. procera. In general, organic nitrogen
sources are more effective than inorganic nitrogen source
for mycelial growth. But from this experiment, it was
observed that inorganic nitrogen sources also enhanced
the mycelial growth of G lucidum. Therefore, the present
findings are very similar to the observations for Lentinus
lepideus (Kim et al., 1994) and V. esculenta (Jonathan et
al., 2004). They reported that mycelial growth of these 2
species was more favorable on the culture media contain-
ing organic nitrogen sources than inorganic nitrogen
sources.
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