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Abstract

In this study nutritional requirements for mycelial growth and polysaccharide formation in submerged culture of
Ganoderma lucidum were determined. The results indicate that glucose was the best carbon source for mycelial growth
and if's concentration ranging from 2 to 5 % caused no much difference in the level of biomass produced. Conceming
the effect of C/N ratio, higher vields of mycelial growth were obtained in the range of 30:1 to 60:1 in glucose-
ammonium chloride synthetic medium, On the contrary, higher C/N ratio favored the formation of polysaccharide. The

presence of insoluble particles such as rice bran or wheat bran in the medium was very helpful to initiate pelleting.
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Introduction

Ganoderma Hucidum (Fr.) Krast (Polyporaceae) and related species are fungi used in
traditional Chinese medicine. Its -fruiting body is called "Reishi" or "Mannentake" in Japanese
and "Lingzhi" in China. In the regions of China, Japan, Korea and Taiwan, Lingzhi has been a
popular folk or oriental medicine to cure various human diseases, such as hepatitis, hypertension,
hypercholesterolémia and gastric cancer. Recent studies on this fungus have demonstrated many
interesting biological activities, including antitumour, anti-inflammatory and cytotoxicity to
hepatoma cells. These studies also suggested that the carcinostatic substance in Lingzhi is a
polysaccharide, p-(1->3) -D-giucan (Mizuno et al., 1995; Sone et al., 1985). This polys’aécharide

seems to have promise as a new type of carcinostatic agent which might be useful in
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immmunotherapy. Material from Ganoderma Iucidum showed high activity at a dosage of 10
mg/kg against Sarcoma 180 tumour in mice (Sutherland, 1990). Antitumour activity depends on
the source of the polysaccharide. Unlike chemicals used in chemotherapy, it has few toxic side
effects. '

Lingzhi, because of its perceived health benefits, has gained wide popularity as a health
food, in both Japan and China. The 1988 production of Reishi in Japan was estimated to be about
250 tons dry weight. Lihgzhi cultivﬁtibn has also prbspered in Ch.ina, Taiwan, Korea, and
Thailand (Mizuno et al. 1995). Because it usually takes several months to culture the fruiting
body of Lingzhi, many atlempts are being made to obtain useful cellular materials or to produce
effective substances from cultured mycelia (Tseng et al., 1984; Sone et al., 1985).

Mushroom mycelia or spawns have normally been produced in solid cultures using
substrates such as grain, sawdust or wood. Propagation of edible mushrooms in submerged
culture was initially developed during the 1950s based on the success of growing lower fungi in
fermenters for economical production of various natural products. Since then numerous attempts
have been made by researchers to cultivate mushroom mycelium commercially in submerged
culture (Litchfield, 1967). Submerged cuiture has the potential advantage in that it can be
dispersed within the substrate more uniformly than solid spawn and the time taken to produce the
first crdp of sporophores may be shortened. Further, the liquid nature of such spawn enables
inoculation to be carried out under relatively more stringent aseptié conditions which is
important when using non-selective substrates (Song and Cho, 1987). ‘

Control . of the composition of the fermentation medium, its addition and other -
environmental parameters are critical in achieving the desired rates of synthesis and yields of
microbial products. Although many workers have attempted to obtain mycelium of Ganoderma
lucidum using submerged culture, very little information is available regarding the
environmental factors affecting mycelial growth of G, fucidum in submerged culture (Sone et al,,
1985; Tseng et al., 1984). The study reported here was carried out to determine the nutritional
requirements of Gdnoderma.lucidum for mycelial growth and polysaccharide production

{Hwang, 1996).



Materials and Methods

Maintenance of culture
Organism Ganoderma lucidum CCRC36123 was obtained from the Culture Collection and

Research Center (CCRC), Food Industry Research and Development Institute (Hsinchu, Taiwan).
The strain was maintained on potato-dextrose-agar slant. Siopes were inoculated and incubated at
room temperature for 7 days, and stored at 4 °C.

Media
The media were made up of the following components: yeast extract 0.1%, KoHPOy

0.05%, KH,PO,4 0.05%, MgSO4-7H50 0.05% and other specified carbon sources and nitrogen

sources. The C/N ratio of the medium was adjusted by altering the glucose concentration and
keeping the concentration of nitrogen constant or by modifying the nitrogen concentration at

constant glucose concentration.

Cultivation

The shake-flask experiments were performed in 500-ml Erlenmeyer flasks containing 100
ml of the media. Media were sterilized at 120 °C for 20 min and glucose was autoclaved
separately. The pH was measured and adjusted to the desired value by addition of either AM-HCI
or 2.5M NaOH. Actively growing mycelia from a newly prepared slant culture (about 7 days
incubation at 30 °C ) were inoculated into the flask. The flasks were shaken on a displacement
shaker (Model 903, Hotech Co.) at 100 rpm and 30 °C. At the end of incubation period
mycelium consisting of individual pellets was harvésted by centrifugation and wash for the

analysis. The yield was expressed as mg/100ml dry weight (Hwang, 1996).

Analiytical methods
The pH was measured with a digital pH meter (Suntex, Taiwan, model 2000A). Due to the

fact that mycelia and cell-bound polysaccharide could not be thoroughly separated by
" centrifugation, in order to determine the concentrations of mycelium and polysaccharide,
samples were first subjected to ultrasonication for 2 hrs in a Branson uitrosonicator (model 5210).

Centrifugation was then performed to remove cells and cell debris in a centrifuge (Hettich, model



ERA3S/10ml). Dry weights of total cell mass were obtained by centrifuging samples at 3000
rpm for 10 min, washing the sediment three times with water, and drying to constant weight. All
supernatants were collected, and then the crude polysaccharide was precipitated with the addition
of 4 volumes of 95% ethanol. The precipitaied polysaccharide was collected by centrifugation at -
3000 rpm for 1¢ min and then dried to remove residual ethanol at 60 °C. Total polysaccharide in
the culture medium was determined by the method of phenol-sulfuric acid assay according to

Dubois et al.(Dubois et al., 1956; Pazur, 1987).

Results and Discussion

Effect of glucose concentration

According to Litchfield in 1979, the concentration of purified carbohydrate suitable for
production of fungal mycelium is in the range of 1 to 10%. In this study, concentration of malt
extract was fixed at 4 % to investigate the effect of glucose concentration on mycelium growth
and polysaccharide production. The results are presented in Table 1. It was found that the
concentrations of glucose ranging from 2 to 5 % caused no much difference in the level of
biomass produced. High concentration of can-'bohydrate and nitrogen sources are usually needed
in order to achieve a high yield (dry weight) of mycelium. But too high 2 concentrafion of
glucose can have an inhibitory growth effect on several mushrooms. Therefore a growth medium
should be optimized in order to obtain low cost (Eyal, 1991). In this test malt extract was found

{io interfere with the determination of polysaccharide and was not used in the foliowing tests.

Table 1. Effect of glucose concentration on the production of mycelium and polysaccharide

Glucose conc. Mycelium conc. Polysaccharide conc. ‘Final pH
(%) (mg/100ml) {mg/100mI)
2 378 A 73 4.3
3 349 - ' 8 42
5 ' 369 55 4.5

1. under the conditions of initial pH=>5.65, 30°C and 100 rpm for 7 days -
2. malt extract 4%, yeast extract 0.1%, KoHPOy 0.05%, KH,PO4 0.05%,

MgS047TH50O 0.05%.



Effect of different carbohydrates

- The reéults shown in Table 2 reveal the suitability of different carbohydrate for the growth
of G. lucidum mycelium and polysaccharide production. Glucose was the best carbon source for
mycelial growth and this agrees with the general concept that, among all the hexoses, glucose is
the biologically the most effective energy source. However, sucrose seemed to be in favor of the

formation of pelysaccharide.

Table 2. Effect of different carbon sources on the production of mycelium and polysaccharide '

C-source Mycelium conc. Polysaccharide conc, Final pH
(mg/100ml) {mg/100ml)

Sucrose 138.6 1436 301

Fructose 140.0 528 4.01

Manitol : 108.6 3.80 4.04

Sorbitol 101.0 4.70 3.88

Glucose 230.0 9.40 3.50

1. under the conditions of initial pH=5.65, 30°C and 100 rpm for 7 days
2. C-source 3%, NHqH7PO4 0.123% (C/N=80), yeast extract 0.1%, KoHPO4 0.05%, KHyPOy4

0.05%, MgSO4-TH20 0.05%.

Effect of C/N ratio
C/N ratio---- According to the experience obtained from submerged culture of mushroom

mycelium, the range of carbon: nitrogen ratio is very important. This ratio influences the yield -
and efficiency of the production of mushroom mycelium. Mycelia of many mushrooms will
grow to some extent over a wide range of carbon to nitrogen ratios (C/N) in the medium,
providing all other nutritional requirements are met; however, highest yields are obtained in a
rather narrow range (Litchfield, 1967). In order to produce more mushroom mycelium, the C/N
values reported by different investigators to give highest vields also vary widely dependihg upcn
species, growth medium, and conditions used. The effects of C/N ratio on mycelial growth and
polysaccharide formation in the culture df Ganoderma lucidum are shown in Table 3. It can be
seen that higher yields of mycelial growth were obtained in the range of 30:1 to 60:1 in

glucose-ammonium chloride synthetic medium.



Concerning the effects of C/N ratio on the polysaccharide production, many studies for the
production of microbial polysaccharides have been referred and demonstrated that the C/N ratio
has a pronounced effect on the polysaccharidel production (Margaritis and Pace, 1985). The
results in Table 3 show that in contrast o mycelial growth, higher C/N ratio was believed to
favor the formation of polysaccharide. The final amount of polysaccharide was negatively
affected if the C/N rétio was decreased below 60 at 2 fixed glucose concentration of 30 g/liter.
Similar effects have been observed with other polysaccharide-producing organisms (Margaritis

and Pace; 1985).

Table 3. Effect of C/N ratio on the production of mycelium and polysaccharide

C/N ratio Mycelium conc. Polysaccharide conc. Final pH
(mg/100ml) (mg/100m1)
10 162.8 4.17 | 4.10
30 179.1 4.79 3.88
- 60 179.3 431 4,12

80 157.3 5.29 3.57

1. under the conditions of initial pH=5.65, 30°C and 100 rpm for 7 days
2. Glucose 3%, yeast extract 0.1%, KoHPO4 0.05%, KHHPO4 0.05%,

MgS04-THyO 0,05%.

Effect of N-sources

In order té produce more polysaccharide, on the basis of the results of the C/N ratio study,
the effects of different nitrogen sources on submerged culture of G. lucidum were carried out at
the fixed C/N ratio of 80. The mycelia of G. lucidum that have been grown in submerged culture
utilized nitrogen sources including ammonium chloride, ammonium sulfate, ammonium
dihydrogen phosphate, ammonium nitrate, sodium nitrate, and sodium glutamate. The results are
shown in Table 4 and the addition of ammonium dihyclrogen phosphate seemed to be beneﬁcial

to both mycelium growth and polysaccharide formation. This could be attributed to the presence

of phosphoréus.



Table 4. Effect of various N-sources on the production of mycelium and polysaccharide

N-source Mycelium conc. Polysaccharide conc. - Final pH
(mg/100ml) (mg/100ml)

NH4NO; 193.3 6.91 4.29
NaNO4 229.1 6.38 4.58
(NH4)2S04 208.3 6.35 3.57
NH4HoPO4 230.9 9.35 3.50
NH4CH 1573 5.29 3.57
Sodium glutamate 208.2 7.59 461

1. under the conditions of initial pH=5.65, 30°C and 100 rpm for 7 days
2. Glucose 3%, yeast extract 0.1%, KoHPO4 0.05%, KH,PO4 0.05%,

MgS8Q,-7THyO 0.05%.

3. C/N=80
Effect of rice bran and wheat bran

Previous works have pointed out the need for using insoluble supports to initiate pelleting
{Martin and Bailey, 1985). When rice bran was homogenized in a blender and used as the
nitrogen source, pellets formed very rapidly in the second day. The insoluble was encapsulated
first by the mycelia, and decomposed gradually and nearly disappeared at last. Owing to
containing some insolubles in the media, the data for mycelium concentration could not obtain
easily. However, the results observed by naked eyes indicate that the presence of solid particles
_ in the fermentation could be very helpful to initiate pelleting. The utilization of rice bran and

wheat bran as N-sources deserve further study.

In summary, the results obtained from this study indicate that many nutritional factors could
affect mycelia growth and polysaccharide formation in submerged culture of Ganoderma
lucidum. As described above, control of the composition of the fermentation medium, its
addition and other environmental parameters are critical in achieving the desired yields of
microbial products. Although some researcher reported that the formation of polysaccharide in
submerged culture of Ganoderma lucidum was attributed to primary métabolite (Lee, 1989), it
was not provéd by this research. The optimal conditions for mycelial growth should be different

from those for polysaccharide formation.



Acknowledgments. The authors wish to thank the National Science Council of R.O.C. for
financial supports (NSC 85-2214-E-(29-004).

10.

References

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. & Smith, F. (1956) Colorimetric
method for detennmatmn of sugars and related substances. Anal. Chem 28(3): 350-356
Eyal, J. (1991) Mushroomm mycelium growth in submerged culmre--potenual food
applications In: Goldberg, 1. and Williams, R. (eds) Biotechnology and Food Ingredients,
Van Nostrand Reinhold, New York, pp 31-64 ‘
Hwang, S.Y. (1996) M. Sci. thesis, Department of Chemical Engineering, Tunghal |
University, Taiwan

Lee, MLY. (1989) M. Sci. thesis, Department of Food Science, National Chung Hsing
Umversrty, Taiwan | -

Litchfield, J.H. (1967). Submerged culture of mushroom mycehum In: Peppler H.J. (ed)

Microbial Technology, Reinhhold Pubhshmg Corporation, New York, pp107-144

Margaritis, A. & Pace, G.W. (1985) Mlcroblal polysacchandes In: Murrsy, M.Y., Blanch,
H.W., Drew, S. & Wang, DIC (eds) Comprehenswe Biotechnology vol.3, Pergamon
Press Ltd ,Oxford, pp1005- 1044

Martin, A.M. & Bailey, V. L (1985) Growth of Agarzcus campestris NRRL 2334 in the
Form of Pellets. Appl. Environ. Microbiol. 49(6): 1502-1506

Mizuno, T., Wang, G., Zhang, JI., Kawagishi, H., Nishitoba, T. & Li J (1995) Reishi,
Ganoderma Iucidum and Ganoderma tsugae: Bioactive substances and medicirral effects.
Food Reviews Intematlonal L1i(1):151- 166 .
Pazur JH. (1987) Neutral polysaccharldes In: Chaphn M.F. & Kennedy, JF (eds)

| Carbohydrate Analy31s-A Practical Approach, Oxford IRL Press, pp 55-142

Sone, Y Okuda, R., Wada, N., Kishida, E. & Mlsakr A. (1985) Structure and antitumor
activities of the poiysaccha.rlde 1solated from frultmg body and the growmg cu]ture of
mycehum of Ganoderma lucidum. Agnc Biol. Chem 49(9): 2641 2653



1l

12.

13.

Song, CH. & Cho, K.Y. {1987) A synthetic medium for the production of submerged
cultures of Lentinus edodes. Mycologia. 79(6): 866-876
Sutherland, LW. (1990) Biotechnology of Microbiol Exopolysaccharides, Cambridge

University Press, New York, p.145
Tseng, T.C., Shiao, M.S., Shieh, Y.S. & Hao, Y.Y. (1984) Study on Ganoderma lucidum 1.

Liquid culture and chemical composition of mycelium. Bot. Bull. Academia Sinica. 25

149-157



B HRSRL BRBR

H OB

AT B R TEE R WL SR R TR - HERERTS
IR  FRATRRIE » TTATBTRE IR B2 5% M DI AR MR BB FEB - DURBEREGR - ARIN SHRE
& - BRIRERSRIR L (EAE30: 1 E60: 1 BERARY - MR RS WEBNBRRARFILERHNSHRER - &
BB SE R R - SRR, - }

R B WERR FHRsR S2ER

TR AL TR



