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Ganoderma Ilucidum has been utilized in medical field from ancient time. In recent studies, it is found
that spores of G. lucidum consists of several bioactive substances which are much abundant than in
the fruiting body. A hard sporoderm limits the absorption of these active compounds. Therefore, it is
necessary to break down the sporoderm to allow complete absorption. The spore breaking methods
which have been developed are physical smashing, ultrasonic, high pressure and enzymes application.
A few limitations have come forward; they are low yield, high cost, high technology tools requirement
and loss valuable substances during production. In this paper, fermentation of G. lucidum with
Lactobacillus plantarum was applied to break down the sporoderm. Scanning electron microscope
(SEM) was used to characterize the spores. The broken spores were found on the 3™ day and complete
breaking on the 5™ day of fermentation. Lactic acid, acetic acid and combination of these acids did not
cause the spore to break down. This technique is simple, less cost. It can be used to produce fermented
juices with the benefit from G. lucidum spores and lactic acid bacteria. Mechanism of spore break down

by lactic acid bacteria is further investigated.
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INTRODUCTION

Ganoderma lucidum, a fungus in a group of Basidio-
mycetes, has been used as a Chinese medicine for over
2000 years (Ping et al., 2009) for promoting vitality and
longevity. It has been used for prevention and treatment
of various kinds of diseases such as diabetes, hyper-
tension, asthma, tumorigenic disease, hypercholeste-
rolemia, immunological disorders, AIDS and cancer
(Wasser and Weis, 1999; Mohammed et al., 2007; Fu et
al., 2009). It is also safe and does not reveal any toxic
effects toward the body (Eo et al., 19993, b).

The spores of G. lucidum were realized in medical
fields during the 20th century due to the amount of
bioactive substances of the spores that are much higher
than in the fruiting body. Bioactive compounds such as
polysaccharides, triterpenoids, sterols, proteins, nucleo-
sides and fatty acid were found (Russell and Paterson,
2006). Recent studies on G. lucidum spores show
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significant anti-tumor activity (Zhu et al., 2000; Liu et al.,
2002; Xie et al., 2006), anti-aging (Gan et al., 1998) and
free radical-scavenging (Yen and Wu, 1999; Ping et al.,
2009). These bioactive substances are protected by hard
sporoderm (Jungjing et al., 2007). In order to completely
absorb the bioactive substances within the spores, the
sporoderm have to first break down (Jungjing et al.,
2007). Therefore, processes in making spores break
down have been developed such as physical smashing,
ultrasonic, high pressure and enzyme utilization. How-
ever, high temperature operation in physical smashing
causes the decomposition of bioactive substances. The
methods of ultrasonic and high pressure have low broken
spore yield with high expense and requirement of specific
equipment (Fu et al., 2009). As for method of using
different enzymes to decompose spores’ outer wall, the
process is expensive and will also have effects on
decomposition of important bioactive substance (Fu et
al., 2009).

From the aforementioned limitations, the investigators
had developed new spore breaking method which is
simple, low cost and no need for expensive tools.
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Figure 1. SEM images of G. lucidum spores at day 7. (a) Incubated with MRS broth. (b)
Incubated with lactic acid (3.5%). (c) Incubated with acetic acid (1.5%) (d) Incubated with lactic

acid (3.5%) and acetic acid (1.5%).

Fermentation of G. lucidum spores with lactic acid
bacteria were investigated in order to break down the
spores of G. lucidum.

MATERIALS AND METHODS

The spores of G. lucidum L6 were received from Huai Hong Khrai
Royal Development Study Center, Chiang Mai city, Thailand.

Fermentation of G. lucidum with lactic acid bacteria

1.0 g spores of G. lucidum and 2% pasteurized DE MAN, ROGOSA
and SHARPE (MRS) broth media were fermented with
Lactobacillus plantarum 10% (about 1x108 CFU/mI) in incubator at
37°C. The samples were collected at day 0, 3, 5 and 7, respectively.
Whereas, control is spores in MRS broth without L. plantarum at
37°C. The samples were then filtered using Whatman paper No.1
and dried at 60°C for 3 h.

Effect of organic acid on G. lucidum spores

1.0 g spores of G. lucidum was fermented with lactic acid at
concentration 0.5, 1.0, 2.0 and 3.5% in 2% pasteurized MRS broth
50 ml in incubator at 37°C. Acetic acid at concentration 0.5, 1.0, 1.5
and 2.0% and combination of lactic acid and acetic acid at the

mentioned concentration were also studied. The samples were
collected at day 0, 3, 5 and 7, respectively.

Characterization of broken Ganoderma spores

The morphological change of the spores of G. lucidum during
fermentation period was observed by a scanning electron
microscope (SEM). The samples were prepared by filtering through
Whatman paper no 1. The spores, which remained on filter paper,
were dried at 60°C for 3 h. The observation was performed by
mounting spores on aluminium stub, coated with gold-palladium in
SPI module™ carbon coater for 1 min and viewed at 1000, 5000
and 10000x, respectively.

RESULTS AND DISCUSSION

SEM images of G. lucidum spores without L. plantarum
(control) and fermented spores with L. plantarum are
shown in Figures 1 and 2, respectively. On 3" day as in
Figure 2b, partial broken spores of G. lucidum were
observed and complete broken spores were achieved on
5" day (Figure 2c) and 7" day (Figure 2d). The result
indicated that the fermentation of G. lucidum spores with
L. plantarum had contributed to break the spore with
higher decomposition along the fermentation time.
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Figure 2. SEM images of fermented G. lucidum spores with Lactobacillus plantarum at: (a) day 0 (b)
day 3 (c) day 5 (d) day 7.

Whereas, no broken spores of G. lucidum was observed
when they were incubated with MRS broth media as
shown in Figure 1a. The SEM images of incubated G.
lucidum spores with lactic acid, acetic acid and
combination of both acids at studied concentration did not
show any broken spores during the studied period
(Figures 1b - d). These acids could not break the spores.
The acid concentrations that used were concentrations of
occurred lactic acid and acetic acid during fermentation
process of lactic acid bacteria at day 0, 3, 5 and 7,
respectively. Sporoderm of G. lucidum consisted of silica
(19.01%), calcium (19.01%) and chitin (52.08 - 57.64%)
(Jungjing et al., 2007). This could make sporoderm resis-
tant to acid. Therefore, some other metabolites present,
rather than organic acid, during the fermentation of L.
plantarum had contributed to the splitting of the G.
lucidum spores. The pH value, within the range of 3.5 -
7.0, did not degrade the ganoderic acid and polysac-
charide of G. lucidum (Fang and Zhong, 2002).
Therefore, fermentation pH in this experiment, within the
range of 4.0 - 5.8, would have less effect on the stability
of ganoderic acid and polysaccharide, which are the main
active bio-substances of G. lucidum.

Fermentation with lactic acid bacteria, L. plantarum,

has shown the efficiency in encouraging G. lucidum
spores to break down within 3 to 7 days at 37°C. The
fermentation is a simple process with low cost. Expensive
tools with high technology and harmful chemicals are not
required. This is safe towards the consumption without
any purification steps. Aside from the benefits of bioactive
substances from G. lucidum spores, consumption of this
fermented product will gain more benefits from selected
lactic acid bacteria in terms of probiotics. Further study is
to investigate the mechanism and the metabolite that
take responsibility for the broken process of the G.
lucidum spores.
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