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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
extracting oleaginous substances from Ganoderma lu-
cidum spores using supercritical fluid carbon dioxide
(SCF-CO,). The spores are germination-activated and
epispore-broken before SCF-CO, extraction.

BACKGROUND OF THE INVENTION

[0002] Ganoderma (Ganoderma lucidum Leyss ex Fr.
Karst) is a polyporous fungus. It belongs to the class of
Basidiomycetes, the family of Polypolaceae, and the ge-
nus of Ganoderma. In Chinese folklore, Ganoderma has
been regarded as a panacea, which is probably due to
certain efficacy of Ganoderma in treating many diseas-
es. Some of the known medicinal or therapeutic effects
of Ganoderma include treating patients with chronic
bronchitis, chronic viral hepatitis, coronary heart dis-
ease, granulocytopenia, chronic Keshan disease, neu-
rasthenia, progressive muscular dystrophy, atrophic
myotonia and certain neurological diseases (See e.g.,
Liu et al., Chinese Medical Journal, 92:496-500 (1979)).
There are also reports on Ganoderma as anti-HIV agent
(See e.g., El-Mekkawy et al., Phytochemistry, 49:
1651-1657 (1998); Min et al., Chem. Pharm. Bull, 46:
1607-1612 (1998)), or for having anti-tumor, cardiovas-
cular, antiviral, antibacterial, antiparasitic, and immune
modulating activities (See e.g., Wasser et al., Critical
Review in Immunology, 19:65-96 (1999)).

[0003] There are two major types of compounds
found in Ganoderma which have been shown to be as-
sociated with the medicinal or therapeutic effects of Ga-
noderma. They are the polysaccharide compounds and
the terpenoids. The polysaccharide compounds are pri-
marily water-soluble. The terpenoids are oleaginous
substances and are generally insoluble in water.
[0004] The polysaccharide compounds isolated from
Ganoderma include hetero-p-glucans and their protein
complexes (such as xyloglucans and acidic B-glucan-
containing uronic acid, dietary fibers, lectins). The
polysaccharides found in Ganoderma have been report-
ed to possess anti-tumor and immune modulating ef-
fects (See Wasser et al., supra).

[0005] The Ganoderma terpenoids contain a lanos-
tane skeleton. They are classified into several groups
based on their carbon numbers and state of oxidation
(Komoda et al., Chem. Pharm. Bull., 33:4829-4835
(1985)). These Ganoderma terpenoids include lanosta-
nine-type triterpenoids (e.g., ganoderic acids A, B, Cy,
C,, Dy, Dy, Ef, Ey, F G, H, 1, J, Ky, Ky, L, Ma, Mb, Mc,
Md, Me, Mf, Mg, Mi, Mj, Mk, Mn, N, O, P, Q, S, T, U, V,
W, X, Y, and Z), 7-O-methyl-ganoderic acid O, tride-
acetyl ganoderic acid T, ganoderenic acids A, B, C, D,
E, F, G, H, I, ganolucidic acids A, B, C, D, and E, luci-
denicacids A, B,C, Dy, Dy, Eq, E5, F G H, I, J, K, L, M,
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ganoderiol type | (A, B, F) and type 2 (C, D, E, F, G, H,
and 1), ganoderal A and B, epoxyganoderiol A, B, C, lu-
cidone A, B, C, furanoganoderic acid, and other terpe-
noid components. Ganoderma terpenoids (e.g., gano-
deric acids R, T, U-Z) have been reported to inhibit
growth of hepatoma cells in vitro See Toth et al., Tetra-
hedron Lett., 24:1081-1084 (1983)).

[0006] Ganoderma spores are tiny mist-like brown
oval-shaped spores of (6~7) um x (10~12) um in sizes
which are released at the pelius of mature Ganoderma
lucidum. These spores contain the entire genetic mate-
rials and biological substances of Ganoderma. Howev-
er, the wild Ganoderma spores are difficult to collect,
particularly due to their short release period, low germi-
nation rate, and low production rate under unfavorable
environmental conditions. Therefore, although it is
known that the Ganoderma spores are of greater phar-
maceutical values than the fruiting bodies of Ganoder-
ma, due to difficulties associated with the collection of
the Ganoderma spores, most of thestudies on Ganoder-
ma are conducted using the fruiting bodies of Ganoder-
ma.

[0007] The biological substances within the Ganoder-
ma spores which give rise to the therapeutic effects of
Ganoderma are stored within the double-layered epis-
pores of Ganoderma lucidum. However, these epis-
pores have compact structure, which are extremely rigid
and resilient. Therefore, it is very difficult to break-open
the epispore layers of the Ganoderma spores and re-
lease the biological substances therein using conven-
tional extraction methods.

[0008] There have been reports on methods for
breaking the epispores of Ganoderma spores. For ex-
ample, Japanese Patent No. JP52041208 discloses an
extraction method for breaking Ganoderma spores us-
ing mechanical force. Chinese Patent No. CN1134306
teaches a method for breaking the sporoderm of the Ga-
noderma spores by soaking the spores in water, fol-
lowed by microwave-heating. Chinese Patent No.
CN1165032 teaches a method for breaking the cell wall
of Ganoderma lucidum spores by digesting the spores
with skin-dissolving enzymes such as lysozyme, snail
enzyme, cellulase, or hemicellulase, followed by ultra-
sonic breakage of the cell walls at 20-50 C.

[0009] However, these methods use a mixed batch of
spores collected from different stages of the Ganoder-
ma lifecycle. Itis known that the spores at different stag-
es of the lifecycle produce different kinds and/or propor-
tions of the biological substances, which may or may not
possess the high level of therapeutic effects as expect-
ed. Therefore, the sporoderm-broken spores produced
by these methods display inconsistent results and their
respective medicinal effects vary.

[0010] There have also been reports on isolation or
separation of the oleaginous substances (e.g., the ter-
penoids) from Ganoderma, most involving the use of or-
ganic solvents. For example, Min et al., Chem. Pharm.
Bull., supra, disclose the isolation of lanostane-type trit-
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erpenes using column chromatography of a CHCls-sol-
uble fraction of the methanol extract of the Ganoderma
spores. Lin et al., J. Chromatography, 410: 195-200
(1987) disclose the separation of oxygenated triterpe-
noids from Ganoderma lucidum by high-performance
liquid chromatography of a methanolic extract of Gano-
derma lucidum. These methods are unsatisfactory due
to complex extraction procedures and low yield of the
oleaginous substances.

[0011] Derwent AN 2000-639170 discloses a method
for extracting oleaginous substances from Ganoderma
spores comprising extracting the oleaginous substanc-
es using a super critical fluid-carbon dioxide extraction
(SCF-CO,) method to obtain Ganoderma spore oil and
degreased Ganoderma spore powder.

[0012] Inarticles of B.S. Min et al. published in Chem-
ical and Pharmaceutical Bulletin, Vol. 48, No. 7, pp.
1026-1033 & Vol. 46, No. 10, pp. 1607-1612, respec-
tively, specific Lanostane-type triterpenes are isolated,
wherein the triterpenes are obtained by an extraction
method using organic solvents in order to yield a CHCl5-
soluble fraction.

[0013] EP 1 092 765 discloses the germination acti-
vation of Ganoderma spores, wherein the extraction of
bioactive substances is carried out by water, alcohol or
thin film condensation.

[0014] Inthe present invention, a method for extract-
ing the oleaginous substances from Ganoderma spores
is provided. The Ganoderma spores to be used in the
present invention is germination-activated to ensure
that the biological substances are maximally produced.
The epispores of the germination-activated Ganoderma
spores are broken by a mechanical means to release
the biological substances. The oleaginous substances
of the biological substances are separated from the rest
of the substances by a supercritical fluid carbon dioxide
(SCF-CO,) extraction method. The present invention
has the advantage of producing high yield of oleaginous
substances from Ganoderma (i.e., the yield of the oleag-
inous substances is about 37% by weight of the entire
biological substances released from Ganoderma). The
oleaginous substances isolated based on the present
method demonstrate a special fragrance of Ganoder-
ma, which is an indication of non-oxidation, and are with-
out trace of solvent residue, strange odor, and deposit.

SUMMARY OF THE INVENTION

[0015] The present invention provides a method for
extracting oleaginous substances from spores of Gan-
oderma lucidum according to claim 1. Preferred embod-
iments of the method according to the invention are de-
fined in the sub-claims. The present invention further
provides the products defined is claims 21 to 24 as well
as uses as defined in claims 25 to 28.

[0016] The present invention provides methods for
extracting the oleaginous substances from the sporo-
derm-broken Ganoderma spores using a supercritical
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fluid carbon dioxide (SCF-CO,) extraction method. The
Ganoderma spores are germination-activated and spo-
roderm-broken before extraction.

[0017] To obtain the germination-activated Ganoder-
ma spores, the Ganoderma spores are first soaked in a
nutritional solution which is suitable for inducing germi-
nation. The nutritional solution for germination purpose
includes, but is not limited to, an immersed solution of
Ganoderma fruiting body, a biotin solution, water, and
an immersed solution of Ganoderma mycelium. The im-
mersed solution of Ganoderma fruiting body or Gano-
derma mycelium is preferably 0.5 to 25% by weight; the
preferred biotin solution is 0.1 to 0.5% by weight. The
ratio between the volume of the nutritional solution and
the weight of Ganoderma spores is about 0.01 to 5
times. The preferred soaking time is between 10 min-
utes to 10 hours. The preferred soaking temperature is
between 16°C and 43°C.

[0018] The germination-induced Ganoderma spores
are activated by placing the soaked Ganoderma spores
in a well-ventilated culture box. The preferred relative
humidity is 60% to 98%. The preferred temperature is
16°C to 43°C. The preferred activation period is be-
tween 10 minutes and 24 hours.

[0019] The breakage of the epispores of the Ganoder-
ma spores can be achieved by applying a mechanical
means to the spores. The preferred mechanical means
includes, without limitation, micronization, ultra-high-
speed airstream, scissorcut/grinding, and ultra-high
pressure microstream. It is optional to incubate the ger-
mination-activated Ganoderma spores with enzymes
such as chitinase and/or cellulase to soften the cell walls
of the spores before applying the mechanical means to
the spores.

[0020] The extraction of oleaginous substances from
the germination activated and sporoderm-broken Gan-
oderma spores is carried out by a supercritical fluid car-
bon dioxide (SCF-CO,) extraction method. The method
includes the steps of: (1) placing the spores in a pres-
sure vessel; (2) contacting SCF-CO, with the spores in
the pressure vessel; and (3) depressurizing the pres-
sure vessel to collect the oleaginous substances from
the Ganoderma spores. The pressure in the pressure
vessel is preferably between 5 M Psia (Pa) to 60 M Pa.
The temperature in the pressure vessel is preferably
maintained at 32°C to 85°C. The preferred flow capacity
rate of the pressure vessel is between 5 kg/h and 80 kg/
h. The preferred extraction time is between 30 minutes
and 6 hours.

[0021] Optionally, the sporoderm-broken Ganoderma
spores are mixed with a carrier, such as water or 85%
to 100% ethanol, before being placed in the pressure
vessel. The preferred ratio of the carrier to the Ganoder-
ma spores is 2% to 200% by weight. The oleaginous
substances are preferred to be separated from the car-
rier by centrifugation.

[0022] The SCF-CO, extraction method produces
oleaginous substances from the Ganoderma spores,



5 EP 1245 235 Bl 6

which are about 37% of the total weight of the Ganoder-
ma spores. The oleaginous substances are transparent
and contain a special fragrance of the Ganoderma
spores. There is no trace of deposit, solvent residue, or
oxidization in the oleaginous substances.

[0023] The oleaginous substances extracted from the
sporoderm-broken Ganoderma spores possess medic-
inal effects, which include, without limitation, anti-tumor,
anti-HIV or -HBV, and anti-immunological disorders.
They can be used in treating patients with tumors, HIV
or HBV infection, and immunological disorders.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention provides an extraction
method to isolate and separate the oleaginous sub-
stances from Ganoderma spores by using an SCF-CO,.
The amount of the oleaginous substances produced by
this method constituted about 37% of the total weight of
the spores. In addition, the oleaginous substances pro-
duced by this method were well preserved in its natural
state (i.e., free of solventresidue and strange odor). The
strange odor is an indication that the oleaginous sub-
stances have been oxidized.

[0025] Conventionally, the ways to extract or separate
substances in a mixture include distillation and solvent
extraction. Distillation separates the substances in a
mixture according to the boiling characteristics of each
substance. Solvent extraction separates the substanc-
es in amixture according to the hydrophilic and lipophilic
property of each substance. Distillation cannot be used
when the substances to be separated are thermally un-
stable. Solvent extraction has limited utility when the
substances to be separated are so similar in solubility
that efficient separation cannot be obtained.

[0026] Supercritical fluids (SCFs) technology is a via-
ble alternative to the conventional extraction methods.
SCFs are often referred to as dense gases. Technically,
an SCF is a gas existing above its critical temperature
and critical pressure. When a gas is compressed above
its critical temperature, densities increase dramatically.
Therefore, under a given set of conditions, an SCF may
possess the density of a liquid while maintaining the dif-
fusivity of a gas.

[0027] Eachgas hasacritical pressure (Pc) and a crit-
ical temperature (Tc), above each of which a supercrit-
ical fluid state is attained. Solvent properties of such
SCFs have been found to be a complex function of the
fluid density, which in turn is a complex function of tem-
perature and pressure. Thus, by varying the tempera-
ture and pressure of a supercritical fluid, extractions and
precipitations can be carried out.

[0028] Carbon dioxide has proven to be a particularly
advantageous gas to use in SCF extractions because it
possesses good solvent properties and has low chem-
ical reactivity and toxicity. In addition, carbon dioxide is
not flammabile, is inexpensive and may be readily recy-
cled, and leaves no undesirable residues in the precip-
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itates. Carbon dioxide has a Pc of 73.8 bar, a Tc of
31.1°C, and a density at the Pc and Tc of 0.468 g/cc.
[0029] By use of SCF-CO,, any material in a mixture
which exists in or which can be converted to a physical
state that is permeable to the carbon dioxide under su-
percritical conditions will be dissolved in the carbon di-
oxide and be separated from the mixture. The principle
behind the SCF-CO, extraction method is that under the
high pressures required for extraction with gases in the
supercritical fluid, the solubility of many organic com-
pounds is increased. This, combined with the greater
diffusivity of supercritical fluid over conventional sol-
vents, results in a more rapid mass transfer through the
material to be extracted, and thus a faster rate of extrac-
tion. Supercritical fluid gases have the ability to selec-
tively dissolve and extract organic species from organic
mixtures, organic/aqueous mixtures, organic/inorganic
matrices, and lipophilic/hydrophilic matrices. Theoreti-
cally, the higher the pressure, the greater the efficiency
of the extraction. Essentially, most or all of the oleagi-
nous substances (with low solubility in water) in the Ga-
noderma spores should be dissolved in the carbon di-
oxide.

[0030] The tiny spores of Ganoderma lucidum has an
extremely hard and resilient, double-layered epispore.
In the wild, the germination of the spores of Ganoderma
lucidum is relatively slow and their germination rate is
extremely low. It takes about 24 to 48 hours for the germ
tubes of the spores start to sprout under proper condi-
tions, and the capillitia start to form branches after 72
hours, with a germination rate of only 3-15%.

[0031] When the tiny spores of Ganoderma lucidum
were extracted under SCF-CO,, only approximately
3.5% of the oleaginous substances were recovered.
[0032] In order to maximize the production of oleagi-
nous substances from Ganoderma lucidum, a sporo-
derm-breaking process to break open the cell walls of
the Ganoderma epispores and a germination-activation
procedure were designed. This procedure was followed
by a sporoderm-breaking process to break open the cell
walls of the Ganoderma epispores. Finally, the germi-
nation-activated, sporoderm-broken Ganoderma
spores were extracted under the SCF-CO, to separate
the oleaginous substances from the spores.

[0033] It was noted that when the dormant Ganoder-
ma spores were germination-activated, the production
rate of the biological substances in the spores reached
the maximum. These biological substances contain, in-
ter alia, active genes and promoters, active enzymes,
sterols, cytokines, interferons, lactone A, ganoderma
acid A, triterpenes, polysaccharides, vitamins, superox-
ide dismutases (SOD), glycoproteins, etc. These biolog-
ical substances demonstrate superb medicinal effects,
particularly on stimulating and modulating the nervous
system and the immune system. These biological sub-
stances also demonstrated therapeutic effects on liver
cancer and HBV infection. Also, it was noted that during
the germination-activation period, the resilience of the
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epispore significantly decreased, which in turn in-
creased the penetration rate of the cell walls of the epis-
pore.

[0034] The results of the animal and clinical studies
on the effect of germination-activation showed that the
biological substances produced from the germination-
activated Ganoderma spores demonstrated inhibitory
effects on liver cancer by suppressing the activity of te-
lomerase in the hepatic cancerous tissue. These biolog-
ical substances also demonstrated therapeutic effects
on HBV infection. Additionally, when the germination-
activated Ganoderma spores were given to animals, the
results showed that the sporoderm-unbroken spores
had an anti-tumor rate of 23.2%, which was substantially
lower than the sporoderm-broken spores, which had an
anti-tumor rate of 86.1%.

[0035] The extraction method of the present invention
is described as follows:

1. Collection of Ganoderma Spores. Mature and
plump Ganoderma spores were collected at the ap-
propriate release time from Ganoderma lucidum
cultured on log. It was advantageous to culture Ga-
noderma on log, because the spores thus produced
were fresher and more nutritious and the penetra-
tion/breaking rate for the epispores was much high-
er.

2. Induction of Ganoderma Spores Germination. Af-
ter the Ganoderma spores were collected, the
spores could be directly broken by a mechanical
means as in step 4 below and further extracted. Al-
ternatively, the spores were induced for germination
and activation as in steps 2 and 3 before the spores
were broken by a mechanical force. The selected
spores were soaked in a nutritional solution which
could be distilled water, a saline solution, a solution
which had been immersed with the fruiting bodies
of Ganoderma or the mycelia of Ganoderma. The
purpose of soaking the spores in the nutritional so-
lution was to enable and accelerate the germination
of the spores. Examples of the nutritional solution
include 0.5~25% by weight of the immersion solu-
tion of the Ganoderma fruiting bodies or mycelia,
0.1~0.5% by weight of the biotin solution, etc. The
nutritional solution was about 0.01~5 times of the
weight of the Ganoderma spores. The soaking time
was about 10 minutes~8 hours. The temperature
was about 16~43°C.

3. Activation of the Germinated Ganoderma
Spores. To activate the germinated Ganoderma
spores, the soaked spores were removed from the
nutritional solution and excess solution was allowed
to drip. The soaked spores were then placed in a
well-ventilated culture box which was kept in con-
stant temperature and humidity. The relative humid-
ity in the culture box was maintained at about
60~98%. The temperature of the culture box was
maintained at about 16~48°C. The time for activat-
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ing the spores was about 10 minutes ~ 24 hours.

4. Penetration/Breakage of the Epispores. After the
Ganoderma spores were germination-activated,
the spores were further broken by a mechanical
means. Examples of the mechanical means used
to break the spores include micronization, roll-
pressing, or scissor-cut/grinding, microstream-im-
pact crushing, ultra-high-speed airstream impact
crushing, ultra-high pressure microstream crush-
ing, ultra-low temperature crushing etc.

Before breaking the epispores, it was optional

to treat the spores with enzymes such as chitinase
and cellulase to soften the cell walls of the epis-
pores. The enzyme-treated spores could be sepa-
rated from the reaction mixture by centrifugation at
about 3,000~30,000 rpm or ultra-filtration using a
filter with about 10,000 molecular weight cut-off.
5. Extraction of Oleaginous Substances with
SCF-CO,. The extraction of the oleaginous sub-
stances from the sporoderm-broken spores was
conducted in an SCF-CO, extracting apparatus,
which included a CO, source, a compressor, a heat
exchanger, a pressure regulator, and a pressure
vessel. Alternatively, any conventional supercritical
fluid extraction equipment which contains an ex-
tractor i.e., the pressure vessel) and a separator
would also be suitable for the extraction. To operate,
the sporoderm-broken spores were placed in the
pressure vessel. The carbon dioxide was flowed
through the compressor and heat exchanger to
achieve greater than supercritical temperature and
pressure, and then flowed through the spores in the
pressure vessel. The SCF was then removed from
the pressure vessel and depressurized to evapo-
rate the carbon dioxide. The supercritical pressure
used in the present method was about 5~60 M Pa.
The supercritical temperature was in the present
method was about 32~85°C. The flow volume rate
of CO, was about 5~80 kg/h. The extraction time
was about 0.5~6 hours.

[0036] It was optional to add a carrier to the spores
between initiating the SCF-CO,, extraction. Examples of
the carrier include water or 85 ~ 100% of ethanol. The
ratio of the carrier to the spores was about 2~200 % (v/
w). When the carrier was added to the spores, the oleag-
inous substances could be separated from the rest of
the spores by centrifugation at about 3,000~30,000
rpm.

EXAMPLE 1
[0037] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method

shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.
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2. A nutritional solution containing 2 kg of 5% im-
mersion solution of Ganoderma fruiting bodies and
150 kg of saline (0.15 M NaCl) was added to the
spores. The spores were soaked in the nutritional
solution for 6 hours at 32°C.

3. The soaked Ganoderma spores were removed
from the nutritional solution and placed into a well-
ventilated culture box which was kept at constant
temperature of 34°C and relative humidity of 90%.
The spores were maintained in the culture box for
3 hours. Under such condition, the germination rate
of the spores was 95% and the cell walls of the ger-
mination-activated spores showed clear signs of
softening.

4. The germination-activated Ganoderma spores
were micronized. The spores were monitored under
the microscope. The penetration/breaking rate of
the epispores reached 99.6% after this treatment.
5. The epispore-broken Ganoderma spores were
placed in the pressure vessel of the extraction ap-
paratus for SCF-CO,. The supercritical pressure
was kept at 45 M Pa and the supercritical temper-
ature was at 53°C. The flow volume rate of CO, was
kept at 60 kg/h. The total extraction time was 1.5
hours.

Results:

[0038] This method produced about 37 kg of oleagi-
nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solventresidue in the oleaginous substances.

EXAMPLE 2

[0039] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. Anutritional solution containing 20 kg of 1% biotin
solution and 250 kg of distilled water was added to
the spores. The spores were soaked in the nutrition-
al solution for 3 hours at 43°C.

3. The soaked Ganoderma spores were removed
from the nutritional solution and placed into a well-
ventilated culture box which was kept at tempera-
ture of 18°C and relative humidity of 60%. The
spores were maintained in the culture box for 24
hours. Under such condition, the germination rate
of the spores was 95% and the cell walls of the ger-
mination-activated spores showed clear signs of
softening.

4. An enzyme mixture containing 5 g of chitinase,
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10 g of cellulose, and 150 kg of distilled water (at
pH 6.8) was added to and reacted with the spores.
The reaction was performed at the temperature of
43 C for 1.5 hours. At the end of the reaction, the
epispores had lost their resilience.

5. The spores were micronized with crushing. The
spores were monitored under the microscope. The
penetration/breaking rate of the epispores reached
99.6% after this treatment. The sporoderm-broken
spores were separated from the enzyme mixture by
centrifugation at 3,000 rpm.

6. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Ten
(10) kg of 90% ethanol were added to the spores
as a carrier. The supercritical pressure was kept at
40 M Pa and the supercritical temperature was at
32°C. The flow volume rate of CO, was kept at 15
kg/h. The total extraction time was 5 hours.

7. After SCF-CO2 extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 6,000 rpm.

Results:

[0040] This method produced about 36.9 kg of oleag-
inous substances (which constituted approximately
36.9% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 3

[0041] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 200 kg of distilled
water was added to the spores. The spores were
soaked in this solution for 8 hours at 16°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 48°C and
relative humidity of 98% for 10 minutes. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. An enzyme mixture containing 10 g of chitinase,
20 g of cellulose, and 200 kg of distilled water (at
pH 6.8) was added to and reacted with the spores.
The reaction was performed at the temperature of
38 C for 3.0 hours. At the end of the reaction, the
epispores had lost their resilience.

5. The sporoderm of the spores were broken by roll-
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ing/pressing with crushing. The spores were moni-
tored under the microscope. The sporoderm-bro-
ken spores were separated from the enzyme mix-
ture by ultra-filtration.

6. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. The
supercritical pressure was kept at 60 M Pa and the
supercritical temperature was at 48°C. The flow vol-
ume rate of CO, was kept at 5 kg/h. The total ex-
traction time was 4.5 hours.

Results:

[0042] This method produced about 36.9 kg of oleag-
inous substances (which constituted approximately
36.9% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 4

[0043] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 10 kg of 0.5% of
immersed solution of Ganoderma fruiting bodies,
10 kg of 0.1% biotin solution, and 200 kg of distilled
water was added to the spores. The spores were
soaked in this solution for 30 minutes at 25°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 16°C and
relative humidity of 80% for 24 hours. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. Ultra-high-speed airstream was used to break the
epispores of the spores. The broken spores were
monitored under a microscope. About 99.6% of the
spores were broken under this condition.

5. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Fifty
(50) kg of 100% ethanol were added as a carrier.
The supercritical pressure was kept at 10 M Pa and
the supercritical temperature was at 85°C. The flow
volume rate of CO, was kept at 80 kg/h. The total
extraction time was 6 hours.

6. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 20,000 rpm.
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Results:

[0044] This method produced about 37 kg of oleagi-
nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solvent residue in the oleaginous substances.

EXAMPLE 5

[0045] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 50 kg of 5% of
immersed solution of Ganoderma mycelia and 5 kg
of 0.1% biotin solution was added to the spores. The
spores were soaked in this solution for 5 hours at
38°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 30°C and
relative humidity of 70% for 1.5 hours. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. An enzyme mixture containing 20 g of chitinase
and 180 kg of distilled water (at pH 6.4) was added
to and reacted with the spores. The reaction was
performed at the temperature of 38 Cfor 4.0 hours.
At the end of the reaction, the epispores had lost
their resilience.

5. The spores were broken by scissor-cutting/ grind-
ing. The broken spores were monitored under a mi-
croscope. About 99.6% of the spores were broken
under this condition. The sporoderm-broken spores
were separated from the enzyme mixture by cen-
trifugation at 15,000 rpm.

6. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Fifty
(50) kg of distilled water were added as a carrier.
The supercritical pressure was kept at 55 M Pa and
the supercritical temperature was at 55°C. The flow
volume rate of CO, was kept at 42 kg/h. The total
extraction time was 2 hours.

7. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 20,000 rpm.

Results:
[0046] This method produced about 37 kg of oleagi-

nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
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were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solvent residue in the oleaginous substances.

EXAMPLE 6

[0047] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 5 kg of 20% of
immersed solution of Ganoderma fruiting bodies
and 150 kg of distilled water was added to the
spores. The spores were soaked in this solution for
2 hours at 28°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 40°C and
relative humidity of 65% for 3 hours. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. The epispores of the spores were broken by mi-
cronization. The broken spores were monitored un-
der a microscope. About 99.7% of the spores were
broken under this condition.

5. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Two
hundred (200) kg of 95% ethanol were added as a
carrier. The supercritical pressure was kept at 55 M
Pa and the supercritical temperature was at 68°C.
The flow volume rate of CO, was kept at 70 kg/h.
The total extraction time was 2 hours.

7. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 20,000 rpm.

Results:

[0048] This method produced about 37 kg of oleagi-
nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solvent residue in the oleaginous substances.

EXAMPLE 7
[0049] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method

shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.
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2. A nutritional solution containing 20 kg of 25% of
immersed solution of Ganoderma mycelia and 150
kg of distilled water was added to the spores. The
spores were soaked in this solution for 6 hours at
22°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 26°C and
relative humidity of 75% for 4 hours. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. An enzyme mixture containing 20 g of cellulose
and 250 kg of distilled water (at pH 5.6) was added
to and reacted with the spores. The reaction was
performed at the temperature of 45 C for 2 hours.
At the end of the reaction, the epispores had lost
their resilience.

5. The spores were broken by rolling/pressing. The
broken spores were monitored under a microscope.
About 99.7% of the spores were broken under this
condition. The sporoderm-broken spores were sep-
arated from the enzyme mixture by centrifugation
at 15,000 rpm.

6. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. The
supercritical pressure was kept at 55 M Pa and the
supercritical temperature was at 70°C. The flow vol-
ume rate of CO, was kept at 60 kg/h. The total ex-
traction time was 0.5 hours.

Results:

[0050] This method produced about 36.9 kg of oleag-
inous substances (which constituted approximately
36.9% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 8

[0051] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 20 kg of 1% of
biotin solution and 150 kg of distilled water was add-
ed to the spores. The spores were soaked in this
solution for 2 hours at 40°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 18°C and
relative humidity of 88% for 12 hours. Under such
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condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. The epispores of the spores were broken by scis-
sor-cut/grinding. The broken spores were moni-
tored under a microscope. About 99.9% of the
spores were broken under this condition.

5. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Sev-
enty (70) kg of 95% ethanol were added as a carrier.
The supercritical pressure was kept at 10 M Pa and
the supercritical temperature was at 38°C. The flow
volume rate of CO, was kept at 18 kg/h. The total
extraction time was 4 hours.

6. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 15,000 rpm.

Results:

[0052] This method produced about 37 kg of oleagi-
nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solvent residue in the oleaginous substances.

EXAMPLE 9

[0053] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 250 kg of distilled
water was added to the spores. The spores were
soaked in this solution for 10 hours at 34°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 31°C and
relative humidity of 80% for 2 hours. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. An enzyme mixture containing 10 g of chitinase
and 250 kg of distilled water (at pH 6.8) was added
to and reacted with the spores. The reaction was
performed at the temperature of 44 Cfor 2 hours. At
the end of the reaction, the epispores had lost their
resilience.

5. The spores were broken by micronization/press-
ing. The broken spores were monitored under a mi-
croscope. About 99.9% of the spores were broken
under this condition. The sporoderm-broken spores
were separated from the enzyme mixture by cen-
trifugation at 30,000 rpm.
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6. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Two
(2) kg of distilled water were added as a carrier. The
supercritical pressure was kept at 14 M Pa and the
supercritical temperature was at 45°C. The flow vol-
ume rate of CO, was kept at 12 kg/h. The total ex-
traction time was 2 hours.

7. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 30,000 rpm.

Results:

[0054] This method produced about 36.8 kg of oleag-
inous substances (which constituted approximately
36.8% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 10

[0055] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. A nutritional solution containing 200 kg of saline
solution was added to the spores. The spores were
soaked in this solution for 6 hours at 22°C.

3. The soaked spores were removed from the nu-
tritional solution and placed in a well-ventilated cul-
ture box which was kept at temperature of 34°C and
relative humidity of 75% for 5 hours. Under such
condition, the germination rate of the spores was
95% and the cell walls of the germination-activated
spores showed clear signs of softening.

4. The epispores of the spores were broken by ultra-
high pressure microstream. The broken spores
were monitored under a microscope. About 99.9%
of the spores were broken under this condition.

5. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Sixty
five (65) kg of 85% ethanol were added as a carrier.
The supercritical pressure was kept at 14 M Pa and
the supercritical temperature was at 40°C. The flow
volume rate of CO, was kept at 25 kg/h. The total
extraction time was 1 hour.

6. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 8,000 rpm.

Results:

[0056] This method produced about 37 kg of oleagi-
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nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solvent residue in the oleaginous substances.

EXAMPLE 11

[0057] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. The Ganoderma spores were micronized. The
spores were monitored under the microscope. The
penetration/breaking rate of the epispores reached
99.6% after this treatment.

3. The epispore-broken Ganoderma spores were
placed in the pressure vessel of the extraction ap-
paratus for SCF-CO,. The supercritical pressure
was kept at 35 M Pa and the supercritical temper-
ature was at 50°C. The flow volume rate of CO, was
kept at 25 kg/h. The total extraction time was 3.0
hours.

Results:

[0058] This method produced about 37 kg of oleagi-
nous substances (which constituted approximately 37%
by weight of the spores). The oleaginous substances
were transparent and contained the special fragrance
of Ganoderma spores, an indication that the oleaginous
substances were not oxidized. There was no trace of
deposit or solvent residue in the oleaginous substances.

EXAMPLE 12

[0059] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. An enzyme mixture containing 10 g of chitinase,
20 g of cellulose, and 200 kg of distilled water (at
pH 6.2) was added to and reacted with the spores.
The reaction was performed at the temperature of
45 C for 1 hour. At the end of the reaction, the epis-
pores had lost their resilience.

3. The spores were micronized with crushing. The
spores were monitored under the microscope. The
penetration/breaking rate of the epispores reached
99.9% after this treatment. The sporoderm-broken
spores were separated from the enzyme mixture by
centrifugation at 3,000 rpm.

4. The spores were then placed in the pressure ves-
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sel of the extraction apparatus for SCF-CO,. Ten
(10) kg of 90% ethanol were added to the spores
as a carrier. The supercritical pressure was kept at
30 M Pa and the supercritical temperature was at
41°C. The flow volume rate of CO, was kept at 5
kg/h. The total extraction time was 5 hours.

5. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 3,000 rpm.

Results:

[0060] This method produced about 37.1 kg of oleag-
inous substances (which constituted approximately
37.1% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 13

[0061] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. An enzyme mixture containing 20 g of chitinase,
10 g of cellulose, and 250 kg of distilled water (at
pH 6.5) was added to and reacted with the spores.
The reaction was performed at the temperature of
48 Cfor 2 hours. At the end of the reaction, the epis-
pores had lost their resilience.

3. The sporoderm of the spores were broken by roll-
ing/pressing with crushing. The spores were moni-
tored under the microscope. The sporoderm-bro-
ken spores were separated from the enzyme mix-
ture by ultra-filtration.

4. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. The
supercritical pressure was kept at 40 M Pa and the
supercritical temperature was at 32°C. The flow vol-
ume rate of CO, was kept at 10 kg/h. The total ex-
traction time was 4 hours.

Results:

[0062] This method produced about 37.3 kg of oleag-
inous substances (which constituted approximately
37.3% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.
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EXAMPLE 14

[0063] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. Ultra-high-speed airstream was used to break the
epispores of the spores. The broken spores were
monitored under a microscope. About 99.6% of the
spores were broken under this condition.

3. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Twen-
ty (20) kg of 100% ethanol were added as a carrier.
The supercritical pressure was kept at 10 M Pa and
the supercritical temperature was at 35°C. The flow
volume rate of CO, was kept at 12 kg/h. The total
extraction time was 6 hours.

4. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 5,000 rpm.

Results:

[0064] This method produced about 37.2 kg of oleag-
inous substances (which constituted approximately
37.2% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 15

[0065] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. An enzyme mixture containing 30 g of chitinase
and 250 kg of distilled water (at pH 6.2) was added
to and reacted with the spores. The reaction was
performed at the temperature of 45 C for 2.5 hours.
At the end of the reaction, the epispores had lost
their resilience.

3. The spores were broken by scissor-cutting/ grind-
ing. The broken spores were monitored under a mi-
croscope. About 99.9% of the spores were broken
under this condition. The sporoderm-broken spores
were separated from the enzyme mixture by cen-
trifugation at 15,000 rpm.

4. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Fifty
(50) kg of distilled water were added as a carrier.
The supercritical pressure was kept at 50 M Pa and
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the supercritical temperature was at 60°C. The flow
volume rate of CO, was kept at 40 kg/h. The total
extraction time was 2.5 hours.

5. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 10,000 rpm.

Results:

[0066] This method produced about 37.6 kg of oleag-
inous substances (which constituted approximately
37.6% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 16

[0067] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. The epispores of the spores were broken by mi-
cronization. The broken spores were monitored un-
der a microscope. About 99.7% of the spores were
broken under this condition.

3. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. One
hundred (100) kg of 95% ethanol were added as a
carrier. The supercritical pressure was kept at 55 M
Pa and the supercritical temperature was at 68°C.
The flow volume rate of CO, was kept at 70 kg/h.
The total extraction time was 2 hours.

4. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 20,000 rpm.

Results:

[0068] This method produced about 37.5 kg of oleag-
inous substances (which constituted approximately
37.5% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 17
[0069] The oleaginous substances from the Ganoder-

ma spores were extracted according to the method
shown below:
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1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. An enzyme mixture containing 30 g of cellulose
and 200 kg of distilled water (at pH 5.8) was added
to and reacted with the spores. The reaction was
performed at the temperature of 40 C for 1.5 hours.
At the end of the reaction, the epispores had lost
their resilience.

3. The spores were broken by rolling/pressing. The
broken spores were monitored under a microscope.
About 99.8% of the spores were broken under this
condition. The sporoderm-broken spores were sep-
arated from the enzyme mixture by centrifugation
at 20,000 rpm.

6. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. The
supercritical pressure was kept at 60 M Pa and the
supercritical temperature was at 75°C. The flow vol-
ume rate of CO, was kept at 80 kg/h. The total ex-
traction time was 0.5 hours.

Results:

[0070] This method produced about 37.4 kg of oleag-
inous substances (which constituted approximately
37.4% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 18

[0071] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. The epispores of the spores were broken by scis-
sor-cut/grinding. The broken spores were moni-
tored under a microscope. About 99.9% of the
spores were broken under this condition.

3. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. One
hundred (100) kg of 90% ethanol were added as a
carrier. The supercritical pressure was keptat 15 M
Pa and the supercritical temperature was at 48°C.
The flow volume rate of CO, was kept at 25 kg/h.
The total extraction time was 2 hours.

4. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 25,000 rpm.

Results:

[0072] This method produced about 37.5 kg of oleag-
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inous substances (which constituted approximately
37.5% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 19

[0073] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method
shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.

2. An enzyme mixture containing 10 g of chitinase,
10 kg of cellulase and 220 kg of distilled water (at
pH 7.3) was added to and reacted with the spores.
The reaction was performed at the temperature of
45 Cfor 1.5 hours. At the end of the reaction, the
epispores had lost their resilience.

3. The spores were broken by micronization/press-
ing. The broken spores were monitored under a mi-
croscope. About 99.9% of the spores were broken
under this condition. The sporoderm-broken spores
were separated from the enzyme mixture by ultra-
filtration.

4. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Ten
(10) kg of distilled water were added as a carrier.
The supercritical pressure was kept at 5 M Pa and
the supercritical temperature was at 85°C. The flow
volume rate of CO, was kept at 35 kg/h. The total
extraction time was 1.5 hours.

5. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 30,000 rpm.

Results:

[0074] This method produced about 37.1 kg of oleag-
inous substances (which constituted approximately
37.1% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

EXAMPLE 20
[0075] The oleaginous substances from the Ganoder-
ma spores were extracted according to the method

shown below:

1. One hundred (100) kg of mature and plump Ga-
noderma spores were carefully selected.
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2. The epispores of the spores were broken by ultra-
high pressure microstream. The broken spores
were monitored under a microscope. About 99.9%
of the spores were broken under this condition.

5. The spores were then placed in the pressure ves-
sel of the extraction apparatus for SCF-CO,. Two
hundred (200) kg of 80% ethanol were added as a
carrier. The supercritical pressure was kept at 14 M
Pa and the supercritical temperature was at 40°C.
The flow volume rate of CO, was kept at 12 kg/h.
The total extraction time was 0.5 hour.

6. After SCF-CO, extraction, the oleaginous sub-
stances were separated from the carrier by centrif-
ugation at 6,000 rpm.

Results:

[0076] This method produced about 37.4 kg of oleag-
inous substances (which constituted approximately
37.4% by weight of the spores). The oleaginous sub-
stances were transparent and contained the special fra-
grance of Ganoderma spores, an indication that the
oleaginous substances were not oxidized. There was no
trace of deposit or solvent residue in the oleaginous sub-
stances.

Claims

1. A method for extracting oleaginous substances
from spores of Ganoderma lucidum comprising:

germination-activating  said Ganoderma
spores;

breaking said germination-activated Ganoder-
ma spores by a mechanical means to obtain
sporoderm-broken spores; and

extracting said oleaginous substances from
said sporoderm-broken spores using a super-
critical fluid - carbon dioxide (SCF-CO,) extrac-
tion method.

2. The method according to claim 1, wherein before
said Ganoderma spores are broken by said me-
chanical means, said Ganoderma spores are ger-
mination-activated by soaking said Ganoderma
spores in a nutritional solution which is suitable for
induction of germination; and placing said germina-
tion-induced Ganoderma spores in a ventilated cul-
ture box for activation until cell walls of said Gano-
derma spores are softened.

3. The method according to claim 2, wherein said nu-
tritional solution is at least one which is selected
from the group consisting of an immersed solution
of Ganoderma fruiting body, a biotin solution, water,
and animmersed solution of Ganoderma mycelium.
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10.

11.

12.

13.

14.

15.

The method according to claim 2, wherein said Ga-
noderma spores are soaked in said nutritional so-
lution between 10 minutes and 10 hours.

The method according to claim 2, wherein said Ga-
noderma spores are soaked in said nutritional so-
lution between 16° and 43°C.

The method according to claim 2, wherein said ven-
tilated culture box is at relative humidity between
60% and 98%.

The method according to claim 2, wherein said ven-
tilated culture box is at temperature between 16°C
and 48°C.

The method according to claim 2, wherein said
soaked Ganoderma spores are placed in said ven-
tilated culture box between 10 minutes and 24
hours.

The method according to claim 1, wherein said me-
chanical means is at least one selected from the
group consisting of micronization, ultra-high-speed
airstream, scissor-cut/grinding, and ultra-high pres-
sure microstream.

The method according to claim 1, further compris-
ing a step of digesting said Ganoderma spores with
atleast an enzyme before applying said mechanical
means.

The method according to claim 10, wherein said en-
zyme is at least one selected from the group con-
sisting of chitinase and cellulase.

The method according to claim 1, wherein said
SCF-CO, extraction method comprises:

placing said sporoderm-broken Ganoderma
spores in a pressure vessel;

contacting SCF-CO, with said Ganoderma
spores in said pressure vessel; and
depressurizing said pressure vessel to collect
said oleaginous substances from said sporo-
derm-broken Ganoderma spores.

The method according to claim 12, wherein said
pressure vessel is maintained at a pressure be-
tween 5 M Psia (Pa) to 60 M Pa.

The method according to claim 12, wherein said
pressure vessel is maintained at a temperature of
32°C to 85°C.

The method according to claim 12, wherein said
pressure vessel is maintained at a flow volume rate
of 5 kg/h to 80 kg/h.
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The method according to claim 12, wherein said ex-
traction time is between 30 minutes and 6 hours.

The method according to claim 12, wherein said
sporoderm-broken Ganoderma spores are mixed
with a carrier before placed in said pressure vessel.

The method according to claim 17, wherein said
carrier is 85% to 100% ethanol (vol/vol) or water.

The method according to claim 17, wherein said
carrier and said Ganoderma spores are at a weight
ratio of 2% to 200%.

The method according to claim 17, further compris-
ing a step of:

separating said oleaginous substances from
said carrier by centrifugation.

An anti-tumor agent comprising said oleaginous
substances from Ganoderma spores obtainable ac-
cording to claim 1.

An anti-HIV agent comprising said oleaginous sub-
stances from Ganoderma spores obtainable ac-
cording to claim 1.

An anti-HBV agent comprising said oleaginous sub-
stances from Ganoderma spores obtainable ac-
cording to claim 1.

An immune modulating agent comprising said
oleaginous substances from Ganoderma spores
obtainable according to claim 1.

A use of an effective amount of said oleaginous sub-
stances from Ganoderma spores obtainable ac-
cording to claim 1 for the preparation of a medica-
ment for treating patient with tumors.

A use of an effective amount of said oleaginous sub-
stances from Ganoderma spores obtainable ac-
cording to claim 1 for the preparation of a medica-
ment for treating patient with HIV infection.

A use of an effective amount of said oleaginous sub-
stances from Ganoderma spores obtainable ac-
cording to claim 1 for the preparation of a medica-
ment for trea patient with HBV infection.

A use of an effective amount of said oleaginous sub-
stances from Ganoderma spores obtainable ac-
cording to claim 1 for the preparation of a medica-
ment for treating patient with immunological disor-
ders.

a1
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Patentanspriiche

Verfahren zum Extrahieren dliger Substanzen aus
Sporen von Ganoderma lucidum, umfassend die
Schritte:

Keimungs-Aktivierung der Ganoderma-Spo-
ren;

Aufbrechen der besagten keimungs-aktivierten
Ganoderma-Sporen durch ein mechanisches
Mittel, zum Erhalten von sporoderm-aufgebro-
chenen Sporen; und

Extrahieren der o6ligen Substanzen aus den
sporoderm-aufgebrochenen Sporen unter Ver-
wendung eines superkritischen Kohlendioxyd-
Fluid-(SCF-CO,)-Extraktionsverfahrens.

Verfahren gemaR Anspruch 1, wobei, bevor die
Ganoderma-Sporen durch das mechanische Mittel
aufgebrochen werden, die Ganoderma-Sporen
durch Eintauchen der Ganoderma-Sporen in eine
Nahrldsung keimungs-aktiviert werden, die zur In-
duktion der Keimung geeignet ist; und Einbringen
der keimungsinduzierten Ganoderma-Sporen in ei-
ne bellftete Kulturbox zur Aktivierung, bis die Zell-
wande der Ganoderma-Sporen erweicht sind.

Verfahren geméafl Anspruch 2, wobei die N&hrlo-
sung mindestens eine ist, die aus der Gruppe aus-
gewahlt wird, die aus einer Eintauchlésung von
Ganoderma-Fruchtkérpern, einer Biotinlésung,
Wasser und einer Eintauchldsung von Ganoderma-
Mycelium besteht.

Verfahren gemaf Anspruch 2, wobei die Ganoder-
ma-Sporen 10 Minuten bis 10 Stunden in die Nahr-
I6sung eingetaucht werden.

Verfahren gemaf Anspruch 2, wobei die Ganoder-
ma-Sporen in die N&hrldsung bei 16°C bis 43°C
eingetaucht werden.

Verfahren gemaR Anspruch 2, wobei die beliiftete
Kulturbox bei einer relativen Luftfeuchtigkeit von 60
% bis 98 % ist.

Verfahren gemal Anspruch 2, wobei die beliiftete
Kulturbox bei einer Temperatur von 16°C bis 48°C
ist.

Verfahren geméafR Anspruch 2, wobei die einge-
tauchten Ga noderma-Sporen 10 Minuten bis 24
Stunden in die beluftete Kulturbox eingebracht wer-
den.

Verfahren geméaR Anspruch 1, wobei das mechani-
sche Mittel mindestens eines ist das aus der Grup-
pe ausgewahlt wird, die aus Mikronisierung, Luft-
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strom ultrahoher Geschwindigkeit, Zerschneiden/
Zerkleinern und Mikrostrom ultrahohen Drucks be-
steht.

Verfahren gemaf Anspruch 1, ferner umfassend ei-
nen Schritt des Verdauens der Ganoderma-Sporen
mit mindestens einem Enzym vor dem Anwenden
des mechanischen Mittels.

Verfahren gemanR Anspruch 10, wobei das Enzym
mindestens eines ist, das aus der aus Chitinase und
Cellulase bestehenden Gruppe ausgewahlt ist.
Verfahren gemdaR Anspruch 1, wobei das
SCF-CO,-Extraktionsverfahren umfaf3t:

Einbringen der sporoderm-aufgebrochenen
Ganoderma-Sporen in einen Druckbehélter;
Kontaktieren des SCF-CO, mit den Ganoder-
ma-Sporen im Druckbehélter; und
Druckentlastung des Druckbehélters zum
Sammeln der éligen Substanzen aus den spo-
roderm-aufgebrochenen Ganoderma-Sporen.

Verfahren gemaf Anspruch 12, wobei der Druckbe-
héalter bei einem Druck zwischen 5 M Psia (Pa) bis
60 M Pa gehalten wird.

Verfahren gemaf Anspruch 12, wobei der Druckbe-
hélter bei einer Temperatur von 32°C bis 85°C ge-
halten wird.

Verfahren gemaf Anspruch 12, wobei der Druckbe-
hélter bei einer Durchstromvolumenrate von 5 kg/h
bis 80 kg/h gehalten wird.

Verfahren gemaf Anspruch 12, wobei die Extrakti-
onsdauer 30 Minuten bis 6 Stunden betragt.

Verfahren geméafR Anspruch 12, wobei die sporo-
derm-aufgebrochenen Ganoderma-Sporen vor
dem Einbringen in den Druckbehélter mit einem
Trager vermischt werden.

Verfahren gemaf Anspruch 17, wobei der Trager
85 bis 100 %-iges Ethanol (Vol/Vol) oder Wasser ist.

Verfahren gemaf Anspruch 17, wobei der Trager
und die Ganoderma-Sporen bei einem Gewichts-
verhaltnis von 2 % bis 200 % vorliegen.

Verfahren geméal Anspruch 17, ferner umfassend
einen Schritt des Trennens der éligen Substanzen
von dem Trager durch Zentrifugation.

Antitumormittel, umfassend die 6ligen Substanzen
aus Ga noderma-Sporen, die gemaf Anspruch 1
erhaltlich sind.

10

15

20

25

30

35

40

45

50

55

15

EP 1245 235 Bl

22.

23.

24.

25.

26.

27.

28.

28

Anti-HIV-Mittel, umfassend die 6ligen Substanzen
aus Ganoderma-Sporen, die gemaRl Anspruch 1 er-
haltlich sind.

Anti-HBV-Mittel, umfassend die éligen Substanzen
aus Ga noderma-Sporen, die gemafl Anspruch 1
erhaltlich sind

Immunmodulierendes Mittel, umfassend die 6ligen
Substanzen aus Ganoderma-Sporen, die gemaf
Anspruch 1 erhéltlich sind.

Verwendung einer wirksamen Menge der 6ligen
Substanzen aus Ganoderma-Sporen, die gemaf
Anspruch 1 erhaltlich sind, zur Herstellung eines
Medikaments zum Behandeln eines Patienten mit
Tumoren.

Verwendung einer wirksamen Menge der 6ligen
Substanzen aus Ganoderma-Sporen, die gemaf
Anspruch 1 erhéltlich sind, zur Herstellung eines
Medikaments zum Behandeln eines Patienten mit
HIV-Infektion.

Verwendung einer wirksamen Menge der 6ligen
Substanzen aus Ganoderma-Sporen, die gemaf
Anspruch 1 erhéltlich sind, zur Herstellung eines
Medikaments zum Behandeln eines Patienten mit
HBV-Infektion.

Verwendung einer wirksamen Menge der 6ligen
Substanzen aus Ganoderma-Sporen, die gemaf
Anspruch 1 erhéltlich sind, zur Herstellung eines
Medikaments zum Behandeln eines Patienten mit
immunologischen Erkrankungen.

Revendications

1.

Procédé d'extraction des substances oléagineuses
des spores de Ganoderma lucidum comprenant :

activer par germination lesdites spores de
Ganoderma ;

casser lesdites spores de Ganoderma activées
par germination par un moyen mécanique pour
obtenir des spores au sporoderme cassé ; et
extraire lesdites substances oléagineuses des-
dites spores au sporoderme cassé en utilisant
un procédé d'extraction au dioxyde de carbone
a I'état de fluide supercritique (FSC-CO,).

Procédé selon la revendication 1, dans lequel,
avant que lesdites spores de Ganoderma ne soient
cassées par ledit moyen mécanique, lesdites spo-
res de Ganoderma sont activées par germination
en trempant lesdites spores de Ganoderma dans
une solution nutritive qui est appropriée pour l'in-
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duction de la germination ; et en placant lesdites
spores de Ganoderma dont la germination a été in-
duite dans une boite de culture ventilée pour acti-
vation jusqu'a ce que les parois cellulaires desdites
spores de Ganoderma soient ramollies.

Procédé selon la revendication 2, dans lequel ladite
solution nutritive est au moins une solution choisie
dans le groupe consistant en une solution immer-
gée de sporophore de Ganoderma, une solution de
biotine, de I'eau et une solution immergée de my-
célium de Ganoderma.

Procédé selon la revendication 2, dans lequel les-
dites spores de Ganoderma sont trempées dans la-
dite solution nutritive entre 10 minutes et 10 heures.

Procédé selon la revendication 2, dans lequel les-
dites spores de Ganoderma sont trempées dans la-
dite solution nutritive entre 16 et 43°C.

Procédé selon la revendication 2, dans lequel ladite
boite de culture ventilée est a une humidité relative
entre 60% et 98%.

Procédé selon la revendication 2, dans lequel ladite
boite de culture ventilée est a une température en-
tre 16 et 48°C.

Procédé selon la revendication 2, dans lequel les-
dites spores de Ganoderma trempées sont placées
dans ladite boite de culture ventilée entre 10 minu-
tes et 24 heures.

Procédé selon la revendication 1, dans lequel ledit
moyen mécanique est au moins un moyen choisi
dans le groupe consistant en la micronisation, le
courant d'air a ultra haute vitesse, la coupe aux ci-
seaux/le broyage, et le micro-courant a ultra haute
pression.

Procédé selon la revendication 1, comprenant en
outre une étape de digestion desdites spores de
Ganoderma avec au moins une enzyme avant d'ap-
pliguer ledit moyen mécanique.

Procédé selon la revendication 10, dans lequel la-
dite enzyme est au moins une enzyme choisie dans
le groupe consistant en la chitinase et la cellulase.

Procédé selon la revendication 1, dans lequel ledit
procéde d'extraction FSC-CO, comprend :

placer lesdites spores de Ganoderma au spo-
roderme cassé dans un récipient sous
pression ;

mettre le FSC-CO, au contact desdites spores
de Ganoderma dans ledit récipient sous
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pression ; et

dépressuriser ledit récipient sous pression pour
collecter lesdites substances oléagineuses
desdites spores de Ganoderma au sporoderme
casse.

Procédé selon la revendication 12, dans lequel ledit
récipient sous pression est maintenu a une pres-
sion entre 5 M Psia (Pa) & 60 M Pa.

Procédé selon larevendication 12, dans lequel ledit
récipient sous pression est maintenu a une tempé-
rature de 32°C a 85°C.

Procédé selon la revendication 12, dans lequel ledit
récipient sous pression est maintenu & un débit en
volume de 5 kg/h a 80 kg/h.

Procédé selon la revendication 12, dans lequel ledit
temps d'extraction est entre 30 minutes et 6 heures.

Procédé selon la revendication 12, dans lequel les-
dites spores de Ganoderma au sporoderme cassé
sont mélangées avec un véhicule avant d'étre pla-
cées dans ledit récipient sous pression.

Procédé selon la revendication 17, dans lequel ledit
véhicule est 85% a 100% de I'éthanol (en volume)
ou de l'eau.

Procédé selon la revendication 17, dans lequel ledit
véhicule et lesdites spores de Ganoderma sont
dans une proportion en poids de 2% a 200%.

Procédé selon la revendication 17, comprenant en
outre une étape de :

séparer lesdites substances oléagineuses du-
dit véhicule par centrifugation.

Agent antitumoral comprenant lesdites substances
oléagineuses des spores de Ganoderma suscepti-
bles d'étre obtenues selon la revendication 1.

Agent anti-VIH comprenant lesdites substances
oléagineuses des spores de Ganoderma suscepti-
bles d'étre obtenues selon la revendication 1.

Agent anti-VHB comprenant lesdites substances
oléagineuses des spores de Ganoderma suscepti-
bles d'étre obtenues selon la revendication 1.

Agent de modulation immun comprenant lesdites
substances oléagineuses des spores de Ganoder-
ma susceptibles d'étre obtenues selon la revendi-
cation 1.

Utilisation d'une quantité efficace desdites substan-
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ces oléagineuses des spores de Ganoderma sus-
ceptibles d'étre obtenues selon la revendication 1
pour la préparation d'un médicament destiné a trai-
ter un patient souffrant de tumeurs.

Utilisation d'une quantité efficace desdites substan-
ces oléagineuses des spores de Ganoderma sus-
ceptibles d'étre obtenues selon la revendication 1
pour la préparation d'un médicament destiné a trai-
ter un patient souffrant d'une infection au VIH.

Utilisation d'une quantité efficace desdites substan-
ces oléagineuses des spores de Ganoderma sus-
ceptibles d'étre obtenues selon la revendication 1
pour la préparation d'un médicament destiné a trai-
ter un patient souffrant d'une infection au VHB.

Utilisation d'une quantité efficace desdites substan-
ces oléagineuses des spores de Ganoderma sus-
ceptibles d'étre obtenues selon la revendication 1
pour la préparation d'un médicament destiné a trai-
ter un patient souffrant de troubles immunologi-
ques.
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