1 Large-scal e production nethod for Cordyceps and Ganodernma Field of the

I nvention 5 The present invention rel ates toﬂ—he—l—anmduction of
fungi, in particular to Cordyceps and/or Ganod m spores and
paste. The present invention further relates to ‘H‘WM\ %le\ and growt h
paranmeters for the |arge-scale production of the sal ,ungi, and also to
culture nedia, as well 10 as nethods fdr the producfélmc(in of the fungi. The
present invention also relates to extraction nethods for the active

i ngr edi ent Large-sealg\preguctionamethashior Gprdyceps and Sanpdernaaso rel ates to the
preparation of beverage and food conmprising the fungi and/or fungi paste
prepared according to the invention. In particular, it 1is provided a dairy
product compsld of tge imvektiomd sai d fungi and/or fungi paste. 15 Background of
t he invention Cordyceps, a famly of fungi e.g. Cordyceps Sinensis (known
as Dong Cong Xia Cao in Mandarin), is considered as one of the superior
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i ncl ude The invention also relates to the preparation of beverage and food comprising

the fungi and/or fungi paste prepared according to the invention. In particular, it
is provided a dairy product comprising milk and said fungi and/or fungi paste.

15
Background of the invention

Cordyceps, a family of fungi e.g. Cordyceps Sinensis (known as Dong Cong Xia
Cao in Mandarin), is considered as one of the superior Chinese herbs in
20 Traditional Chinese Medicine (TCM), believed to be useful for enhancing
immunity, reducing phlegm, strengthening lungs, fortifying kidneys and
improving sexual vitality. Cordyceps strains grow on the body of a host
caterpillar or insect larvae, which becomes mummified by an internal mat of
Cordyceps mycelium. Eventually, a large, clavate stroma, sometimes as much
25 as 10-15 cm in length, grows out from the mummified host and bears an

immersed perithecia in its upper part.

Ganoderma lucidum (Red LingZhi in Mandarin), is another family of fungi also
considered a superior herb in TCM. It is believed to be capable of preventing
30 cancer, lowering cholesterol and to be therapeutic against heart and liver
diseases. Fruiting body and spores of the LingZhi mushroom are the major

forms prescribed in TCM. Other strains of LingZhi used may include
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r 2 Ganoderna japoni cum (Purple Lingzhi) and Ganodernma tsugae, both of
which are supposed to have therapeutic effects different fromthose of Red
Li ngZhi . WId Cordyceps and Ganoderma can posses high concentrations of
héavy 5 netals and can also carry nicrobial contamnation. It is therefore
difficult to ensure the quality of sucB harvested wild grow hs. _

I ndustrially produced Cordyceps and Ganoderma, the qualities of which are
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Ganoderma, the spores of Ganoderma and ceps woul trenme
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grown to sape Xt S0 athBuit 8GR LLBYrbtes such as carbon and nitrogen sources

15 and so on, and the optimal ranges of such parameters are not easily
determined. Results have shown that static/shake flask liquid culture yields only
1% grbwth (where yield of the biomass is defined as dry mycelia per 100 m! of
fermentation broth/liquid for a period of 45 to 72 hours). A reasonable period of
~ time for the culture of a static/flask cultivation is at least two times longer than
20 that of a submerged fermentation system. Some strains such as C. Gracilis, C.
ophioglossoides, C. militaris cannot even grow properly in a static/shake liquid
culture. Furthermore, Ganoderma cells tend to be pelletised in a submerged
fermentation system, especially one using a potato-dextrose medium such as
the one recommended in US5,334,704, which results in affected hyphal growth.

25
Besides the fruiting bodies of Ganoderma, the spores of Ganoderma and
Cordyceps would be extremely valuable in TCM. Unfortunately, Ganoderma
and Cordyceps, while they can be grown to some extent in standard growth
medium under standard conditions, have never been successfully cultured to
30 produce basidiospores. Consequently, large-scale production of the spores has

not been achieved so far.



medi um under standard conditions, have never been successfully cultured to
30 produce basi di ospores. Consequently, |arge-scale production of the.
spores has not been achieved so far. 3 Summary of the invention In a
first aspect, the present invention provides in general terns an apparatus
for | arge-scal e production of Cordyceps3and/ or Ganodernma, preferably 5
conprising a bio-reactor. In particular, if used to culture Cordyceps, it
can producguramdrgbfitrd imentiggst 5% and if used to culture Ganodernm, it
produces a yield of at Teast 3% In another aspect, the invention provides
a method for the nulti-stage liquid 10 fernentation, leading to a yield of
at | east 5% .ot o] jeld of at l.east 3% of Ganoderna. In
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Cor dyceps Yvielddfat l6zmt@derma fortified with sodiumnitrate and/ or Ri boflavin
(vitamn B2). In particular, the invention provides a nediumfor the
culture of Cordyceps mlitaris or Ganoderma japonicumfortified with
sodi um ni t / i+ b o\ ' her_.aspect. the
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i nvention ovi des psi hg Ganoderma spores (for exanple, |ucidum spores),
Cor dyceps @%tﬂ%é‘gamééﬁ%r ma mycel i a and/ or

In another aspect, the invention provides a method of producing spores of
Ganoderma and/or Cordyceps. In particular, the method comprises the step of
15 applying a pressure of 2 bar and higher to a culture of Ganoderma and/or

Cordyceps during the growth phase.

In another aspect, the invention provides a novel medium for the culture of

Cordyceps and/or Ganoderma.

20
In another aspect, the invention provides a medium for the culture of Cordyceps
and/or Ganoderma fortified with sodium nitrate and/or Riboflavin (vitamin B2). In
particular, the invention provides a medium for the culture of Cordyceps militaris
or Ganoderma japonicum fortified with sodium nitrate and/or Riboflavin (vitamin
25 B2). .

In another aspect, the invention provides a method comprising hot water
extraction of the active ingredients of Cordyceps and/or Ganoderma.

30 In another aspect, the invention provides using Ganoderma spores (for
example, lucidum spores), Cordyceps spores, Ganoderma mycelia and/or

Cordyceps mycelia and Ganoderma paste and/or Cordyceps paste produced by



Cordyceps nycelia and Ganodernma paste and/or Cordyceps paste produced by 4
the process or system provided according to any enbodi nent of the invention
as nutritional supplenents. In another aspect, the invention provides

uni cel lul ar Ganoderma and/or 5 Cordyceps. The invention further provides
cul tures of Ganodernma and/or Cordycepstin substantially unicellular form
The invention further provides «cultures conprising 100% of unicellul ar
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to the present invention. In particular, the invention provides mlKk
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Ganoder ma I8 panether Caspgcie pthes povartgionGaprodigiesa uhicqliakdre Garcbdeomay caldorpast e
of .the, nmed of the, invention._ |n anpther aspect,

produced i resenc Lu

the i noen(GRAYERRR 4BS IMYRR4PRREGTc ATOURH Al en Of GRRRHATEIn ENAOT east
one of Gangdg ek ; YFERS celd 2 e p

Cor dyceps spo?g?wén%%%%ng%y;t e an‘g;aofr %C%nggggpgvg‘gggﬁefd@rezdﬁg@%sn
presence aultutas neathprisiof tH¥ % nwéntinicelluite dutveant bdn Gainodepmav i atelfort he
use of Gacg_ﬁdﬁrrm mycelium Cordyceps nycelium Ganoderma spores, Cordyceps
spor es, tof ¥??‘|%S'paste and/ or 25 Cordyceps paste, produced in presence of
t he nedi um of the invention, for the manufacture of a pharnaceuti cal
conposi tion, beverage (for exanple mlk) and/or food (for exanple,
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and others. Accordingly, the invention also provides _a nethod for
t her apeut iigvention providés milk fortified with at least one of Ganoderma mycelium,
Cordyceps mycelium, Ganoderma spores, Cordyceps spores, Ganoderma
15 paste and Cordyceps paste produced in presence of the medium of the

invention.

in another aspect, the invention provides a pharmaceutical composition
comprising at least one of Ganoderma mycelium, Cordyceps mycelium,

20 Ganoderma spores, Cordyceps spores, Ganoderma paste and/or Cordyceps
paste, produced in presence of the medium of the invention.

The invention also provides the use of Ganoderma mycelium, Cordyceps
mycelium, Ganoderma spores, Cordyceps spores, Ganoderma paste and/or
25 Cordyceps paste, produced in presence of the medium of the invention, for the
manufacture of a pharmaceutical composition, beverage (for example milk)
and/or food (for example, nutritional supplement) for use in therapy. Therapeutic
uses include, but are not limited to, treatment of tumors, stimulation of
macrophagies activity, or stimulation of immunological system, stimulation of
30 kidney and respiratory functions, enhance the circulatory function of the body,
and others. Accordingly, the invention also provides a method for therapeutic

treatment, in particular (but not limited to) for the treatment of tumors,



treatnent, in particular (but not limted to) for the treatment of tunors,
5 stinulation of macrophagies activity, or stinmulation of inmmunol ogical
system stinulation of kidney and respiratory functions, enhance. the
circulatory function of the body, and others conprising the adm nistration
to a patient of: at |east Ganoderma ny&elium Cordyceps nycelium
Ganoder ma spores, Cordyceps 5 spores, Ganodernma paste and/ or Cordyceps
paste, prostimggtion dir @aersithaegied Aetivitgdrustiabiatiba d)fn}tﬁrl‘hhh@ g. stem,
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75 | WHilo- r prestoce of Figyoediumiacd thae iraentjpaph shovm ng the effect of stirring
speed on the yield of 30 Cordyceps. The experinment was nmade by submerged
fermentation in 75 1 bio- reactor 6 Figure 5 shows a microscopic
observation of spores of Ganodernma produced

Brief description of the figures

15 Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following figures in which:

Figure 1 is a chart showing yield of dry weight mycelium versus concentration of
different ingredients. The experiment was carried out by using shake flask
20 fermentation.

Figure 2 is a chart showing effect of maitose on the yield of Cordyceps. The
experiment was made by submerged fermentation in 75 | bio-reactor. The
added minerals were: KH2PO4 of 1.5 g/L, and MgSO47H,0 of 0.3 g/L.

25
Figure 3 is a chart showing the effect of aeration rate on the yield of Cordyceps.

The experiment was made by submerged fermentation in 75 | bio-reactor.

Figure 4 is a bar graph showing the effect of stirring speed on the yield of
30 Cordyceps. The experiment was made by submerged fermentation in 75 | bio-

reactor



by liquid cultivation. Figure 6 shows profiling of proteins, glycoproteins

and pol ysaccharides found in the active ingredients of Ganodernma | uci dum

and Cordyceps sinensis by SDS- 5 PAGE. Figure 7 shows profiling of

proteins, glycoproteins and pol ysaccharides found in the active

i ngredi ents of Ganoderma | uci dum and Co8dyceps sinensis by Western

~ Blotting. 10 Figure 8 shows a m croscopic observation of nycelia and spores
of Cor dycefiguresh #a9isSa FhlcroSEspi@@peefiafiBnte $pttel HfeBhh&derntd %%cmo%ds hows

a mcroscopl c observation of mycelia and spores of Cordyceps 5 sinensis

obt ai ned JWJiiid pgltivetiate i nvention. FigurelOrelates to the growth of

Cor dyceps g, ot @GR Sl . g i C j e
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the left shdectie tigredlesits of danaterina bkiugt antihCetd)28p8 siresmeey By STES-of
20C, tge sﬁ, égepl ate in the mddle relates to a tenperature of 25C, and

t he sl nt/pﬁl of the right side relates to a tenperature of 29C. Figure
11 is an outline of the general nmethod for the preparation of fortified
mlk according to the invention. 25 Detailed Description of the Invention
I n the prifogusr7 shbwgyirdfilimeglofipraieioss glyodproteidy @erispalysdsuhatidesdolrasinrbeen
restricted,to stati.c or, shake, cylture enpl oyi ng, for_exanple, ,an Erl enneyer
fl ask 3od‘BP aAlvs jingregie Ssﬂ%@?ﬂo%f@'@%@&u%@m GofgKcensypinensis by

f er ment at i\WesteRh IM6ttiHg Ng a shake flask culture has been disclosed in US
5,334, 704. However, fundanental differences in theory and practice between
the | d0ge-scal e bio-reactor 7 production of the present invention and the

prior art atigl/shake li.quid bench top culture.means that t rior art
Cannot - pr dubds 8§ sD0RES miiiscoBR Stk Rlir of MCRITEY spores of Lordods

sinensis obtained according to the invention.

-Figure 9 shows a microscopic observation of mycelia and spores of Cordyceps

15  sinensis obtained according to the invention.

Figure10 relates to the growth of Cordyceps militaris in slant/plate agar in
presence of YM medium (see Table 2) according to the increase of the
temperature. The slant/plate on the left side of the photo relates to the growth at
20 atemperature of 20°C, the slant/plate in the middie relates to a temperature of

25°C, and the slant/plate of the right side relates to a temperature of 29°C.

Figure 11 is an outline of the general method for the preparation of fortified milk
according to the invention.
25

Detailed Description of the Invention

In the prior art, liquid medium growth of Cordyceps or Ganoderma has been
restricted to static or shake culture employing, for example, an Erlenmeyer flask
30 orthe like on a shaker. A generic rhulti-stage liquid fermentation method using a
shake flask culture has been disclosed in US 5,334,704. However, fundamental

differences in theory and practice between the large-scale bio-reactor



of the fungi using a direct scale-up of the shake culture. No matter how
many stages are used, mass production of the said fungi is unachievable
usi ng bench 5 top fernmentation nethods. Sone strains of Cordyceps such as
C. Gacilis, C. ophioglossoides, C. mlitaris cannot grow properly in a
static/shake liquid culture due to un-6ptim sable paraneters such as
aeration, stirring and m xing effects because of the sinplicity of

gl asswar e gledugtibraofl tisd ipreserg ineemtizts and thensortap statpshakeUhquid bdrtha
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of the products c be.ensured. ,Further, the invention rovi des an
Sopan ot s isaRe Gind SEPRESh g s WAIE das g apd NG Mathedy phpandtop
producti ong fisSi Ng stirring means in order to stir continuously and

regularly 25 the culture nmedium This inproves the rate and efficiency of
aeratil®h and consequently the delivery of oxygen to active cells, and can

prevent th el I [ ttl.ing wn to the,bot.tom.of e
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t he Ganodernma and 30 Cordyceps of the prior art, are in pluri-cellular
form 8 Phighiyieldorewly otaPdXegPson is rel ated to sexual reproduction

and/ or cell

15 The invention provides an apparatus, a growth medium and a method for
submerged aerobic fermentation/cultivation growth of Cordyceps and
Ganoderma species. The growth medium and method provided by this
embodiment can eliminate, or at least reduce substantially, the level of heavy
metal contamination and unwanted microbes (compare Table 8 and Table 9

20 with Table 7). Selected pure strains may be used for production and
biotechnological parameters are carefully controlled such that authenticity and
consistency of quality of the products can be ensured. Further, the invention
provides an apparatus comprising a bio-reactor vessel shaped for large scale
production comprising stirring means in order to stir continuously and regularly

25 the culture medium. This improves the rate and efficiency of aeration and
consequently the delivery of oxygen to active cells, and can prevent the cells
from 'Iumping or settling down to the bottom of the vessel. As a result,
Ganorderma and/or Cordyceps produced according to the present invention are
substantially in unicellular form. On the contrary, the Ganoderma and

30 Cordyceps of the prior art, are in pluri-cellular form.



differentiation. Like human, the starting point is a spermfertilized egg,
and growing up through cell differentiation to devel op many different cel
lines so as to forma body eventually containing multi-organs, nanely "a
pluri-cellular 5 culture". Accordingly, the invention provides unicellular
Ganoder ma and/ or Cordyceps. A qualitatBve analysis to show the unicellular
nat ure of Ganodernma and/or Cordyceps can be seen in Figures 9 and 10,

whi ch shovejutiteliorir phaitgitionl 30 r@adtad OftoC Ydeduany reprdgutiy® Ntdn@rorf Ugdiiher
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havi ng _at I?ast,, one carbon source and a volunme of at least 500 litres and
a pH oP atCy®¥48t pH 5: and 20 neans for agitating the liquid medium and
means for maintaining the tenperature of the liquid nmediumat a
tenperature of at least 17; and neans for aerating the liquid nediumat a

rate of atAteadingly,@h& iwention prodideantricdlivtar Ggnedrnia agd/of Goraped)ss. fror
agitating is for exanple a stirrer, The stirring speed is at |least 100
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parti d@ ard@e ofexysdologyt Thetinhertionyfurther mrevideatduttnresf ohGdreaiermbaSamd/br  The
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as one of ¢ligirédr Bemprising 100% of unicellular culture of Ganoderma and/or
‘Cordyceps.

15 Accordingly, the present invention provides an apparatus for large scale
production of fungi, comprising:
a bio-reactor; and
a liquid medium including water having at least one carbon source and a
volume of at least 500 litres and a pH of at least pH 5; and
20 means for agitating the liquid medium; and
means for maintaining the temperature of the liquid medium at a
temperature of at least 17°; and
means for aerating the liquid medium at a rate of at least 1:0.5 v/v/m; and
anti foaming agent.
25
The means for agitating is for example a stirrer. The stirring speed is at least
100 rpm. The liquid medium including water having at least one carbon source
may be any medium described according to any embodiment of the present
invention. The liquid medium may further comprise yeast extract, in particular
30 yeast extract having a concentration of at least 15 g/l. The liquid medium may
further comprise a peptone source, for instance having a concentration of at

least 15 g/l. The liquid medium may comprise glucose as one of the carbon



9 sources, for exanple glucose having a concentration of at |least 30 g/l.
The liquid medium nay al so conprises naltose as one of the carbon sources,
for exanple maltose having a concentration of at |east 30 g/l. The liquid
medi um may further conprise at |east one mineral source, for exanple,
magnesium 5 . sul phate. In particular, ®agnesium sul phate having a _
concentration of at least 0.05 g/l. The liquid nmediummmay further conprise

nonobasi ¢ pmirees; fon exxinsiehglueoss Mavid@ 8bnSeFaRdn BPratQééé‘ngig/UDﬂ%)aSi ¢
pot assi um phosphate having a concentration of at least 0.05 g/l as a

m neral solifWeé megigm MAYi alsomugw%ﬁamai@spra%enemﬁ e t}lc:ﬂ?rbﬁatela_wic?st;ffer i
j . t . . nmedi um
concentt a el AeibeasiPotineetalhe JSMERg 5P il Rk WhelR

in the apparatls 1s prefera

produced bsayhturiher gonspridee apriedstcbhe mirgiralgsdlreea FoReXbpIEC ARIgRESEm t O
the iny ntioln be Corcf ceps and/or Ganodernma. However, any other Kkind
15 of flng?Y RH%&% I particy %rki PQRESIEMsPHIPRAIE Ravinam eoneentrationpaf pbleasbf t he

resent in tiq@n r ced. | f I rdyceps
e, oty ooy e RRGRSH mil? RS, e SbpSHAlE Rl
Cor dyceps pbpsphaié @ssaimiastal @numgpf_efahmgbg@b%ic%éy?@r{ﬁspﬁ%égh%gél :
Cord s martialis, Cordyceps sobolifera, rdyceps capitat a, noder ma
Papont com NBUNELAHEERRTETEA ahipaSt O cifb@tmal GuneaSousem dShediaud

annul ari s, meAIAGRBYIToRRISANSbuim GRAAE TN ERTEioFARCE IRy fods hycat us.

Ganoder ma tenne, Ganodermm tropicum The inve SO provi ~dyceps
and/ or1@Gandbetempgratare dbthedlicuitatedium 3he apmianatuisds preferablly reaimedhedn of

the invent] apparatus and/or nmethod according to the
invention,%‘]ﬁ%ﬁ’#e)gﬁ ﬁ\}gntion further provides Cordyceps paste and/or

Ganoder ma paste which is obtained or obtainable, using the nediumof the
i nvention by the apparatus and/or method according to the inventi on. The
i nvention EKQ&W'WNE@@Y the lasge saaleioddetiormusiagithg apparatosyaesotding and

30 char act gy jnlihGant A& b ChRyEaBL Snd/A Eandi e HEGERS S bhy Sher kind
15 of fungi known to the skilled person and suitable for the purpose of the present
invention may be produced. The fungi may be for example Cordyceps militaris,

Cordyceps sinensis, Cordyceps gracilis, Cordyceps memorabillis, Cordyceps
ophioglossoides, Cordyceps sphecocephala, Cordyceps hawkesii, Cordyceps

martialis, Cordyceps sobolifera, Cordyceps capitata, Ganoderma japohicum,

20 Ganoderma tsugae and/or Ganoderma lucidum, Ganoderma annularis,
Ganoderma applanatum, Ganoderma boniense, Ganoderma fornicatus,

Ganoderma tenne, Ganoderma tropicum.

The invention also provides Cordyceps and/or Ganoderma which is obtained or
25 obtainable, using the medium of the invention, by the apparatus and/or method
according to the invention,. The invention further provides Cordyceps paste
and/or Ganoderma paste which is obtained or obtainable, using the medium of
the invention by the apparatus and/or method according to the invention. The
invention also provides Cordyceps and Ganoderma having the composition and

30 characteristics indicated in Table 8 and Table 9, respectively.



10 A standard growth nediumfor fungi usually conprises glucose and/or
potato dextrose, nmalt extract and neat peptone. This standard growh

medi um especially when used in a shake flask culture, yields insufficient
amounts of Cordyceps or Ganoderma. It is difficult to scale up the
producti on of Cordyceps 5 or Ganodernma t® "l arge scale" |levels (where
"large scale" level typically nmeans wusing a growh mediumof 400 litres or

more) usi ng dthedardagdavtt gedivn formauhiginsaaily Wonisrges! gi0goéa! BinBHrobotato
paranmeters sych as stirring, aeration, &H, tenperature and fernentation
period. 1098fESenVBAL; @Hr%‘go%m@@eat 8e8tRNe- medi hisn Handaride grovthomediiem,

st andard ) AH heh,d f ' P SNyt L € fungi,
especi al | F%%‘Hs%bﬁnw%f 26 raggfg?%§sﬂa'§ e#fe}{ug ’ygllggja th%é"}rmé%a eé)%'og_ﬁgc' of

opt i ni sed. CohycepdianrGamoddreralit is difisal tovschld lhl;le thoes pmmltﬁiloprc?ctc@uygéps .
apparatus, but not limted to it, is rticularly sujtable for submerge

f glroment At i 8@1%’(’88?'&??\36 a%f%%ﬁﬁétenée‘ﬁﬁlgﬁ‘ﬂﬁ%ﬁe A@rgee%ga.tle 3tavebtypicglly nagans ceps
yi el d of a&sihgaétg%%thTl"h%dﬂjmsbﬁ%'OOpﬁfréémrSreh?or%?rﬂgiﬁ%etheag{a%éﬂf"gréx}vlr{ rng
speed, pressure, anmount of anti-foam ng agent, Ccholice and anount® of grow h
subst r at esm@ditrg @nsh withouh fisebleeing ofipdrarhaters. sucht ablstirrirag raration,r allHe and
stirring r | n, the bio-reactor can inprove the growth of the nycelium
(see Fi g %ﬁ?ﬁ{aﬁraan f%"@?f‘&é'tog Fb‘?”qnderrperature and pH have been 20 found
to be less critical, as long as they are in the optimal range, e.g. of pH
4.5 to 7,_and preferably pH 5.5. A positive pressure of 0.5-1.0 bar above
at nospHer i Eherrveniios pegyides apgiomt mediloedifieserteiromnthet standars swdiarn,

i i Q1 . t o Ant i -f ' t.rol al sp. be
opl 1 ed as IR e dRe0n hPteihe, Wehwiefd arithd 1Rl eR8RHafy b e edhir o
the fermenbiatrieantors vehesreainyeica pardheteslare DERIRtisEN Tive MGl bYefeyHy Not

necessarily, 48-72 hours. The actual fermentation period may [ast from 40
to 90 hour 45es WitBihe propased praskiction mppeEatienbut netiinniterbtoot, ia pstrticulafshake

00 SO S b A e o o S 8 e LF38L
15 and a Cordyceps yield of at least 5%. The physical parameters comprise
aeration, stirring speed, pressure, amount of anti-foaming agent, choice and
amount of growth substrates and so on. It has been found that a suitable
aeration rate and stirring rate in the bio-reactor can improve the growth of the
mycelium (see Fig. 3 and Fig. 4). Effects of temperature and pH have been
20 found to be iess critical, as long as they are in the optimal range, e.g. of pH 4.5
to 7, and preferably pH 55. A positive pressure of 0.5-1.0 bar above
atmospheric pressure may be applied inside the fermentation vessel to prevent
contamination of the culture. Anti-foaming control may also be applied as a
means of suppressing the foaming. The fermentation time of the fermentation
25 system of the present invention is typically, but not necessarily, 48-72 hours.
The actual fermentation period may last from 40 to 90 hours or longer. In
comparison, fermentation time of a static/shake liquid culture is typically 15-30

days.

30  Accordingly, the invention provides a bioreactor and a multi-step process for the
production of fungi comprising at least one growth medium for culturing fungi,

for example Cordyceps and/or Ganoderma; the growth medium comprising at



production of fungi conprising at |east one growth nmediumfor culturing
fungi, for exanple Cordyceps and/or Ganoderma; the growh medium
conprising at 11 |east glucose, naltose, and water. The growth nedi um may
further conprise yeast extract and/or vitam ns. Yeast extract conprising
vitanins may be used. The growth nedi umMnmay conprise yeast extract is
substantially in the concentration of at least 15 g/l, in particular 15-30

g/l, nore igaspayilidone, &ﬁal?&seg/énd ﬁlaT&e THO WS eumrwawuhﬁ@r cgg{{gébs

gl ucose in the concentration of | east “30 g/ In particu
nmore in pabeasiugdraci@ng/or vrﬁaramgr é(\ﬁalst mttaohcomnaysrhgr\uﬂaemmso'nayltEusmitose

par i cul ar 110, vy Meein FRY sfmrs? Sk euPics R aubshnai & the

monobasi ¢ sodtentratirsohat Rasth bagi, & pafidiBrPs3oha, %orjeolnp;?éﬁéﬁl'taﬁe@o %/l

di hydr ogen_phosphat e, and/or magnesi um sul phate I'n particu
medi um ‘g Nes@OWH yaed iun Hagy fgrtaet eoulprisenglonosatn dhe afoneentratisn cﬁ &, | n

[ | b
br at 1 castet g8 i eirfuler G R0 G B e ter BB AT he Bepta tieg 3 "
g/l. The um)c&mrreatoavnpmfe mﬁlmél innthei Mml%\lgog;tﬂsft?gbgtr !5@}’lrbﬁa?dcu\af"raSt

nor e .

0.5 g/l, Brﬁs rticular 0.05-2.0 g/,

concent r at B8rPQ19/ls JaPTEMIN Martieular ﬁ‘&’ygﬂe Niperalgsnayp. ke, gfﬁr exafa'tplﬂ tSQd.llllrar
0.5-3 g/l I | C the gro

accordlgng lpggé eétlen\ez’lriér?cgé\gsﬁés Rg{urrpedld&r%s%é{ L&@%S'?ns’? qsé)g‘age

and/ or 10ablpetassizo dﬂmﬁimgeh (bMBpﬁaTedmelm magn@guﬁhwlguéﬂeem pértnbbl%r phesent
enbodi ment t caI avera es about 5%  conpared to an average of 1% using

a static/sH Y‘Hn ,M&r ﬁd"%’?ﬂj? total moncenisatiers of iah least O,
Corres pond'lrﬂﬂbb’tlcu‘leffeat)’lbﬁbm @ %}P"Phe %gﬁbé!ﬁtr Bf'ﬁ{btg?w\lvﬁlﬂjﬁ s%ﬁoﬁ’ﬁé%?zgl ubl e

pol ysacchari des and Cordycepi eoxyadenosi ne a nuc §i de _
anal ogue) , chrabrigastafy0ogherirs, pdﬂb&dar PB4 gilpumctet in bartidmerGQdQ/IGﬂ'h@der ma
i s suscept t tends to pelletlse N

li quid gro:fﬁhe%@g?tiﬂrﬁ)f)glﬁ’ nstéét?ff‘h‘ﬁ[‘yy a5 I‘Eﬁﬁha&? gy Dezgh leant Qi Q/h iDses

15 particular 0.05-2.0 g/l, more in particular 1.5 g/l. The concentration of sodium
nitrate may be at least 0.5 g/, in particular 0.5-3 g/l, more in particular 2 g}l. In
particular, the growth medium according to the invention is the medium
indicated in Table 1, Table 3 and/or Table 6.

20 The yield of Cordyceps .using the system of the present embodiment typically
averages about 5%, compared to an average of 1% using a static/shake liquid
culture, giving about a 400% increase in yield. Correspondingly, the yield of bio-
active components such as water soluble polysaccharides and Cordycepin (3'-
deoxyadenosine, which is a nucleoside analogue), among many others, have

25 been found to be improved.

Ganoderma is susceptible to impediment of growth as it tends to pelietise in a
liquid growth medium (éuch_ as that recommended by US 5,334,704 which uses
'a potato-dextrose medium) and resulting in affected hyphal growth. In
30  comparison to 0.5% yield of Ganoderma by static/shake liquid culture, the yield
by the new medium achieves an average of 3%, i.e. 500% better. Table 1

shows the general improvement in the yieid of Cordyceps using the new culture



.a potato-dextrose nediun) and resulting in affected hyphal growh. In 30
conparison to 0.5%yield of Ganoderma by static/shake liquid culture, the
yield by the new nmedi um achi eves an average of 3% i.e. 500% better. Table
1{ 'shows the general inprovenent in the yield of Cordyceps using the new
culture 12 nedium The new nedi um show in the table is suitable for
culturing Cordyceps and Ganoderma. 5 The nethod provided by the present
enbodi mentmediuan.nThei nehageedianmeshonin dn thy adblet | o8 Sdit=Bhs dies eBSItRMG/ OF
Ganoderma. _Typically, a pure strain of the desired fungi is isolate
(bought orcgéﬁ‘éﬁ%@\éﬁt(:’ﬁ MY grown and kept on slant or plate agar).
The slant culture can then be used to inoculate a first stage liquid

medi um cul ture using shake flasks. The fungi propagates under proper 10
condi t PonsTher metbod Ipaskded byltheharesensembodenentas i omutii-gtagenfargientstioreed a

second stage fernen I on, which conprises usi .aliquid nmediumin a

| ar ger co%?gpﬁ{é(?r.‘ %ﬁé@'&ﬁ?Bﬁ)e@“q{Bh El’ri‘%f?s‘man ﬁ’éc%!'é(c%(ﬁ’”é? jeain t¢fetheungi
conti nues iredr iBoeEE [ | Iyr ge

f er ment at i%érzs.lrelgjnmfﬁﬁte% Ig?esen?t%elj gd?}%&n?gﬁ%ﬁwéeiﬂ?g?aarg]gafbev?nrrtgﬂtba%pgtr?%net hod
i s descri blant ouplatelagargr hieeskant oulturs can thenebs tage $o iroallste pfistiskige. The

nmbodi t,. al ovid i fi It f th wt h of, Cordyceps
and Ganoad T Treg S, PifrBliin shekBoliisksr Thenfingh scesaaaleneier uabem ¢ he
exanplies oforidifory B & fRIBRE HUBRNthAY e RoREEMMALIAL higH emBHEHMoUSESkd B t he

first stage, i.e. the shake flask stage, according to this™ embodinent,
conpri ses ¥@Ndceiaae demeemntatian whichaeeinpgses uaingoa Hiquigl mediumrioraejarger

referably f. t t_this concentration of
Ol ucose,  Tostiater dO8qer picheR EonBRERs) IMAE, eBho ke Froing’ BRIy i
culture, @bwat alonventratforohigh. ehbaghediseedus gird StageefelmbaiAiBAI # theand
production stages, i.e. the second and third stages according to this
enbodi nentQreésgb,qrg@gdImnt,ogetigpegﬁta%gf@r@pntatlon method is described, but

15  fermentation using more stages is also possible.

The embodiment also provides specific conditions for the growth of Cordyceps
and Ganoderma in a large-scale bio-reactor, and these are described in the
examples of the present embodiment given below.

20
The medium used in the first stage, i.e. the shake flask stage, according to this
embodiment, comprises a glucose concentration ranging from 30-50 g/l or
more, preferably about 40g/l. It has been found that at this concentration of

glucose, the yield of Cordyceps mycelium is optimised for a shake flask culture,
25 as shownin Fig. 1.

The medium used in the intermediate and production stages, i.e. the second
and third stages according to this embodiment, comprises maltose at a range of
about 30 to 60 g/l , in particular 40 g/l, in the presence of minerals. It has been
30 found that at a concentration of 40g/l of maltose, if used in the presence of
suitable minerals, the yield of mycelium may be optimised. Without the
additional minerals, the same yield is only achievable by at least 60g/l of

maltose, as shown in Fig. 2. The use of minerals in a fermentation system



about 30 to 60 g/l , in particular 40 g/l, in the presence of mnerals. It
has been 30 found that at a concentration of 40g/l of nmaltose, if used in
the presence of suitable mnerals, the yield of nmyceliummmay be optim sed.
Wthout the additional mnerals, the sane yield is only achi evabl e by at

| east 60g/|l of nmltose, as shown in Fit 2. The use of ninerals in a
fermentation system 13 therefore translates to a nore productive nethod

than one wihiecdfornémnstztes dconprinsee proguctive. mBtitodithan abrse Wteh idbdshaot
exanpl es are KH2PO4, and I\/g_SO4 The type and concentration of the mnerals

may be di f?%’P@H%e pgergag dde m'nﬁé&‘!ﬂw&e&w& threexaRtas are tiid2Rcaandim

for exanpl C

krorpos 1 TR PlerhealRe i xencentBioF BEu aifal mAl B aRERHLA [ & 1 s
g/l, and tlmefaClewtthetgmwtbfoﬂVQMnywmm nfort daxa?npl&i)ﬁqsmntnayayer@gmﬁ from

0. 05-1. 0. f ble that th
enough Vi t'g feRd &H&g%@"gﬁlb%‘ﬁ’%a&ah‘?@ 8% 4ch§B§L§mg%aﬁ§r¢dﬁgﬂéﬁrﬂ§ gr e
Cor dyceps, frgmd0.HBESE G, &n pariddiyr § sugy ada met g&&&%n&h% M 384

It nust be noted that there are sone brands o east extra avazlq Ie in
t he mar ket thighegtbagidnaot mayntarige FognDfQ5e bt g/dirmurpc—n'tlmlar vOIBagiII nk ,is amsb t hese

Veast extr HETSeBfe 186 NG 4B 8 Raren cifiaminsofy e sepBe Mesiag B Bas
medi um  Aspdtigfibmer md@ﬁngforc@bmieepé hendretiseanesgslidily fb[]ﬁd?ﬁ‘@ﬁé‘ﬁ\ @nd 15

third stages of the fernentation may further conprise géiucose at
conceritd at fighh yegst :%tra@t%dg/must be patedi ﬂlﬁtathea@@r‘e SmmeemeN%obfyetaedl um

T Tabl o 1RGSR I Bharkl amiliterof Soh s fesnBted oo,

the growt hvitdmiGer dive emssenatd hatr preferrst fa?nﬁ@l@rumpos@@pémﬁu SaHbYE MAbE I at e
may be used as the source of mnerals instead of 0 and KH2PO4, at

a concent r &PIYFePanyeagiexracts of 4p13Ghe/l. i marticiiar %Qﬂeﬁm e added ¢p the 25
See Tabl e edium. As a further source of carbon, the medium used in the second and

15  third stages of the fermentation may further comprise glucose at a concentration
of 35 to 50g/t , in particular 40g/l.

An example of medium according to the present invention is indicated into

Table 1 and Table 6. In Tabie 1, the preferred values are indicated into
20 parentheses.

For the growth of Cordyceps militaris and Genoderma japonicum, sodium

nitrate may be used as the source of minerals instead of MgS04.7H,O and

KH2PQy4, at a concentration range of 1 to 3 g/l or more, and preferably at 2 g/l.
25 See Table 3.

30



30 14 Table 1. Conparison between standard and the new nedi um Shake fl ask
Bi o-reactor Cordyceps Ganoderm Cordyceps sp. Ganoderma sp. sp. a sp. Yield
Yield Yield PS Yield PS /100nt /100m /100mM m/ /100m /100 Standard

medium /L d ucose, 20 1.24 0.31 0.2 Bact o- peptone, 5 Malt extract, 20
Pot at o- dextrose broth, 24 New nedi urﬁ"?g/ The preferred value is

i ndi d th 3050 40 3.22 . 1.66 6.96 1.5 3.0 19
Vil tose. J0PK0" GRTRRFZBRbEye5s ST ad thagkew medom 1 0 (0.3)  veast

extract, |15-30 (20) Differéghakeeddskng Met NOq Bidl; tor

invention provides a multi- st “"e et “"'* for—¢o-ti-vating fungi in-a liquid
- medi um conpri sing: providi n( < de azgf’d?l'}h( COrqYReRSAPat i (RANQAETMasTP- st dge
I qui di um cul ture usin lefun
liquid me g Y|eld Yleld Yield PS Yield PS

g/1_00ml g/100ml g/100ml_ | mg/g | g/100ml | g/100g

Standard medium (g/L)
Glucose, 20 1.24 1 0.31 : 0.2 6.6
Bacto-peptone, 5
Malt extract, 20
Potato-dextrose broth,

24

New medium (g/L)
The preferred value is
indicated Into
arentheses :
Glucose, 30-50 (40) 3.22 1.66 6.96 1.5 |3.0 19
Mailtose, 30-60 (40)
KH,PO,, 0.05-2.0 (1.5)
MgSO,, 0.05-1.0 (0.3)
Yeast extract, 15-30
(20)

Different testing methods used.

5 - Accordingly, the invention provides a multi-stage method for cultivating fungl in
a liquid medium comprising: '
_. providing a source of fungi;
inoculating a first stage liquid medium culture using the fungi:
agitating the first stage liquid medium culture while letting the fungi grow
10  for a period of time; _
inoculating a second stage liquid medium using the first stage culture;
agitating the second stage liquid medium while letting the culture grow for
a period of time; _
_ moculatlng a third stage liquid medium of at least 500 litres contained in a
15 bio-reactor using the second stage culture;
agitating the third stage liquid medium while letting the culture grow for a
period of time; '



agitating the first stage liquid mediumculture while letting the fung
grow 10 for a period of time; inoculating a second stage l'iquid nedium
using the first stage culture; agitating the second stage |iquid nmedi um
while letting the culture grow for a period of tine; inoculating a third
stage liquid mediumof at least 500 lit1®s contained in a 15 bio-reactor
using the second stage culture; agitating the third stage |iquid nmedi um

while letting thaifsin etharﬂ&uiawnéuiuﬁﬁrdf?éaai étég%;atl_% te:e;ﬁgahngegégtthe

l'iquid nmedium of each stage at a pH of at |east approxi addi ng
a | east onapprexifoatelyopiids to the |iquid medi um of each stage. 5 The nethod

further co . St for _addin | ycgse,. | t ose, nobasi c
BE%IaSSi um phosg%getj@,s an‘&éﬁi%’i‘%ﬁ? np?fg'irgegﬂ %%@5 '%%@S'Pah?{%ﬁ?bs 3gfe second
or third stage liquid medium The nethod may further conprise adding yeast

extract_to_the second or third stage |iquid nmediumhaving a concentration
of at I®asfhesmgthod TReayretuiiher ne9mprisehstersnfor i eddinge gldehss, omaltosef

east extr | Vi ] h od further comprises the step of
ading at (onpagEiponSsthl BbRiha FalTie i ibGe SR virest xR i g
medi um  Fthe sesorn@e, thirdestaigaelidilid MABdREAPT he emBB@E fidy Tt Nadpass/ or
nonobasi ¢ a@&tassiunlphosphate. In particular, the nmethod conprises addi ng

magnesi um a3gnghyeast: exyad o dbpsasionchor dhisd agtagei iauid medium having g a

concentr at } ] | . t [ ri ses,.the
step of adg%g&ﬁn%aﬁ'ggﬁ [ %:tela%%tt gg ?luﬂh&gggﬁ%@e{]ygﬁt érr &gﬁiﬁ{@%o & -"ﬁ&_ﬁﬁor%t age
| i qui dlGredoliyeastodxttdrdd comphize vimntinacEhermaethed fafthat cbﬁﬁﬁriseénﬁé@tép”r%f ely
0.05 g/l. In Rarti cul ar, hgqee g{at hod of the invention further conprises: 20

cul turing PAENBAHdPastORe ayReel futhe aeepnsher tirdsteee lswidmediumeast
48 hours; FYhRisBArite, the mineral may comprise magnesium sulphate and/or monobasic
| potassium phosphate. In particular, the method comprises adding magnesium
sulphate to the second or third stage liquid medium having a concentration of at
15 least 0.05 g/l. The method further comprises the step 6f adding monobasic
potassium phosphate to the second or third stage liquid medium such that it has
a concentration of at least approximately 0.05 gl/l.

In particular, the method of the invention further comprises:
20 culturing the fungi in first stage liquid medium for a period of at least 48
hours; wherein

the liquid medium has a volume of at least approximately 500 ml.

The step of agitating the first stage liquid medium may comprise the step of

25 rotating the container of the medium at a rate of at least 100 rpm and/or
comprising: aerating the second stage liquid medium at a rate of at least 1:0.5
viv/im; and culturing the fungi in a volume of at least approximately 50 mi of the
second stage medium for at least 40 hours. The step of agitating the second
stage liquid medium may comprise stirring the second stage liquid medium at a

30 speed of at least 100 rpm and/or aerating the third liquid medium at a rate of at
least 1:0.5 v/v/min; and culturing the fungi in a volume of at least approximately
500 litres of the third stage medium for at least 48 hours.



the liquid nmedium has a volune of at |east approximately 500 ml. The step
of agitating the first stage liquid nmediumnmay conprise the step of 25
rotating the container of the mediumat a rate of at |east 100 rpm and/ or
conprising: aerating the second stage liquid mediumat a rate of at |east
1:0.5 v/v/im and culturing the fungi imga volunme of at |east approximtely
50 m of the second stage nediumfor at |east 40 hours. The step of
agitating the second stage liquid nmediummy conprise stirring the second
stage liquid mediumat a 30 speed of at |east 100 rpmand/or aerating the
third |iquifBereelihgsh eftany embedisnent of theasventian may/furthien compdiseuthewstemg t he

f i in a JITE: ' Y~.500 lLitres of the third stage
red um for 5 o Raisi% 8 rsBERBEBF SHIERLT G e b i Betk Rt At roridd

i nvention mayhd méthed cfothe ideritibe BitBe fubbulBikNCaidYcBPs amiIRAMREr tdite Of at
| east Cin the liquid medium In particular, in the method of the

| nvent in Methef iyt comerises e elep af Mainipindg thedtampemtunet olothef liquidier

z _ : o _ Liauid  rredi ¢
enet 17, MR 8o, A0 3B s REReBbBaf Coliuams inifarat 8Ost o, °
grow at a tehgremagua etenmpgrature ragh&tifat 25eCHisge Fig. 10K Rig MO Shews tHdtake t he

rowm h of Cordyc I litaris i.n slant/plate agar in presence of YM nedi um
?see Tabl 8@%%2?%5&%%%&“"5@@ ingl2gt Blate 2agasindesenes| ohlY M oediup (seet he

et hod of hglel ARS8 1PN Bfouth PR BKEERSATIJghar | S compri ses the

step of grow ng the Cordyceps m aris in a nedirum conpfising sodium
nitrat® In particular, the concentration of sodiumnitrate in the nedium

is at |eas . 5% .15 1 p,.the nefhod, of the ipnvention, the nmedi um may

conpri se a}%@}‘?c@ﬁttq%ﬂ pf;}peol'nve gyt §h 'LHPU(B? OEthr%%%pSomﬂia% CARYBIsER et 0 a
further aspRptof dravind e CobdyddpRYinilRSrisintE M iSH i tghast e
pr epar ed bgﬁgr%y\? nglcgnoderﬁ%yar?g/or Cr(I)rhycep@%@gﬁgm%@é%ﬁﬁ%&po

t he invent flrbhafélﬁdlar uihereanceotrptios iofigodiven sitrape irofhecoebzrh isgt febet 05e&! | um
and filtering it. Any known filter and filtering systemsuitable for the

15 In the method of the invention, the medium may comprise a concentration of
Riboflavin of at least 0.01%.

According td a further aspect, the invention provides a Ganoderma and/or
Cordyceps paste prepared by growing Ganoderma and/or Cordyceps mycelium
20 according to the invention and further comprising the steps of collecting the
mycelium and filtering it. Any known filter and filtering system suitable for the
preparation of the paste according to the invention may be used. For example,
through filtering cloth by gravity or by adjustable or controlled vacuum filters
such as rotary drum vacuum filters. The obtained wet mycelium is collected (it
25  generally contains 10-15% of total solids, namely 85-30% of moisture) and then
washed (preferably twice) to remove the residues of the fermentation medium.
The Ganoderma and/or Cordyceps paste can also be made from Cordyceps
and/or Ganoderma spores as described in the examples. The Ganoderma
and/or Cordyceps paste prepared according to any embodiment of the invention §
30 can be used for the preparation of “fortified” beverages and/or food. For
example, for the preparation of fortified drinks, and dairy products. In particular,

the Cordyceps paste comprises components: (on dry wt. basis) of: total protein:



preparation of the paste according to the invention nmay be used. For
exanple, through filtering cloth by gravity or by adjustable or controlled
vacuum filters such as rotary drumvacuumfilters. The obtai ned wet
nygeliumis collected (it 25 generally contains 10-15% of total solids,
nanmel y 85-90% of noisture) and then waghed (preferably twce) to renove
the residues of ‘the fernentati on medium The Ganodernna and/ or Cordyceps

paste can alrssafe 1HRH G dtbP Bl SiaccRIAAEE: %@%ﬁré@{gfgﬁia@égg@ﬁ ,“ntg)ed

i n the exanpl es. noder ma yceps paste
to any embguamaitol)ofatt feast nG&nt Omndy?mapman Bjejetms(gzddémnSsnhél)e Bt epastatd. 9%, of

"fortified" beverage exa o the preparation of
fortified GCPARSINE, ﬁﬁlea§€¢35% S@UEP@d”FESB npﬁ’%lﬂna? Oﬁdfyée%frﬂpéﬁﬁsfo'iﬁ&st e
conprises r t 7. 28%

Cot Bl water SAPHA et 19 Thanrqaas! Seqticatbh, cBAGUEHL irf faste Ty
(manni tol ) shawnlisdsbled4. Cor dycepi n (3' - deoxyadenosi ne): at |east 0.1%

adenosine: at |east 0.15% The product specification of Cordyceps in paste
form is shown  in Table 13. The product specification of Ganoderma in paste

formis 5THeospores of @oréydehs Jﬁ@@ﬂ@ﬂéﬁn@fs @@fe‘?!r,Y%Fb‘-fa?é”'ﬂleoGéé‘W@bgﬁeﬁgem es

are classified as the genesis Ascospor es and Basi di ospore
respect i velof AssespRyps s laa@dmspprﬁsr, sespentively. Azsnesweesareyienmeddmiue

formati on, emarcated 10 .wi thin,the of
cyt opl asm é&\%aéc)sgpgo?fcon agﬁ%ﬂ?%{'fﬁeﬁ.‘fgc | SRPEe RAURSRHEES 3R femanea 8d
basi di 08 pomithiirs thasiaeal bl cyteplaskniaharaat of FontactoRNB Ak lascel bla@ﬁ%@lﬂhqé?el !
produced at the apex of a tapering sterigma. In general, the spore of

medi ci nal mhﬂg. thﬁa@%’*@'ﬁél@@@l ‘SotPaﬁj@ﬁlh{u\@WHﬁHfQﬁ@uMzc a glen@raﬂpalltpseﬂiaﬂlcbﬂer ent
fromits fgpq pToTgetets Hro%lnnb é’l’%}‘néhe medi cal properties of

Cordyceps spores are no Spores differ from fruiting
body in that active corrponents of spores are nore concentrated in the
spores tha |nthef uitin Accordln the efficacy of spores is
o oher R G4 SlofthE HRPATRSE MRgieIoRy funs ke SPRaiat 15 6abee dhotmatds of

Ganodeﬁga properties different from its fruiting body or mycelia, though the medical
properties of Cordyceps spores are not completely known. Spores differ from
fruiting body in that active components of spores are more concentrated in the
spores than in the fruiting body. Accordingly, the efficacy of spores is higher
than that of the fruiting body. In fact, in the case of spores of Ganoderma

20  lucidum, effects of spores are 75 times higher or stronger than that of fruit body.

For Ganoderma, the commercial production of spores are based on the farming
technology. For example, in the commercial production of Ganoderma lucidum
(popular name: Lingzhi) spores, the spores, “stationed” on the umbrelia shape

25  of the fruiting body, are collected by a farming technology when mature.

As regards to the Cordyceps species, no methods for technology to produce the
spores are available in the prior art. For example, for wild grown or farm
cultivated Cordyceps sinensis (popular name: Dong Chong Xia Cao or
30 caterpillar fungus), a special fruiting body, a stroma, is formed. However, no
scientific study or literature has ever indicated where the spores of the

Cordyceps sinensis are “stationed” and can be collected from.



20 lucidum effects of spores are 75 tinmes higher or stronger than that of
fruit body. For Ganodermm, the commercial production of spores are based
on the farmng technology. For exanple, in the comercial production of
Ganoder ma | uci dum (popul ar name: Lingzhi) spores, the spores, "stationed"
on the unbrella shape 25 of the fruiting body, are collected by a farm ng
technol ogy when mature. As regards to the Cordyceps species, no nethods for
technol ogy to produce the spores are available in the prior art. For
exanple, for wild grown or farm cultivated Cordyceps sinensis (popular
nane: DongBRJHESKItENTERos? have sgvelopied améthod ds) theacammeiraibl praductiog

body, a st |S . r o, scientific study or |literature has
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and can becuoitivhtion egsttrom 18 The present inventors have devel oped a

met hod for the commercial production of spores of Ganoderma and/or
Cordyceps species by liquid and subnmerged cultivation system 5 As
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medi cal properties of Ganoderma an yceps sporés-are
bel ow. BeskKg®$ dremygelia can produce 2-3 kg of dry spores of Ganoderma as well as of

Cordyceps, with a yield of about 6-10%.
15
Accordingly, the invention provides Ganoderma spores and/or Cordyceps
spores and processes for their preparation. The medical properties of
Ganoderma and/or Cordyceps spores are mentioned below. Besides being
used as health supplements or medicine, spores can also be used for food
20 fortification and cosmetic application. For example, such spores may be useful
for the preparation of Ganoderma and/or Cordyceps paste and also for the
preparation of fortified beverage or food according to the invention.

The present invention further provides a food and beverage comprising the
25 Cordyceps and/or Ganoderma mycelium and spores, and the Cordyceps and/or
Ganoderma paste prepared according to any embodiment of the present
invention. The beverage mentioned above may be: yogurt, liquid yogurt, juice,
milk, soy milk, alcohol (alcoholic drinks), coffee, black tea, green tea, oolong
tea, sport drinks and the like. The food mentioned above may be: baked
30 confection such as cookies, bread, cakes, rice crackers and the like: cold
confection such as 'pudding, jelly, ice-cream and the like; sweets such as

chewing gum, candies and the like; snacks such as crackers, chips and the like;



used as health suppl enents or nedicine, spores can also be used for food 20
fortification and cosnetic application. For exanple, such spores nay be
useful for the preparation of Ganodernma and/ or Cordyceps paste and al so
for the preparation of fortified beverage or food according to the

I nvention. The present invention furthet9provides a food and beverage
conprising the 25 Cordyceps and/or Ganodernma mycel i um and spores, and the

Cordyceps ppgdies andthedReTBaeaidefoRtaRANE FoRs §OH Bt Prgaét‘(f@‘f'}fa ‘HQHTS
the present invention. The beverage mentioned above may b ogurt, |qU| d

yogurt, jufigle sausages andythe like; seassimingy alichtas rmscdrscn&s)aucepﬂ’rm,lngsl ack

tea, green | .0 ort nks, and the |ike, The food nenfioned
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and the like; sweets such as chewing gum candies and the |ike; snhacks
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Chi nese durrgl I ngs, crockets, salad, soup, stews and t i ke

bever age afl yf%ﬁoﬁ'ﬁiﬁfﬁe‘-’ pthepBarasenh drvariiongwith thaoswitablel fopdrargd/ar drink

t echni ques"{@fe tg at least one of Cordyceps and/or Ganoderna nycelium
and spores, e Cordyceps and/ or Ganoderma paste prepared according to
any enbbdi rrent of t he present |nvent|on with the suitable food and/or drink

i ngredi ent I n rticul ar, present i nyentjon provides a "fortified"
m 'k conpr T’% PA l%lggp%e Pregant’ "? Waﬂﬂv@esa%yf%'ffﬁﬂj Jnilk cmRIising RIXiBAch as

whol e m | k mfikifgy réﬂémpler%gnﬁﬁw'dt Bt Eﬂ@]ufB Inkitk, 28EH 28 Whitke Ik h&gﬁn |fst one
of Ganodernma fycel i um yceps m cel yum 'Ganoder ma spores dyceps
spores, Ganectarstituted mikt endritheCikelywitpsatp kesise qmreodﬂctealnd)dem myestiante of
t he nmedi umcof t he .
ordyceps micelyum, Ganoderma spores, Cordyceps spores, Ganoderma
15 paste and Cordyceps paste produced in the presence of the medium of the
invention. More in particular, the fortified milk prepared by mixing milk and
Ganoderma paste and/or Cordyceps paste of the invention maintains the
integrity of the components of Ganoderma and/or Cordyceps, the physical
-properties of the Ganoderma and/or Cordyceps paste, particularly in solubility
20  and dispersibility, integrity of milk components as well as integrity of milk flavour
and natural colour. The analysis of the Cordyceps fortified milk is given in Table
16.

In another aspect, the invention provides a pharmaceutical composition
25 comprising at least one of Ganoderma mycelium, Cordyceps micelyum,
Ganoderma spores, Cordyceps spores, Ganoderma paste and/or Cordyceps
paste,-produced in presence of the medium of the invention. Optionally, the
pharmaceutical composition comprises at least a pharmaceutically acceptable
eccipient and/or diluent.
30
The invention also provides the use of Ganoderma mycelium, Cordyceps

micelyum, Ganoderma spores, Cordyceps spores, Ganoderma paste and/or



invention. Mire in particular, the fortified mlk prepared by mxing mlk
and Ganoderma paste and/or Cordyceps paste of the invention nmaintains the
integrity of the conponents of Ganoderna and/ or Cordyceps, the physical
properties of the Ganodernma and/or Cordyceps paste, particularly in
solubility 20 and dispersibility, integedty of m |k conponents as well as
integrity of mlk flavour and.natural colour. The analysis of the

Cor dyceps tofdyicebshatd, korodubbdy & piréhe?%@' &, thé@nen‘jig gﬁggwpﬁfnvéﬁf?&?,tfo[ te

invention provides a pharmaceutical conposition rising at | east one
of Ganoder m@nwjastlieunt aCatdymassutical ecgmppsitiGan beserages ffor esxangpledyilkps

spores, (a and/ or rdyceps ast.e roduced,.i n presence of
tﬁe nedi umgggfai ﬁa;oqoﬁérteﬁ)‘fqrgﬂ(e’aﬂgﬁlﬁjﬁéfﬁg?F)'Fﬁ@nrt)pfﬁéﬁ?\eaE%%fq tharaynposi ti on
conprises at |east a pharnaceutically acceptable eccipient and/or diluent.
30 The inventjion al so provides the use of Ganoderma nycelium Cordyceps

ni cel yum @ﬁ’dﬁ?ér%‘#hé)ﬁg@%sha\@)rﬁiw\@ﬂs tbp oCesdycepsoaad m anasieemantbirothe20

Cor dyceps RSk H%%juced in presence of the mediumof the invention, for
the ~manufacture ot 4 pharmaceutical conposition, beverage (for exanple

m | k) and/or food (for exanple, nutritional supplenent) for the use in
therapy. 5 Medical authorities have allowed the Cordyceps and Ganoderma for
the follow rtyg Gy¥BBOrt ofippwnolegicalfystesnokjiasy asd sespiratkndiuagtiomd

irat f [oJ N i i Ni heal t.h | ood, gl d
chol esterol 1%varPBSitdn meifRlibg rGoTBY Bidhd bisdhet 3ns Sholsfarob S unct  on i n
the botly The o olrcpsdrdvipdimy;macol ogi cal effects of Ganoderma and Cordyceps

whi ch have been studi ed by either animl nodels and/or human (clinical)
trials: 15 e Enhance circulatory function in the body

The following pharmacological effects of Ganoderma and Cordyceps which
have been studied by either animal models and/or human (clinical) trials:

15

e IMMUNOMODULATION: Cordyceps sinensis (CS) can significantly enhance
the immunity of the body.

e ANTI-CANCER AND  ANTI-MICROBIAL  EFFECTS: Associated  with
immunomodulatory function, CS shows an anti-cancer effect, and was

20 reported to inhibit viral, bacterial and fungal infections.

* ANTIDIABETIC ACTIVITY: Polysaccharide in CS was reported to significantly
lower blood glucose levels.

e ENERGY METABOLISM AND PERFORMANCE ENHANCEMENT: CS was réported
to stimulate hepatic energy metabolism.

25 e . RESPIRATORY AND PULMONARY FUNCTIONS: CS was reported to relax the
bronchial walls as well as having sedative, antitussive, and anti-
inflammatory properties, thus it is effective against cough, phlegm,
asthma and other respiratory ailments.

e CHOLESTEROL AND LIPID METABOLISM: The report indicated plasma

30 triglyceride, "bad cholesterol" such as LDL-c and vLDL-c, and total
cholesterol levels were lowered by the CS.



| MVUNOMODULATI ON: Cordyceps sinensis (CS) can significantly enhance the

I mmunity of the body. ANTI-CANCER AND ANTI - M CROBI AL EFFECTS:. Associ at ed
wi th i mrunonodul atory function, CS shows an anti-cancer effect, and was
20 'reported to inhibit viral, bacterial and fungal infections.

ANTI DI ABETI C ACTI VI TY: Pol ysaccharide i2f CS was reported to significantly

| ower bl ood glucose | evels. ENERGY METABOLI SM AND PERFORMANCE ENHANCEMENT:

CS vats T epor et il AN AL RSt T B3 s RSP RATORY

AND PULMONARY FUNCTI ONS: was report orela ronchi a I's as
wel | as havi ng usediatthedreaimeint ofBelger sadidease (IgAirra‘drmop;ahp{iy properti es,
thus it is effective against cough hl egm asthna and other respiratory
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REPgRODUCTI VE Dl@éﬁﬁ."”élpmﬂﬁgm ax%r‘r‘ﬂﬂ'g{;% glebpogiagstieRce by taki ng CS was
reported. 5 OIHERS: The reports suggested that CS can stinmul ate _
erythropoiesis in nouse bone nmarrow, and inhibits platelet aggregation.
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[ [ ' di . eff h b d | bed: 10 1) Medi cal
ST ects o EahONATHE PTG ToE) U Bpeh BESCHORNTI - CANCER AGENT. -

cancer{gstudi es in animals have shown a 50% tunour regression rate with

Ganoder ma | uci dum (popul ar name: Lingzhi) treatnment
1) Medical effects of Ganoderma lucidum fruit body & spores:

* ANTI-CANCER AGENT: cancer studies in animals have shown a 50% tumour

regression rate with Ganoderma lucidum (popular name: Lingzhi) treatment
15 (e.g., connective tissue cancer model in mice). |

* IMMUNE SYSTEM ENHANCEMENT (Bronchitis, Asthma, Allergies, Herpetic
Conditions and HIV Infection). chronic bronchitis in the elderly has been
shown to respond favourably to treatment using a concentrated Lingzhi
mushroom product in a trial involving 2,000 cases in China. This study

20 demonstrated a better than 60% success rate.

* ANTI-VIRAL ACTIVITY: a specific protein-bound polysaccharide component of
Lingzhi extract, known as GLhw-02, has been shown to possess potent anti-
viral properties against herpes simplex. virus type-1 and type-2 under
experimental conditions. Under experimental conditions, various ganoderic

25 acids in Lingzhi mushroom extract have been shown to be active anti-HIV
agents, showing an ability to reduce viral replication by 50% at conservative
doses.

* CARDIOVASCULAR HEALTH (High Blood Pressure and Reduced Platelet
Aggregation). two human controlled studies revealed that Lingzhi extract can

30 reduce high blood pressure to a significant degree (systolic and diastolic),



15 (e.g., connective tissue cancer nodel in mce). » | MMUNE SYSTEM
ENHANCEMENT (Bronchitis, Asthma, Allergies, Herpetic Conditions and HV

I nfection): chronic bronchitis in the elderly has been shown to respond
favourably to treatnent using a concentrated Lingzhi nushroom product in a
trial involving 2,000 cases in China. T2a¢s study 20 denonstrated a better
than 60% success rate. ™ ANTI-VIRAL ACTIVITY: a specific protein-bound
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shown to possess potent anti- viral properties agai nst rpes sinplex virus
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and acute hep@¥c@ns Iemﬁahgtanseg%ﬁfsa@ﬂeféa@mpa@el n Li ngzhi mushroonms have
strong anti hepatotoxic properties, which under experinmental conditions have
been shown to protect Iliver cells fromchem cally-induced injury,

i ncl udithg Py deditabeffécts of Coedydepis! fiuit body, mpsulial &spatessubst ance, car bon
tetrachloride. 10 2) Medical effects of Cordyceps fruit body, nycelia &
spores: | MMUNOVODULATI ON: Cordyceps sinensis (CS) can significantly

enhance the | %’\JlﬁdMBﬁuﬁﬂ%@O@é{rdycéﬁglsn%ﬁ?ﬁté’)\'%aﬁwbn%% bRhafEE ECTS:

associated with
the immunity of the body.

e ANTI-CANCER AND  ANTI-MICROBIAL  EFFECTS: associated  with

15 immunomodulatory function, CS shows an anti-cancer effect, and was
reported to inhibit viral, bacterial and fungal infections.

e ANTIDIABETIC ACTIVITY: polysaccharide in CS was reported to significantly
lower blood gIUCose levels.

e ENERGY METABOLISM AND PERFORMANCE ENHANCEMENT: CS w'as reported

20 to stimulate hepatic energy metabolism.

e . RESPIRATORY AND PULMONARY FUNCTIONS: CS was reported to relax the
bronchial walls as well as having sedative, antitussive, and anti-
inflammatory properties, thus it is effective against cough, phlegm,
asthma and other respiratory ailments.

25 e CHOLESTEROL AND LIPID METABOLISM: the report indicated plasma
triglyceride, "bad choléesterol" such as LDL-c and vLDL-c, and total
cholesterol levels were lowered by the CS.

« EFFECTIVE ON RENAL DISORDER: There are indications that CS may be of
use in the treatment of Berger's disease (IgA nephropathy).

30 e EFFECTIVE ON SEXUAL DYSFUNCTIONS AND REPRODUCTIVE DISORDER: clinical

_ improvement of impotence by taking CS was reported.



15 i munonodul atory function, CS shows an anti-cancer effect, and was
reported to inhibit viral, bacterial and fungal infections. ANTIDI ABETIC
ACTIVITY: polysaccharide in CS was reported to significantly |ower bl ood
gl ucose levels. ENERGY METABOLI SM AND PERFORVANCE ENHANCEMENT: CS was
reported 20 to stimulate hepatic ener®a netabolism  RESPI RATORY AND
PULMONARY FUNCTI ONS: CS was reported to relax the bronchial walls as well
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is effective agai nst cough, ast hma and ot'her T espi Mrent s.
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5 2000; Institute for Natural Products Researc
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publ | oht no e P %H@%?W’D@ bG8 URESH Iatti WedIRE o haess)
M AO, 1Di et20Q1hScientificFPubslishirg ngs@fB@n@etsmnwterl a Medica (Chinese). 10

2001, Scientific Publishing House, Beijing, China) Accordingly, the
i nvention also provides a nethod for therapeutic treatnent, in particular

(but not 1A&Edr8fhghPtné Ghvdritnt 418810FBNHeS a HHETRES foPHe@ﬂ@ﬁticoﬁegtfment, in
particular (but not limited to) for the treatment of tumors, stimulation of
macrophagies activity, or stimulation of immunological system, stimulation of

15 kidney and respiratory functions, enhance the circulatory function of the body,
and other uses as mentioned above, comprising the administration of at least
Ganoderma mycelium, Cordyceps micelyum, Ganoderma spores, Cordyceps
spores, Ganoderma paste and/or Cordyceps paste, prodluced in presence of the
medium of the invention, or a pharmaceutical composition, beverage (for

20 example milk) and/or food (for example, nutritional supplement) comprising at
least Ganoderma mycelium, Cordyceps micelyum, Ganoderma spores,
Cordyceps spores, Ganoderma paste and/or Cordyceps paste, produced in
presence of the medium of the invention.

25
Examples are given below of the production of various strains of Cordyceps and
Ganoderma. It should be noted that the parameters given for the conditions of
growth such as fermentation period, temperature, stirring speed, aeration rate,
pH rage etc, are not necessarily limited to the values as shown but may vary

30 within a reasonable degree as is typically understood by people skilled in the
art.



macr ophagi es activity, or stinulation of inmmnological system stinulation.
of 15 kidney and respiratory functions, enhance the circulatory function of
t he body, and other uses as nentioned above, conprising the adm nistration
of at least Ganoderma nycelium Cordyceps m cel yum Ganoderna spores,
Cordyceps spores, Ganodernma paste and/zy Cordyceps paste, produced in
presence of the nediumof the invention, or a pharmaceutical conposition,

beverage (Egampfe $X8URNEISH I0f)oAIYePhali805hitH A in 83ARBAS R Yelid onal

suppl ement’) conprising a €eas cel yum
Ganoder ma spores, Cordyceps spores, Ganodernma paste and/ or Cordyceps

past e, pres of, the medi um of the invention. 25 Exanpl es
are gi venoﬁlﬁg %%Pmtehlés%cf(?ddgﬂd ﬁulgqrevg‘qdaug QIPRIgIgg At &ﬁséﬁf@pé?a

Ganoder ma. sdurce hpeds! e)eraieed, ofitantinb (e yBASOERERR usarG NHRG At A6 ngé%“ ons

of growth such as fermentation peri od t enper at ur e, gtl rr| ng spee
aerati on r%@alnsmwg@ea@tve Vlmlnﬁoltllthmdébsmeldyfolrlan additionalt sippleineats as

shown but n.a r sonabl ree as . is typically understood
by peopl e é@yit%{r%c{y 3 'ﬁ%uﬂré ?nd erE)?é OGJISFFOa??o%-P‘HPS%aH

i aponi cum péptbﬂémﬁafdddngﬂ@jé eherfidfs. exlﬂmsebé'éﬁq‘oﬁnb'tﬂéﬂ ?eﬁé‘tl EXir& thd' um
conprising at |least one carbon source, yeast extracts, am ns ( %e yeast

extract us‘MB'IChy,ar?hd’JQm”hﬂtChal €8y s partisulasiyt a@nousagingh tactthee growthi of
wi t hout thg ? Qr an additional supplenent of vitamns), minerals and
ot her growtﬁ act ors such as sucrose, glucose, peptones and food grade
chem clél s. It has been found that yeast extracts, which are vitamn-rich,
are partlcula encouraging to the growh of Ganoderma. 10 In order to

produce Ga GalRoRfeeRdo jPX ec@t%”RF’W"QMWW'RD]"—%EM@ﬂ {(HRDpH4dS) the sposes t abl e
strain, sugh, %ﬁltgﬂﬁ%‘iﬁaﬁﬁ:&suwbQ@érﬁPdgr%alluQéluﬁP%Pﬁ%ZY)(FY?S[SE37177 ) were

cultured on and kept in flowing slant or plate agar medium (Table 2) at 25 -
30°C (preferably 29°C) for 3-5 days. A suitable amount of fungi was then

15 harvested and used to inoculate a liquid growth medium in shake flasks to make
a first seeding culture.

A typical example of a shake culture was prepared comprising a liquid growth
medium in Erlenmeyer flasks, and 1 litre of broth medium (Table 3) in a 5 litre

20  conical flask, autoclaved at 121°C for 20 minutes, and inoculated with 6 of the
slant cultures of Ganoderma lucidum APN3-1, and subjected to the following
growth conditions:

e pHof 5.5 (adjusted before inoculation)
25 e 29°C
 the flasks rotated on shakers at a speed of about 160rpm

e culture period of 72 hr.

The 1st seeding culture was terminated when the growth rate reached the
30 stationary phase. A suitable amount of cells from the 1st culture was then used

for the 2nd seeding culture in a liquid medium in small stirred tanks.



cultured on and kept in flowing slant or plate agar nedium (Table 2) at 25
- 30C (preferably 29C) for 3-5 days. A suitable anount of fungi was then 15
harvested and used to inoculate a liquid growh nmediumin shake flasks to
make a first seeding culture. A typical exanple of a shake culture was
prepared conprising a liquid growh nmefumin Erlenneyer flasks, and 1
litre of broth nedium (Table 3) ina 5 1litre 20 conical flask, autoclaved
at 121C for 20 m nutes, and inoculated with 6 of the slant cultures of
Ganoderma | uci dum APN3-1, and subjected to the following growh

condi t i onsThe gAdafees. Guliuadjusedeabdms ol kitrés oc marki afrthe féme@Q6on heditirasks

d kens. , d of ab 160 |t iod of 72 hr.
The- 1ot SCRAURY Duft (e GR P aPAFGEL o' kEFATHIE: (I HeAdoh ofcienbndre 30
isad Tor L Re B e R SO A ol TSl e

used for the 2nd seeding culture in a Iia
tanks. 25 werestaitisedad Ril°Cufos 3 minatesuandinddulated with Roliteesobf thnee 1st

f tati i T ' litre hia- t f | e,
bi on T onet oroust T (o R, 4o oftpBRul, e 2 RireR 35 2l Biraele TeevaPufiey 800
litres or growdh combitiony WeraEmAaintginedsterilised at 1210C for 30 mi nutes and

inoculated with 2 litres of the 1st seed culture (or about 4% of inocul um
i.e. 2 litres to 50 litres). The following growth conditions were

mai nt ai ned: p ' fore inocul.ation) 10 25C aeration rate
1:0.5v/vimto Jf: g%@%&ggbgﬁgﬁ%@q)t res/hr for 600 Ilitre liquid
medi un)0 wher e ¢ v2BP@QT neans cul ture nedi um vol une/aeration flow ate.

turbo stirrers speed 200 rpm
* aeration rate 1:0.5v/v/m to 1:0.9v/v/m (i.e. 1500-2700 litres/hr for 600

litre  liquid medium) where ‘vivim” means culture medium
volume/aeration flowrate.

¢ turbo stirrers speed 200 rpm.

15 e cultivation period 48 hours

For the large scale production of mycelia of G. lucidum, about 50 litres or more
of the 2nd seeding culture, or 8% of inoculum, was used to inoculate 800 litres
stirred tank reactors (BioL afitte) or bigger containing typically 600 litres or more

20 of a suitable fermentation medium. The volume of the medium may actually
range from at least 400 litres and above. The tanks containing the medium are
first sterilised at 121°C for 30 min and were maintained under the following
conditions:

25 » pH 5.5 (adjusted before inoculation)
o 25°C.
e stirring speed 200 rpm.
e aeration rate 1:1 v/v/m (about 36.0 m3/hr for 600 litre).

e cultivation period 72 hr
30

A yield of at least 3% for G. japonicum can be obtained.



15 «cultivation period 48 hours For the | arge scal e production of nycelia
of G lucidum about 50 litres or nore of the 2nd seeding culture, or 8%
of inoculum was used to inoculate 800 litres stirred tank reactors
(BioLafitte) or bigger containing typically 600 litres or nore 20 of a
suitable fermentation medi um The volun26of the nedium nmay actually range
fromat |east 400 litres and above. The tanks containing the nmediumare
first sterilised at 121OC for 30 m n and were mai ntai ned under the

foll owi ng _conditions: (adj usted before inocul ation) 25C.
stirring s?i'é%dnmﬁj'%rwas ﬁﬁm%t?@r’i)Yr@'taéNlmg off the sulteieciemathepremtons g 600

litre % r ast_ 3%
japon?cumﬁlggnﬂr@ %9@' éb@% fﬁt?P aﬁﬂefgp%@&%o&ﬁ drg%tﬁézg E%s%ybaqg\ﬁ%'bo%ff

t he cul t urkg oof omyachianT eakd ovith 304 drfyl hfa%gg@lslocgbt@mdw?@r Ve’ﬁ‘dﬂd;lrll NfHid Ek:QIEe ?
filter press rostati ress Up.to of nmycel ium cake w
36% Sr y‘30 rra‘("?é%ﬁﬁéd &6k ap ﬁe§ ouhle 'FCB?W Wﬁlﬁtyreaiaéersomkm fraazs- mlr@daraml a
doubl e- conggrfiré o e a I our
T D 28 S0 0 ol e F s keBRe™ T, larfBLT SBtiea by
amller twaa gfaundecu dysa roillef td@Opmmermabecsf. 100200 hesines] Ti® whedine@s

t hen packa into um n| m b ]iLO Exanple 2: Cultivation of Ganodernma

| uci dum ang W@F‘ﬁg ?Q@ﬁ qcﬂﬁﬁoa 98n device G | uci dum APN 3-2
(FI'RDI -37177) or G tsugae APN 3-3 (FIRDI -36090), was firstly grown on and
kept in the sl ant or plate agar nmedium (Table 2) at 24C for 15 3-5 days.
The sltht uttivati degrmasiugidenvwend_Gaaodesed tsogaadauh at e
50 m of I*egmeqtﬁ[o%%&iggdl um (Table 3) in a 250-m Erl enneyer fl ask.

G. lucidum APN 3-2 (FIRDI-37177) or G. tsugae APN 3-3 (FIRDI-36090), was
firstly grown on and kept in the slant or plate agar medium (Table 2) at 24°C for

15 3-5 days. The slant cultures of G. lucidum or G. tsugae were then used to
inoculate 50 ml of liquid growth medium (Table 3) in a 250-ml Erlenmeyer flask.
The mycelia were subjected to shake culture at 25 - 29°C (preferably 27°C) for
72 hr on a rotating shaker at 160 rpm.

20 For commercial production of G. lucidum and G. tsugae, ‘multi-stage
fermentation as mentioned in Example 1 was used. The mycelia yields of G.

japonicum and G. tsugae are close to that of G. lucidum.

Table 2: YM slant/plate agar medium

Ingredient Content
Yeast extract 39

Malt extract 39

Peptone 5g
Dextrose -10g

Agar 20g
Distilied water Up to 1 litre

25



The nycelia were subjected to shake culture at 25 - 29C (preferably 27C)
for 72 hr on a rotating shaker at 160 rpm 20 For conmercial production of
G lucidumand G tsugae, multi-stage fernentation as nentioned in Exanple
1 was used. The nycelia yields of G japonicumand G tsugae are close to
that of G lucidum Table 2: YMslant/ppate agar nmedi um I ngredi ent Content
Yeast extract 3g Malt extract 3g Peptone 59 Dextrose |og Agar 209
Distilled Tabky 3 Brotie Mediubd ﬂ)rzéo?chce-B%bhﬁht%rﬁrﬁ&‘ d\ﬁpc&&lﬁ)ﬁé){g doHigymePs
mlitaris_and Ganodernmm japonicum 7 ngredients Content ucose 409
Mal t ose pd\ﬂﬂéﬁd'ﬂ'ﬁf@ NaNCB Zg Yeast extract/p@@mf@nb gl0g Water Up to 1 litre
The culture medium (Table 1) for the cultivation for all other strains of
Ganoder el Clieo®sver, differs slightly from t ha4&0gjsed specifically for
Ganoder ng Méltqsagmwdeum (Table 3). For all otjwog strains of Ganoder ma,
KH2PO4 andnA&DA. 7HZ20 are used as the i neraﬂz ource, tut—for G_auuu' ma
m diurm hravi ngconposit as T tabte—3—+s
{)?2?2:- ;E| y\{{é;%gg%nhﬂéﬁtpﬂg the m nnrgl i Qpl\ja_l\ qa 10 FY:—)I’T‘Tﬂ e 3 Cultivation
of Cordyc e j i on_devi cel Up to 1litre

The culture medium (Table 1) for the cultivation for all other strains of
Ganoderma, however, differs slightly from that used specifically for Ganoderma
S japonicum (Table 3). For all other strains of Ganoderma, KH,PO, and
MgSO0,.7H,0 are used as the mineral source, but for Ganoderma japonicum the

culture medium having composition as in Table 3 is preferably used (wherein
the mineral is NaNOQO3;) .

10 Example 3: Cultivation of Cordyceps sinensis in fermentation device

A liquid culture medium comprising a carbon source, a nitrogen source,
vitamins, minerals and other growth factors from raw materials of glucose,
maltose or powder, yeast extract, and food grade chemicals was used. In order

15 to produce the Cordyceps, for example, C. sinensis, an isolated strain was
firstly subjected to solid medium culture. The strain C. sinensis APN 4-1 (FIRDI-
36421), was grown on and/or kepf on YM slant or plate agar medium (Table 2)
or the PDA medium (Table 4) in test tubes or agar plates at 25°C for 3 days.

20 For the 1st seed culture, shake culture making use of Erlenmeyer flasks was
used as described in Example 1. One litre of the broth medium (Table 5, or
Table 6) contained in-each 5 litre conical flask was sterilised at 121°C for 20
minutés and inoculated with 3-6 slant or plate culture of the C. sinensis APN 4-1
and were then grown under the following conditions:

25

* pH 5.5 (adjusted before inoculation)
e 25°C



A liquid culture nedium conprising a carbon source, a nitrogen source,
vitamns, mnerals and other growh factors fromraw materials of glucose,
mal t ose or powder, yeast extract, and food grade chem cals was used. In
order 15 to produce the Cordyceps, for. exanple, C. sinensis, an isolated
strain was firstly subjected to solid pgdiumculture. The strain C.
sinensis APN 4-1 (FIRDI - 36421), was grown on and/or kept on YM sl ant or

pl ate agar madLurfhé?'lggkgr%)aa;[/esd%aéhﬁkg@ﬁ]te@%é{%sé}i—%@%@l féuor- I, test tubes or

agar plates at 25C for 3 or re, shake culture
maki ng use of &rloeitoey peribt @a$KS twas used as described in Exanple 1. One
litre of the broth nmedium (Table 5, or Table 6) contained in each 5 litre
conical flask was sterilised at 121C for 20 mnutes and inoculated with

3-6 slant Fblr DRI GdddUE@n b éf'gsgngﬁ'isi ?Z%i @I('ﬁAE&l g’l'ga;%rgaé}ﬁjre‘?feﬁﬁ-ljeggﬁr r own

under the follow ng conditions: ( uste f'ore 1 nocu n)

25C 28 5 t (Biot hfittKeacht aortdirimg Shdiresorahore spitedeahentatioh meupn(Tayl tur e
period of hr. For.the 2n d |ture of C. sinensis, 75 litre (or

bi gger) stﬁ?r"vee(ﬁe kﬁt%r-'”sggc"f‘tof]21Oscg??ng@Lrﬁ'F‘PFQ%?”‘géBﬁ”dBﬁ‘flﬂﬁﬁﬂdn\@{'tB@ lifres & or
more of thed eeneicrhi B ABAisEEY (AR 14 i 30
m nutes and then inocul at ed VS\A th 2 | iriér(gi% o(?*ernt%ﬁ(ﬁaruc?ﬁe):' Izﬁfﬁglmlﬁélgggwﬂéeed
cul ture (499oditipp®weremainteired:ol | owi ng growth conditions were mai ntai ned:
10 . pH 5.5 25C aeration rate of 1:0.2-1:0.9 v/v/m (1500- 2700 I/hr for
50 litres of nmedium stirring speed 200rpm 15 cultivation period 48 hr

10 ¢« pH55
e 25°C
» aeration rate of 1:0.2-1:0.9 viv/m (1500- 2700 I/hr for 50 litres of
medium)
e stirring speed 200rpm
15 e cultivation period 48 hr

For the cultivation of mycelia of C. sinensis, 800 litre (or a bigger) stirred-tank
reactors (for example, BiolLafitte), each containing a volume of 600 litres or
more of the fermentation medium (Table 1) are inoculated with 50 litres or more

20 of 2nd séeding culture (8% of inoculum). The tanks and the fermentation
medium were sterilised at 121°C for 30 minutes before inoculation.

e pH55
e 25-29°C
25 e stirring speed 200 rpm
o typical aeration rate of 1:0.5 -1:1 v/v/m (18-36.0 m3/hr for 600 litre
medium)

e cultivation period 48-72 hr

30 When the mycelium had the end of its exponential phase or had multiplied

enough for the purpose of production, the bottom valves of the 800 litre bio-



For the cultivation of nycelia of C. sinensis, 800 litre (or a bigger)
stirred-tank reactors (for exanple, BiolLafitte), each containing a vol une
of, 600 litres or nore of the fermentation medium (Table 1) are inocul ated
with 50 litres or nore 20 of 2nd seeding culture (8% of inoculum. The
tanks and the fernentation nediumwereggterilised at 121C for 30 m nutes
before inoculation. pHb5.5 25-29C 25 stirring speed 200 rpm typical

i i vati o ATl s SIS, PP G ngdeas GopofECet)

exponent i afiltpfedsen vachanh filtdt opfiterdpreasedglpftor 10t &grafr mosElivrh dakedwriki on,
t he bottom }S%!vgs of the 800 I'btr.e Lo 29 reactors were opened, and the
mycel i um ofY® 04 4{¥TBRECLIES: BPIANG G from dach; Podieagtasn Wig Gaker was dhedr
filter pregpgd; oMPat QodiB-ddheot QJdct drN by SREROL. Yy rawas
obt ai ned from egcha'bi%-re_act or .rot'_léﬁs cagg?\;\aggeet,mh%nbydﬁlé% og’rggnggéhﬁe?cone
rotary Yaclilamentpes flourpyith 24e28% dff protginamasaotitafriddare filmsnéhtous flburh

27-28% of protein obt ai ned., The fj.l.anent oys o) wa ounded by a
nmller to g"ﬁ&aﬂc’lu@\flxgast?&@ H}'IFefOte 92‘5’(5{'%3?\'?6 e1%fg(591éﬂe§bgtﬂ%roq\f\%@eéhen
packaged i pbader wisthempraaged b aldminRehdaysdext rose agar nedi um

I ngredi ents Content Potato extract 4.0y d udcose 20.0y Agar 15.Qy PH 5.6
Distilled water Up to 1 litre 10

Table 4. Potato dextrose agar medium

Ingredients Content

Potato extract 4.0g

Glucose 20.0g

Agar 15.0g

PH 5.6

Distilled water Up to 1 litre
10

Table 5. Flask medium-|

ingredients Content g/l

Glucose 40.0

Maltose powder 20.0g

Potato dextrose broth 24.0g

Yeast extract 10.0

Water Up to 1 litre
15 Table 6. Flask medium-2

Ingredients Content g/l

Glucose 40.0

Maltose powder 40.0

KH,PO, 1.5

MgS0,4.7H,0 0.3

Yeast extract/peptone 20.0

Water Up to 1 litre




Table 5. Flask nedium| Ingredients Content /I ducose 40.0 Maltose
powder 20.0 Potato dextrose broth 24. 0y Yeast extract 10.0 Water Up to 1
litre 15 Table 6. Flask medium 2 Ingredients Content /I G ucose 40.0

Mal t ose powder 40.0 KH2PO4 1.5 M SO4. 7H20 0.3 Yeast extract/peptone 20.0
Water Up to 1 litre 30 Exanple 4: Cultpgation of Cordyceps gracilis,
Cordyceps menorabillis and Cordyceps ophi ogI ossoides in fernmentation

devi ce The pghrabias 4¢ Hoh Shkd E ikl cg’g%mo(;QElﬁCQrﬁ’@

nmenor abi | |

grown and Keptlyceps dmh/edylasw/desm ﬁirmaﬂﬁroméelvluen (TabI e 2) at 25C for 3-5
days. The slant cultures of C. gracilis, C nenorabillis or C .
ophi ogl ossoi des were used to inoculate 50 m of growth medium (described

in Table 5¢h@)st+a1n@€%@crep§ ZdrEBMEWNW Q%iﬁleTi@1"?§ﬁabhﬂ/é§?)§%%h%k§’&m§d to

shake culture at 2 hr on a rotating ker m For
commer chal P{E?N)du@t(lFHRDICﬂZZw @nacCbrdyce@s ophiaglatidides , wede grown and kept

ophi 09! 95591 A0 St o Pidte S5AIRLLRNTIaB 87 aPSHEI6F LE6%A\B. EHRERIGS oo
cultures of C. gracilis, C. memorabillis or C. ophioglossoides were used to
inoculate 50 mil of growth medium (described in Table 5, 6) in 250-mi
Erlenmeyer flasks. The mycelia were subjected to shake culture at 25° C for 72

10  hron a rotating shaker at 150 rpm.

For commercial production of C. gracilis, C. memorabilis and C.
ophioglossoides, the multi-stage fermentation as described in Example 3 was
used.

15

Example 5: Cordyceps militaris

It was found that this strain would not grow well at a temperature higher than
25°C and also would not grow well on the agar slant/plate. By addition of 0.6%
20  NaNOj; or 0.01% Riboflavin (vitamin B2) to the YM agar medium (control, Table
2), the cultivation time was shortened to 3 days (grown on the fértified medium)
from 7 days. Cordyceps militaris APN 4-5 (FIRDI 32219) was grown and kept
on fortified YM medium at 17-23°C, préferably at 20°C for 3-days before using it
for inoculation of the multi-stage fermentation in Example 3.
25
The culture medium (Table 1) for the cultivation for all other strains of
Cordyceps, therefore, differs slightly from that used specifically for Cordyceps
militaris (Table 3). For all other strains of Cordyceps, KH,PO4 and MgSO,.7H20
were used as the mineral source, and for Cordyceps militaris NaNO; (Table 3)
30 was used instead.



Exanpl e 5: Cordyceps mlitaris It was found that this strain would not grow
wel |l at a tenperature higher than 25C and al so would not grow well on the
~agar slant/plate. By addition of 0.6% 20 NaNG3 or 0.01 % Ri bofl avin
(vitamn B2) to the YM agar nedium (control, Table 2), the cultivation tinme
was shortened to 3 days (grown on the f3rtified nedium from 7 days.
Cordyceps mlitaris APN 4-5 (FIRD 32219) was grown and kept on fortified
YM nedi um Bie netRdds opsatsdtiipl of the a8Ge ifiredictdy tn Q%?W&ep‘éscbrr@ahéderﬁg

i nocul ation of the nulti-stage fernmentation in Exanple 3. 25 The culture
nedi um ( Tabegenly psed iméhe Brior vat idennebinckide anhstepsof aohwatﬁr extractigoeps,

t her ef or e, Tl | 4,9 f

w1 tar o [anEndpl AegUides 4 bthbd Bl RbGReEs <iER arhotdasb g

|ng04 7H20whictr mansmbsasthehewmumr af aﬁNéCeonﬁﬁw\eﬁw reebUedRs frarhi trd i s
Q:]Tabl e 3 g used I nstead. 31 The net hods of extraction of the

actlve ngrtnéel ldungj. NatepYs "@ifnﬁia%lbﬁd“'xﬁfjég'éfhﬂ@)"@ﬁlgér@ﬁjllﬁﬁ@gﬂh or

art, do nof, ;?(ﬁp 1@ny step of hot water extraction. The invention

provi des a rre which includes a step of hot water extraction which

I ncreases the anount. of active conponents recoverable fromthe 5 nedicinal

fungi. The &/ger sed may also be mixed with a I;E| buffer, adJ usting it to

about pH 1874BRH L ' YSactive

i ngredients 10 Accor di ng to conventlonal rret hods knovvn in the art, the

active ingredients of Cordyceps or Ganoderma are extracted for

wat er -¥bl ubreording tet eenventional ngthods &npworidshe Hute tee actlhesmredmmbfonal

hod f t t t
o ovi ded 1 FOUHBBR A Saf e 4% &xfacttd, P Aaefalio™ pooiuoEus shible noy
wat er ext r eempoonds.aflowsventvess comadntishbhaftthdds BRkRFatiib it ikgtdee in
extracting the water-sol uble pol ysaccharides. The hot water nmay al so be

buf f er ed ahotwaley exragtion, nehicksisi @r@y@ed in this embodiment .and is described
below. The absence of a hot water extraction step in conventional methods

15  makes them ineffective in extracting the water-soluble polysaccharides. The hot

water may also be buffered at pH 10 for further efficacy.

About 1700g of wet Cordyceps mycelia were soaked, with gentle agitation, with
about 6 litres of hot water (about 90°C) overnight, i.e. about 24hrs or more. The
20 Cordyceps were then filtered and the filtrate was then mixed with 2 volumes of
99% ethanol (at 6 litres per volume). The precipitate resulting from the addition
of the ethanol to the filtrate was then collected and washed in 50% ethanol, and

subsequently Iyophilised, obtaining 2.9g of Cordyceps poilysaccharides.

25 The residue was then extracted for active compounds for a further 4 times by
using about 4 litres of 80% ethanol solutidn, with gentle agitation. The ethanol
was then evaporated and the resultant concentrate was freeze-dried, obtaining
101g of solids. The use of any other solvent other than methanol, acetone, will
be evident to any skilled in the art.

30
Both the water extract and the ethanol extract can be used for therapeutic

treatments.



About 1700g of wet Cordyceps mycelia were soaked, with gentle agitation,
with about 6 litres of hot water (about 90C) overnight, i.e. about 24hrs
or "‘nore. The 20 Cordyceps were then filtered and the filtrate was then

m xed with 2 volunmes of 99% ethanol (at 6 litres per volune). The
precipitate resulting fromthe additior32 of the ethanol to the filtrate was
t hen coll ected and washed in 50% et hanol, and subsequently |yophili sed,
obtai ning 2.9g of Cordyceps pol ysaccharides. 25 The resi due was then
extracted for active conpounds for a further 4 tinmes by using about 4
litres of ExamplenAn8pordation ehGanpdermaant | e agi tati on. The ethanol was
then evaporated and the resultant concentrate was freeze-dried, obtaining
101 g of solids. The use of any other solvent other than nethanol, acetone,
will be eaftstes8-72chaury cflcditivedionroftGeneddérmasih Bdiit-réhetonatesrding taattie and

t he ethanol extract_can be used for therapeutic treatnents. 3 Exanpl e 7:
Spor ul & i o¥&PPIearoaeMhgr e'ﬂf"f’@rp'&é&ﬁ Wawraisgs t&ﬁ%'?@%ﬁ FRMoFNGRREH a i n

bi o- i t. 4t -B EXATH 1#5 0N i
aised to S (REREY {8 FOL N LD Randut (R EROr L RER, T T

v/ v/ m (aboBandd&drd SpOrds perktrdof praih WeregprodGaeddAt sacts pauressyrey; itl ids e of
broth were

roduce such a pressur i.t. has been found_t hat Ganoder ma
o oduces. esicbEdataBOdRuRA S was basidieRSies 45 MAWUIH hik Scol Tect od by
drawing the culture fromthe reactors and filtered by using a vacuum
filter or a filter press to obtain the nyceliumcake with 30%dry matter.
Al t er &t | vEhg mycelimn Was f¢allestast byhdmaygng athee edlturer Hbm ploe yreectars and t er

e a2 AU o kBB Y SR NGGERL BB Reb i e BHECLL
t hrough t hgodd dkxyemattandArematingl, itrcdrbe fﬂtbké@nm@ugaramabaréwn_ Bl pédter
(l'iquid residues). A range of spore counts from 10
filter medium by gravity or by a controlied vacuum force to make the wet
mycelium containing 10-20% of total solids.
15 '
The spores of Ganoderma were passed through the filters and remained in the
filtered fermentation broth (liquid residues). A range of spore counts from 10° —
107 per ml of the filtered fermentation broth was obtained for different species of
Ganoderma. The filtered fermentation broth was subjected to centrifugation by
20 either a nozzle-discharge centrifuge to concentrate the broth to 30-40% of total
solids or by with twice-washing until the fermentation residues have been
removed. The concentrated solution of the spore was then dried by spray drying
or freeze—dryihg. A yield of up to 3.0 gram per liter fermentation broth was
obtained.
25 _
Prior to this invention, such spores of Ganoderma could only be produced on
solid growth medium and liquid growth medium was mainly used to produce
mycelia. These spores of Ganoderma  are considered to be much more
therapeutic as compared to the fruiting bodies in TCM, and are highly valuable.
30



107 per m of the filtered fernentation broth was obtained for different
species of Ganoderma. The filtered fernentation broth was subjected to
centrifugation by 20 either a nozzle-discharge centrifuge to concentrate
the broth to 30-40% of total solids or by with tw ce-washing until the
fermentation residues have been renoved8 The concentrated sol ution of the
spore was then dried by spray drying or freeze-drying. Ayield of up to
3.0 gram Exarhplee8: §p6ARMGH bOOoRVeEBswas obtained. 25 Prior to this . :
i nvention, such spores of Ganoderna could only be produced on solid growh
medium and |iquid gromh nmediumwas mainly used to produce nycelia. These

to the frirdngepbapaes RERRPRLER I uR P e I Er  ah AR o i e 6
Spor ul ati dn EXanéiedyceps Cordyceps spores were produced in the same way as

described for Ganoderma in Exanple 7. 5 Exanple 9: Variable conditions of
Exanpl &€ 1-8 The paraneters in the exanples given above nmay be adjusted as

oy APREEmoR bIGRHabG Al dridddlolle grt . For exampl e the fungi of

30C, and at a pHrange of pH 4.5 to pH 7.0, and may be cul tivated dependi ng
th t f d 40 hours, to 90 hours. These

par anst or o BTG T ey Saimles cheh e&&e@%my. adigstasbash TAEFPREY be

opti m sed @fidéntdid %ggesmuébahwh t rteﬁshe& ifle, the iai'm'gfv&feaﬁaasrrﬁéraﬂd‘s of

Cordyceps, such as ceps mlitaris, erature range of
17 to 1@3C Candycppegem\matya temmﬁeiuré'hreltm mnget bfe25 to 30°C, and at a pH range

of pH 4.5 to pH 7.0, and may be cultivated depending on the parameters for

periods ranging from 40 hours to 90 hours. These parameters apply to any
stage of the fermentation, although they may be optimised at a different value at
each stage.

15
However, some strains of Cordyceps, such as Cordyceps militaris, thrive in a
temperature range of 17° to 23°C, and preferably at 25°C. Therefore the

minimum temperature of such a fungi production system is preferably 17°C.

20 The aeration rate is usually at least 1:0.5 v/v/m to the maximum the bio-reactor
container can reasonably sustain for a given volume of the culture medium.
Similarly, the stirring speed or the speed of rotating the shake culture flasks
may be at least 100 rpm to any rate which the containers can sustain for a given.
volume of culture medium.

25 _

Thé volumes of the first stage fermentation is usually 1 litre in a 5 litre conical
flask, but it may be as low as 500ml. A second stage fermentation container
usually has a volume of growth medium of 50 litres in a typical container of 75
litres. However, in order to be productive a volume of at least 30 litres may be
30 sufficient. The third stage, or production stage, of the fermentation may be at

least 400 litres although it is typically 600 litres or more.



m ni mum t enperature of such a fungi production systemis preferably 17C. 20
The aeration rate is usually at least 1:0.5 v/v/mto the maxi numthe

bi o-reactor container can reasonably sustain for a given volune of the
culture nmedium Simlarly, the stirring speed or the speed of rotating the
shake culture flasks may be at |east 180 rpmto any rate which the
containers can sustain for a given volune of culture nmedium 25 The

vol umes of ThBecdrmpéditisn a@ané aideNiniédiam gﬁ/ensma’rébaeh I9rioss the Prefetdble €
conical flask, -but it may be as .|ow as A second stage fernentation

cont ai ner coReentrafionssofatheoramposenty suthe mdlum dflowever, tit dé& possidla ypi cal

Ceast 30 1 Cuigde tl iR RYBY Rastb S ohbod B8 6t efioBaude: O oLt age,
of the fer Iyéaétaéxtmtrm%lga dtKHJR@sand 03 il beMg8Ohough it is typically

600 litres or nore. 34 The conposition of the novel nedium _given in Table
1 shows?t he preferable concentrations of the conponents in the nedium

However, it ' | b f

ol ucose, 3625 GOUH frekflm T ChNRGRt MeRind CehoBbrigTaporilu by

and 0. 05 ghkbumde m&%rawm it NaNg-pinwsteateofi KiHpRO, @mddMgam it isi pawsitge and
Ganoder ma | aponj gu t he urce of mneral used ead of KH2PO4
and oS3, 1 BUBtaTh G soaranabls, cigii alentt BacliaBiatan dol f 9/hethauaf the
concent r at ixp&fefdpid Cgﬁbe,qyétmmg@% preferabl e concentration is 2 g/l. 10
Table 7, Table 8 and Tabl e bel 8w show the difference in quality between

t hat ﬂ)@ wi | d Cordyceps and Ganoderna powders and that of Cor dyceps and

Ganoder na b odi nment Chem cal nd hygi en tests
of Cordyc eg'é%ﬁma gﬁgi%%gé?pl?ﬂm%fbr% ﬂ‘go ﬂ'herégfprence In"‘qua |ty beK:geen &hat
of wild Cordyceps and Ganoderma powders and that of Cordyceps and

Ganoderma grown by the proposed embodiments.

15 - Chemical and hygienic tests of Cordyceps and Ganodema powders on the

market

Table 7. Analysis

| Items _ Cordyceps Ganoderma
10% pH 5.5-6.0 ) 5.5-6.5
Moisture % 4 4
Protein (Kjeldhal, N x 6.25) 28.9 27.7

1 Ash (Muffle furnace, 550°C) 6.60 4.73
Copper, Cu (ppm) 21 7.8
Arsenic, As (ppm) <1 ‘ <1
Lead, Pb (ppm) <1 <1
Mercury, Hg (ppm ) <0.1 <0.1
Total aerobic plate count, cfu/g 500 260
Total mould & yeast, cfu/g 200 100
E. coli Salmonella spp, and | Absent Absent
Staphylococcus aureus

20



Table 7. Analysis Itens Cord ce s Ganoderma 10% pH 5.5-6.0 5.5-6.5
Moi sture % 4 4 Protein (K eldhal, N x 6.25) 28.9 27.7 Ash (Muffle furnace,
550C 6.60 4.73 Copper, Cu (ppm 21 7.8 Arsenic, As (ppnm) <1 <1 Lead, Pb

(ppm <1 <1 Mercury, Hg m<0.1 <0.1 Total aerobic plate count, cfu/g 500
260 Total mould & yeast, cfu/g 200 1003%. coli, Sal nonella spp, and Absent
Absent St aphyl ococcus aureus 20 35 Table 8. Product specifications of

powder ed CpaBlcg8pProguat %%cm’cétftﬂ\s mtwd@féanoiﬂdlybepkmb@wWe
Product description Powdered Cordyceps nycelia, produced by submarged

cul ti vati omethediprewidedin thepathodjmenti ng And sterilization Product
fingerprints Proteins/glycoproteins: SDS-PAGE and western blotting

Overall: Fourier transforminfrared FTIR s ectrosco Physical appearance:
Powder wi { Rraginotddskaptiqar operty  Col our : [Brawdered Coraybepdmowdlia, Odour :
Slightly fernented produced by submerged cultivation,
followed by drying, grinding And
: sterilization
Product fingerprints
Proteins/glycoproteins: SDS-PAGE and western blotting
Overall: Fourier transform infrared

10

(FTIR)spectroscopy

Physical appearance:

Powder with good flow property

Colour: Brown or light brown
Odour: Slightly fermented
Particle size: 100 to 200 mesh,
Flowing property: .Free-flowing

pH (in 10% solution): 45-55

Moisture %:

Less than 5 %

Active components:
Total protein:

Cordycepic acid (mannitol):
Cordycepin (3'-deoxyadenosine):
Adenosine:

Total water soluble polysaccharides:

27- 28%

20% or above
5% or above
0.1% or above
0.15% or above

Ash: Less than 5%
Heavy metal :
Arsenic < 0.01 ppm
Copper <15 ppm
Lead < 0.2 ppm
Mercury < 0.01 ppm

Microbial fimit:

Total bacterial count, CFU/g
Total yeast & mould, CFU/g

Total E. coli, per gram -
Staphylococcus aureus, per gram
Salmoneilla spp., per gram

In compliance with the Singapore
Medicines Act

< 10?

< 102

Absent

Absent

Absent




Particle size: 100 to 200 nesh, Flow ng property: Free-flowng pH (in 10%
solution : 4.5-5.5 Misture % Less than 5 % Active conponents: Tot al
protein: 27- 28% Total water soluble polysaccharides: 20% or above
Cordycepic acid (mannitol): 5% or above Cordycepin (3 -deoxyadenosine):
0.1 % or above Adenosine: 0.15% or ab®@ee Ash: Less than 5% Heavy netal
Arsenic < 0.01 ppm Copper < 15 ppm Lead < 0.2 ppm Mercury < 0.01 m

M crobi al 4441 tg- i ' ' ' unt ,
G g Nodi e 5 RIOARTNPEAREAHEhS o Fomderhd Canodthils difaiiéd By LT -
gram < 10Imetiicxthpyoposed iss theieebsodipeentyr am Absent  Sal nonel | a spp., per
gram Absent Absent 5 10 36 Table 9: Product specifications of powdered
Ganoder ma obtai ned by the nethod proposed in the enbodi ment Product
descri pti[@rofwdt@dedripaonycel ia cultivat ed B¥noderma mycelia cultivated by

submerged method, followed by drying
of mycelium, and grinding to powder.

Product fingerprints

Proteins/glycoproteins: SDS-PAGE and western blotting
Overall: Fourier transform infrared
(FTIR)spectroscopy

Physical appearance: Powder with good flow property
Colour: Light yellow or beige
Odour: Slightly fermented
Particle size: 100 to 200 mesh,

- Flowing property Free-flowing

pH (in 10% solution): 55-6.5

Moisture %: Less than 5 %

Total protein: 28-30%

Total water soluble polysaccharides (PS): More than 15%
( grams / 100gram powder)

Ash: Less than 7%

Heavy metal: in compliance with the Singapore
Medicines Act

Arsenic < 0.01 ppm

Copper <15 ppm

Lead . < 0.2 ppm

Mercury ' < 0.01 ppm

Microbial limit: In compliance with the Singapore
Medicines Act

Total bacterial count, CFU/g < 10?

Total yeast & mould, CFU/g < 10?

Total E. coli, per gram Absent

Staphylococcus aureus, per gram Absent

Salmonella spp., per gram Absent

5 The fungi produced by the .embodiments of the inventions may be used in
compositions which comprise mixtures of several Cordyceps and Ganoderma
strains. Three examples (formulas 1-3) are given below in Tables 10 - 12;

10



subnerged nethod, followed by drying of nycelium and grinding to powder.
Product fingerprints Proteins/glycoproteins: SDS-PAGE and western blotting
Overall: Fourier transforminfrared FTIR s ectrosco Physical appearance:
Powder with good flow property Colour: Light yellow or beige dour:
Slightly fermented Particle size: 100 3p 200 nmesh, Flow ng property
Free-flowng pH (in 10% solution): 5.5-6.5 Moisture % Less than 5 %

Tot al prot-pél?é ﬁﬁ-ﬁm{ql}]g;t,ﬂ{e @wmml)e pol ysacchari des (PS): Mre than
15% (granms 100 ram powder) Ash: Less than 7% Heavy netal: In conpliance
with the {Si ngapore Medicines Act Arseni|@osa@epdermapsuléopper < 15 ppm Lead

< 0.2 ppm Cidycapsysirer8isOtyanlid cr obi al
Si ngapor e| Cofdgicarismeititatis tmytelal
moul d, CARULg < 102 Total E
per gram Absent

[ i
bacteri al
coli per

mi76:md or 3x®mpgi ance with the
7Saugbr 1AMy < 102 Tot al

gram Abhsent

ast &
reus,

VAS

St aphyl acoccus al

Table 11. Formula two (GanoVersicolor Plus)

Dosage, per capsule
100 mg or 200 mg
100 mg or 200 mg

50 mg or 100 mg

Ganoderma japonicum mycelia
Trametes versicolor mycelia
Ganoderma lucidum spores

5
Table 12. Formula three (Ultra-Booster)
Dosage, per capsule
Cordyceps sinensis mycelia 100 mg
Cordyceps militaris mycelia 50 mg
Cordyceps gracilis mycelia 50 mg
Cordyceps memorabillis mycelia 100 mg .
Cordyceps ophioglossoides mycelia 50 mg
Ganoderma lucidum spores 100 mg
Ganoderma japonicum mycelia 50 mg
10 Example 10: Preparation of Paste Form of Cordyceps
- Upon completion of the large-scale cultivation methods described in Example 1-
5, the mycelium, instead of being collected and dried, was collected by filtering
it through a needle-felt polyester filter medium by gravity or by a controlled
15  vacuum force to make the wet mycelium contain 10-20% of total solids. The wet
mycelium was then washed twice by water to remove the residues of the
medium.
The yield of the Cordyceps paste obtained ranged 250-500 kg per cubic meter
20 of fermentation broth.



Sal nonel ' a spp., per gram Absent 5 The fungi produced by the enbodi ments of
conpositions which conprise m xtures of
Three exanples (fornulas 1-3) are
10 37 Table 10. Fornula one (CordyDoubl e)
Cordyceps sinensisggycelia 175 ng or 350 ng Cordyceps
150 ng Table 11. Fornula two (GanoVersi col or

Do : 8 l,aponi cum nycel i 00 mg or 200 ny
T amet oo wanie, ey miedRi Rt T8, B 1880 Vet Bise T Tove Mhmasigned 50 m
or 100 m 5pfadess uyzeiu@rawd)1%%5“mﬂlégﬂgyr@h&%%gfeiﬁ{sg,@s
' [ ceps
Cor dyoene DHIBEIECTEch Parate SiFe T8 8nan nbihs Wt Mycelintabbobiafed

hg ol La naderma | uci dum spores 100 ngy
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the inventions may be used in
Cor dyceps and Ganoder ma
given below in Tables 10 - 12:
per capsul e
mlitaris nycelia 75 ng or

sever al

Dosage,

Cor dyceps 5?

filter

10

BeImac

The specific characteristics of the obtained “paste Cordyceps sinensis” are as

shown in Table 13. A picture of mycelia and spores of Cordyceps sinensis is

shown in Figures 8 and 9.

strains.

i nst ea
it through a needle-felt polyester
medi um by gravity or by a controlled

Sy R frbe?

of being coll ect

Table 13: Product specification of Cordyceps sinensis in paste form

Product description

Cordyceps sinensis mycelia: produced
by submerged cultivation, followed by
filtration, packaging and retorting at
110 -121°C.

Packaging form

Paste form of products, quantity in 3
kg. or customised size, packed in
laminated retort pouch.

Product fingerprints

* SDS-PAGE and western biotting
Proteins/glycoproteins: * Fourier transform infrared (FTIR)
Overall; '

spectroscopy

Physical appearance:

~ Colour: Brown or light brown
Odour: Slightly fermented
Property: Paste
pH (in 10% solution): 45-55
Total solid %: 10-20 %
Components (dry basis):
Total protein: 27 - 28%

Total water soluble polysaccharides:

Cordycepic acid (mannitol):
Cordycepin (3'-deoxyadenosine):

20% or above
5% or above
0.1% or above

Adenosine: 0.15% or above
Ash: Less than 5%
Heavy metal: In compliance with the Singapore

Arsenic

Medicines Act

bﬁép\é?éﬁd?ﬂisniﬂﬁf@:%ge? as |




15 vacuum force to nmake the wet nyceliumcontain 10-20% of total soli
mycel i um was then washed tw ce by water to renpve the residues of
the medium The yield of the Cordyceps paste obtained ranged 250-500 kg
nmeter 20 of fermentation broth. 38 The wet nyceliumwth 10-20%
solids was subjected to a honmogeni zing process by either a
colloidal mll, or by a honmpgeniser, or by any type of proper mllin

The wet
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of total
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Different characteristics of other species or strains, other than Cordyceps

sinensis (C. sinensis) have also been observed. The characteristics are shown

in Table 14.

Table 14: Characteristics of other Cordyceps strains

Product and cell description

1) C. militaris shows the whitest and
finest mycelia visually, while C.
sinensis is the most coarse.

2) The paste of C. militaris is more like
milk flavour .

3) The taste of powdered C. militaris is
the sweetest, that of C.
ophioglossoides a little sour, and the
bitter taste of C. sinensis.

4) Filtered bio-mass of C. militaris
mycelia is more compact than that of
C. sinensis & ophioglossoides.

5) Under microscopy, two spores are
contained inside the ascus of C.
militaris, as comparison with that of
C. sinensis, only one spore (see
photos)

FTIR fingerprints

Fingerprints of five species of Cordyceps
in  Fourier transform infrared (FTIR)
spectroscopy are very different, which
can be provided if required.

Active compound: Cordycepic acid

Contents of C. militaris & C.
ophioglossoides are higher than 9%,
while C. sinensis is 5-7% only.

Active compound: Cordycepin

The content of C. militaris is double or
triple higher than that of C. sinensis. But

existence of Cordycepin in C.




Property: Paste pH (in 10% sol ution):

Conponent s

pol ysacchari des:

Cor dycepi n
Ash:

Less than 5% Heavy netal :
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Active compound: Ophiocordin (balanol)

A potent protein kinase inhibitor, is

contained in C. ophioglossoides only.

Example 11: Preparation of Paste Form of Ganoderma

5 The same method as the above example was employed, with a difference that

10

Ganoderma was used instead of Cordyceps.

The product specification of the Ganoderma paste is shown in Table 15.

Table 15: Product specification of Ganoderma in paste form

Product description

Ganoderma produced by submerged
cultivation,  followed = by filtration,
packaging and retorting at 110 -121°C.

Packaging form

Paste form of products, quantity in 3 kg
or customised size, packed in laminated
retort pouch.

Product fingerprints
Proteins/glycoproteins:
Overall:

SDS-PAGE and western blotting
Fourier transform infrared (FTIR)
spectroscopy

Physical appearance:
Colour:
Odour:
Property:

Brown or light brown
Slightly fermented
Paste

pH (in 10% solution):

4.5-5.5

Total solid %:

10-15 %

Components (dry basis):
Total protein:
Total water soluble polysaccharides:

28-30%
15% or above

Ash:

Less than 7%




5 Table 14: Characteristics of other Cordyceps strains Product and cell
description 1) C militaris shows the whitest and finest nycelia visually,
while C. sinensis is the nost coarse. 2) The paste of C. mlitaris is nore
like mlk flavour 3) The taste of powdered C. mlitaris is- the sweetest,
that of C. ophioglossoides a little sodd, and the bitter taste of C
sinensis. 4) Filtered bio-mass of C. mlitaris nycelia is nore conpact
than that |efeaviometdinensi s & ophi ogl 0SSOI GeS complidAtder with CTtRE COiMgag _
spores are¢ contained inside the ascus OtddicindAétitaris, as conparisop with
that of € siamgmed s, only one spore (s¢e photos) FTIR fingerprints
Fi ngerprints doppeve species of Cordyceps o.ofppaurier transforminfrared
(FTIR) spectieagopy are very different | <y can be provided if
required. {Act iMegcerpnpound: Cordycepi ¢ atith £ppients of C. mlitaris & C
ophi ogl ossoi des are higher than 9% whike § pghnensis is 5-7%only. Active
conpound: | Gacdpeeihin The content of Co Mid T iBfpfarce JRHRT &har ShEa&E

hi gher than that of C. sinensis. But Medicine Act
Total bacterial count, CFU/g <10?
Total yeast & mould, CFU/g < 102
Total E. coli, per gram Absent
Staphylococcus aureus, per gram Absent
Salmonella spp., per gram Absent

Example 12: Manufacturing of Cordyceps “fortified” milk

5 The manufacturing trial of Cordyceps fortified UHT milk was conducted in. a
standard Tetra Pak UHT (ultra-high temperature) plant.

300 liters of fresh milk was loaded into a mixing tank — Tetra Almix, in which
1875 grams of Cordyceps paste with a solid content of 12% was added to make
10 a content of 750 mg Cordyceps per liter of milk. After mixing thoroughly, the
milk Was pre-heated to 75°C before pumped to the high pressure homogeniser,
where it was homogenized at a pressure of 200-250 bar. The preheated,
homogenized milk was pumped to the heating section of the UHT unit where it
was heated to 140°C for 4 seconds then cooled to 25°C. The cooled milk was
15 pumped to an aseptic buffer tank from which an aseptic packaging line

continued to produce finished Cordyceps milk in 250 ml packs.

During the mixing process in the Tetra Almix, the Cordyceps paste was well
_disperéed into the fresh milk. No fouling was detected in the UHT process (The
20  “fouling” is referred to a problem in dairy flow in pipes or flow in ultra-filtration,
where organic particular matters are blocked in pipe and cause the processing

and hygienic trouble). As shown in the Table 18, there was no significant



exi stence of Cord ce in in C 40 ophioglossoides is not yet confirned.
Active conpound: Adenosine: Higher in C mlitaris and C. ophiogl ossoi des
than C. sinensis. Active compound: Ophiocordin (balanol) A potent protein
ki nase inhibitor, is contained in C o hio |lossoides only. Exanple 11:
Preparation of Paste Form of Ganoder ma42 The sane nethod as the above
exanpl e was enployed, with a difference that Ganoderma was used instead of

Cor dyceps différense oflthel pidpeadingcarid te Irix édreteRefop des Befors UM T sarkivieri n
Table 15. - 10 Tabl e 15: Pr oduct specification of Ganoderma in paste form

Product d&4EF] gtoren calatrsb rtan Yprigtal c eelichy iss besed gel er[ﬁqt'WaﬂdGPﬂ 1B€1 owed
by filt ratsbg C?rétﬁ%#%'n%taﬂgs é@ié”cﬁérp@ 5, %OThézﬁLngre:f %C#ﬁa%'sg@slﬁpfv% Past e

form of produ uant cust om sed si ze am nat ed
retort pouwtdo inB'rgnﬂfwalnt(umgm'rprz tmt&cﬁls)ot ei ns/ glycoproteins: ~ SDS-PACGE and
westerg5 blotting Overall: ~ Fourier transform. infrared (FTIR)
spectroscopy Physical appearance: Colour: Gdour: Brown or |ight brown

Property: |3l agfucty dresdmyvrpd i gr8dudttnbd Na ¥R @4ste! YMooth and- creamy

mouthfeel.

The incubation test for the products at 35°C and 55°C for a period of seven

10  days showed normal and satisfactory results. The shelf life test for the products
at ambient temperature for a period of nine months showed no growth of
microbial counts and an acceptable sensory result against ordinary UHT milk.
The analysis of the obtained product is shown in Table 16.

15 Table 16: Product Analysis Record Sheet

Raw Milk pH °Brix Sedimentation % v/v
6.53 13.1 <0.5

UHT Process Test Before UHT After UHT

Cordyceps Milk H 6.59 6.50

_ °Brix 14.0 14.9
Sedimentation % v/v <0.5 < 0.5
_ Viscosity cps 2 3

Finished Product | Test Sensory

Evaluation pH 6.48 Fresh milk taste,
°Brix 15.0 smooth and creamy
Sedimentation % v/v 0.5 mouthfeel

Example 13: Outline of the general method for the preparation of “fortified” milk

20 An outline of a general method for the preparation of fortified milk according to

the invention is shown in Figure 11. The steps are as follows.

)  Step(1)



Total solid % 10-15% Conponents (dry basis): Total protein: 28-30% Tot al

. wat er sol ubl e polysaccharides: 15% or above Ash: Less than 7% 41 Heavy
metal In conpliance with the Singapore Medicine Act Arsenic Copper < 0.01
ppm Lead < 15 ppm Mercury < 0.2 ppm< 0.01 mMcrobial limt: In
conpliance with the Singapore Medicind3Act Total bacterial count, CFU g <
102 Total yeast & mould, CFU g < 102 Total E. <coli, per gram Absent

St aphyl ococcus aureus, per gram Absent Sal nonella sper gram Absent

Exanpl e 12: Manufacturing of Cordyceps "fortified" mlk 5 The manufacturing
trial of C3pelydBs refersito apy ind @I'I@%d’n%nm &8 Whole milkarsdmdmifist r a

Pak UHT (QEEéﬁstﬁu%B '{@{e?ﬁ{ Uk plant: 300 liters of fresh mlk was | oaded

into amxing ta I'm X, in which 1875 grans of Cordyceps paste
with a soli d content of 12% was added to make 10 a content of 750 ng
Cordycsps ﬁz,tt er,.of mlk. After m xing thoroughly, the mlk was
pre- he t ed ePiei or e punped to the high pressure honpbgeniser, where it
was hom)genl zed at a pressure of 200-250 bar. The preheated, honpgenized
m | k was punped to'the heating section of the UHT unit where it

Pasted ingredients refers to any kind of active pasted ingredients made

according to the present invention
10 )  Step (3) & (4)

The mixing tank is any kind of the stirred device used to well mix liquid milk with
paste of the invention. This process makes sure that the paste is well dispersed
into liquid milk.

15
IV)  Step (5)

Mixing the milk + paste mixture and heating to 75°C prior to UHT treatment.
20 V) Step(6)

In addition to breaking down the fat globules in the milk in order to reduce
creaming. Homogenization, as a standard industrial process, is also used to
disintegrate or finely distribute the particles or fragments of the paste.

25
VI)  Step (7), (8) & (9)

UHT treatment refers to a process in any kind of UHT plant where the mixture is
pumped through a closed system and treated at 135- 150°C'for a few secdnds

30. by either indirect heating, direct steam-injection or infusion, before belng cooled
down to 75°C and subsequently to 25°C.



was heated to 140C for 4 seconds then cooled to 25C. The cooled mlk was 15
punped to an aseptic buffer tank from which an aseptic packagi ng |ine
continued to produce finished Cordyceps mlk in 250 m packs. During the

m xing process in the Tetra Alm x, the Cordyceps paste was well dispersed
into the fresh mlk. No fouling was detgfted in the UHT process (The 20
"fouling" is referred to a problemin dairy flowin pipes or flowin
ul'tra-filtypjiogepi®)e organic particular matters are blocked in pipe and
cause the processing "and hygienic trouble). As shown in the Table 18,
there was no significant 42 difference of the pH reading and the brix
content fof . the "Before UHT" and "After HT" ("brix", related to %t otal
solid, is ’%%Q‘ﬁw%r%?raeﬁerpé'(c,tW%ap%ﬂacwyog%aémtpa??%'% Al BRIk 19 ess

t han 0. 5% yded toTpgck ﬂferGBt%ﬁwédeoYtﬁff%@OﬁiilkYnt\éﬁﬁffer@n§%/dé%%f%‘l‘iﬁ"rﬁﬁ’i@grc(duc% from
2 to 3 cps). 5 1n aspects of sensory, the product "had a fresh taste, snooth
and cr amyWithgdpRg SEEIf lifhe i ncubation test for the products at 35C and 55C
for a period of seven 10 days showed nornmal and satisfactory results. The
shelf life test for the products at anbient tenperature for a period of

ni ne nont h¥lI§hoBp (id)growt h of m crobial counts and an acceptabl e sensory
result against ordinary UHT ml k. The analysis of the obtained product is
shown in Table 16. 15 Table 16: Product Analysis Record Sheet Raw M|k pH

0T Cor oy oastemy R tegptireoh ™ giandyd ogSoy R RS BrokERt AR Booi < 0°

< 0.5 10vi sprepary thppagteBrized fortified milk with a short shelf life.

Example 14: Preparation of “fortified” milk by Cordyceps/Ganoderma extracts

Extract of the Cordyceps and/or Ganoderma mentioned in Example 6 were
15 used to fortify dairy products and drinks. Milk was added to extracts of
Cordyceps or Ganoderma in the same way as indicated in the method

déscribed in Examples 12 and 13.

20 Example 15: Preparaﬁon of “fortified” milk by- using power made from

Cordyceps/Ganoderma spores

Spores of Ganoderma or Cordyceps obtained according to Examples 7 or 8,
respectively, were collected, filtered and dried, for example by using a double-
25 cone rotary vacuum dryer or by freeze-drying. The obtained powder was then
mixed to milk according to Examples 12 and 13 for the preparation of a milk

composition according to the invention.

Example 16: Preparation of “fortified” milk bv"Uéind paste “made from
30  Cordyceps/Ganoderma spores | |




Fi ni shed Product Test Sensory Evaluation pH 6.48 Fresh mlk taste, Brix
15.0 snooth and creany Sedinmentation %v/v 0.5 nouthfeel Exanple 13:
Qutline of the general nethod for the preparation of "fortified" mlk 20
An outline of a general nethod for the preparation of fortified mlk
according to the invention is shown ind4%igure 11. The steps are as
follows. |I) Step (1) 43 Fresh mlk refers to any kind of liquid mlk, such
as whol e nBpkresskf Bahddiermar &€ Cosdydepisedbtainds, a@é&dtﬂ@etd Exampied 7) OISBep (2)

Pasted ingredients refers to any kind of active pasted qre i ents nmade

accor di ng [eSPEREVElY cWEHR CPH@@tﬁﬂl bltereg and )W03§|K%f|!) acgprding 49 peRi Ky Ot ank
k t
of tho §nvait The Mash brAafeY Wil 4RI, forff ik ot S edebfhus rsed

into |iquid2andk13.15 V) Step (5) M xing the mlk + paste m xture and
heating to 75C prior to UHT treatnent. 20 V) Step (6) In addition to

br eaki down the fat gl obuI es inthe mlk in order to reduce cream ng.
Honogeni zap i«nd [ ' I

el egrab'e?éilsfb? Rbdra St8d bty Bf MrétcoglyEaRt' P gd?idliﬁ!g—b%ste.
25 V1) Steganpdert® lwidgin BRd Cocdycaps sirednsis by SBHPAGE sarich Westeki nd  of
UHT pl ant &Ie!r!e the mxture is punped through a cl osed. system and treated
at 135-150 f ew seconds,

10 To date, many studies have indicated that one group of physiologically or
medicinally active compounds from Ganoderma and Cordyceps are protein
bound glycans and/or polysaccharides [Y.Xu, Intl. J. Food Sci. Tech., 36, 229-
242 (2001)]. Glycoproteins with a molecular weight (MW) of 12-18 kilo Dalton
(kDa) in"Ganoderma lucidum were found to have immunosuppressive activities

15 [H. Tsunoo, et al. US Patent 5,334,704 (1994)] or anti-tumour effects [J.Zhang

et al. Bio. Biotech. Biochem., 58, 1202-1205 (1994)]. The polysaccharide
fraction of Cordyceps sinensis was found to have anti-tumour activity capable of
suppressing the growth of mouse Sarcoma 180 in vivo [YJ. Chen, Life
Sciences, 60, 2349-2359 (1997)].

20 _

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was used to separate
proteins in the extracts obtained by the methods as described, based primarily
on their molecular weights. SDS- polyacrylamide gels with 12% of acrylamide
were prepared according to standard procedures (as described by Bio-Rad).

25 Electrophoresis was carried out by Mini-Protean® 3 Cell, Bio-Rad in a buffer
system (lower and upper): 0.025 M Tris, 0.192M Glycine and 0.1% SDS, at pH
8.3. The extracts (0.5 ml) were mixed with 0.5 ml of treatment buffer containing
0.125 M Tris-Cl, 4% SDS and 20% v/v Glycerol, 0.2 M DTT and 0.02%

R Brombphenol Blué, at pH 6.8. The mixture (20 pl)-was loaded onto the gel and

-30 electrophoresed at a constaht 300 volts, 15mA, for.about 2 hours. The gels

were then agitated for at least 2 hrs in a fixing solut'ion composed of 50%

methanol, 10% acetic acid and 40% water (v/v), and then stained for 4 hrs with



30 by. either indirect heating, direct steaminjection or infusion, before
being cooled down to 75C and subsequently to 25C. 44 VII) Step (10) Any
ki nd of aseptic packagi ng nachi ne together with aseptic holding tank is
used to pack the obtained fortified nmilk into different types of UHT nilk
products 5 with a long shelf life. VII4g Step (11) Different from UHT
treatnent, a standard pasteurization process can be used to 10 prepare the
pasteuri Zegloﬁ/@réglfdti%ﬁ Th! k Véthihi 5§‘9D§|o§h%bﬁté|ﬁﬁ1§ E@“/a”méfh%ﬁol Ppgagat i on
of "fortified" m Ik by Cordviceps/ Ganoder ma extract tract of the

Cor dyceps Q@@mSS@n%ramtlnmmd @meld40% m&n‘pqvé/)G Gms everaawe}s’emheda fnoatify

Ganotior ma FHUPRG S 27k Gk]e 2k hep B abd e85k VRET s SR REEE PN eR B s

12 and 13. tt@s&&ﬂﬁ@'d??%ao@'h@lfa’iﬁ@tff)%”m@fharfcﬂ”éhcﬁ i2ed'gl OyEe'szl QW)U B wrpder
made from Cordyceps/ Ganoderma spores Spores of Ganoder na or Cordyceps

obt ai ned ageWrEARY elussiimssand air- driedr espectively, were col | ect ed,
filtered and dried, for exanple by using a double- 25 cone rotary vacuum
dryer or by freeze-dryi ng. The obtai ned powder was then mxed to m |k

accor di ng Weﬁeanaloem;maarmbrn&nf@r by heangfeating ahe Wandks ¢n Md BDSIMAGEL i on
according to,the inventiaon. anple 16: Preparation of "fortified" mlk by

usi ng past 8o 13 JIWO%@U'O%FH?'@EWWrW'S-B'@ﬂésfﬂﬂ@ tggetrepheretic
Ganod I r
Feapect i veniaer LRPBIEREA A pRECLIMBMIG R AIPITS, A92 oM Shsins s 10

or 1110 Thé.}aatt eenirat paltageod0 Waant haurentxiadit tof 90 A rfot lat dcar 18 mgut
Exanpl es 2112 ar}d 18. . . .
ransterred membrane was stained by Bio-Rad's Immun-Blot® Kit to detect

glycoproteins.

Fig. 6-and 7 show profiling of proteins, glycoproteins and polysaccharides found

15 in the active ingredients of Ganoderma lucidum and Cordyceps sinensis.

Acute oral toxicity test on mice

1) 10 male and 10 female Sprague Dawley (SD) rats, 6-8 weeks old, were
20 obtained from the Laboratory Animals Centre, National University of Singapore
(NUS) and acclimatised at Animail Holding Unit, Kent Ridge, Singapore, for 5
days. Two or three animals were caged together according to their sex. The
room was kept at 22-26°C, the humidity at 40-70%m and the room was
subjected to a 12 hour light and 12 hour dark cycle. The animals were fed
25 conventional laboratory diet and with unlimited supply of drinking water. Before
the test substance was orally administered, the feed was withheld overnight.

Body weights were recorded just before dosing.

2) 5 male and 5 female rats were then randomly chosen and allocated to be the
30 treatment group. They were dosed by gavage with "Powders of Cordyceps and

Ganoderma, 2g/20ml suspension" to give a dose equivalent of 2g/kg rat.



5 Details of |aboratory tests: Profiling of proteoglycan or glycoprotein in
Ganoderma | uci dum and Cordyceps sinensis by SDS-PACGE and Western Blotting
10 To date, many studi es have indicated that one group of physiologically
or nedicinally active conpounds from Ganoderna and Cordyceps are protein
bound gl ycans and/or pol ysaccharides [¥7Xu, Intl. J. Food Sci. Tech., 36,
229- 242 (2001)]. dycoproteins with a nolecular weight (MN of 12-18 kilo
Dal ton (lgyghd ah@aﬁgdafmeweséulahm eohfteng rotug ARV RetdTHUSES WRBIRSaH vV e
activities 15 [H. Tsunoo, et al. US Patent 5,334,704 (1994)] or anti-tunour
ef fects [ Bt2Qankg eat. al . Bi o. Bi ot ech. Biochem, 58, 1202-1205 (1994)]. The
pol ysaccharide fraction of Cordyceps sinensis was found to have
anti-tunmour activity capable of suppressing the growth of nouse Sarcoma
180 in viw AINénln@gﬂverbi dissennsd ererss der dd3iHYy, 230%hem 3dlrly. forthe next

SDS- pol yacrxl am de g el ectrophoresi s (SDS- PAGE) was used to segar ate
protei As i5hhews. J)(‘@F%ff%r , @Bﬁawﬁéaanrﬁén%@ ﬁéé%a%é)”&@sq,ar"b/b’ébto bagays.
primarily ight 12% of
acryl am deB%\?VEFdS?Se are Il.'lﬂad’){:f(r:f((% |a2'gl vel%? hé‘@?@c{% resr§§i&des%¢l bed by
Bi 0-Rad). 25 El ectrophoresis was carried out by M ni - Pr ot ean(r) 3 Cell,

Bi o- Rad f t | o d : 0. 5 MT 92M
ond o 100 SDeen 15 fiave Be BRMY ot vere Beordsq Shd dhe rirotes qiiharedt * of |

treat nent f 0 9 ycer oI
5% Tont A0 e g R Ba kA 03 panlogy o SaRas RBHe iy oot

| oadedCont o t he gel and 30 el ectrophoresed at a constant 300 volts, 15mA,
The gel s re.then_aqi d for t 2.hrs.in a

for about ea
{'xi ng_sol 19 b SeadeisroraR SaaitimAnn Cae st I A ROT AR or
(viv), ancbéé@rMétr@dﬂedvésDrcoﬁsmbseWtbhbéﬁgrealt@mreem DafkP DIy Hefdri NI
sol ution containing 50% net hanol, 0.0
toxicity was observed when the |nvent|on substances were administered orally
to mice. The procedure adopted was a modification to OECD Acute Oral
15  Toxicity - Fixed Dose Method TG 420. A dose of 2g/kg body weight was used

for oral administration.

Immuno-modulating test of Cordyceps substances on mice

20 1) Methodology
i ) Preparation of ethanol extract of Cordyceps sinensis

Ethanol extract of Cordyceps mycelia, similar to what was described in Example

25 6, was used to study the immuno-modulation of mouse.
Method:

200 grams of powdered Cordyceps mycelia were immersed in 800 ml of 80%
30 ethanol solution. The mixture was shaken overnight, and repeated several times

until the mycelia were colourless.



Coonmassi e, 10% acetic acid and 40% water (v/v). Gels were de-stained in a
solution of 7% acetic acid, 5% nethanol, and 88% water (v/v), and preserved
in the solution of 7% acetic acid, 5% nmethanol, and 2% gl ycerol (v/v).
Gels were 5 covered by cellulose filns and air- dried. Western Blotting was
performed by transferring the bands on 4he SDS- P AGE gel onto a

nitrocel |l ul ose nenbrane using Mni Trans-Blot(r) Electrophoretic Transfer
Cel |, Bi o-Tigsl rédid@edwiers Femotédbyideatrdbgatibd bt 600 8 BMsGnitiFtRandivdd 8. 3,
at central voltage 30 V and current limt of 90 mA for at |east 18 hours.
Transferr er@"?@lﬁﬂgéﬁea vatans tva@cHem gyappmitaat & weteinbaihotgrpenatyre: of 46t ect

gl ycopr ot eé Fig. 6 and 7 show profiling of proteins, glycoproteins and
pol ysaccharides found 15 in the active ingredients of Ganoderna | uci dum
and Cordyceps sinensis. Acute oral toxicity test on mce 1) 10 male and 10
femal e Spr_?%e Dawl ey %SD) ;ﬁ_ts, 6-8 weeks old, were 20 obtained fromthe
Labor at?or y B exHRet anfiesezengiiadpvar nighivierepgresinepondersiathanplsxizach
acclimatis i J 1nd t Ridge, Singapore, for 5 days.
Two or thrgﬁejcgmy?gpg%v%ﬁgggggw%ggg e?' according to their sex. The room
was kept at 22-26C, the humdity at 40-70%n and the roomwas subjected to
a 12 hour light and 12 hour dark cycle. The animals were fed 25
conventional |aboratory diet and with unlimted supply of drinking water.
Before thig tesproiybslsaBeyAIBALIRYY AhmndABdUISMR] 8fcts e nfiged was wi t hhel d
overnight. *~ Body weights were recorded just before dosing. 2) 5 male and 5
femal éltats were then randonly chosen and allocated to be the 30 treatnent
group. The I vage with "Powders of Cordyceps and Ganoder nma,
29/ 20m suéf)%*ﬁg&ﬁ%f Véé%@'gﬁeas'dose equi val ent of 2g/kg rat. 47 3) The
other 10 rats were used as the control group and were dosed with water, at

20 mM/kg rat. 4) Al aninmals were observed 2 hours after dosing, and then
hourly f or TpHavesigate whether the sample stimulated macrophage activity in mice, two

doses of each sample were dissolved in water and each was given orally once
15 a day to 5 mice for 14 days. 5 control mice were given only water (control
group). At the end of the treatment period, all the mice were killed and

macrophages were removed from the peritoneal cavity with PBS.

The macrophages from the control and treated groups were prepared and
20 incubated for 24 hours together with cancer cells at different effectors: target
ratios (10:1, 5:1, 2:1 and 1:1).

After the incubation period, the cell mixtures were treated with MTT and
measured using a micro-plate reader. The results obtained were analyzed to

25 determine whether significant differences were found.
Protocol Il: In vitro studies:
The spleens from untreated mice were removed and a single cell suspension of

30 splenocytes was prepared. The splenocytes were introduced into 96-well

microplates and grouped as follows:



5 2 hours. Thereafter, observations were made at |east once daily up to 15
days. Body weights, anount of feed and | evel of water consunption were
nonitored. 5) After 15 days, the body weights were recorded and the rats
wer e eut hani sed. Post nortem was perfornmed and gross pat hol ogy

observati ons were made. 10 The LD50 for4§povvders of Ganoderma and Cordyceps,
determ ned by the "Fixed Dose Method", was considered to be greater than

29/ kg body wgji ght Né&étnvé@:&ht?rbt )be‘ﬂ@%é?@%@a‘f&ﬁvs)ﬂﬂ%hh@e i nvention substances
were admnistered orally to mce. The procedure adopted was a nodification

to OECD Acut &) Or alPoBBiveosenrtrely Ce"$lW@fd treated Mithh dloe Temaemstimudants, 6PS2g/ kg
body wei ght was u%%g C%ﬁ)_r oral adm nistration. |nmmuno-nodul ating test of
Cor dyceps subst an éce 20 1) Methodology i ) Preparation of ethanol

extract of CQDdyCHWéaﬁméIﬁMSIc‘éIIEWBQﬂea@efd withtdifidrenotdyeeppsaniprl. i a, simlar
to what_ was descrl bed in Exanple 25 6, was used to study the

i mruno-Grodul &)i on dﬁatﬁ’ﬂﬁ@ez %H%We trepded) viths diffe rBBM@ﬁ% cbsempiend
nycelia were i rmer% dﬁ%s@s &&&P%’orq.[ t hanol' solution. The m xture

was shaken overni gh repeat ed severa | mes until the nycelia were
col ourl ess: 48 Tﬁ'eea&mrdu@sce\lw everertreetdd lwitte iffarehtidates of afandflé amn f or
5 mn. Ethanol was ved b tary vacuum evaporator at a water bath
t enper at ure of 40_0p§ QS?ﬁ@ g freeze-dried over night to
prepare the powdered et hanol extract of Cordyceps nycelia for aninal
studies. ii) Protocols for evaluating i munonodul ating effects in mce 10
Prot oct) 1Thé cells werginalibaged for 48 fours. After the incubation period, the cells were

treated with MTT to evaluate the activation of splenocytes by the sample.

The values obtained from the various groups were analyzed to determine the
statistical significance of the differences.
15 _
Abbreviations:
PBS: Phosphate Buffered Saline
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
Con A: Concanavalin A

20 LPS: Lipopolysaccharide
.2) Results

iy Protocol | In-vivo immuno-modutating test in mice

25 Treatment of mice with 80% ethanolic extract of Cordyceps mycelia (at 10
mg/kg bw and 100 mg/kg bw doses) resulted in stimulation of macrophages
activity when tested in vitro at low macrophage: cancer ratio-of 1: 1 and 2: 1.
Macrophage activity of mice treated with 10 mg/kg bw of the extract was also
enhanced when tested at the highest ratio of 10: 1. |

30

Protocol Il: In-vitro immuno-modulating test in mice:



To investigate whether the sanple stinulated nmacrophage activity in mce,
two doses of each sanple were dissolved in water and each was given orally
once 15 a day to 5 mice for 14 days. 5 control mce were given only water
(control group). At the end of the treatnent period, all the mce were
killed and macrophages were renoved fr@inthe peritoneal cavity with PBS.
The macrophages fromthe control and treated groups were prepared and 20
i ncubat ed thothe24bbencs cbfogt&i eitogerish Comkeaind alR'S, 80%lidthanatict efraetcoors:
10: 1, 1 and 1: After the incubation period, the

target raLio ).

cel I mixtu @@fﬁ’\ﬁé% f'?Xé%?J'@d qsanpﬁnm’fm abenganiy e@”%sﬁﬁ@'fti;aﬁf'ﬁr&%?%%%d
reader. Theqy Ritk&raRBA Melifoa Nk el e B

signifi cany (ﬁﬁ'%?ereﬁcels ve\]/ere : o‘(;’ng Pr o% %éhcezé %ﬁblt olmsaat|u S{mﬂ?e

spl eens framountsreaCed Aj d@lgmfleamtbjrrmmhsawTa lanplbdeyte eddtiviiyiopbnat the of

30 spl oc S- was epared., The enocyt e re introduced into 6-we||
nm cropla te')s('gﬁﬁﬁt 5988 tga ftSNGS\NZ% 4}99/"{3 %&3@% \ENEERY RN, h@

treated w §|Pn§|@éhtw3 mé:r'e)asB@SBt' P lprolfeldtnvehey tlﬁ eﬁbeﬁré’!éﬁa:et B?

i mrunostimulants, LPS and - ||| Treatnment 1. cells were treated with
di fferent @ptyesl @nogamfethews/mltng@at ment 2: cells were treated with
different doses of sanple and sub-optinmal doses of Con A or LPS. v)
Treatment 3: cells were treated with different doses of sanple and opti nal
doses of Con A or LPS. 10 The cells were incubated for 48 fours. After the
i ncubation period, the cells were treated wth MIT to eval uate the
activation of splenocytes by the sanple. The val ues obtained fromthe

vari ous groups were analyzed to determ ne the statistical significance of
the differences. 15



Abbrevi ations: PBS: Phosphate Buffered Saline MIT:

3-(4,5-di net hyl thiazol -2-yl)-2,5-di phenyltetrazolium brom de Con A
Concanaval in A 20 LPS: Lipopol ysaccharide 2) Results i) ProtocolLdYDWISE

I n-vivo i mmuno-nodul ating test in mce 25 Treatnment of mce with 80%

et hanolic extract of Cordyceps nycelia Gat 10 ng/kg bw and 100 ng/ kg bw
doses) resulted in stimulation of macrophages activity when tested in
vitro at | gyaipRer ophage: cancer ratio- of 1: 1 and 2: 1. Macrophage
activity of mce treated with 10 ng/ kg bw of the extract was al so enhanced
when tested at the highest ratio of 10: 1. 30 Protocol [1: In-vitro

mne o0, L. 8 APl B ook BBy o o9 ConA

concentrati on- depsiodenttoy; gl significantly increased |ynphocyte
proliferation in V|tro In the presence of sub- optiml and opti nmal
amount s°of Con A liguid @%um inalding waterdavng at lelassm@n@cqarboa@puwet gndal y at

e et OhRluieaf afeat b0 ks RY 4 ) AUTder 4 ot hg Concentration, the

extract significant I NCrease nphocyte pr ation only in the
presence of ophmemismmnaﬁng)thdlli@ldil?ﬁedmm%ﬂ LLOYD WSE 51 CI ainms 1.
An apparatus for Iarge scal e production of fungi, conprising

bi o-reactor: and@ARF |fPgUNal HIWmth%c?%PW@tWt &f %@w“ﬁgldatme@um @ne

car bon sourtg,?lp@p&qupe olV&H 1888t Pfo- ghq! east 500 litres and a pH of at |east pH
5; and - ’

10 means for aerating the liquid medium at a rate of at ieast 1:0.5 v/v/m; and
anti foaming agent.

2. The apparatus of Claim 1 wherein the means for agitating is a stirrer;
wherein

15 the stirring speed is at least 100 rpm.
3. The apparatus of Claim 1 wherein the liquid medium further comprises

yeast extract.

20 4. The apparatus of Claim 1 wherein the liquid medium further comprises
yeast extract having a concentration of at least 15 g/.

5. The apparatus of Claim 1 wherein the liquid medium further comprises a
peptone source.

i

25

6. The apparatus of Claim 1 wherein the liquid medium further.comprises a

peptone source having.a concentration of at least 15 g/l.

7. The apparatus of Claim 1 wherein the liquid medium further comprises

30 glucose as one of the carbon sources.



means for agitating the liquid nedium and nmeans for maintaining the
tenperature of the liquid nediumat a tenperature of at least 17; and 10
means for aerating the liquid nediumat a rate of at |least 1:0.5 MQYDWISEnd
anti foam ng agent. 2. The apparatus of Claim1l wherein the neans for
agitating is a stirrer; wherein 15 theéxtirring speed is at |east 100 rpm
3. The apparatus of Claim1l wherein the |iquid nmediumfurther conprises

yeast extrgct. e 4ppaRguappaciairst Wherbini thelligii® meédiubd fukthdtismprsisum
further conprises yeast extract having a concentration of at |east. 15 g/l.

5. The appH¥erssshavinglas¢encentiedipaial at frast 3§.0/dasheas efitheicarhon saoiges. ses a
pept one source. 25 6. The apparatus of Claim1l wherein the liquid nmedium
further. conprises a peptone source having.a concentration of at |east 15

7. The apmar at UbhefapPharatas bfviDiairgi 1 wiHegeini thel Khui@ theduv fldiesr eamphiseses 30
gl ucose as one of the carbon sources. LLOYD WSE. 52 8. The apparatus of .

C ai m P wiBpkPse apeNe; fdhe CRERRMAPHGEBher conprises gl ucose having a
concentration of at least 30 g/l as one of the carbon sources. 9. The
apparatus of Claim1l wherein the liquid mediumfurther conprises 5 naltose
as one of the cHidappscatused.Clhim Théeapipatheat licuid fmetiammfdrivdrecanprisdwe

l'iquid mediumnfurther conprises. | t ose Vi a concentration of at |east

5079/ 1 s DABOH heNBOPoe ETionas at 1gest i Ohie Oaf Ria 6ok CUEFRS-L

wherein the liquid nediumfurther conprises at |east one mneral source.
10 11.  The apparatus of Claim 1 wherein the liquid medium further comprises at

least one mineral source.

12. The apparatus of Claim 1 wherein the liquid medium further comprises
magnesium sulphate as a mineral source.

15
13.  The apparatus of Claim 1 wherein the liquid medium further comprises
magnesium sulphate having a concentration of at least 0.05 g/l as a mineral

source.

20 14, The apparatus of Claim 1 wherein the liquid medium further comprises

monobasic potassium phosphate as a mineral source.

15. The apparatus of Claim 1 wherein the liquid medium further comprises
monobasic potassium phosphate having a concentration of at least 0.05 g/l as

25 a mineral source.

16.  The apparatus of any of the preceding claims wherein the fungi produced

by the large scale production are Cordyceps.

30 17. The apparatus of any of the preceding claims wherein the fungi produced

by the large scale production are Ganoderma.



12. The apparatus of Claim1l wherein the |liquid nediumfurther conprises
magnesi um sul phate as a mneral source. 15 13. The apparatus of Caim1l
wherein the liquid nediumfurther conprises -nmagnesi um sul phat ELOMIYWIRE a
concentration of at least 0.05 g/l as a mneral source. 20 14. The
apparatus of Claim1 wherein the |iqui d3rediumfurther conprises nonobasic
pot assi um phosphate as a m neral source. 15. The apparatus of Claim!]l

wherein theg.li dihel appdiatis fofrdidiats 61 175 @MherdRNpRaght fatre Yk hate
havi ng a concentr at an of _at least 0.05 g/l1 as 25 a m ner a? soﬁlragiea%]g&

The appar dN@giush issahleast 1&-preceding cl ai ms wherein the fungi produced by
the |l arge scal e production are Cordyceps. 30 17. The apparatus of any of
the preceding clainms wherein the fungi produced by the |arge scale

product i on1@r e Thenagparaius of @ oEHEMSB t48.1 WhereiRmes Rintsi 46 CorayBBpd 6 or
17 wherein t nperature of the liquid nediumis at |east 17C 19[.J The

e.te
appar atus ’Hf/’l?%(r‘ﬁ; of clainms 1 to 11 wherein the fungi are Cordyceps 5
mlitaris. 20. The apparatus of any of clains | to 11 wherein the fungi are

Ganodernma japonicum 10 21. The apparatus of claim 19 or 20 wherein the

m ner al co?é;ri sEe gppatatus of anptoé cladds Toel hpparainubedtingl alenGasoudrei£i n
the concentration of sodiumnitrate is at least 0.05 g/l. 15 23. Cordyceps
which is dBPQPIﬁgH"by t he apparatus of claiml.

10 21.  The apparatus of claim 19 or 20 wherein the mineral comprises sodium
nitrate.

22.  The apparatus of claim 21 wherein the concentration of sodium nitrate is
at least 0.05 g/l.
15

23.  Cordyceps which is obtained by the apparatus of claim 1.
24.  Ganoderma which is obtained by the apparatus of claim 1.

20  25. A multi-stage method for cultivating fungi in a liquid medium comprising:
providing a source of fungi;
inocqlating a first stage liquid medium culture using the fungi;
agitating the first stage liquid medium culture while letting the fungi grow
for a period of time;
25 inoculating a second stage liquid medium using the first stage culture;
agitating the second stage liquid medium while letting the culture grow for
a period of time;
inoculating a third stage liquid medium of at least 500 litres contained in a
bio-reactor using the second stage culture;
30 agitating the third stage liquid medium while letting the culture grow for a
period of time;



24. Ganoderma which is obtained by the apparatus of claiml1. 20 25. A

mul ti-stage nethod for cultivating fungi in a liquid nmedium conprising:
prooviding a source of fungi; inoculating a first stage liquid megdigyp wISE
culture using the fungi; agitating the first stage liquid nediumculture
while letting the fungi grow for a perddod of tine; 25 inoculating a second
stage liquid nmediumusing the first stage culture; agitating the second

stage |iquid negaintainng! ené aiduidometiRing Ut WaRhoceyd Qit aapPeldfodt Gbadti me;
inoculating a third stage |l iquid nediumof at |east 500 litres contained in
a bi o- r ecBP6PXimsitely PHhe: second stage culture; 30 agitating the third stage

l'iquid medi um why [ ol I i.ne; LLOYD
wE 54 i nt aeaeyof sy nkican foli o e [ RliodnaBEH Fedin MR | o)
approximately pH 5; adding at | east one carbon source to the liquid nmedium

- of each st 5 26. The t hod Claim 25 further conprising steps for
addi ng gl u@g‘i&e ”‘I‘?SIFI‘QQ)SQJ%'H?) ifH"tE%’E FRASIDH oXBR%L Or M%GSQ\B‘W%J phat e
and yeast e i I I i; QU LU The

met hod of C g?a{rlr%%%%’ wﬁrﬁ’ﬁ’t&g ?chﬁt;@a?‘?&"ﬁé’ hré’%ﬁf‘%tges yea tééé%r%’é?ﬁ% ﬁ%%iﬁt

second or t hiextasttiatyethei spootdmerdhindnstegea liguid medioent rati on of at | east 15

g/l. 28. The nethod of any of the preceding clains wherein the yeast
extract contains vitamns. 15 29. The nmethod of C aim 25 further

- conpri singpt he ThepmethrAef Taigt 2b9afher @AMPrERRY %diﬂb;@a%t ek@ath® ffcond
or third stage liquid nmedium 30. The nmethod of "Cl aim29 wherein the

m ner dl0 cogRONgey thind stageuliquid medinmehaving a concentration of at least 15 g/l.

28. The method of any of the preceding claims wherein the yeast extract
contains vitamins.

15  29. The method of Claim 25 further comprising the step of adding at least

one type of mineral to the second or third stage liquid medium.

30. The method of Claim 29 wherein the mineral comprises magnesium
sulphate. '

20 _
31. The method of Claim 29 wherein the mineral comprises monobasic
potassium phosphate.

32. The method of Claim 29 further comprising adding magnesium sulphate
25 to the second or third stage liquid medium having a concentration of at least
0.05 g/l.

33. The method of Claim 29 further comprising the step of adding
monobasic potassium phosphate to the second or third stage liquid medium

30 such that it has a concentration of at least 0.05 g/i.

34. The method of Claim 25 further comprising:



20 31. The method of Claim 29 wherein the mneral conprises nonobasic

pot assi um phosphate. 32. The nethod of C aim29 further conprising addi ng
magnesi um sul phate 25 to the second or third stage |iquid nmedigynhasg ng a
concentration of at least 0.05 g/l. 33. The nethod of Caim29 further
conprising the step of adding nonobasi®$5potassi um phosphate to the second
or third stage liquid nedium 30 such that it has a concentration of at

| 0.05 g/l. i §dMi f i [ X SE
east g c@ﬂ;rlnﬁh@\_e”ﬁrbi% first @ia’tjeiml&ﬁ_d rHESRT f&?ég?@n%lj"tﬁ, ataé%%ét/\'

‘55 culturing the fungi in first stage |iquid medium a perio
| east 48 heuissWh@Rinein the |iquid medium has a vol une of at |east

approxi mately 5 . 3. The thod o aim 25 wherein e step of
agitating the f&’%slmuéq gbeed?¥mdlﬁsdgs H@@%f# Eﬁﬁﬁ'?{ng%%mf(ﬁ%atéyeﬁé@fmr otating the
container of the nediumat a rate of at |east 100 rpm 36. The method of

Claim25 further conprisi n% 10 aerating the second s.ta%le | iquid nedium at
a rate df a9- | ehBe method aof Ldaim 25verein ther stap of meitating fhe firsh stageaulimiof  at

| east appr @ f . t : j for | east .40
nours. 15 BEAUREaEHel R otpl et raBRARNG ARF B O e Red af Ahtptd e
second st ageleabi t0 domedi um conprises stirring the second stage liquid
medi um at a speed of at least 100 rpm 38. The nethod of Caim25 further

conprising the steps of: 20 aerating the third liquid nediumat a rate of

at least 1385 yhymisthodAEIarhbEikRGr toRpfiiRg! Tn a volume of at |east
approx1|0rrately 500 litres of the

aerating the second stage liquid medium at a rate of at least 1:0.5 v/v/im;
and

culturing the fungi in a volume of at least approximately 50 ml of the
second stage medium for at least 40 hours. |

15 37. The method of Claim 25 wherein the step of agitating the second stage
liquid medium comprises stirring the second stage liquid medium at a speed of

at least 100 rpm.

38. The method of Claim 25 further comprising the steps of:
20 “aerating the third liquid medium at a rate of at least 1:0.5 v/v/min: and

culturing the fungi in a volume of at least approximately 500 litres of the
third stage medium for at least 48 hours.

39. The method of any preceding claims wherein the fungi is comprised of
25 Cordyceps.

40. The method of any preceding claims wherein the fungi is comprised of
Ganoderma.

30 41. The methods of any of claims 39 to 40 further comprising the step of

maintaining a temperature of at least 17°C in the liquid medium.



third stage nediumfor at |east 48 hours. 39. The nethod of any preceding

clains wherein the fungi is conprised of 25 Cordyceps. 40. The nethod of

any preceding clains wherein the fungi is conprised of Ganoderymyp30ISgl.

The nethods of any of clains 39 to 40 further conprising the step of

mai ntaining a tenperature of at least ®BC in the liquid medium LLOYD W SE
56 42. The nethod of clains 25 to 38 wherein the fungi is conprised of

Cordyceps 4n | i tRid Shethidd bErdiieds QB M6 | 88 NGhérfesn sthep figigi MRl kbAphisBg bhe
tenmperature of the liquid mnmediumat |least 17C. 5 43. A nethod for the
cul ture ofCowslyappe pylitaiisiardis conprising growing the Cordyceps nilitaris

The- concentr at | oR"ar CaEra I S Br il TEG e e T 0RL 3

A net hod fmediune atldasud@©f Cordyceps militaris conprising grow ng the
Cordycgrc])s mlitaris in a mediumconprising Riboflavin (vitamn B2). 15 46.
The metthod of Cl aim 45 wherein the concentration of Ri boflavin in the

mediumis 24 | eaeindhGd f%@otr%ggulgﬁmggj%ﬁhnﬁi%r%b&&hﬁggingzgr?%gﬂﬁ%w of

clainms 25-39 or 41-46. ch 1s obtai od of
cl ai ns 25- GBrayeepd Grilitaris otOa medjuovtdmpriging sofium aitrater i ng Cor dyceps or
Ganoderma conprising: glucose; and nmaltose; and 25 water. 50. A growth
mediumas clainmed in Caim49 further conprising yeast

44. The method of Claim 43 wherein the concentration of sodium nitrate in
10  the medium is at least 0.5%.

45. A method for the culture of Cordyceps militaris comprising growing the

Cordyceps militaris in a medium comprising Riboflavin (vitamin B2).

15 46. The method of Claim 45 wherein the concentration of Riboflavin in the
medium is at least 0.01%.

47. Cordyceps which is obtained by the method of claims 25-39 or 41-46.
20 48. Ganoderma which is obtained by the method of claims 25-38 and 40-41.
49. A growth medium for culturing Cordyceps or Ganoderma comprising:
glucose; and
‘maltose; and

25 water.

50. A growth medium as claimed in Claim 49 further comprising yeast
extract.

30 51. A growth medium as claimed in Claim 50 wherein the yeast extract

comprises vitamins.



extract. 30 51. A growth nediumas clained in Caimb50 wherein the yeast
extract conprises vitamns. LLOYD WSE 57 52. A growth nedium as cl ai ned
in Caim50 or 51 wherein the yeast extract has the concentration of at

| east 15 g/1. 53. A growth mediumas claimed in O ai m49 wherei nLbE®¥D WISE

gl ucose has the 5 concentration of at S%ast 30 g/l. 54. A growth nedi um as
claimed in Cdaim49 wherein the maltose has the concentration of at |east

30 g/1. 1(6A5. Agesvetht imedRh W @SintedinerhimeECbAEMiTerei tHeeje P BRIrbsES
mnerals. 56. A growth nediumas clainmed in Claim55 wherein the mnerals
include StRf @ gomesphatien of st ast AS@lowt h medi um as claimed in O aim55
wherein the mnerals include nonobasic sodi um phosphate. 58. A growth
medium as clainmed in Caimb55 wherein the mnerals include dihasic sodium
phosphat e.520 59.gréwtir ovédiuneds whaiakedcinaChateh 49 Wherem Bfe ghitose R wer ein
the m %eral has E,he gon entrﬁtion of at least 1 g/lI. 60. A growh nedi um
as cl aPmed®9NreeiTaian o a@\ﬁ?@rséi‘?' @he minerals include 25 rmagnesium sul phate.
61. A growh mediumas clained in Caim60 wherein the magnesi um sul phate
has the concentration of at least 0.05 g/l. 30 62. A growh nedi um as

cl ai med i "4 aiAndgsowithenadium Be aldinedalns Claiol 48evhereth the maltoaeechad tHaYD

WSE 58 concentration of at least 30 g/l.

10 55. A growth medium as claimed in Claim 49 further comprises minerals.

56. A growth medium as claimed in Claim 55 wherein the minerals include
sodium phosphate.

15 567. A growth medium as claimed in Claim 55 wherein the minerals include
monobasic sodium phosphate.

58. A growth medium as claimed in Claim 55 wherein the minerals include
dibasic sodium phosphate.

20 '
99. A growth medium as claimed in Claim 56, 57 or 58 wherein the mineral
has the concentration of at least 1 g/l.

60. A growth medium as claimed in Claim 55 wherein the minerals include
25 magnesium sulphate.

61. A growth medium as claimed in Claim 60 wherein the magnesium

sulphate has the concentration of at least 0.05 g/l

30 62. A growth medium as claimed in Claim 55 wherein the minerals include

sodium nitrate.



63. A growth nediumas clained in Caim62 wherein the sodiumnitrate has

a concentration of at least 0.5 g/l. 64. A nethod of producing spores of
Ganoderna and/ or Cordyceps 5 conprising: applying a pressure of at k@ t 2
bar to a culture of Ganodernma and/or Cordyceps. 65. The met hod LbpYRy 64
further conprising culturing Ganoder ma58nd/ or 10 Cordyceps in a

bi o-reactor system 66. The nethod of Caim65 further conprising culturing
Ganoder magand/ grgro®eh diedinm as chisgdtiarClam®2 whegin thésodiuenoitaate hasd a

i quid medi umincl udi n? wat er having at |east one carbon source and a 15
vol ume of agtonceptiatispor pf teaast GR@/la pH of at | east pH 5; and means for
agitating the liquid nedium and neans for naintaining the tenperature of
the liquid nmediumat |east 170; and neans for aerating the liquid nmedium
at a rateedf at A emethdd Oof5s producing aspore30 cinGianbdamagaadent Cagdyceps
Ganoderma and/ or Cordyceps spores which is obtained by the nmethods of

cl ai m 84 COMANSING'66. 25 68. A method of extracting ingredients of

Cor dyceps ARG %2 NSresSQRKIN JalOp 4 C2PBaiMt6 ehi dultdteNet G@hGderfRy i ddi/ér

t enper at ur re than 90C for at least 12 hours to obtain a m xture;
filtering Gdrdyegeps.ure into a filtrate portion and a residue portion; mXing
the filtrate with a solvent to obtain a precipitate of water soluble 30
‘extract; mxing the residue with a solvent and agitating gently; renoving

the sol vergs.t 0 DRt ghethadsef @ith futbe? comiprsing clitefy B=blodedBa and/or

10 Cordyceps in a bio-reactor system.

66. The method of Claim 65 further comprising culturing Ganoderma and/or
Cordyceps in a system comprising: a bio-reactor; and

a liquid medium including water having at least one carbon source and a

15  volume of at least 500 litres and a pH of at least pH 5; and

means for agitating the liquid medium; and

means for maintaining the temperature of the liquid medium at least 17°,
and

means for aerating the liquid medium at a rate of at least 1:0.5 v/v/m; and

20 “anti foaming agent.

67. Ganoderma and/or Cordyceps spores which is obtained by the methods

of claim 64 to claim 66.

25 68. A method of extracting ingredients of Cordyceps comprising:
soaking Cordyceps mycelia in hot water having a temperature of more
than 90°C for at least 12 hours to obtain a mixture; '
filtering the mixture into a filtrate portion and a residue portion;
mixing the filtrate with a solvent to obtain a precipitate of water soluble
30 extract; |
“mixing the residue with a solvent and agitating gently;

removing the solvent to obtain a solvent soluble extract.



69. A nethod according to C aim 68 wherein the solvent is an organic
solvent. 5 70. A nethod according to Cl aim69 wherein the organic sol vent
is ethanol. 71. A nethod according to Caim68 wherein the watgroyswigaexed
with an alkaline buffer. 10 72. A nethod according to Caim71 wherein the
wat er includes of an al kaline buffer o9 pHL0. 73. A nethod according to
Claim68 further conprising the steps of: performng three nore
repetitions of the steps of mxing the residue with 15 a solvent and
agitating gently before renoving the solvent to obtain the sol vent- sol uble
extract. 7@9.TheAnmtetied sansordinggtor £lainy Ghevhgrenl Mherssopsnteis aOr prgANIc
conprising the ,  step of collecting, filtering the nycelium and washing the
nycel i um %V?'étrmvi ng the residues of the nmedium present in the culture.

75. Cordyceps and/ or Ganoderna paste prepared according to the nethod of
claim74. 25 76. Cordyceps conprising at |east the follow ng conponents:
27-28%%f 76t al A preshed ﬁpc%rﬁlnget&s@lam%%whﬁfﬁ'ar(h%f%n'%%‘P'NS%E'S ethanol.

pol ysaccharides, at |east 5% of cordycepic acid, at |east 0.1% of
cordycepin and at least 0.15% of adenosine. 30 77. A Cordyceps paste
conpri si ng7the Gonwisepaccbatiagtter Cdth 68 whaien ite waieyDs whiEed édth7an
Ganoderma conprising at | east the foll ow ng conponents 28-30% of total
protein, afAtkalfe PYHBE. 159 of total water sol ubl e pol ysaccharides. 79. A

met hod for preparing purified Cordyceps and/ or Ganoderma paste 5
conprising culturing Cordyceps and/or Ganoderma in presence of the. growh
medi um®f @Rai nA 49thdd 8€cording tetGlaimof 1 cvherai thef waterincades iafi ay t he

steps o Coll ReSilfer bt bHib! 9

73. A method according to Claim 68 further comprising the steps of:
performing three more repetitions of the steps of mixing the residue with
15 a solvent and agitating gently before removing the solvent to obtain the solvent-

soluble extract.

74.The method according to any one of claims 25-46, further comprising the
step of collecting, filtering the mycelium, and washing the mycelium

20 ~ removing the residues of the medium present in the culture.

75. Cordyceps and/or Ganoderma paste prepared according to the method of

claim 74.

25 76. Cordyceps combrising at least the following components: 27-28% of total
protein, at least 20% of total water soluble polysaccharides, at least 5% of
cordycepic acid, at least 0.1% of cordycepin and at least 0.15% of

adenosine.

30 77. A Cordyceps paste comprising the Cordyceps characterised in claim 76.



the nycelium and washing the nyceliumrenoving the residues of the 10
medi um present in the culture. 81. A Cordyceps and/or Ganoderm paste
prepared according to the nmethod of any one of clainms 79-80. 15 82. A

uni cel lul ar Cordyceps and/ or Ganoderna. 83.A unicellular culturdtOIRWISE ng
substantially unicellular strain Cordyceps and/or Ganodernma. 20 84. The
unicellular culture of claim83, conprising substantially 100% of

uni cel I ul aggs i (€Y eTaTat=te r I r
food . corr?)?i g@gﬁgﬁﬁeastgﬁﬂgaoﬁq%g tfhgﬁogy\n n :C?ﬁ‘é"”@?gg%gggﬁo ’ig{agi m
23, the Ganodwotesn cndatdieastt’ %t dfdotad mipergaiuble pdlysanchabdds., the Ganoder na

of claim48, Ganodernma and/or Cordyceps spores of claim67, the Ganoderna
and/ or Cordyceps paste of claim78, the unicellular Ganodernma and/ or

Cordyceps o8 cAajpifsd BPrepariHg! pafifiet atordgEbb!r Shdibr chahddeP Hhsts0 86.
A fortified mlk product conprising mxing mlk with at |east one of the

fol | owing: t heonapising epltusinge IGardyosns tand/Gakdradeames ic| plasepge ohdhe
Cordyceps of clajmd47z,. th nod of claim 48, Ganodernma and/or LLOYD
WSE 61 Cor Oq)'g%lgmsepd&;rgso%oc%msaﬁh%gl t he Ganoderma and/ or Cordyceps paste
of clainms 77-78, the unicellular Ganodernma and/ or Cordyceps of claim 82,
and the unicellular culture of clains 83-84. 5 87. A nethod for the

pr epar at i oROefl heomethiqdedf gliaim 1§ Jutber eomprisisorgensteps @f wollecting fiteringast
one of the f ow g, t.h ' derss 0 im
24, the Cor d%gpﬁq@gh%ﬁaﬁ#ﬁ%ﬁﬁgé@é\o@g?érrlgﬂng%e&éa\ﬁmgg gasﬁguaeesr %qgﬁd/ or
Cor dyctps spomesdiunh pedseintirbthe tlltur€anoder ma and/ or  Cor dyceps paste of
claims 77-78, and the unicellular Ganoderma and/or 10 Cordyceps of claim
82, and the unicellular culture of clains 83-84.

81. A Cordyceps and/or Ganoderma paste prepared according to the method of

any one of claims 79-80.
15  82.A unicellular Cordyceps and/or Ganoderma.

83.A unicellular culture comprising substantially unicellular strain Cordyceps

and/or Ga'noderma.

20 84.The unicellular culture of claim 83, comprising substantially 100% of

unicellular strain of Ganoderma and/or Cordyceps.

85. A beverage and/or food.comprising at least one bf the following: the
Cordyceps of claim 23, the Ganoderma of claim 24, the Cordyceps of claim
25 47, the Ganoderma of claim 48, Ganoderma .and/or Cordyceps spores of
claim 67, the Ganoderma and/or Cordyceps paste of claim 78, the
unicellular Ganoderma and/or Cordyceps of claim 82, and the unicellular

culture of claims 83-84.

30 86. A fortified milk product comprising mixing milk with at least one of the
following: the Cordyceps of claim 23, the Ganoderma of claim 24, the

Cordyceps of claim 47, the Ganoderma of claim 48, Ganoderma and/or



88. A pharnmaceutical conposition conprising at |east one of the follow ng:
the Cordyceps of claim 23, the Ganoderma of claim 24, the Cordyceps of
claim 47, the Ganodernma of clai m48, Ganoderma and/or Cordyceps bl¥EWISH
15 claim 67, the Ganoderna and/ or Cordyceps paste of clains 77-78, and the
uni cel I ul ar Ganoderma and/ or Cordyceps @é claim 82, and the unicellular
culture of clains 83-84. 89. The pharnmacCeutical conposition of claim 88,
ceutlcally accept abl e ecci pi ent

further in co ation with 20 har

and/ or dil uengb epqrﬁgo[g%oggla aﬂ@d%mq ARd/op sy erps Rasse obr dyceps
of claim 23, | 7 he
Ganoder ma of ol oAy ReRs #@s'f‘?r?a% PR OGRS g of LRKTES At

the 25 Ganodethlewramihdar@dh.mqoép@lrpa%@@f claims 77-78, for the

manuf acture of a pharmaceutical conposition for the treatnment of at |east
tunors, the stimulation of macrophagies activity, the stinulation of a

system 5 stg70UA ahéthBd dbr ﬂhb%@gam@nrcﬂ?f@rﬂlhéﬂ Prilk proagtd cgnﬁﬁé rﬁlﬂﬂ\@r}ﬁm( the
circulatory function of th At | east one rdyCeps Sel ected

from the groupodteastangpfdhe f@'lfé”'"ﬂ:oﬁhéﬁ@' eycens ef elaim 28, thehneaaodeyeaps of

of claim 76, 1RCH AR Eplp b a4 e Gabodid B Bemialy, 51 Vre

uni cel | ul ar CoBdyodgrmaindloaiCtdecepddspdres ofislair 57, te GaasHeng adb/drhe
fol | ow ng: m(ghe treatment of tunmors, in the stimulation of macr ophagi es

activity, and/@PrdyRepspaste ¢halaimson/-6B. and thaiHeicelilanCanoderpaiand/oro2. At
o7 e ol o B BE P e ARUDaF IR Bl 1B, ST
67, the Ganoderma of claim 78, the Ganoderma paste of
88. A pharmaceutical composition comprising at least one of the following: the
Cordyceps of claim 23, the Ganoderma of claim 24, the Cordyceps of claim
47, the Ganoderma of claim 48, Ganoderma and/or Cordyceps spores of
15 claim 67, the Ganoderma and/or Cordyceps paste of claims 77-78, and the
unicellular Ganoderma and/or Cordyceps of claim 82, and the unicellular

culture of claims 83-84.

89. The pharmaceutical composition of claim 88, further in combination with a

20 pharmaceutically acceptable eccipient and/or diluent.

90. The use of at least one of the following: the Cordyceps of claim 23, the
Ganoderma of claim 24, the Cordyceps of claim 47, the Ganoderma of
claim 48, Ganoderma and/or Cordyceps spores of claim 67, and the

25 Ganoderma and/or Cordyceps paste of claims 77-78, for the manufacture
of a pharmaceutical composition for the treatment of at least tumors, the
stimulation of macrophagies activity, the stimulation of a system,
stimulation of kidney and respiratory functions, and enhance the circulatory
function of the body.

30

91. At least one Cordyceps selected from the group consisting of: the
Cordyceps of claim 23, the Cordyceps of claim 47, the Cordyceps spore(s)



10 claim 75 or claim 81, and the unicellular Ganoderma of clains 82-84, for
use in at |east one of the following: in the treatnent of tunors, in the
stinmulati on of macrophagies activity, and/or in the stinmnulation GLO¥D WISE

i mrunol ogi cal reaction. 15 93. The food or beverage of claim@85 for use in
at |east one of the following: in the hreatrrent of tunors, in the

stinul ati on of macrophagi es activity, 82d/or in the stimulation of a

i mmunol ogi cal reaction. 94. The fortified mlk of claim®86 for use in at
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92. At least one Ganoderma selected from the group consisting of: the
Ganoderma of claim 24, the Ganoderma of claim 48, the Ganoderma
spore(s) of claim 67, the Ganoderma of claim 78, the Ganoderma paste of

| 10 claim 75 or claim 81, and the unicellular Ganoderma of claims 82-84, for
use in at least one of the following: in the treatment of tumors, in the
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15 93. The food or beverage of claim 85 for use in at least one of the following: in
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94. The fortified milk of claim 86 for use in at least one of the following: in the
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95. The pharmaceutical composition of claims 88-89 for use in at least one of
the following: in the treatment of tumors, in the stimulation of macrophagies

25 activity, and/or in the stimulation of a immunological reaction.



