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Abstract

Cordyceps militaris, is a fungus of the genus Cordyceps. It is a famous medicinal
mushroom. It has been pointed out that Cordyceps militaris has a variety of
pharmacological effects, including anti-inflammatory, anti-fatigue and anti-oxidation
activities, and these activities mainly come from it’s functional ingredients, such as:
cordycepin, adenosine and cordycepic acid. Coffee beans are the fruit of the genus of
coffee. The common coffee beans are Coffea arabica and Coffee robusta. Coffee is a
popular drink in the world. It has the effect o-f--improving concentration and antioxidant
capacity. These effects come: from chlorogenlc acid and caffelne and other ingredients.
This study used solid- state fermentatlon teﬂexpl' )
sinensis (Chang Chﬁu Kun IVI

n‘ferent atralns of Cordyceps
) -and |nodulated them to four
different coffee bean substr es; including / R | _'b‘dsta bean Arabica bean
with rice (1:1) and Robusta bean WLth_r_me_(l,_’I.)J_Dj.trmg 7 weeks:. of mcubatlon the
content of cordycepln adenosme —Cﬂﬁ&tﬁe ahdehlefegenlc deid i |n the samples were
analyzed by HPLC (Hrg@erformaneauqmdrchtematography) ]| ::_”

The results showed t'-"at‘the cnntenLoichd;Lcepm and adenOSme were much
| "'d1 |n substtatesmntammg coffee beans comblned with
rice than substrates of coﬁee@nty ThIS indicates the-""’ '

higher in the mushroo'm ral

N s more sultable for the

growth of Cordyceps mllltahs Ihan cbffee bean "Th aprod_ucflon of cordycepln and
adenosine was the hlghest in the Kun MlnG Cd)rdyceps mllltarrs Wlth Arabica coffee

bean and rice were used as substrates (988 Eﬂg/ ' 'i'AddltlonaIIy the adenosine was
most abundant in the Chang Chou Cordyceps militaris strain with Arabica coffee bean
and rice were used as substrates (2.75 mg/g). For the content of caffeine, For the
content of caffeine, it was found that due to the low caffeine content in the rice
substrate. Cordyceps cultivated in rice-only substrate also had low caffeine content.
Infact, the caffeine content remained in the Cordyceps after seven weeks of
cultivation were strongly associared with the substrates used. Coffee containg substate
would lead to the higher caffeine content in the Cordyceps.Therefore concentration of

caffeine was the highest in the Chang Chou Cordyceps militaris strain cultivation in



Arabica coffee bean (7.78 mg/g); in terms of chlorogenic acid, since the white rice do
not contain chlorogenic acid, the chlorogenic acid content was less than that of the
single coffee bean matrix. At the seventh week, the remaining chlorogenic acid content
of the single coffee bean substrates was less than that of the coffee bean with rice as
the solid substrates and the Cordyceps militaris (Kun Ming) Arabica coffee bean with
rice substrate (4.56 mg/g) was the most abundant.

After sorting, the result of obtaining the highest amount of cordycepin was that
the (Kun Ming)-fermented Arabica coffee bean with rice substrates: cordycepin (9.8
mg/qg); in terms of adenosine content _(Chang Chou) fermented Arabica coffee bean
with rice substrates: adenosrne 2. 75 mg/g),_he_ caffelne and chlorogenlc acid in coffee
beans were consumed by/the growth of Cordyceps

i "ltarls The amount of caffeine in
(Chiang Su)- fermented Robust ffeé_fbe‘an v[\/|th’rrc bstrates Was the least (0.32
-'hrang Su)fermented Arabt a'coffee bean with rice

mg/ 9); chIorogenlc aC|d Was*

substrates with the most amount (3 62 mglg). merefore for the most contant of

cordycepin thls research suggest usmg (KUn Mlng) fermented Arablca coffee bean
with rice substrates H)r adénosmeibtsresearchsuggest usmg (Chahg
Chou)- fermented Arablca offee bean with'rice substrates for the ieast cafflene this

research suggesest usmg (éharang Su) termented—Robusta coffee bean W|th rice

substrates, for the most contant of_-"lchtorogenlc acrd thls~--research suggest using (Chiang

/ / A
Su)-fermented Arablca coffee bea ___,Wlth rrce substrates
| ) - T -
Cordyceps m|I|tar|s fermented coffee beans c___n ferment the main functional

components of Cordyceps mlhtarls cordycepl-nan __'adenosme reduce the caffeine of

L

coffee beans. Some Cordyceps militaris strains can retain more chlorogenic acid

content. Thereby developing foods with more potential for health care.

Keywords : Cordyceps militaris, coffee, solid state fermentation, cordycepin,

adenosine, caffeine, chlorogenic acid
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% (Zhong et al., 2017) ~ #u% & (Yoon et al., 2015) ~ <% i* (Chenetal., 2013) -
@ 4% 7% (Wangetal., 2013)% 4 52545 ¥ ﬂyllfpfﬂ 3 o { (Caiazzo et al., 2016) -
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E # & (Fungi) ~ + & # (Ascomycota). ~ + & @& ¥ (Ascomycotina) ~ +% )%
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Referred table 1. Bioactive components of C. militaris and their physiological activity

Wi s A mER 5k
ﬂf}g{f oINS Caiazzo et al., (2016)
F Tsuchiya & Nishizaki, (2014)
BRI 2 3G Gomes et al. (2011)
Fim g A= Yoo et al., (2004)
AW Carlezon et al.(2005)
7 R PR - Basheer et al. (2004)
SRR (T 4 e . Vinade et al. (2003)
= #“g. ? %5% gy qf ,;f%ﬂ zé _ﬁ;"""'Tabnzchl and Bedi. (2001)
AX %m”ﬁ i oo Tianet aI (2045)
RS 4 —— ='Zh0ng\et al. (2017)
A [ Leietal (2017)
_.--"}w. *}_,ﬂ -;;KwOn et al’\(2016)
Chse [/ YYoon et al. (2015)
m}% ~ Tulietal. (2013).
= Chaet al. (2013)|
Guo et aI (2010) .
_Ahn et al (2000),
= --j_f,Kum et al, (2002)
B ‘fBereC;kl etal, (2007)
L Livet al. (2006)
:'iShaWkat et al. (2012)
i3 2 o mﬁ i ;:?;".;;j'-' y "-'---.Luu et aI. (2016)

B LT
R R
LE 3 ”q frfl_ﬁ;w—i%%

FE i

Wang et al. (2013 )
Liu et al. (2017)
Wang et al.(2015)
Li et al.(2010)

Pl
P i
# AR

Sharoni et al. (2012)
Raga et al. (2010)
Ma and Lin. (2010)
Feldman et al. (2010)




1. H:ju‘q* (Adenosine)

RS & A PR e g R S B-No-i akat e e S (il - (1) )
HEifgad ol \o k2 )N THr2 £ 80 5 H ﬁbq £ P AR EE o
7 & (Caiazzo et al., 2016) ~ #& (Tsuchiya et al., 2014) ~ #r+4] HIV-1 f]]iafr (Jiang et al.,
2011)~ 2 2 @ %4 5 (Gomes et al., 2011)~ 34 & "84 x 2 4f & (Gomes et al., 2011) -
furte g 2 = (Yoo etal., 2004) - #1& # (Carlezon et al., 2005) ~ 3# % pEr (Basheer et
al., 2004) ~ ;5% Bt %K % #B(Kitakaze & Hori, 2000) ~ 3¢ F# g Jp 3 15 (Vinade et
al.,2003 )% A ra ¥ R L q‘ ,;f%ﬁ IR (Tabrlzchl & Bedl 2001) % # »% -

2. HLE % (Cordycepln) ' '

% \~-pﬁipi ,_
I R LA *ﬂm@

Fuik % (Zhong ¢ et al 2017) »rﬂu%'f} _S# ;tﬁf 5 (Leref al 2018)*%& #}_nr'l* (Kwon et
al., 2016) - 4@ &(Yoon et al zorsr fﬁ;an(cm et.al 2007) SEg
4 12774 (Cha et al. J'zorsf) T ué o q((::uo etal., zuw) Jl&é:n(Ktm ét aI 2006) % #5

HE

& Tsim,

% @ (Polysaccharide) A 4

AR PR B A B-lA- L 4aB-16-F AR SR B R
(B-1,4-branched- B-1,6-galactoglucomannan) (Lee et al., 2009)» & 7 & % # & & 43
it 5t 4 (Liuetal., 2016) ~ #% i* (Chenetal., 2013) ~ 3# & 4 % i * (Wang et al.,
2013) ~ #z (Liu et al., 2017) ~ % & g e if3+i® * (Wang et al., 2015) 2 % it (Li
etal., 2010) - IWEM .
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(1) Adenosine

HO

(3) Cordycepic acid

(Ling et al., 2009)
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Referred figure 1. Chemical structures of bioactive constituents in C. militaris



5. ¥g+* & § % (Carotenoid)
e By 2AMAAT TR LLEM S LB 5 Fuk(Sharoni etal., 2012)
1% i*(Ranga Rao et al., 2010) 2 3 = 4L 4 (Ma & Lin, 2010) (Feldmann et al., 2010)

£ 2L .
z) 4

A¥X 2 4miE
MAYEF PR R e o R S o TR LR 2 R
AR e

d § AR

. }f%" Fd R EA
rMNosi»TNFanRN g Hanet al2011) - ¥ § 4 5
# A KL AR & :

cmw%~fzW@mwpcyrwgmﬁﬂwﬁiigkﬂ%’@}&ﬁiiﬁ

Fug s (Rao e“a1_2010) N | e | i/
2. g it {»‘J u N 1 N ,

F M AT M SUS-0 g oy wmﬁ@wﬁ
# F fs(Linetal, mm)gﬁ?ﬁf: £ G U E N

et 2 i“fﬁ F‘ é~~
3. LM .,_\
? Jpkdp O R A ¥ %&ﬁ?*“’? Pedr ¥ By wie Lo F
4 it % (Mollahetal., 2012) ; ¥ 3 &= 7 &r A HL% 2 5 g5+ frd] Hela + ¢ 5E 2o
P2 27 Hep G2 4 2%+ fpw? 4 £ (Yangetal, 2014); st #t s A B R 2 SR B P 7
Frg| A X5 0 o %e (SMMC-7721)~ 5 % fm P2 (BGC-823)r 5t J§ sm P2 (MCF-7)2 & >
E I g hm e B T H e k= (Chenetal., 2015) - #* ¢k > Jin & £ (2018) #-
AXFHFE LA BB 2 L2 Frg|ivh 2 B md = ¥R R AT

F R 0 B oA 2 pr ] T 2 BB A e
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Referred table 2. Biological activities of C. militaris.

R N s 54w
PSS g W] Yu et al. (2007) B Mao & Zhong (2006)
Lin et al. (2007) Kim et al. (2002)
Fug L Han et al. (2011) ok i Nan et al. (2001)
Rao et al. (2010) & = 5 FH % Shih et al.(2007)
iy Linetal (2012) . o Yu et al. (2007)

o % /3% Chenet al. (201‘5)"‘ L ""ii 5
Yang et al. (2014) P
Mollah/et al. (2012) ,__,5,_,%3_[? e

Fud s JohA& Agisor (1976) MR
Muller et al, (19@7) g R }lia Vb
Kodam et al. (2000) g ”T% ﬁ_ . \
Penman etal. (1970) gy
o ER T et‘ al. 11997) |
RO ES  Liuet al 5‘-(1997) g
émhmalamn) _:ﬁf%::f;;
Ba LR Liu et aI (2016) D — <

Xiong. etal. (\201" s
shin et al. (2010) -

¥ Wang et al. (2916)______\ =
iR Mao & Zhong (2006) % e
Fop # Lin& Chiang (2008)  #us

Ortiz et al. (1999) wEE &
Mueller et al. (1991)
Mao & Zhong (2006)

A Wang et al. (2015)
Gao et al. (2011)
%, Yooetal. (2004)

hoi etal, . (2004)

. Mueller et al. (2004)
\ Sugarg McCaffey (1998)

Jung e\t al. (2004)

B JMJ—ZUI’]A) (1999)
.-’-=’_.R1e|zo (1995)
“Lei gt al./(2018)
,'_-'Dong et al (2014)
. Au etal. (2007)

© Wiretal. (2000)
Y etal. (2007)

Park, (2015)

Tsai et al. (2015)

Liu et al. (2017)
Takakura et al. (2017)
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Referred Table 3. Inhibition roles of Cordycepin on tumor growth

A A A (e ) B i) B4 TR
AEER R %R e Nasser et al. (2017)
(SGC-7901)

A B R fm R
(TK-10)

LIRS R ROR ﬂ}”?
(ME180 4 HeLa \w)

A 83 nk
(T-24)

- - — .

A B B i ko PE
(5637 = T-24 mre)

—— e T e e —

Bk m e B L Hsu et al. (2017)
(4NAOC-1) BE e g S A

R84 R e 3R e Hsu et_ éi_(_z_di%)_ ______
(MA-10)

(Jinetal., 2018)
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Referred table 4. Inhibition roles of Cordycepin on tumor migration and metastasis

% 5 A (fm e k) TR S 54 A

A BE T VR gk e dnve ] b - R R T Su et al. (2017)
LR PuE B forui § 4 4 Lu et al. (2014)
(HepG2)

A WR %’T'E‘ KRR R L

(UBTMG 4 LN229)

. Jeongetal. (2012)

‘ .

A B 7| HJ]‘L%&,»
(LNCaP) 4

5

)
\ 1
p 9 ]

N

R Zhang et al. (2015)

(Jinetal, 201%(3) |

W
.'l L

i.
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i EF LR fRE R AT E 12525 2 50 mg/kg BW
) E ARG (5 T LR ﬂmaq~-m 4 %5 (TG) ~ % A& %3 3v (LDL-C)2
R R A 0 (VLDL-C)2 7 & » &7 A% % & " & #5 (% (Gaoetal., 2011) o
YRALERN, AT (SU-12)n 5 g > 7 % ) B R ORI T R R
i T g poepedd £ f5 (Alanine transaminase, ALT) 2 € > Bgr A A%  pEF iF
5 4F o Pqp o 37 A &-(Wang et al., 2015) °

FEERS A pq :&ga ﬁ?ﬁﬁ»#{EECM)? “ﬁ mﬁd g %ﬁ’ﬁgpfg ;‘e;mg

e

Fw Fipch (ACTH){” FR(CON &8 e d]
TEIN i«f I8 %"#ﬁ" 24 Jinérr?_\_(%u;\&
wm%£%nJ%%%<A}$%“*ﬁ4L*ﬁ#%fﬁ%%#w’&%

ii-mfﬂﬁmr— CERACES & s“é " @'ﬁﬁfﬂhwﬁ A

dRE R (Ovalbumm)mgR Vi’/éﬂﬂismeret ) 2010) F FRETERMS AT 2

SEE > Vg7 B v (ConcanavallnA ConA)Fg’f “-tn e H 76 2 THL ~ TH2
BiSwmre ek 2 A2 0 HPAKY L7 A LA ks 7% (Xiong et al., 2013) -
Pt EE R BRSBTS PES VRS ) E;_G_\L/F PR ‘f‘-"”»\]’”}la‘ﬁﬁﬁ:"’ﬁ-

HT a6 Ao 5 E e 1gG # at (Liuetal., 2016) -
7. BAF{TH

Fiiphd AT RESE L RE S TR A RE PR
f£% (Nanetal, 2001) - ¥ #* % 4p i % £ % % 2 + 3 % o (interferon-o )& 5 v+ &
(ribavirin )# 4 & & & * > ¥ 4| C 39+ s 4 (hepatits C virus) » & @ g 15 3+
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A3 2 3 4 F(Uedaetal, 2014) o g ot > 3 I G 2N A L R

e

EWIFG - F&GE Ot AT T dedlie L p AR § (Wang et al,
2018) -
8. ' i #%
FLApd STZ A%~ RALBIRRH > ARSF AT H > 7ML HZ L
WE o RERE A M 4diF b2 A M (Parketal, 2011) o ¥ 4 A 4 4 A K FGA
2L BEBG o PH A FREASE A TS 42 (5% (Dong et al., 2014) -
0. jﬁwﬁf%’% P

% 4p i ;wﬂzrh ;Vj':ﬁ;’,i‘%ﬁkg@ﬁﬁﬁ,‘%ﬁ
T TRty gruﬁw,f;&:ig - mi\a %\(“\;&,;, 2008) - 7+ 417 2
ﬁi’mﬂi—?,&lﬁs\é‘l’k %_,ai_(AgNE’S) %L*ﬁv#“ff%&}%ﬂ)ﬁaﬁﬂ ’

e @gnﬁmﬁmﬁmwweMI9mmo f:j%_glif

PP )= (Livet al., 20___1-7),__?_ |

'\_\. e e

11, Bk & 42 47 6

BT E AT 7y 5 BEAL(LPS) Bl S A B (ALY > & K 4e | R 2 iR

Isz(W /D) ki ¥ 4~ & (Myeloperoxidase) =4+~ = fg(Malondialdehyde)

ZEe# LFF TNFo 2 IL-1IR 2 & 5 §AF &S > ¥t ; BEIR G 0 B
TAEFTIAIE LR R VR4 o G oonk BT LPS ) KA (Lei

etal., 2018) -

12. @£ & &
T ip i B AR 12(Dahl salt-sensitive) « Bl &k & 4 f 315 0 1% M ACEUR
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ZH Y gRA T s At miE s B IR~ B rgj A e foiFimie > FIRE &
FI= B2 enx &> FREFcL » vk H 2 & (Takakuraet al., 2017) -

13. B & ¥ & 4

Frdl e fRPedk g i (AChE) ¥ 3 35 8 ¥ foitimic 4 > KA A X ¥ A4 5 gk

## & # (CPSP-f1 ~ CPSP-f2 ~ CPSP-f3) » # ¥ CPSP-fl -~ CPSP-f2 ¥ ¢ fg %4k i fi=
150%37 413k & (ICs0) 4 &) 5 32.2+£0.2 4053+ 0.0 mg/mL » 57 #* & & A 3 ) %
15 PE-PRAR &4 0 B G Pl e fREdk fig e B4 (Tsai et al., 2015) -

14, FuB ATt g F L

3 3

To R AT #&ﬂﬂ F* )i 7§ '\ m)ﬁ” QPark, 2015) °o
- S HEFELAL ‘? . ) — .
(-) Bk %ﬁi& Ufaqél

B
f%??ﬁ%

% 52T R, B4

Gl (Mltchell et aI 2011\) j -~ Aar s pEs o aE
R REA R 22 5 A 4:«2%@)\ Fﬂ} N = p”
(=) ARFHLER .
P AR TR AGE R L Bl e S e SRS RAR
3 f% i B 32 4o (Durand, 2003; Nigam & Pandey, 2009; Pandey, 2003; Sato &
Sudo, 1999) :
L 23 £7%  FIRERE KA T EM &ilcd € FIM-KERA 2 5 2 &

A L L A
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Referred figure 2. The phase within a solid-state fermentation system.
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-3,

FERAES [ NHLEMRRS  ERRLEERC  RFALERE

3. AR ZUORRAITTERHEFREY TE AL 0 FIR T URS DA
i

4 FF BEE  FIREAT A G i o s el § 0 G s 32 )

5. BRRFASEHE @ Hr LERRSF FERATRB SEAD S LR E
fai %#%@#m@ﬁ&ﬁ’wﬁwéﬁﬁﬁ%°
6. 3 % AT A T
?mﬁﬂh

Bk F PR 0 A it e

1 né%’*ﬁmm .é ztfﬁ*rw
;mé?%4 . %ﬁ ﬂ%w*’%%%#w4ii
2. ' ;
3.
4,
5.

p
6. MAEREA 1 NREALRF AR AL TS AR ol B R
PEWREALEE -
AG LR BA s F BB H3e kot T (Chen, 2013) 5 A

a

C
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AT AREREER A EREL R
Referred table 5. Detailed comparison of solid-state fermentation with liquid
fermentation

F A P i i3 PR
Fhpd ok AFg kTN KRATLE XA o
et P RCRDFAEAT R4 o Mot PR AT WA A o

%M%,I‘ﬂ Sz 3 = 4(FAp kAP~ ff« ifa) ’M’é: FLE kAR o MRAp R AP o

n

EE AN S S Rl ERER AR 2 A LR A5k

|
X

R AR AT RE - R Ao T R o

(Chen, 2013)
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fﬁf‘k
@
=
A
2N
Ik
ey
Il
5
o
ﬁ"l

}i ﬁﬁ%\ KA 4 ~ “‘fﬂ: l%

E Ly

B L St
BB EAETHRE o
(2) AGSBAFrE2RIE 2
4 4 8 (Biomass ) i e # 2 2 ki AR RS AT 4
B2 ABASFSME > a2 P E 2RI FHNMmAF 2 ERRETHDI N AR
A2 ARLAPBUAN G FH O GIZM G Ra > LALFREY &Py
SRR A ?;%iﬁzﬁg ia*_%ég$ 41 %5
é?ﬁ“ﬂwﬁmﬁm¢aw &E

2 if] % %=Aé;&

TS

%

@) 4 zm,z 3 4

ﬂ?wﬁﬁ %ﬁ

TEE A l?]
KIEES) 3 l{ ._

f&%ﬁ%%iwﬁ?ﬁ
AFIAF P 8L E s 5
o RIS A '1 @ S pOEFE2 ey o FoiR]
£ Fl#g(Matcham et al., 1984) -
2. dpd wRIEZ FRHERE A2 PR
()% # fr= § M pehk Bt
i 2 R EE ity oy R F PRRALRE
ST FF A RE S F R RHE NIRRT ik

LF G AT AR B RO D R - F R B R P
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f‘m
I
-
ps
N
N )
f
7‘
=~
]
v"\-'
=
ol
er
&)
N
=
do
-
ik
3=

(Okazaki et al., 1980) -
(2)re * preng 4

e rbis g 2 A - AAMA A L APk 2 RBPER O Py B e

( Agaricus bisporus )& F fs % g3 & {8 70 X p > 1 & 4 2% ¢k jk pF(laccase) s

BELFANMAET I » 22 473 b%&&agéﬁinkﬁ%ﬁ’ﬁ?

..\\

T 54y Faite (WOOd 1979)
(@F!%#?Aﬁhéﬁdﬁﬁfﬂﬁiw
Matcham j; A ({984’)
kg B A »}‘ﬂ ”?ﬁ 24 i
A2 £ A f%--ii?%’ 2 Lot
LRlE - 7 ﬁé L E ;srfr’f 2 fff{' f
; uﬂm‘.

45 o
(1) &9 &3 = _
Foi A A R T L Sap
FREALLG - R MG Flt > VY 3 T R A2 2 R
iw(Carrizalezetal., 1981) c # i > FA T AL 75 * EFv ¥ M2 H 24 £18
AR ERABATY hks Fkiz  a-kizdz 3y 7 ¢F
OO ZRRIT . T o BB AN Y I E M AR AT R
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(2) tp&

4" DNAZ RNAZ R RPIEAMZ 2 Rt 2 2 R W RAFP 2
PHME R RCEF TR o0 KR A A TN § A2 % P
fif* (DNase) @ i & % 3 (Matchametal., 1984 ) -

() # F =
DE B, r 3T E RALRFREL ST * 282> 2 (Niolaetal,

1993) - # RILA & A 4R R B Fliwie BEY 2

%éjgﬁﬁg’ﬂ&’%ﬂﬁfﬁﬁﬁV

@) ¥ & A
éifw%mfnx/ P

Fé%}ﬁ“ § ir}ﬁ% f‘;‘bﬁ’ %ﬁf'“ HH R %

(Matcham et aI 1985) iE /? ’Lr«'i %'J’# *_ g:sb')ﬁé #EI }é] ﬁ(HPLC)pju UV i pl g
TR &S &fpmm%aﬁﬁi e 2 Oojkass et al., 1998) -

N i | | 4

(z) B @ﬁ@at #%%*mﬂ 3 ;Jg;n H

;}F 41 Q &A\Jr V )Fr 1 qr ﬁ%—ﬁi’ f,,rj%;?ﬁ_}., ”*}IFL“Lr;E )

( A.bisporus )m 4 | rgl i

13- gluc03|dase J\ﬁ’*%
¥ Karp % 4(2012)‘37 PR B3
Ak o 2t th ﬁ? jL #M\ E%é] it %}(Fomes fomentarlus)% = *“Tﬁﬁ,@/ﬂ 51

4 AFRAAP LR % B 4 2 4T B Ao 3‘9/ % 8 % i) i $2(Neifar et

-

al., 2013) - L

$(1998) ¥ 1% X vk kv {2k 1 B (2002)F1% i X B AR A A
% 7" (Ganoderma lucidum) g 5: 48 2. £ B » 2% F R AL FEEASM S I A+ £
LoTRE SRR EEBFASEA P RSFIRET IS SALY
Fess & o 7 RAE 2 M SR 0 B B £ ) iE(Han etal, 2005) -« ¥ ¥
(2009)#-5 ER BT LT 4 » SALEREE  FH ALY E 2 WEpP T

Rrk gl o et s Ty %m%%$4§ﬁ¢“}‘ﬁiﬁfﬁiiﬁ@%?@ﬁ

4.
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FEHAHE SE S MR MRS BT i 2 R
DNA 7 = 3f % (Xiao et al., 2015) -

Z ~ ehetg
(=) w2 i 5
verzt(coffee) _ > 42 4 % (Plantae ) ~ 4+ {54~ F* ( Magnoliophyta ) ~ * fF %
( Magnoliopsida ) ~ %¢*£ p ( Gentianales ) ~ & % #L( Rubiaceae ) ~ #=r=/§ ( Coffee ) °
¥ R 2 wwrif G P40t + (Arabica) 2 B # #1735 (Robusta) 5 fe gt F rherix 7
) Szt B H ATEE P L7 hm R R xéﬂ# ‘i { Canephora ) ( Davis et al.,
2006) S —
prv i @ ok ”JL/{— B FF o
ehrrt B vk & g fﬁ-p % ﬁ»
CEE IS 1 %Wﬁ%#

%ﬁ’iﬁ‘» fiﬁi 7%“’ B F ez
£ 3?\:‘:\?\?:,\?_ o V%——{—_%\ﬁtf,\—& Epﬁbm@:»}i 2 — ) }‘_l—r"-‘,r E SRR

|
|
[ ]

ﬁ%%?mgﬁ
SN "gqgg%“‘”#ﬁﬁtrﬂjq%my S AR p;ﬂib;kplfr‘q&;@ﬁy}J B 2
U b (DeSsaIegn etal,, 200 ot |

\

f* ( Bertrand et

N

Taveira, 2014) % L} 3 \L
T E ﬁ#ﬁéﬂﬂ Tk 2 :

% #3575 (Bertrand, 20065 ﬁey{;% (Véasbekai 0 04) ﬁ}f ? P e e

— o

Aliz s #5 (Avelino, 2007)

e RV R ke B AR R AR 2 v & (Amamo 0 2014 ) 0 eher L F A2 R3S
Qo e+ 72 4 o JpR A - L E R o A kg IR w8 (Gomez-Ruiz

fw &K 80 B~ 2R o d i e

pal

etal., 2007; Amamo, 2014 ) o P 0 eberzt4
PPl B4 AR R VT R IR TR IR FRRY 2R

everzid A 2 1 ¢ o (Restuccia et al., 2015) -
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(=

) wherE 2 S A A
vart B 4 & & 4 ¢ 7 ewe T (caffeine) ~ # L 4k (trigolline) e &
(chlorogenic acid ) (Tofalo et al., 2016) -
. ez ( Caffeine )

PrrtFE - B R wihd Pedg 0 SRR ETAY 0 ¥ A 60 5
PoeF EF R FrFR AR FLASER X AR LS (Xiaetal,
2013) ; B it B 2 5 13,7-2 7 5 w&r4 (1,3,7- trimethylxanthine) - £ ‘54 4c
R -(1)#F5F - v"vv:ﬁ] B rﬁ% KR {v‘mv =5 fr» ¥ ¥ a7 2% (Cola

acuminate) ~ ¥ ¥ & (Theobroma cacao)—

e é‘\ i(Ilex paraguanenas)fvj\

4 (Paullinia cupana) A

e A &*ﬁﬂ*ﬂ%fﬂéﬁ% ; % écf*ﬁ b <
( Fujimaki et; aI 2018) #m’»’*ﬂ i "( Liet al. 2017 ) TS éx r+ s e \Wu et al.,
2017 ) ~ g/ k( Shushtari et aPZOIG;)___.;;%%ﬁ’J?m % z%¢ ( Llu et aI 2016) ~
B4 ( Szopa et al. \'20 |

)H% mﬁ’ Fered g T it : I\JZFL( falllls et al., 2015) ~
| "et_._al m)? f—“_d'_-%}‘ﬁ 2 Fﬂ_i"ﬁk 0 L&»(Abel etal., 2007 ) -

i

K

R P B ¥ in Bw\ g?*(jerg " al.., 2017) Lk R I v
FE3 b f B T fipiiis (Acetamlnopﬁen APAP) . F?l 277 & (Aspirin, ASA)f- £ #
i& %(lbuprofen, IBU) 5% & & * > ¥ 4% % 4895 &2 »c % (Liptonetal., 2017 ) -

2.% J f& ( Chlorogenic acid, 5-O-caffeoylquinic acid , 5CQA)

SRS R OB HAES 0 B G HIR B (2P 5 E
¥ 8- g - #|(Xietal,2017) > ¥ & 4 #k( Ekbatan et al., 2018) ~ %3+

(Kimetal., 2018) ~ ¥ ¢ (Zhangetal., 2017 ) ~ & "% &5 pc & 1 (Jung et al.,

22


https://www.sciencedirect.com/science/article/pii/S0308814612012071#b0070

/
N
HSC_N N
()
o )
HsC

(1) caffeine

HO |

- | |
(2) chlorogenic\?bid ' = | \':
Ili 1 b :.'r | /',
3 4
o) —N*
\

(3) trigonelline
(Tofalo et al.,2016)

PR s oeeie A R B A 2 B
Referred figure 4. Chemical structures of bioactive constituents in coffea bean.
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2017) ~ 12 4 4! (54F 1§ ( Zikang Guoand Jiang Li, 2017) ~ 22 & » ¢ # & (Mills et al.,
2017) ~ ®#H A K G v T & i & (Affonso etal., 2016 )foip > p %% » e £ %
# »z (lghoetal., 2011; Shimoda et al., 2006 ) -
3.% jL © # (Trigonelline)
ﬁgw%{fﬁi%%’{%ﬁﬁ%&gﬂ&@%ﬁm’ﬂgﬁﬁwﬁm
T -(3)#75 > F LA fopf B ¥ fAF (Sungetal.,2012) o L T sk feverd
ZE R AT gwé far A4 5 BIPF I L5 RS v §
BF LB L n\v*vqrv*w\( Caporaso et al., 2017) b HRE T4k G e
< ik F 5 m(Lietal, 2018)

i ”‘(Sh_GkO'_Jh _|_x 2017) :me;s 1 ENECE T
Y ﬁﬂ‘f*mrﬂ( Bh{ﬂac erje a Bngtpapherjge@t al., 2014; Zhou

A N ;}% L'- —l’- —fr'?g.‘# ﬂ’ft,gvlyc\::«-r' Zi ﬁ = '%c\ﬁ ;EIL %‘f 5\/»:\ 4 &—?l Yokt & A 0T
Fod 27 & ’g‘_ﬁ%\: a -;9 r‘ﬂ\:‘?\?Pz:-F' z_’m-J* 7 % :a_%lt 7\ =~ IE. If)f?ﬁ’; TR E

%% BT \zlmf:,'—]$ 7—/;‘5 5t Jj:_ ) E.Blﬁ& m %R ﬁ’x F'J L;‘,;gul:l_l.\‘; Jn_ B B3 o

|
|

( Anderson et al., 2015"\) F’% R

( Rabiepoor et al., 2018) #*i 1’#(L_;_.efar~—'2£)'__'6-.) :}@ﬁ@ﬁv”‘\ﬁ )ﬁa(Grlonl etal.,

2015) « H @4 4 JWiE M 4o T
15808 2 2R o S0k 'R
BT g & PR WA g et R MR 2 AR AOR <0k Y (Martinez et
al., 2017;Dong et al.,2017).w4erztat 2 ek AL 2 HjiF4 v UB S K3 Y5
EHF F M asric L TR *]:". ¥ 5 pER ety VR4 (Resisetal.,
2018) - B B EMILE F % (Mellbye et al., 2015) -
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Ek S s A e 2 A S it E a0 LR

Referred table 3. Chemical composition of coffee, mass percent in dry matter, different sources.

Arabica Robusta ~Arabica.. - Robusta Arabica Robusta

green® greena_,_r""':_._;',___::.'..-----"‘ roastedb "'-rbg_sted_? instant® instant?
Constituent %DW %DW %DW
Caffeine 1.3 2.5 3.8
Trigonelline 0.8 Y AUV QBC . 07 0.4
Carbohydrate 53.7 o is07 [ A —38'0 —— 42,0 ¢ 146.6 44.7
Chlorogenic acids 8.1 O a9 25 '. 3§ 26 1.6
Lipids 15.2 A 17.0 g.qf'“_"" ol 0.26
Amino acids 11.1 c';. 7.5 /78 | 62 6.0
Organic acids 2.3 8.1 7.9
Melanoidins - 25.1 28.6
Ash (minerals) 3.9 8.0 7.4

Leloup, 20062
Iy and Viani, 1995°
Macrae, 1985°¢
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2. A A HIAE
PR gk B oetee i BRIV R o e AP G W mre porg o sl
§EAR M QI FAEED PR R R R 2 0 XIGER g oh

£ 4 (Tesselaar etal., 2017 ) -

oy B
o A R eeeforen 2 Tl B SR A Pk R e

(Reis et al., 2018) o el eherzt F| 22 pr i i 2 AV PR B 4 0 A R DFE T o 7 av

g4 B aEz - g w SFIE R :»*ag}é:ﬂ'r} sﬁtﬂ Al/A2A % R 3EFUR] - i

HE ST Ry BLA 4 *}%zé E*@ffﬂ ;,:433 P

% c‘ﬂ:‘f .-?]ml 13«75-1’47'* T # A%

R ' 4

2010) - i _
U0 *&ﬁ . y .\ {
| /4 X N | \_\ ! _,___u "-_:l".: “ .
i, i vlvcv/ﬁ ¥ !% %?*;,;- TGl e L 3 7 i R

A Fr*?lii\'—"r{° VJFLF' S 1& ﬁﬁ\;; 27 ’if;l"-if"'}f"’ "m§ %—;» |H«6e;i‘-#d Eaagi

V) 2 #mr}’n$

Frifli v%&m#'

ré*m@m?’ﬁé@wﬁwéff%“ *&&%’m%&Jﬁﬁﬁ%P
i Bk s S B e o Ao m*;%/%rﬁ&x?ﬁp\ Rmied RAEIEE i
PR RiE s 4 4wz dp i (Changetal., 1992) -

SRpa S AR Ay (VAR 4] T o 2 F(Arctium
lappa )@ 4 dpens R F4g PR RRE RS RE J At E
JEalA= I fa ¥ fig (methyl linoleate) & % i £ 3 #r4] ¥ * (Maruta et al.,
1995) -
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ﬂ\—k

I e $

& % % (Hederahelix)? » 3@ 3] en ) Bpsapfea HFapi &4 > FRE
RFEH T Plgcfoe FRrEe TR Bie 5 JUEI0T Frdl e > 2 S R §
farg L e g 40 Trute etal., 1997) -

Fanla

d BDL 3% $W 0 F4 § ehx BV i B 5 e R 0 2 R4 Ap b en

ik ’.@1‘%\ R ER W%iééz wi e és@%ﬁ\v‘m@;i&gﬁwa EE RF O WE
T M T

\.

EK*" Fz %’ IRSl m"% )i’ . ypﬁ,"J—ﬁ—a-ﬁz-;—'%\‘—(l. (‘
‘ | o I | [ S= l Ii I-/.;
'i" .‘.__ J_.f /
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% Mg
- PRREL ER

(-) PHRE

158k 53 4

2.5 8 Kk

3% e imdp KT &

¢ F 2

bAFARER ap

i

BRI |

QEQ%E%{E
R L

. ||'. St Nt Nyt - .I. .]
LA T i85 B]ﬁé,v»'.#‘* ﬁ.“’*?ﬁ%ﬁ(ﬁatdycepsmmaus) ’ z;s:b% ,JJ%( 7J A,\ A

P |

%
i
1

S o

@”‘»W~@%L

3.9 3k

1.5 # % F & 43 "5 (Potato dextrose a;é]/z’a-;‘;‘PDA) 3‘:—% 3 B~ % (Yeast extract
powder)ftp & & HIMEDIA = @ o

2.5 % #(Glucose) - g #&(Sucrose) -~ - #E(Lactose) ~ % #E(Fructose)~ ¢ 7 #E(Maltose)

% 4 7 ps (Ergosterol)Fp % & Sigma = & o

3.1 & *z(n-Hexane) ~ 7 f%(Methanol)p-p & ¥T7 Panreac »> & o

4.= -k Frfs 4% (Magnesium sulfate 7-hydrate)p-p & 27 Panreac = & o

S5.#+fk & = 47 (Potassium phosphate dibasic)r:-p p *pefrit k3¢ € 42
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6.2 = & 47 (Potassium phosphate monobasic)pp % & J.T.Baker = #
7.¢ fE(Ethanol)ptp 58243 A2 P o

SR
(-) Btk %2 % G BN
L F

BB AT A PDAR E A Y 2% > 90 15 5 ATk Y et

FoBRAERIZLEREL > ¢ @ FE2 g |7 22 B B R 5 TE G RS 9
Smm *Smm) » #6747 PDA 5 T “25C"-‘i*" :

\\.

2. % i A R

\\

mm = -} 2 3. faas _--.._250 mL & #g0 2 100

Yo
.

rpm - ZSCTngﬂﬁ‘fﬁ ,: :
250 mL = 4+ = 100 rpm

|
[
ﬁ&#aé@@lm-

- ’J"FT M%(M@Sm ?‘HZO) TN
Hiph= & @(KHZPOA)

(=) AB#
1. w2 T {5 3 B
fi h Hremezie 15930 R v ALY o4 2 RO-K 15 ML( kA 4 £ 150%)
W% P e 121°C 0 15 A 4R ] o A APTS o 4o 3mbL R i AT R ¢
AE RS ALY SRS T AT P R E 0 2 E 2 i 0~49
o X AFEBABALS TR B DA EX Ko

30



2. e R K F LB PR
PR AR e 7980 F 79 (5 L1 R oHgY $23 ##E 0 4 » RO
KIS MLCR A se ® 150% ) 0 R Y 7 121°C 0 15 A 4B o A AT
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(5) ywiE @1 mL/min -
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Content of cordycepin (mg/g)
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Figure 1. Content of cordycepin from Cordyceps militaris (Chang Chou)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabic coffee bean :
Rice =1:1)
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Figure 2. Content of cordycepin from Cordyceps militaris (Chang Chou)-fermented
(A)robusta coffee bean and (B)coffee bean with rice (Robusta coffee bean :
Rice =1:1)
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Table 1. Content of cordycepin from Cordyceps militaris (Chang Chou)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Cordyeepi_n-'Cﬁ_‘_'nt_enft's”(fhg__/_ g dry weight)

Week Arabica Rolzysté" Robusta + Rice (1:1)

0 N.D. ( """N-,.D"; I N.D.

1 C*0.20 + 0.01b# .~ EQ03+ o”e'éc 7 G0.41 +0.06a

2 C0.63 +0.11b ./ D0.89.%0: 06b = F1.28 + 0.04a

3 B1.19 +0.15¢ / Cl46+0, ozc = - E2.06 + 0.06a

4 AB1.54 +0.20b 451 89 + 0.05b B355 + o nSa i j| ¢ D3.21 + 0.06a

5 AB1.67 +0.10b AL 99 + 0. 01b .~ B3.77+0.06a C3.84 +0.20a

6 A1.95+0.18b [ ABL gerr 0. 07b\ AL A1 4 +0. 24a N 4 B4.21 + 0.01a

;

AB1.68 + 0.23c 31 82' 0_01c —A5 43 +_0 14&_ A4.50 + 0.02b

*: Each vaIue is expressed as mean *- SD ( n =3

Means with different letters W|th|n a row are S|gn|f|cant dlfferent (-'-'p < 0 05 )
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Content of adenosine (mg/qg)
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Figure 3. Content of adenosine from Cordyceps militaris (Chang Chou)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabic coffee bean :
Rice =1:1)
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Figure 4. Content of adenosine from Cordyceps militaris (Chang Chou)-fermented
(A)robusta coffee bean and (B)coffee bean with rice (Robusta coffee bean :
Rice =1:1)
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Table 2. Content of adenosine from Cordyceps militaris (Chang Chou)-fermented coffee bean (Arablca and Robusta) and

coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Adenesi-n_eif_éonfe'hts (mg/é .'.d_r‘j_i_j-wejght)

Week Arabica Robusta / Robusta + Rice (1:1)

0 N.D. ND, 7 N.D.

1 N.D. ND. [/ 4 ""‘81\80 +0.00 | D0.32 + 0.06

2 N.D. BO.17£006 [/ / i B20l 0. 02, | C1.31 + 0.04

3 D*0.07 +0.01d# ABbfzz £002/ [ A272:011a | | C1.37 £ 0.06b

4  C1.12%0.12c AB0.26 +0.05d : A3.18 + éklsa > | i' R BC1.46 + 0.06b

5 C118%0.10c ABO.31 +0.01d | 7 —A347 +006a | | BC1.48 + 0.08b

6  B132+0.18c A0.38 +0.07d" A2.91+0:24a ) B1.57 +0.01b

7 D A1.99 +0.02b

A1.50 +0.21c AO'.'3'6_¢ 0.:;90 A2 75;+e 14a-’

*: Each value is expressed as mean * SD ( n= 3 ) 'y e 4
Means with different letters within a column are S|gn|flcant dl‘l]ferent ( p < O 05 )
#: Each value is expressed as mean + SD (n = 3) =1
Means with different letters within a row are S|gn|f|cant dlfferent ( p < O 05)
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Figure 5. Content of caffeine from Cordyceps militaris (Chang Chou)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Figure 6. Content of caffeine from Cordyceps militaris (Chang Chou)-fermented
(A)robusta coffee bean and (B)coffee bean with rice (Robusta coffee bean :
Rice =1:1)

44



1%

2z v RTHAAT R AR At (PR F ok F ) 8 et R o (et e =10 ]) 2 et F]
Table 3. Content of coffeine from Cordyceps militaris (Chang Chou)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Caffeine.Contents (mg/g dry weight)

Week Arabica Ro’busté = A 8+ Bi&é?('l':l? Robusta + Rice (1:1)
0  *Al3.14 +1.12a# A9, 79 & .2313/-', g g A559£024c0 | A4.96+0.37d
1 B11.05 + 0.25a "B7.19+006b < AB516+0.02c | ' AB4.68z0.28d
2 B10.97 +0.14a - 5, 96 £0. 18b __:"fj_l$§3§98_£d..pic © | | AB4.54+0.26d
3 B10.81 +0.31a -~ BC491+00lc | | B4.41+0.25d
4 B10.45 +0.18a BC489£0.02¢-=> | | B4.41+013d
5 B10.15 + 0.28a cs ‘80 +-ro,,02b . BCD467£002¢-. | | B440%021d
6 B9.98 + 0.19a ' 40b CD4.63+004c. / | B431%0.19d
7 C7.78 +1.02a D4 40 +028c: »/ /) B429+0.12

C5 60 +,; 16b

* 1 Each value is expressed as mean + SD (n= 3) § B @ 4 :
Means with different letters within a column are S|gn|flcant dl‘l]ferent ( p < O 05 )
# : Each value is expressed as mean = SD (n = 3) == ,
Means with different letters within a row are 5|gn|f|cant dlfferent ( p < O 05)
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Figure 7. Content of chlogenic acid from Cordyceps militaris (Chang Chou)-

fermented (A)arabica coffee bean and (B)coffee bean with rice (Arabica
coffee bean : Rice =1:1)
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Table 4. Content of chlorogenic acid from Cordyceps militaris (Chang Chou)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Chlorogeni?_ﬂéid-Cﬂdhtents"('niéll_g'_‘_d\r_y,weight)

Week Arabica ;Eii;t:a\__f\r \Ri'{:e"(%:l) Robusta + Rice (1:1)

0 *A24.72 + 3.47a# 3b AB7IX0056 % A3.02:0.06d

1 A2206+212a . BY f4xo 05b B4 36 +0.03c B2.37 + 0.22d
2 B17.90 £0.79% | C7.93% 1410/ _ "-‘"‘-'Bc:4 420+0.02c, | C1.91 +0.15d
3 B16.93% 1662 / DBglzo7ob - c4iaxopic | | C1.90 + 0.10d
4  C10.08 +1.44a b 00 £0,02¢ ~ca02+o0. be— ! cDp170+0.04d
5  D5.58+0.25a | FO75#0 = £0. pBb .| DE159%0.13d
6 E2.30 £ 0.12b DE1.51 + 0.06¢
7 E1.21+0.02b E1.36 + 0.11b

* : Each value is expressed as mean + SD (n= 3 ) 'y ¥ VN L :
Means with different letters within a column are 5|gmf-icant dl*ferent ( p < 0 05 )
# : Each value is expressed as mean = SD (n = Q) :
Means with different letters within a row are S|gn|f|cant dﬂ‘ferent ( p< 0 05)
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Figure 9. Content of cordycepin from Cordyceps militaris (Kun Ming)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Table 5. Content of cordycepin from Cordyceps militaris (Kun Ming)-fermented coffee bean (Arabica and Robusta) and

coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Cordycepln Contents (mg/g dry Welght)

Week Arabica 'blca,_+ Rlce (1 1) Robusta + Rice (1:1)

0 N.D. N 7 g N N.D.

1 *C0.17 + 0.00b# < o 1340 OZb EQ\32 £0.01a, F0.18 + 0.06b
y) C0.17 + 0.01c E(j 89 + 0. 0ba _ xN “EO. 42 +0. 02b F0.24 + 0.02c
3 C0.18 +0.01c 4, D146%002b — ~ D194+011a | | E1.42 + 0.05b
4 BC0.20 + 0.01d L I CL89%0. 05c . C567+045 | | D2.69 + 0.11b
5  AB0.23+0.01d ) Cr99£00 . B734%006a | | C4.12 +0.21b
6 AB0.23 + 0.02d .\ BX 22°:0, 070 —B7 14+0:24a ) B4.94 +0.17b
7 A0.26 + 0.01d -0.01¢ A5.72 +0.31b

A9 88+ 0. 27a?"

*: Each value is expressed as mean + SD ( n= 3 ) LA o -
Means with dlfferent letters within a column are S|gn|flcant dl‘l]ferent ( p < O 05 )

Means with different letters W|th|n arow are S|gn|f|cant dlfferent ( p < O 05)
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Table 6. Content of adenosine from Cordyceps militaris (Kun Ming)-fermented coffee bean (Arabica and Robusta) and

coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Ade_r;osi-n_ei&onféﬁts (mg/é .'.d_r‘j_i_j-wejght)

Week Arabica Robu_gtla/, | Arab Robusta + Rice (1:1)

0 N.D. N.D, f._.;_;;:"_,.x b N.D.

1 N.D. N. D GO 23+ 0.00 C0.23 + 0.02

2 N.D. ND. /| @ /4 1 F0.2540.02 BC0.25 +0.01

3 *B0.14 + 0.01d# AQ. 174 o 02/, [ ~E034=0, 03a | BC0.26 + 0.03b

4 B0.15 + 0.02d A0.18% 0,02 | ~ D0:38+002b ' AB0.41 + 0.03a

5 AB0.23 + 0.01c A0.18 + 0.01d | 7 - C0.41£0. 06b A0.46 + 0.02a

6 A0.23 +0.02¢ AQ.22 £0.02¢” BO0.43 £ 0.04b,_ A0.47 +0.01a

7 A0.26 + 0.01c .26 + 0.0( A0.54 + 0.02a

AO 44 +’0‘.06b /

# : Each value is expressed as mean + SD ( n= 3 ) o & .l
Means with different letters within a row are S|gn|f|cant dlfferent( p <0, 05 )
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Figure 13. Content of caffeine from Cordyceps militaris (Kun Ming)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Table 7. Content caffeine from Cordyceps militaris (Kun Ming)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Caffeine Coﬁtents(mglg dry-weight)

Week Arabica Ro_.bUs'té"'ﬂ'l e F Arabica l"i—'i‘ice..(l:l) Robusta + Rice (1:1)

y y - - 4 & . |
0 *Al13.14 + 1.12a# P A9. 7940, 286 ABSY. 0:24c A4.96 + 0.37d
1 B5.48 + 0.25a < B423+0. 065 ~”~ ----.._'-"\.'_:_'_'82\68.\+O:OZG _,i? B2.08 + 0.10d
2 B5.43 +0.14a ./ C332+0480b,° B255+00lc, |.  CLl62+0.13d
3 B5.40 + 0.13a /. C3.32%0. 14b— *;-5;_.— -j.;_._;.—,,'Bc:z41 + 0.0c| . CL160+0.18d
4 B5.36 + 0.18a ] qsscur 0.03b BC2.40 +| 0:02c | | C1.51 +0.13d
5  BCD4.32+0.51a C328x 0. 02b . C208%002c/ |\  Cl44+0.08d
6 CD3.85 +0.19a "0:40b | D1.69 004 | CL31+0.01d
7 D3.28 +0.37a

E1 11 e 0_G8d y C1.22 % 0.15¢

Means with different letters W|th|n arow are s\gnlflcant dlfferent( pﬁ< 0. 05 )
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Table 8. Content chlorogenic acid from Cordyceps militaris (Kun Ming)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Chlorogeni?_ﬂéid-Cmofhtents"('niéll_g'_‘_d\r_y,weight)

Week Arabica R’bbu’é’ta .

‘ ablca J\F'\R\ice.l(lzl) Robusta + Rice (1:1)

*A24.72 + 3.47a# ALl 29 +"1.23b.'. -- 05¢ A3.02 +0.06d

0 b AB.

1 B19.41 + 0.85a "B819+113p ‘A5\68 £0.03c), B2.36 + 0.18d
2 C4.94 + 0.09b co 5040, 07d __ ~A5.6 64 £ 0.09a C1.41+0.01c
3 D2.35 + 0.05b 4/ Cco15+001d)  “A557+004a | | D1.21 +0.01c
4 D0.73 + 0.08c | g'u‘" +0.00d ~ AB544:008a° | D1.18 + 0.10b
5 D0.34 + 0.02¢ I co. 1Q_+-30,01d ~ AB52L#0Q0la | | D1.06 + 0.10b
6 D0.25 + 0.03c | C0.09 £0: 01d > —34 70+ &18a_,.-;__'ﬁ--" I ¢ E0.56 + 0.09h
7 D0.23 + 0.01c co 0910 OOd

C4 56;+0 12a’" E0.44 % 0.09b

*: Each value is expressed as mean * SD ( n= 3 ) 'y e 4
Means with different letters within a column are S|gn|flcant dl‘l]ferent ( p < O 05 )

#: Each value is expressed as mean £ SD (n = 3) =1
Means with different letters within a row are S|gn|f|cant dlfferent ( p < O 05)
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Figure 17. Content of cordycepin from Cordyceps militaris (Chiang Su)-fermented

(A)arabica coffee bean and (B)coffee bean with rice (Arabic coffee bean :

Rice =1:1)
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Table 9. Content cordycepin from Cordyceps militaris (Chiang Su)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Cordygea_pi_r}-'(_)ﬁfnt_enft'é”(fhg__/_ g dry weight)

Week Arabica Robusta ‘ Robusta + Rice (1:1)
) 4 |

0 N.D. ‘ND. /% N.D.

1 *C0.31+0.02b# €053+ 0. 0td” 0.33£001b% E0.50 + 0.01a

2 B0.64 + 0.03c . BOJ7£0.02b S -_TL:U\88 + 0 Ola_ DE0.73 + 0.04bc

3 B0.71 + 0.02b _,.f-ABO 92 +0.11b, —'%‘;ﬁ;‘_ Ve "1 B D0.95 + 0.11b

4 A0.86 + 0.05¢ Alpooio 08c: cL87¢ + 0, t)za I ¢ C1.43 +0.08b

5 A0.90 + 0.03¢ | AL00Z 0.04c . B235+01la B1.98 + 0.06b

6 A0.93 + 0.02b ABO 95 +i’,9_j'.o4b-.._fa - B25240. 07a o 4 A2.40 0.22a

7 A0.91 + 0.01c A_Bo.ss.___:c 0._.010 A 36 + o 15& A2.56 +0.19b

Means with different letters W|th|n arow ar\e SIgmflcanLdlfferent“( p < 0 05 )
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Figure 19. Content of adenosine from Cordyceps militaris (Chiang Su)-fermented
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Table 10. Content adenosine from Cordyceps militaris (Chiang Su)-fermented coffee bean (Arabica and Robusta) and

coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Ade_r;osi-n_ei&onféﬁts (mg/é .'.d_r‘j_i_j-wejght)

Robusta + Rice (1:1)

Week Arabica Robusta_
0 N.D. U ND.
1 N.D. £ ND.
2 N.D. | N D LA -:: - |
3 *A0.18 + 0.01b# A A0.18%0 02b - B024+ o 02ab
4 A0.18 +0.02b Ao 18+0.026  B0.26+0. dsah
5 A0.18 £ 0.02b ) A0:18%001b A0.47+006a.
6 A0.19 + 0.02b L AD. 18+ -'_.o-ozb Ao 51 +0,04a
7

A0.20 % 0.02¢ AO 19 o:’oc)c

7 AO 57 +"0 O4a 4

1
1]

N.D.

C0.17 +0.01
BC0.23 +0.02

ABCO0.32 + 0.04a
ABO0.37 £ 0.04a
AB0.38 + 0.02a
A0.41 +0.01a
A0.43 £ 0.02b

* . Each value is expressed as mean + SD (n= 3) ' A o :
Means with different letters within a column are S|gn|flcant dl‘l]ferent ( p < O 05 )
# : Each value is expressed as mean = SD (n = ?<) __.
Means with different letters within a row are S|gn|f|cant dlfferent ( p < O 05)
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Figure 21. Content of caffeine from Cordyceps militaris (Chiang Su)-fermented
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Table 11. Content of coffeine from Cordyceps militaris (Chiang Su)-fermented coffee bean (Arabica and Robusta) and

coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Caffelne Contents (mg/g dry Welght)

Robysta

Week Arabica Robusta + Rice (1:1)
0 *A13.14 + 1.12a# :‘f A9 79 %0, 23b - A4.96 + 0.13d
1 B7.18 +0.25a . B4g3+0. 065 &> - BO. _ B0.57 + 0.10c
2 B7.15+0.14a . B472£0180 " bO 50 + o 0lc, B0.52 + 0.53¢
3 B7.14 +0.10a | B464 0. 13b— S8, 13041 £001c| | B0.50 + 0.18¢c
4 B7.12+0.04a 3445;& 0.03b B0.39 +JQ 02 | | B0.49 + 0.13¢c
5 B7.10 + 0.05a B446 £ -0, 02b B0.37+002c/ B0.45 + 0.50c
6 B7.09 + 0.01a 40,04 B0,36+0.04c| B0.42 + 0.01c
7 B7.07 +0.02a ‘ :BO 34 + O_Glc B0.32 +0.15¢

Means with different letters W|th|n arow are s\gnlflcant dlfferent( pﬁ< 0. 05 )




d btk v Howee2B AT TR vt B £ b5 THRFH
R RA Loz L (7.07 mg/g) >R F Srigenr s A (4.36 mg/g) >
frdel + e B 0R E AL (0,34 mglg) = B rageerie R 5F A H(0.32 mglg) o
43Ry B8

DB L2 2B Lte THR ARPILE 2 BA At Y § 2% AR

‘Lﬂ

RREF FAEMERAPRZ i§14\:”f’ s:}f?'ﬁ’xg T EBIE S o et s (TS B
E}?’T"’ m od Bl -+ = (A)" rrr‘lﬂ,% LL—Fnéc =557 Eg?ﬁ‘, ﬁc«qw fﬂ,@’%ﬁ?i‘%%@ ,
et § B R K RO e Tt § 03

SERTE M e
Epﬂnég '

n . .ﬁ»;_g £ gmﬁ — et 51} 5

.

ﬂ“ﬁﬁ%%ﬁ&%(” =

o

%é?’@@ﬁ
»302mg/g (% +2) 28 gEBRF S 0 B F T Ereth]
d

A
¢
FHERET Aot At e R FHEAT S AT ALRFEER G

5 .
£ "% 5 0.58mg/g -

R THPFERAT EEALPLF et RN A H(3.62 Mglg) >R F Hris e
a2 R F A F(0.58 molg) >Fe ot e ALF(1.21 mg/g) > R F RriEvers A

BT LA BT R A F A R R BRI (1) R

76



(A)
30 + A

00

20 A

10 A

B

C
LIl D E FF
o 1 2 3 4 5 6 7

Culture time ( week )

Content of chlorogenic acid ( mg/g )

(B)

30 +

20 +

10 A

A

B ceob g £

Content of chlorogenic acid ( mg/g)

Culture time ( week )
Bl P2 v KA AT & i BA AR F et s 2 (B)rerg B (R £t +
F=1)2 SRt B
Figure 23. Content of chlorogenic acid from Cordyceps militaris (Chiang Su)-
fermented (A)arabica coffee bean and (B)coffee bean with rice (Arabica
coffee bean : Rice =1:1)
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fermented (A)robusta coffee bean and (B)coffee bean with rice (Robusta
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Table 12. Content of chlorogenic acid from Cordyceps militaris (Chiang Su)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Chlorogenlc a(:ld Contents (mg/g dry welght)

6.

Week Arabica Robysta Robusta + Rice (1:1)
0 *A24.72 + 3.47at Al1129 ,.+7 23 _ . A3.02 + 0.06d
1 B19.31+1.12a ~B9.96+ 0. 2307 BB 32+"’021c _.? B2.70 + 0.22d
2 B17.90 +0.79a B926+033 c4 85 + 0.05¢ C2.51 +0.04d
3 C16.93 +0.09a 1C6,85 £ 0.32b —'%‘;E;_j.-;.;_..;. /CD4.72+0.04¢ | C2.41+0.10d
4 D10.08 + 0.44a Dzﬂooio 08¢ D4.68 y_r 0.07c| | D1.91 +0.04c
5 E5.58 + 0.25a '\ E0.38%0.03d" E380+0.020 D1.90 + 0.08c
6 F2.30+0.12b ( [E0.16£0.01d, ,F3 64‘+ 0 02a E0.92 +0.02c
7 F1.21+0.02b “EO. 09 +0. o*.td\ h— 7 F0.58 +0.01¢

*: Each vaIue is expressed as mean *- SD ( n =3

Means with different letters W|th|n arow are s\gnlflcant QIfferent( p'"< 0. 05 )
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Figure 25. Content of cordycepin acid from Cordyceps militaris (Yen Tai)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Figure 26. Content of cordycepin from Cordyceps militaris (Yen Tai)-fermented
(A)robusta coffee bean and (B)coffee bean with rice (Robusta coffee bean :
Rice =1:1)
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Table 13. Content of cordycepin from Cordyceps militaris (Yen Tai)-fermented coffee bean (Arabica and Robusta) and

coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Cordycepln Contents (mg/g dry Welght)

Robusta + Rice (1:1)

Week Arabica Rob_.‘usta /

0 N.D. N D.. 7 \

1 *B0.46 + 0.02a# (A0.41/% 0, 02a.;-‘, "EQ\53 +0.01a),

2 ABO.49 + 0.01b A0 42 +0 oeb_;" £ @ W % Dl 0. O4a
3 ABO0.51 + 0.01c A A0. ﬁs £002c [ D159£0.02a

4 ABO51+003c ' A0.45%005¢ . Ccars+ éklza

5 ABO0.51 + 0.01c __EAo 45+0:03c - C2894005a

6 A0.53 + 0.01c | A0.45£0.02¢. —BS 84+ 0:48a )

; g

AB0.49 + 0.01¢c AO 41 + 092" p A4 39.;+o Ola

1
ll_

N.D.
F0.49 + 0.08a
FO0.51 + 0.04b
EQ0.77 £0.07b
D1.03 +0.03b
C1.67 +£0.03b
B2.38 £ 0.08b
A3.59 £ 0.06b

* . Each value is expressed as mean + SD (n= 3) ' A o
Means with different letters within a column are S|gn|flcant dl‘l]ferent ( p < O 05 )
# : Each value is expressed as mean = SD (n = ?<) __.
Means with different letters within a row are 5|gn|f|cant dlfferent ( p < O 05)
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Figure 27. Content of adenosine from Cordyceps militaris (Yen Tai)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Table 14. Content of adenosine from Cordyceps militaris (Yen Tai)-fermented coffee bean (Arabica and Robusta) and coffee

bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Adenq_s_i_ne,C_'Q_ﬂte.nt"'s" "(fﬁg/__g dry weight)

Week Arabica R.olzysjté‘ Robusta + Rice (1:1)

0 N.D. ON.DF/ G 7 75 il N.D.

1 *A0.20 + 0.01b# L A020 % 0.0"1’5 &> B0 \ E0.18 +0.02b
2 A0.20 + 0.00c L A020£001C -.~.\__Bb 294 0. 02b D0.42 + 0.02a
3 A0.20 + 0.01c / A020:002¢ V' B030%0.03b 4 C0.52 + 0.02a
4 A0.20 + 0.01c | 40,2&4 0.01c B0.31 + Q@lb j ¢ BC0.57 + 0.02a
5 A0.20 + 0.01c 1| A020£0.01¢ B0.31 4 0. 02ba " B0.59 + 0.03a
6 A0.22 + 0.00c - Aej 29,170 01cf‘-«, AB0.33 +0.03b | A0.64 + 0.01a
7 A0.22 + 0.00c L +£0.00¢ "ﬁs‘o 39+ £ o 02b A0.65 + 0.02a

Means with different letters W|th|n arow are s\gnlflcant QIfferent( p'"< 0. 05 )
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Figure 29. Content of caffeine from Cordyceps militaris (Yen Tai)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Table 15. Content of caffeine from Cordyceps militaris (Yen Tai)-fermented coffee bean (Arabica and Robusta) and coffee bean
with rice (Arabic/Robusta coffee bean : Rice =1:1)

Caffelne Contents (mg/g dry Welght)

Week Arabica Robysta Robusta + Rice (1:1)
0 *A13.14 + 1.12a# :‘f A9 79 %0, 23b - A4.96 + 0.13d
1 B9.60 + 0.25a < B866+0. 06 - o \ B2.51 +0.10d
2 C9.40 + 0.14a . C864£005h, — — C503+ o 01lc C2.43 +0.53d
3 D7.29 +0.31a ' DB.25+0. 20b— *5:{,‘ -;-:.-:tIMFr 0.01c D1.71 +0.18d
4 E6.99 + 0.18a eya,zlsuL 0.03b E4.39.+ 0. 02c E1.17 +0.13d
5 F6.90 + 2.51a | F446x0. 02b ~ F365%0. 02c F0.75 + 0.50d
6 G4.71 +0.19a G4 39 G410, O4c ™) G0.45 + 0.01d
7 H3.50 + 1.33b 0 ' H0.34 + 0.15d

 HL212025c "

*: Each vaIue is expressed as mean *- SD ( n =3

Means with different letters W|th|n arow are s\gnlflcan‘t (jlfferent( pﬁ< 0. 05 )



bt B R FLEGAT G 0 d B L4 (B)2 Bz L(B)FHER > FE
6K D §enetB] BenrtB] 3 R R - eerte Lkt o d fl2 L4 (B)F ot
Pt bt ek A S AT AL A et 5 R 6T A
B hE O RAE 5 55OMYG(ALT) LT EEARS 0 b

¥ 73k F 3 B 5 1.21mglge ks 0 AR STEveE e RE AT SR

&~
=]
=1

FHRFEEAS  HEF B R AT EM AR AR 06T BB
i’é4%mwm%4l)’a%§%ﬁﬁ/’ EETEFATRZEEL 034

v FE F F&’? ﬁ%f‘“

ﬁ'}?—’ ’gj_—_,_}_\( jg'-._{rh;fﬂ;u.{:pl,c ,pﬂ . .

e AN TS FAEAT e 0 d B2 - (B)2 Bl=+ - (B)F# R 7
S0 KA P BRRM B RMLIERE -2 A keh b o d Fl= L - (B)F 4
et Fene2 B B A AT > SHA AT ALRFEREEAL SRR E R 40K
Hivag” > 250k ¢F B8 557Img/g(EL=) » 218 gEH RS

0.94m

A TSRS EE5004mglgr Lo 6% REF Bl myg)r Rk

ZE oy ARFAEAESRNAT  SAATALFERAL SRR

91



(A)
30 A A

20 -

10 A

Contemt of chlorogenic acid ( mg/g )

B BC
1SS0 D b D D
0 . . S S N — . .
0 1 2 3 4 5 6 7

Culture time (week)

(B)

30 +

20 +

10 A

Content of chlorogenic acid (mg/g)

A A
* A B ¢ C D E
0 . . . I_T_I m m I —
0 1 2 3 4 5 6 7

Culture time (week)
M=+ - VLo AT S HRBE AP e 2 (B)rweng i 5f (P 420t +
F=ll)2. % hpiz &
Figure 31. Content of chlorogenic acid from Cordyceps militaris (Yen Tai)-fermented
(A)arabica coffee bean and (B)coffee bean with rice (Arabica coffee bean :
Rice =1:1)
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Figure 32. Content of chlorogenic acid from Cordyceps militaris (Yen Tao)-fermented
(A)robusta coffee bean and (B)coffee bean with rice (Robusta coffee bean :
Rice =1:1)
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Table 16. Content of chlorogenic acid from Cordyceps militaris (Yen Tai)-fermented coffee bean (Arabica and Robusta) and
coffee bean with rice (Arabic/Robusta coffee bean : Rice =1:1)

Chlorogenic agid ! Contehfs“(mg/gugry weight)

Week Arabica Ro_.bUs'té"'ﬂ'l Robusta + Rice (1:1)
0 *A24.72 + 3.47a# Al11.29 ,.+7 23 A3.02+0.06d
1 B3.61 + 0.08a ~B3.31+0. 185 +022b A2.90 + 0.15¢
2 BC3.10 + 0.20a 3-. CO51£006c -_w\oz +0.17a A2.83 +0.17b
3 CD1.02 +0.05b C0.12% 0 _01c — Q*‘;f\{._ \p221+0i4a’ | B2.36 + 0.12a
4 D1.01 + 0.02b l\“D = I | D2.18+0.08a | C2.03 + 0.06ab
5 D0.25 + 0.01c “} - __;L_ . E197+00la C1.72 £ 0.10b
6 D0.17 + 0.02¢ N:[_D_;; - FLIL006a) | D1.08 + 0.06b
;

D0.14 + 0.01c ND 4F0 94 +_0 ol_a_ E0.36 + 0.02b

*: Each value is expressed as mean + SD (n

Means with different letters W|th|n arow are s@mflcant dlj'ferent'( p"< 0 05 )
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