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Abstract

Cordyceps militaris is a famous edible medicinal mushroom species that gained
their popularity in recent years to replaced the use of Cordyceps sinensis owing to its
ease of cultivation property. The functional components of C. militaris including
adenosine, cordycepin and ergosterol etc., which obtained through solid-state
fermentation, extraction, purification and other technologies, showed great activities in
anti-oxidation, anti-tumor and immune regulation and had currently been applied to
medicinal and functional food industries. Legume is one of the substrates that used in
the solid-state fermentation technology in recent years for the cultivation of C. militaris.
It contains tocopherols, -carotenoids phenolic compounds and has been confirmed to
have activities in hypolipidemic regulation, thrombosis attenuation and anti-cancer.
Solid-state fermentation is a cost effective method when it comes to mushroom
cultivation. It can be operated in low water conditions that resembles to the natural
growth condition of mushrooms, which under proper operation large amounts of
secondary metabolites can be obtained. Unfortunately, there were relatively few studies
regarding to the solid-state cultivation of mushrooms using legume as substrates.
Therefore, the purpose of this study is to use legume as a substrate for C. militaris
cultivation and to analyze the functional components and the taste characteristics of
legume after the cultivation process.

We first optimize the optimum water content for the growth of C. militaris in azuki
bean, mung bean, speckled kidney bean, chickpea, black bean, and soy bean.
Meanwhile, the amount of antioxidative compounds, biomass, adenosine, and
cordycepin produced during 8 weeks of cultivation were also analyzed. Finally, the
tasting characteristics of the fermented legume with the first two highest polyphenol
were analyzed.

Results showed that the optimum moisture content of the beans to promote the best
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growth of C. militaris was 50%, which showed deep penetration of the mycelium into
the matrix. The cordycepin contents peaks at 42, 49, 21, 35, 14, 21, and 14 days of C.
militaris cultivation in brown rice, azuki bean, mung bean, speckled kidney bean,
chickpea, black bean, and soy bean respectively. The hightest cordycepin content was
the C. militaris cultivated in azuki bean (5.99 mg/g), followed by mung bean (2.52
mg/g), and brown rice (1.90 mg/g). The total tocopherols content after fermentation
were 99.63, 62.47, and 44.53 pg/g for the black bean matrix, soybean, and azuki bean
respectively; the total carotenoids content after fermentation were 29.57, 9.82, and 9.08
pg/g for black beans, mung beans, and chickpeas respectively. Myceliums which were
cultivated in black bean matrix produce highest amount of chlorophyll (10.21 ng/g)
compared to other matrix. However, there were no significant difference in the total
phenolic content among different cultivation matrix including azuki bean (226.94 mg/g),
mung bean (235.79 mg/g), black beans (230.34 mg/g) and soybean (267.83 mg/g). Our
results showed that the best matrix for the cultivation of C. militaris was azuki bean,
followed by mung bean.

For the results of general composition analysis. We found that there were
significant increase of the protein content in all groups of matrix except chickpea.
However, fat content increased in all fermentation groups; the carbohydrate contents
decreased except speckled kidney bean and chickpea; the crude fiber content decreased
in all groups except brown rice, black soybean, and soybean. For the results of taste
characteristic analysis, the taste of C. militaris which cultivated in azuki bean and mung
bean had improved owing to the significant increase of total soluble sugar alcohol, total
free amino acids, and total 5’-nucleotide.

In conclusion, the solid-state fermentation of azuki bean by C. militaris is the best
among the other bean, followed by the mung bean. Furthermore, the C. militaris

fermented azuki bean and mung bean improved their taste after fermentation. The
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results of this study can be used as a reference for the development of health-care

products related to C. militaris.

Keywords: Cordyceps militaris, legume, solid-state fermentation,

functional components, taste characteristics
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Referred figure 1. Chemical structures of bioactive constituents in C. militaris.
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F¥Bte o ¥ Frd] B % 537 45 F(Bacillus mesentericus) v #34% F B - 2 X ¥ 3%
1+ fFj(Bacillus subtilis)~ % ¢ % 5 & &3 & % 5 k& # Lo/ (F F02006)
Bk B A R B RS ES R  4E O S 8 & AgNP (Silver
nanoparticles) > #* & = 3 575 -k 2 {o iRk i RFS T RARZ FipFEE(Suetal,
2016) -
N

Fzﬁuﬁna&7<uﬁﬁm’-%ﬁﬁéﬁ’ﬁﬁﬁﬁ%ﬁﬁGQ‘
Z e a(TG) ~ K% A& #; 3% (LDL-C)frik M & & % (VLDL-C)z % # -

=
—\\

B 55 fpiE% (Jlanetal ,2011) > 7y Ay dg A AKX 5 pET SR &
£ 2 OFREP g B 7 £ (Jiaetal., 2015)

cFe
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11.

FIHERGESTZAF AL BB - B G AT A8 7% s b
2 g (Park etal,, 2011) » ¥ A A F4M2 ¢ BBt > VR B § § BN
@ iea E % w42 (5% (Jingetal, 2014) -
TG
Friphgd PATHAETIH G238 8 & A% FUMz o f
EFop o8 ) BTG L5 RER® 5 ¥ g RT 5 KT & ftF § (Blood

“4

urea nitrogen, BUN) % i /5 #fi& fH(Serum creatinine, SCr) z € » & % & 5 &5}
’gﬁ'\p‘. B ¥ % (Adrenocorticotropic hormone, ACTH)* A " fi#(Cortisol, Cor) z & » j#*
A T AL TG 2 (5 5 2009) et ko B G B AR FF A E
I AME o = B A& S [ 3K S BdefoiPpd 5 Po0e 18 0 § % M Sk § o
fefit~ fRpefode 2 & 0 Bor & iR T AR § 2% (Jing et al., 2014) -
hoB T A

FraER >y fHiee? h » PRTIFMLREF > PRF ] CIFLE e
8 4p % 1447 & H(Major histocompatibility complex, MHC)z. % JLE > 2 7 § #F

‘biftte F-v (Ovalbumin) =3 s 2 (Shinetal., 2010) » ¥ #23 74 A S /] &

FATEPEG TS S o e MR B T A B e R
v IgG # i (Liu etal., 2016) -
gowien

F 74 B X F & F 3 % -a (Interferon-a) £ 55 v+ i (Ribavirin )% 4~ & & #
* 0§ C 357 5 # (Hepatits C virus) & F Frf {8 % » 7 5p [ 354 1« 2 5% 2 3
4 (Uedaetal,2014)c ¥ 75 A3 Bon A B % 5V "% MOFRR2 A el powx
ki 2 p*(Alanine transaminase, ALT)2 7 € (Jiaetal., 2015) 5 ¢+ b » #7335 4102
FAFPMAFEIHG LA R REFHLA AT T RES L A
i 7L4p 1§ (Zheng et al., 2018) -
s

FrFRAATRAERERT A G DT 2 R0 A fERF 0 i 75



12.

13.

(=)

W5 4k 7% fF 39 (Plasmin-like protein) » 7% ¥ 1% 5 5% & 3-v 73 B J i A
(Plasminogen activator) » &t K f# = fA 2 3y Réd(a-~PBfcy) > EIIFFP = 27
= 2_%x % (Sun et al., 2017) °
Pk & AR

FA 7 Ap A F 8 T LPS 3 & 1% 45 1 (Acute lung injury)] & 0 F
Fo) BUW 2 R /50(W/D)Y 5~ BgiE ¥ 1Y 4~ s (Myeloperoxidase)iE Mt~ = fE 7
22 4 L %S TNF-a 2 IL-18 g £ Bm A% R 7 Hd & OF Ricg MRS 4o
#1o dEe] Rz F 14 aE i (Leietal., 2017) -
WA A X

FPrERRLHTERNF T A8 GBS MEL 55 7115 24-

oy
m

SHAFAL FHE CHIBL6 | BuBactil L s ) B2 Tlwre 2 8% < iz ¢
e RAFAE o BRI A O (Hyejin, 2015) -
AXF2 S
AFFAMATE IR 2 Pa s v B 5355 43058 fipf—f'—pf%’é

=27 3% 3w &= (Jeongetal., 2011)~ e a2 (Hsu et al., 2017)3 & & 54 H o e 4
i 5+ (Dong etal., 2019)% # it - *fBl= ¥ Xia £ A 2017 #E N2 A X 22 4
FHSFIR e &= {Zﬁlj{ﬁ(Adenosine)F# b5 Jed AT Cns3 £ R IE® > 1 s
(nucleoside/nucleotide kinase, NK) i# Bf]"\ HHpL 12 ’Jﬁ'{ # = #ifk(adenosine
3'-monophosphate, 3’-AMP) » 3% 3% L ] Cns2 £ L 1T * > 3°-AMP & it = 2°-5 A
-3 ¥ ’ﬁii’_—f(2'—carbonyl-3'-deoxyadenosine, 2°-C-3’-dA)> B L 5d B RF B
A F Cnsl £ mie* > 352 B % 2% (Cordycepin, COR) ; ¢t ¢ » Q;F*I 7w s Al F]
Cns3 % R IF* 7T > gifk 1 4 4 # i (HisGtype ATP phosphoribosyltransferase, HisG)
i# ’JJ]T\J’ET” A5 7 & s 7 (Pentostain, PTN)» ¥ #f #7is 7 (PTN) ¢ $+2 % fis(Deaminase)

A 4P| 5 v AR E 2 WA L 0 ¥ % (COR)E_ZE 52 i fiFg(Deaminase)
£% J "% 127 2 (3°-deoxyinosine, 3°-dl)> & 4t & Jis = * o B & 7% #f #1is 7 (PTN)

2% 0 FOEANIER ALY E M f2a 4 (Xiaetal, 2017) ©



-nQ
- o

N N
¢
HO
\\G/N N/ HisGICnsS \\O/
. ~ T PRPPiATP
HO
PTN Adenosme
Cns4 5'-AE-A -3’ —MRNA
Outpumping MRNA

/
degradatlnn \Qﬁ

NH-
9 0
HO
o/ "
3'-dl

2',3'-cAMP
OH
(o] NH,
N N
</
HO
v
\\O/ Deaminase?
H

o N “/)
Cns1
OH o
COR 2'-C-3'-dA
(Xia et al., 2017)
MR-~ AR E A S EHIE

Referred figure 2. Cordycepin production mechanism diagram

10



Jan
$
*‘-"1
rﬁ
«D_
“;_
e
&
oy
Vq,
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fa
s
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T
;
gl
¥
FS
patt
T
;
s
|
T
5
P
¥
e
3
B
5
NS
7
i3
Jan
ra

(s
Lo E(ZE2008) PRI KT 0 BAL R F Akl & FH e pp s £
THAERTRF CEPF . TTHABRPAS Y R B
Byl ¢ AR BEHECEF TR SR
F

=
FE 0  JMasgvASLR? o E %y

7 Fus L qediF it # i (Murphy et al., 2018)
) &
1l 282 8H32 L%

LEXfiAkE o fiF S d o G e 4 T (Plantae) ~ g A4
(Tracheophyta) » # ¥ % (Magnoliopsida) ~ & B (Fabales) + & #(Fabaceae) ~ g1.&
A (Vigna)(Greene et al., 2005) » 4 & 2 F 309 W(EFH, ~ Lt ~F 77 T L
ATHEIRBEAC) R SPEEZE P AZ DFFBEBO)ELL R

ﬁ’-ﬁi’;“]qﬁ ")‘;E_ié(\’ ()()5)0 ‘:;PSP'Q;%'/“%_C%-{:J \gﬁ\i \?’g‘%‘ » B OES

™
45

B AR E R SRRk T B A (R R 0 2018) -
N R T S E S T A N N R
EAEE(CE 2017 -

(K

Jan

e
3

AN
k-

BRI AN 0 A g d AT kL
Ml AR R LA (S E 2014 TioB Y i b B G A ¥ £
o 3 Fv 5PRE S 4 IE M hots g BR(3E > 2016) o

ZEp Ffj*u?r}t;’&; EA2 a5 Ao fdeT !

g Bk S BEE § ih DPPH A 4 87 o B 5 RS § 414
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A2 4 & R 4 (Yao etal., 2015) o
@ i
FEEREE S PRt T F e L BT 2 R0 T

¥ 7| K2 7FpE(Wuetal., 2019) -

BB PBPEILF

% 2 44 i (Plantae) ~ M & 44 ® (Tracheophyta) ~ * 7 %
(Magnoliopsida) ~ & P (Fabales) ~ & §(Fabaceae) ~ e fh(Vigna)(Ganesan et al.,
2018) - FimwAF ha TR Fe RAYEFRfrEd s dlaqg s HA & div |
R 3 REORES AL B RO RBAEA TN ER T R A £ K
th+ 5 £ & A4 (Kangetal,2014) o %2 23 Fd T2 X -FHPFTEF R
PEFI-FLFETREER ZATETDIES(IE 02009 2T (*
EHp) e THEBERAT o e FA ak G A1 “ﬁ?”gﬂf » BF
FORE R o AT R XA 2 ER CBAK  RET MR T A

———"77_%‘0J

L EE2Z PSR

R rid bR e o S EAE - MEF R B RARE (Xieet
al,2019): & @ HESAT LG O E iR BT AR
A fefug L2 8 * (Pengetal., 2019) -

B S-FICE FY:
% B ehd TLIE MR A e
(1) s

S8 ¢ gk G pEdrd A Lysine F M P B33 BA A BE & L5 mTD
2 fﬂ 08 B4 5 e s i dliE s @ F 5 MR 39 78 (GRPTS) s Bk
Ve o m YE Vb ",’—lei‘ﬁf?g ¥ 5 DS 9 78 (GRP78).% &%

WIFPWIQL 2 mTI shf & F-v > 2 f & Fv Frd| 8% v % fpime ohd £ ¥



3% H % w2 &= (Chaoetal., 2014) -
Q) ¥k p

Fyipdirisk e 5 A F 5 Y Rhizopus oligosporus 2 % i8> B 3fs 7 £ ¢ &
% 0 ¥ L-DOPA 7z £ % 43 1“ /B0 ¢ % » & m & 3 $Hlkk fe fod P 7 g 4%
Fl2-drdle VAR 3 dp I M BIp s ¥ 7 > F 3 7 BE Dok fErrdliE e
2rggd L-DOPA 2 £ » ¥ 3 41s0k v &3 3 E (3o % = B Aop) 2 KA
(Randhir et al., 2007) -
(3) "FaL R

FEERAFE 3 3kDaz % §d FokiEd o L drdliid B Bf&E-‘%
148 4 5 (ACE-D) ; % ACE-L & ks> § 0 b Fjedp @ § b et =
% it id PR o B kS (Xie et al., 2019) o

) =

1 “e2 gz od

(

la]

I

- & &> a4~ & (Plantae) ~ 44+ {247 * (Angiospermae) ~ B+ £ o4~ %
(Dicotyledoneae) ~ & fic P (Rosales) ~ & #1(Leguminosae) ~ ¥ & /; (Phaseolus)( ¥
HAER%HL ¢ 1995 Fes-E42 T A i » ¥ id hff i
g ZRMTER(FR2004) c RAY @ EH P el L P

mAENZTHRBELG RS SRR ET AW NG EZ - 0 3 &2

Afediv ¥ F R IEd M IRDFERE Y 7 2 f fod B 4 (Siezetal,
2017) -
2. BB A
CEZIEROEME A5 k2 7 BRE  LAREEoRgF LE 8k

(B % 52016) 4T ~ 4 ~ % Gk~ w2 & Bifod i > 7 AL § MGH ~ TF
Bitass HeEF g BE PR T RE TN B RE A

(B> 1997) -
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3. =

Jeus

2
“~

|

FRFME

(1) e

FEgdp TR bR 00 80% T FE FTE 1554 dhack 0 Bk & 12 100

mg/mL i3 ** = ¥ 2 & 7 (Dimethyl sulfoxide, DMSO) ¥ » % % 77 & § Frf|E j

SHHEL Er 0 T (F L % RAHLEME & 55 AL (Gan etal., 2016) ¢

@) bk

P ERAITE Y T A4

I

BY ARG & (CHL) > 3 4 27 J F VR b
#2 (CN1) 2 ¥ ‘w2 (Hep2) £ F #r43 Eit* > H ICso & 5 50 uM; 4+ #F > CHL
¥R 5 Ul Jm #2 (MCF7) 2 3 i (Pan etal., 2015) -
(=) B¥E
1. }ji;vﬁ: EEFPELF
e x L2 3L FMAF A3 92 - o2 i F F 4 B (Plantae)
M {54 F* (Tracheophyta) ~ 4 jif % (Magnoliopsida) ~ & P (Fabales) » & #*

(Fabaceae) ~ -+ & fh(Cicer) (Esmail etal., 2016) o #* a2 % & » - g2 Flis E
T s 2l Fp s A fdr - A% W qes F 4 % pE(Singhetal., 2014) - & R
foo AR d A& Py Hd UERC AAFEH L AR AE F 23R
66% (Archak etal., 2016) - FH B 24 L 2 44 - ¥ 53+ #oE ¥5 4
R0 F AR B T2 LRI FRFZ VT R oy i
FEICOEEER AN S LR S EL mEF R BRFE F A4
FE st L A4 A P RE(E 0 2018) -

2. B B2 it A
B S 39 7 RAPHRE > L& 39 TR R ~ 9 i ok
(Changetal.,2011) - &+ ¢ 2 5 25 fik » # 452 % A(biochanin A) ~ ]
i= % (formonoetin) ~ =% = 3 (formonoetin glucoside)~ ¥t & % # fi2 #% 4~ (biochanin

Aglucoside); @ # % A & F FL il ~FUR{o'# i Fq chrs i (Wahby et al., 2017) -
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N

3B 3 A
(1) Fevy-fg5in R 2 ] ie ™
Y-S s R S ATIT S B ek G o B E RPN 5 g

ERFER OFLEE FETRY LFHHERIA] PV EEE O —
Fr HoO2 § i 45 B F o RFrdlia e > 185 B3FR S ank F 53 f‘b 2_ ¢k
T g B e gksk *5(GSH) ~ 42§ 1 iF(SOD) ~ i § 1t & FF(CAT) ~ 2% 4 i
§ L ER(GPX)% fif 1A 3 k4& B FuF 1Ak i (Sayed et al., 2018)
(2) Rt F mrr A

3 #RE% 2 75 Medicarpin (Med) » £~ &g fEt 4t % 5 § Med
ER I 10OM pF 58§ Frepipek s 48 (Estrogen receptor) i€ 4 fm e 2 it fr
s o w2 B F § f 3R (Bhargavanetal., 2012) o
(3) HaHs v

FPriph ez 9 7 KA > B BISfE2 5 CPe-II - ¥ 4 373
% m% MCF-7 fr MDA-MB-231 £ § #rdE 4 » 8 Lm0k & ECso B4 % 5
2.38 4= 1.50 pmol/mL 5 ¥ % CPe-TIk & # 4r » p53 39 € “E2 K 4r + 7  »cfr
IEE ﬂ:ll)ﬁpm *z crdig 78 (Xue et al., 2015) »
(4) it

FRHFREEEITRY S K FRPERM vz iy b iy - MRS R

GOREME G BT M e A e A R Hed T R S S

CEHRRERSF AR AESE EY BT B 2B s L B RE
EomRERF L BAN IR Pafidgd AR L EREASL T NS

AR T OF B B2 e T REZ R F (5502005 282 FEY

i
B> 44 B (Plantae) ~ & § & 44~ I (Tracheophyta) ~ * f# 4% (Magnoliopsida)
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& p (Fabales) ~ & #!(Fabaceae) ~ ~ & /(Glycine) (Badole et al., 2013) o 4% fé =
A EH G EFNE B HF IR 2RO F A AR AR
wgr\:’[—;a] f}zfrﬁ*nbt_l@[‘]—g\ tlﬂu;n B & gn »h_n
POl 2 A A2 -2 T ARG ERF S A2 AR £ F S Y WS
}3:&(Fehlenberg etal., 2017) - ~ & & 58 %0 -~ & ;5%47: Firg g
R ¥ H A5 7 £ LK (Jayachandran et al., 2019) -

ZeE-fH i fAA e aRd AT kB FTFE
tfed? ¢ EMpsd ~od ~ FI A5 (Ryuetal,2018): et 28 75
SREFCE &P o4t 2 2 5 Ak (Kurimoto et al, 2013) ©

FEA-FAEFE DR T KRR 73 RS R A (X Zhao et al,,
2018) 2 EP F Leg B/ &> @ ‘éi}?‘}é ~EBR - FA ‘E’jfvfr'i?iéﬁ » 5
1R EASGHICEFLR TR EF AR - AR T

FiIES WG o kg B g £ ? (Daijieetal., 2019) o
x
.

G @i F BECESH SRER e pu MG
R KT RIS T LG LA R LS SR CRF L F
4 S ok B Rk 4 % ## i (Ciabottiet al., 2016) -

(1) "R
mﬁ&}é@%ﬁwwiﬁﬁﬁ%%“ﬁﬁi%fészawwWw
1 % &0 0 = A& E (100, 500, 1000 mg/kg weight/day)&& & 15 5 2t Fr

PR B EY P F B o B B(SHR)A # "5 &z 7 * (Jianping et al., 2001) -

ht!
o+
=
ey
Bl
Jeyt
IR
o
1
ki
¥
|
F

S R REREM A Z B o Honk R
G RE R w7 lTE,l, ¢ iR m e

TNF-0fe [L6 A FIZ R E 5 2 ob » o il 715 [L-10 2 £ 2 » B30 8 %
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4@ ez JR* R4 P # 5 & w)(Choietal., 2015) -

3) b & e SO AR

BRIk &SR kv RA S 5 ¥ %2 Carbidopar T 5§ 2 &%

%ﬁ*
)-\

ﬂl‘—k

Fak g 20 TOREHER R EL RN A EEE A AP R
4 (Nagashima et al., 2016) -
(4) T
F g mRE e W S w dedl B Reh E oo )RR fodrdle ) R
it (Kimetal., 2011)
=
(-) AREFmELE
TR P AL G S ARPERR . FIRMA T AR AT 7 g
R gg ek s kL s dend & 2 (N HH(Pandey, 2003) © FHE A TV R B2 &

AEFEITTE AR R EHE I R EL oA BT 2 BB A
T F B ikjied 524 K (Mitchell et al., 2011; Osmolovskiy et al., 2014) - - 3

HEETF e R Ko A A B Rt > ¥ R g T3 & 4 (Neves etal., 2006)
T i i R Bl de (&0 E (Mitchell et al., 2011))

B[ = =777 (% 2 @ (Mitchell et al., 2011)) » #- BB cnF] i AL 7 &2 FAER &
RAMA LR RSP AT HE A 2L B8R AL FS w AT AW I A

24

%
fe

NS o §OF AR R AL T & Bl Aokt Bl e o7 (132% p (Osmolovskiy et al., 2014)) >
BRTELELEAT  ASMLE ¢ RATI B h 2 o AN L £ AT
iﬁﬁ%ﬁé?%ﬁﬁ;&?i%iﬁﬁﬁﬁéﬁﬁ’&%éﬁiﬁa@%ﬁ
Flais = SAPHE S B S ET R B - KBS EF A HY o A
TREAM-RATF SRS F R
) REFHEIE
REFREZ TRMAY kA Z R R RMATERE > BB Y

BR o ﬁ%%kmﬁﬁﬁégda@wzkﬁigﬁﬁ;g&%ggw

(

1y

3

2 d? s P AR HE N ‘”“"3 & * gt e (Mathew et al., 2016) -
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Moist solid particle: Beans Hyphae

r

e~ A=l | 1] -1

(1% #% p (Mitchell et al., 2011))
HRIZ - FEE T LR

Referred figure 3. Scheme of micromycete mycelium with a solid-state fermentatiom.
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0, CO,

Aerial hyphae

Aerobic layer of mycelial mat

Anaerobic layer of mycelial mat

Penetrating hyphae

Solid state substrate

(12 # p (Osmolovskiy et al., 2014))

B A AR LW
Referred figure 4. Microscopic scheme of micromycete mycelium with a solid-state

fermentatiom.
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(2) ARFEEREEELR
Kosseva (2013) 5532 B fi 3 s feip L 52 £ B+ 4o d— %67 » AL 2
ZEARTTRAT RN EL A AHAE TR R g A i E kA
LARFFMEP LB R L VHRBERT VL S8 BEAD
Fodk E(PH) ~ AT ER(C) ¥R F TRRC)~F 4 B2 KALZHY - 9 &
AZAIMER o FRFRET R AL ENEOTE > L R FF

&

KBl A2 ACR AL F 2 iR AR H K kD b8 & B o
B £ e e & A A RARTES 4 £ ART L A FMER RS

-

>

¥
o=
Y

d*

S E R0 A F TR FRER R S F kA § R 5 S A
BIAREERT o A FARIRT R G EA S DRRIS o T FEERY FH
PR FL SIS T RS R BRI ATE A A RE
(r) AGFRELIFFTEZRES 2
CIRER S e
(1) w3 E 2

b

& - 1873 # Louis Melassez 28 F? m 3R 8 E » JL 1 B 5 8 25802 2 R/

T P ECE AT LRAE P S i SRR P E
23 -BARO0Imm- &) IXImmeni 2 o RRPAZ2 B3R FLH
¢oamA G 16 i 0] $25(0.05%0.05 mm) > w=# ] 88 A 5 0.00025 mm? - #-3
Hed ek i 0 B FPRIFRLD A el AR R 2% B 412 2~0.01 2 7 >

LR SR T DR AR B A o AP g PR SR~ 0 B (S E L F Y (22%22

mm) > BT BRAT e SEBER 10 B S R AR 160 R
2 pcd pr Gl Bl R 10 fhx 2 2 T ok WO E RHAR SR L LR

—=\

#(Moll et al., 2016) -

iﬁkﬁ%iﬁ%@’ﬂ%éﬁﬁﬁgaﬁL
MHENPFERZEBAHY [ BERD

)
=
W
i
du
B
&
RN
it N
[
Rl
“&
% 5
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M-~ BRI E R R

Referred table 1. Comparison of solid and liquid fermentation.

Characteristics

Solid-state fermentation

Submerged fermentation

Microorganism, substrate

Water usage

Oxygen supply via

Distribution of parameters

Parameters controlled

Inoculum ratio

Intra-particle resistances

Bacterial and yeast cells

Product

Volum of fermentation mash

Liquid waste produced

Physical energy requirement

Human energy requirement

Capital investment

Static

Limited

Diffusion

Gradients of T, pH, Cs, Ca

T, 02, HO0 (H20

critical)

Large

Exists

Adhere to solid or grow inside

the substrate matrix

Highly concentrated

Smaller

Negligible

Low

High

Low

control

Agitated

Unlimited

Aeration

Uniform

T, O2

Low

No such resistance

Uniformly distributed

Low concentration

Larger

Significant volum

High

Low

High

21
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P A |

o AFFREARI A TR L HE R SER K Y PET RS TR
e @A H A Y s doenE E S lic(Achilleos et al., 2017) -
(3) BRI

FI* o F JTF R ? gt F o FFTIVIE 045 pm & R 0 2

7
“~

GHREHBIREA RARY ST EERE RGP KR T

|

# i3 s #cE (Lathetal., 2019) -
£

s e R PETicA P4 R E R Rz - BT E D 2T A G
Bl - FEA AR o M RE S e F 0SB R R A
Bio 2 R AL 0 F @iz g ¥ - s dmiE 0 ot R AT SR

AP0 LAY E GRS R ERER T UGCE R RT BN 2B

\\

W2 M E 0 BT

(2) W RR T

7 )% ¢ £ (Botella et al., 2019) -

kR RIFRIE AT PR o RIE RE R R YA E 600 nm
TRIEFAMZRR TR R ERAS OD o 1% A ERIRR A N T
Bk B o A WARE A 2 (0 (T BRIR SR Rl 2 I RSk 2 OD ek
B ERE R (FRE > 2007) o
(3) Tre4miE

Med A BRI g RE R AT THES T Aok &5 i
bR S T REMS T LB TR R PR E A A
THEMEAF 2T GRS T R BT - TS B
R R R @ a2 $2 7 B (Liu, etal., 2011) -

%x

3. AR R
(1) ATP # 44 k5 g2

R ] “ )

v CEFERIEARE 0 F Wk E BN L E AT AR T » ATP &2
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E L B i L AR S EE TN LR SRRy 1

S AN AT

luciferase

ATP + D-luciferin + O, ——— AMP + PPi + oxyluciferin + CO, + light

ATP G- fe &4 F 2 75 FHM2F o ek ~ 14 ~ o~ (22 0L A
ey R R FAIR QSR A ZERIT 0§ ATP 7 24X 0 B4
7T Hed & 4% 7 (Nguyen et al., 2015) -
(2) ™ & priEliip Tk
FUprfoape s f 24 F 3 Loho LR E HY BRI pEHRG
TR @y P RL AR AT BRI R LER
F b R E e E T U F Rikd B 2 B s ch A B 4 0 R E Rl
AZdr o PlEF R A 7 EARS (3 F 0 2011) ©
(3) % # H#PF P T2
FLipdFt I EdFE gD R 25 2RI 4 ol
T R 30mL 2 P E R B R R R A35CT S 2 (s A
£ I pjg T ¥4k 3 47 £ (Polarographic oxygen probe) s & iz » 5L ® 0 B 3L
LA F R F § BACE N R RS R TA O E R T @t 8
(Gikas et al., 1998) -
4% pALY HAR TSR
(1) 2 peteinli2
F1* DNA fe 2 & #F 63 50 R & fes@ 4 5 & (Polymerase Chain Reaction) ~
{578 1 64 9% ~ $F({iPCR ~ LAMP ~ NASBA) » # DNA # RNA #c % ¥ 4t 12 1§
Rl %X E Feh2 2 (Songetal., 2014) -
(2) % & FfRR L2
P4 HMAL R AR DERR LRSI foy R e &
FA R ELIAL L S EVEFEFARERATINL AT E

FRO LSRR A P ARSI SRR N S AABE BT
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B 4 o1 F) 56 A8 2 £ HiRA%4F (Nurika et al., 2018) -
(3) # & #EimRl L2
FEMreiime B S0 AL S A2 4 F R R o fI §EBEE
TH HRFMETALZ AR RN LT PR E 2 % (Scotti et
al., 2001) =
T~ SEY G2 RPN
HRA L et B DAL oA RS T &G FARD R R A FeR > TR
SIEFPEFE SRR B ARz FRFGY 75 EFH AR ES o e
% fi% (1-octen-3-ol)fw fit (1-octen-3-one) (Maga, 1981) i ¥ g#rh 2. E R FliG P 7 7
BT e A 4o A ARG~ PRdied i o 5° -4 3 (Litchfield, 1967) « #
T M hA A A HdeT
() T B
W
$8 (Lazutkaite et al., 2017) o @ &F#g ¢ cnpgag L 8 5E ~ 0P ~ B 55~ 7 pE{obEpesg
B G EReRFEag Hppd{omtsg  H 2 RGHEA R o Hp{oRia
Me §F AR P HZEEFIAMME T TR ABRERY AT ARA 4T

IR F e X A ERER X 0 m PR R L - B

nh

o

1 (Mauetal, 1998)c 5 st 2 o FFaE 0 fE BB A2 > Bk fifis g4 1@
TR IR ERR 0 4o fg s i (Tsengetal, 1999) o 72 4 A7 > A&+ F HE T &
Ao PR BRI R LA > T A RINEE 2R 3 LR deigin A
T SRR s BT B8 F4A Y R RS & H§ b (Trehalose * %75 Jedi) -
Tl 16 2 AR > PR fombit L ¢ g2 b AR OB ET
s P &g (Yoshida etal., 1987) « L cnv A e 2§ 5B FB -PHBE -FL
AR RME MM AR ST RN TV L2V BB H B
(Mannitol) (Bano et al., 1988; Denter et al., 1998; Hammond et al., 1976) -
(=) wHrEAR
G530 Y 93 20 AR I MRARAT A AP T ek T el e
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mAA o Hi E'Jﬁﬁiﬁ“v} LB F o SRR AL L FRAR > £ 4
f8 0 ¢ 35 9% (Threonine) ~ % %&pk(Valine) ~ ¥ £ tiepk (Methioine) ~ £ o J&pk
(Isoleucine) ~ v "<f&(Leucine) ~ ¥ (3 *<fik(Phenylalanine) + ¢ %=&f%(Trytophan)
#pveps (Lysine) 2 e v=fk (Histidine) (Miles et al., 1989)c & &-¢ % vk 22 vzl % 2
BAG M el S G o el R RO & A e UE S S ek
g KRR~ BPEE G 2 FIRR AR FIZ G T RURE LA G S B o Rk
[ Jeph & 3f ¥efL(Schoffeniels, 1970) « # 3 dp 11 & ~ Spfepfadt 3 ¢ > 4 & Rd
Fe LA VREL ~ BEVRRE S PORAEZ BOREA G A 4T PORAR T RRCKAS S A
(Zakhariev et al., 1980) o fgm % 384 » 7 F X FF ¥ filie ~ §0RE 2 SR 3R
fiz (Ogasawara et al., 2006) o & * ¥ #g$84 - H 2R M it & 5 o hopflrieil
e~ S -Pi B s B~ SRR > AR B0 e 4 vk i (Mau, 2005) @ &
R AR A § RS
bigfs e ¥ Fidseps B 0 (Chang et al., 1989) ; 2 7 dic L g B| 14 4% %iepé (Glutamic

T VA E@%ﬁjﬁ‘ff’é’;&& AL i SR

acid)be £ &> 7 &2 aAiv* 2 4 vkl (MSG) & GMpirekcnd & K2 - (2 5>
2009) -

Gy AT R RS J IR > 3 Efox ek hra 5 ¥ 7 iR
faz e & RN L B anh vk > AL VT AT IR AR R L2 B %
(Kaya etal., 2008) » #4541 5 F 2 b vh 22 HoRflph i & 1 ¥ 87 hbl % o 4ot
B2 T HORAMA B E  H RfcRAr BATE S BN TR OB
biefe(Met) ~ £ v "<pi(lle) ~ v ¥=fa(Leu) ~ F 3 #=fk(Phe) ~ #iefi(Lys) ~ Jeieps
(His) ~ # & fe(Arg) ~ & "Rpk(Trp) ~ fit "=k (Tyr)fr 3 %k (Val) ¢ >t ek e fh i
(MSG-like) & = F* * »&f& (Aspartic acid) 2 4% ¥%f4 (Glutamio acid) ; &> #f ek =ik
s & p*9%p& (Threonine) ~ %i =& (Serine) ~ 4 *=f&(Glycine) ~ 7 "=f& (Alanine) -
b2k (Proline) ; % ¥&fiz (Cystine)fr s =pi (Tyrosine) 3 & v W& L ps > ¥ v "%k
7 F& (7 -Aminobutyric acid, GABA) 7~ §_a& v (Chen et al., 2018; Yamaguchi et al.,

1971) « & ferefh e D-% L-3l4p $hed & 25404 2 0 D219 L-3) B fpoish it
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Referred table 2. Tastes of L-Amino acid.

Free amino acid Taste attributes Threshold value (g/dl)
Aspartic acid (Asp) Sour 0.003
Sodium-Asp Umami 0.10
Glutamic acid (Glu) Sour 0.005
Sodium-Glu Umami 0.03
Glycine (Gly) Sweet 0.13
Alanine (Ala) Sweet 0.06
Threonine (Thr) Sweet 0.26
Serine (Ser) Sweet 0.15
Proline Sweet

Hydroxy proline Sweet 0.05
Methionine (Met) Bitter 0.03
Isoleucine (Ile) Bitter 0.09
Leucine (Leu) Bitter 0.19
Phenylalanine (Phe) Bitter 0.09
Lysine (Lys) Bitter

Histidine (His) Bitter

His-HCl Sour 0.005
Arginine (Arg) Bitter 0.05
Tryptophan (Trp) Bitter 0.09
Tyrosine (Tyr) Bitter

Valine (Val) Bitter 0.04
Cysteine (Cys) Tasteless

v -Aminobutyric acid (GABA)  Tasteless
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Referred table 3. Sweetness of amino acids relative to sucrose.

Amino Acid L-Isomer D-Isomer
Tryptophan Bitter Sweet (35%)
Phenylalanine Bitter Sweet (7x)
Histidine Bitter Sweet (7x)
Tyrosine Bitter Sweet (6x)
Leucine Bitter Sweet (4x)
Alanine Sweet (1.5%) Bitter
Glycine Sweet (1.5%) Sweet (1.5%)
Arginine Flat Slightly
Aspartic acid Flat Flat
Isoleucine Flat Flat

Lysine Flat Flat

Proline Flat Flat

Serine Flat Flat
Threonine Flat Flat

Valine Flat Flat
Cysteine Sulfurous Sulfurous
Glutamic acid Unique

Methionine Sulfurous Sulfurous

(Kier, 1972)



(

T

)

L B Rk b L7 ehé vepi(Trp) ~ ¥ 7 “efit(Phe) ~ & %%k (His) - it
Mgk (Tyn) % ¢ vepi(Lew)® 3 2k 1 8 D-21B 3 0% LAlek 7 L-207F 9%
(Ala)E 3 &k ¢ & D-A3]p# ] & 5 ek (Kier, 1972) -
PR

Sy m’ﬂf]lﬁEf fi% (5’-adenosine monophosphate, 5°-AMP) ~ § # &
(5’-guanosine monophosphate, 5’-GMP) ~ }  f&(5’-inosine monophosphate,
5°-IMP) ~ Ji 3 & (5 -uridine monophosphate, 5’-UMP) 2 3 3 /it (5 -xanthine
monophosphate, 5’-XMP) , »t # vk 4= B 5 @#vk sk d % 233 0 & A L 5-GMP ~
5-IMP ~ 5°-XMP ~ 5’-AMP ; #p#0 = f6 & & & okt ~ 7 - o o ki B %
%{%w&’iaﬁﬁ&?#ﬁiﬁ%éﬁgﬁém Z oA (Purine) » * *t % = B
B G R BRSSP T A o A A R § 8
# v (Umami) (Komata, 1990) o
FER P A& G HEL(S-GMP) ~ A (S-IMP)fe R H (S -UMP) 2 4 2P 5
HREGFILEm E$RA 2 T P f0Rpl it 49 & 2 4ok 7% (Synergistic
effect)m 2 4 7R vk 4o p i—}'fr;ﬁtﬁ'fr;i BHPE YV HRIRELA 4 de gk iTH
AR 5 SGAE enE ek kR (Yamaguehi, 1967) e PR EF (F 5 Bwk b ehgEfeR 0 H G
B dg & BeAd FORER o PRI B avRiE o dofivR 2 FeR o PR
A ?ﬂT PanBZEAIE oA LA A2 piERR R G M Aot
R TR 0 WRIRAM (Aof M RELE XUt dRpk) g B S R (Ior HE S B H
fis % Hﬁ{ﬁﬁﬁ)é_i Sk TE* ¢ @ ek 3 9 (Yamaguchietal., 1971) - ¥ # 7 &7 »
FoEMA I pEE 4 f2 RNA - @ @ 3 fEEARY A 2§ eR %y e (Yamaguchi,
1967) o

Yamaguchi (1967)#% I sA 4 (MSG) & B H f&(S°-IMP)ehde sk 18% + % 11 7F =
23 & o

Y=u+ruv

Y% : & W gEck o EIRE gk E2 kA (MSG)k A
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Referred table 4. The relative umami intensity of umami amino acid and 5’-nucleotides.

Umami amino acid Relative umami intensity

Monosodium glutamate (MSG) 1
L-Aspartic acid 0.077

Umami 5’-nucleotides Relatuve umami intensity
5’-IMP 1
5’-GMP 2.3
5’-XMP 0.61
5’-AMP 0.18

(Yamaguchi et al., 1971)
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U% : i3k ® MSG kR
V% i ? 5-IMP kB

r: % #1218

d Bk Rk S B R P IR E G A IE T 0 T Ml et R 4 v

F oo g A T 2 e A S 75N

y= Z ab; +1218 z (asby)(aby)

Y © % W #rk ik R (Equivalent umami concentration, EUC)
a; @ WeRIRA R 2 R R

DA YR R R

byt & frRiRA R MSG 2 Ap ¥ #E R R (i e )

D pErR P PLst 5-IMP 2 Ap $hdreRse R (Mt & )
1218 : % #c
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I T
BART R - BOGEA RL AT ORE ARF N IBTT T
BREG - A RHAL KR LARFHAT e BB R ERAS
P M AT NS FR, > BPECRaM TR Ry

-
Bl

EX]

wg%fwudﬁiﬁx4%JmmﬁawwHNZMM) Uk R oA B X R
hi B o B sEd 3 £ {odd B4 (Xiaoetal, 2015b) - ¥ A7 ¢ 7 dn 4w
4B ;%%ﬁ@ﬁ@ﬁﬁgﬁ_ s H s g7 B fodnd a4 %73 &~ (Sadhetal,2017) - p

BRSO EETIATEFSERALERTRA T mAwmy L&A F R

FRAAYALEMRAT SHEARREEFTEFER GE > F %R F AR
iﬁﬁ0i?F?%ﬁ’ﬂﬁﬁﬁgiﬁﬁﬁK@@%ﬁ%%m & 0 F o

A THEELFEH- e AT (8 S8~ FE F¥E 282§ B)D

B kAl c RFEF GO AT EFABTMEI A FEHR TR

PREFFLHPBE - S - HERUAATEFBaPEI, R EFHEE @2 B
AT R 24 B B RER VL A SR LA A

Vo E gL AT ENARI T AT A AT BEE RS L - AL
Bt  PECY-FHEBIBE S SRR AL R F g2 AR - A5

&7 R A T
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[ Cordyceps militaris 101 ]

v
[ Liquid culture ]
Azuki bean v
i Medium .
Speckle kidney bean Solid-state fermentation Water:
Chickpea 40%. 50%. 60%. 70%
Black soybean Exploring conditions ~ Days:
7,14, 21, 28, 35, 42, 49, 56
Biomass ] [ Functional componemts ]
» Ergosterol » Cordycepin
» Adenosine
| |
Y
A
[ Nutritional ingredient ] [ Antioxidant components 1
» Carbohydrate ‘* Tocopher_o Is
) » Carotenoids
Crude fiber
L » Chlorophyll
» Protein .
- » Phenols
» Fat

'

[ Taste characteristic ]

» Soluble sugar alcohol
» Free amino acids
» 5’-nucleotides

CLEGNE T

Referred figure 5. Experimental design.
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N
14
et
PN
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K
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7
F
feps
)
feps
wht
feps

PP P A ER A GHER R

T

=~ B2
() Atk £ 2 RARUR
1. #&E2 B
(1) 5 &% § % #3 "5 (Potato dextrose agar ; PDA) ~ fi## % B~ 1~ (Yeast extract
powder)ptp HIMEDIA =& » 3§ » B2 R o

(2) # & #(Glucose)MEp Sigma = & » 2 g2 WL 217 5 2K o

She
-4
it

I 27 28 -
(4) Bptd - 47 (Potassium phosphate dibasic)i-p 1 F AN g AL L 7 307 & F o

S

2 r

(5) - -kmripa4s(Magnesium sulfate 7-hydrate)p-p Panreac = @ » ¥ % F£ 3

IT7 o

(6) # % $a(LM-570 RD)pEp A4 A2 HEF L@ > Rpat 7 > S8 o
2. AfET

Bl 4T o A Y FREA PDAB £ A5 25CH 447 o

3
AR r kY B o EE O TERREAR 2 BEr R REFLE
fa7 Pt FIE R 2 RS TS A AL AT PDA R A A 25C T F
SR

3. RERA

Be e

St A FHfE o R RSB 2B 4H95%5 mm 4 ] o
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B4 B0 100mL 2% ik % A ¢ > 20 25°C ~ 125mpm T 7 BT &
AR R A AT

() #5# 20gL

() 2 554 Sgl

(3) Hift= & 49(KH2POs) 0.5 g/L

(4) Fifit & = 47(K2HPO4) 0.5 g/L

(5) = K EEf4E(MgSOs « TH20) 0.5 g/L

(=) A%

1.

WELEH
(1) e ’=%(n-Hexane)Mtp MACRON & & > 335 1 £ § -
(2) 7 fx(Methanol)ftp Honeywell & & » o ¥ & 4 3 2 #7375 % B o
(3) B & #MLIANSHEN)EEp R4 F 50 > 57 » Lo
(4) % i An K 47 R(R Jf o Photo Diode Array & if| B)HEp £ 7% R BIL > 7 '
7oAt S

*AE 2 A kA e B AR

2

PR 15 g FR AT B I R4 B B2 3 485 k(4050 ~ 60 ~ 709%)* §
‘—"5":’2"4 "j’f\'}?]_% 7 121C 21/”\5'3. ]?] j“f—' AN A IR E‘}’f\"k‘ ﬁhé

Foder 5%z A ER L FABSOTR 1 0 MG TR T ek o

BT8R N25CHUS A 0 XU Y ekl 002468 % chd E R Fae

M«
\F‘\ﬂ
l*s\
“‘EH
W
_\7\_4:
T
‘g <
[\
(e}
oQ
o

() &7
(2) 7}4/;;,9F4n§,}_:§¢ HeA A B E 50% ~ 60% ©
() #REEHEHNT S %
4) BEAER T E2H2HEFE L 25 -
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(5) s xdc: 2R A Y S5 AHE S SH R

\"'1

Bi %% 1 225 11 X3a 39 25 % 11 XpFLS AlgEE 4
CT- %> FWF 12AF4E X3 ULRBI2 228 12
AAYERERE S AT FRRN R A RWE

AP AATERE A ATHN TR 2 60CHic 7 40 2

e

oo LBk RT e AL 40 mesh S B EH 0 B S EFIA AT EHEE M

o

SR o P R S TA S N
75488 7 & 2 ] T (Zhao et al., 2005)

FI* LAY ARGS (P ERR)ZEEFFRAM T B RR L 25
ZEMARERFAFBEESAIHBEE G o AR A -KRESR T U R
ERFSHEL GBI EEAS s iFRER I SRR PIIF2 F 4
iz e EEEEY AUMETE -

§ & BRI e AR R @0 mesh)2 A AT B B | g i
# P oo 4o r 4dmL e = R F 5 B(vortex) 90 £ {5 2 115000 rpm AL UK >
Te b b it RRA IR B R R IS = e s RETEO S 2 b iR o
40°CT™ /ﬁk@k‘fﬁi oo R S5mL P R w A o Ap R BB R 5 0.22 um BTl R
Wil g 0 £ 14 % acae AP & 17 & (High performance liquid chromatograph, HPLC)
AP FEFEMREE S A REREE T F I FGE 2

ek

B A R AR R AT R A 1T 02 LB s ik 4P K 17 R ¢ 4% HITACHI Chromaster
5110 & ;' ~ HITACHI Chromaster 5430 Photo Diode Array & iP| & ~ #cdp
£t Chromaster Sys 1 °
B PTA R R AT IR 2 e
(1) 4 ## = : KNAUER (250 x 4.6 mm, 100-5 C18) =
(2) iLitE 120 pL -
(3) #plAE 282nm e

(4) Bodp " pg e
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(5) i ¢ 1.2 mL/min °

(Z) B o ang FFLI5

1.

2.

e

wE
(1) & ¥ % (Cordycepin) 9:]111 H# (Adenosine)f-p Cayman Chemical = & » % & 3

Y TR
(2) ¢ % (Acetonitrile) ~ # f& (Hydrochloric acid)p-p J.T.Baker = & » 7% & ' 2=

FIE 278 2B -

(3) % 83 pa(Gallic acid)~ # ¥ f» (a-Tocopherol, 5-Tocopherol) P p Sigma = & >

BEE VB S ErH , 2 o
(4) " f:(Methanol) > & © *z(Hexane)itp MACRON 2 & » #3352 2 ] o
(5) #:pi4r (Sodium carbonate)f p Riedel-de Haén « @ » =% Vi 2 2737 %
(6) A@mtk:E#(Folin-Ciocalteu’s reagent DC) ~ T & & f=(Pyrogallic acid) ~ & ¥ i*

47 (Potassium hydroxide)fp Panreac & & > ¥ KR > 517 o
(7) ¢ f%(EthanoDpip 2 2 F 4 FiipF o d > S¢ Lo
(8) % (Toluene)pitfp Burdick & Jackson ©> # » ¥ a W 352 #7375 £ B -
£.% % (NY/T 2116-2012)

F2B~ 5 1 &7 (40 mesh)2. & 4 0.5 g B % SO0mL 3. ¢ > 4o » 25mL
Ak > RIPED 00 A Mo E Bk 42 55 3 5000 rpm T At 15 A4
B i 3 A kR E 3 50mL v 5 0.22 pm Hedt i R B 0 B 1
"% i 7% 4P & 17 & (High performance liquid chromatograph, HPLC) 4 45 » 41| *
PREARERESZTEG FEELIEES R KA ETIAT R E ¢

B TR R AP K AT R A T 2 1B A Rk 4P & 17 & ¢ 4% HITACHI Chromaster
5110 & j# ~ HITACHI Chromaster 5430 Photo Diode Array # B % ~ #cyp/ad® i

5t Chromaster Sys 1 o
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B e R A AT IE E e
(1) 4 3¢ 4 - Inertsil ODS-3 (4.6 I.D. x 250 mm, 5 pm) e
(2) iibtE 120 pL -
(3) HRIAE 260 nm -
(4) #Hd4p 1 o ¥ k=595 (V) e
(5) wi @ 1.0 mL/min °
3. RAF(NY/T2116-2012)

FPRApE R Ak iz a4m3 2011 2 FRERIFESZTE G i

|k

BAOEEY R S ET RFL R
4. 2 5 p=ipl Z(Niero et al., 2018)
FEB- 1 gt 2 2 4v » 6mbL 2 6%3 7+ fix ¢ fi#i% % (Pyrogallol-EtOH)
Ric3d3 - P EPERY A TR o F 0 4o x 10mL © fEfo 10 mL 2
0.18M ¥ 477 iRz R/ K(1:2,v/v)  iR{edn g T B B e r AoKip e
1B b fris @ * 35%2 iR 2 & & 50 mLe & T & #5g 7 P~ 10 mL 1% 5% 7% »
ser 3mL 2 1 2 %/8 (1], viv) 2 3t 125 tpm dEiE T R B 5 Ak 0 i
42T E B0 Bis 0 205000 rpm T A 20 A 45 0 TB-F KR 2mL o A R
FORSEWAE SRR TR0k o £ 04 lmL 0 ® fRw i o 07 0.22 pm fcd iR
IR iR B P ik 48 & 47 & (High performance liquid chromatograph, HPLC)
AR
B PTa R AR R AT R A 4T 2 0 8 sea R 4B A 47 & ¢ 45 HITACHI Chromaster
5110 & ; ~ HITACHI Chromaster 5440 Fluorescent Detector & /| % ~ #cdy T
& k¥t Chromaster Sys 2 °
B PTA R R AT IR 2 e
(1) 4~ ¢4 - Inertsil ODS-3 (4.6 I.D. x 250 mm, 5 pm) e

(2) it 120l -
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(3) # Bl £ excitation: 295 nm / emission: 330 nm ©
4) #aaE i 130T -
(5) #H4p - A:85%7 B8/ B:95%% F%/ C:100% ™ f% - 0 » 48 A 7% 100% ; 10 »
48 A/B % 50/50%; 11 ~ 48 C g 100% &4F 1 20 » 48;21 & 48 A % 100% >
B3I 3044831 248 CiR 100% > 353 40 » 48 o
(6) i @ 1.0 mL/min °
e &g 2 (Voetal, 2017)

P lgthdd k0 4v » 3mL 2 2 B/ & =750 (21, v/v) » %k % B
(vortex)2 A 4815 » e » 2mL 2 2 33 -k & 4mL 2t & % 0 S F F B
(vortex)2 4 48 > i3> 5000 rpm T s 10 4 450 FBH KR o Bfs 0 Ak
kgt PIEH 450nm FEB Rk iE o It BRI RET Folge B
38 o E ol deF

Total Carotene (g/g)=A450%25.2
# %% (Voetal., 2017)
EBS e dFe B £ PHRUAXER S PR H 645 nm fr 662 nm
TRk R AR S T A ESE R 0B A e
Choloroph Il a (ug/g)=11.75xAsr-2.35%Ags5
Cholorph IT b (ng/g)=18.61xAg45-3.96xAgen
Total Chlorophylls (p1g/g)=Choloroph II a+ CholorphII b
S fs 7 £ P ¥ (Tagaetal., 1984)

F2B~ 0.1g & A 0 4o > SmL 2 0.3% HCL ® f%/-Kk(60:40, v/v)i% i R e
333 5 xB 100 pL ek 5% R 2 2 mL 2 2% RRER4h-RA R Rf0ES > R 2
Adgts o e 100 pL 9 50%AR HREAR frim g It P F R 30 A4 e B
(el kR B EFR T A T750nm TR B SR E o LB RINL o @

2 &+ fi(Gallicacid) k3 E &7 Bfsapit 52 3 F o
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(B) - 40 A4

1.

A

(1) 2 p(Ether, anhydrous) ~ %= & (Sulfuric acid) ~ # & (Hydrochloric acid) ~ ¥ £

¥¢(Methyl orange)p-p J.T.Baker = @ » #7% & W = f 27iF > £ R -

(2) & § 4 (Sodium hydroxide)p-p % frf 3 A ix$ 522 @ » 5% 5 S e
(3) if f4xptp FOSS Analytical A/S 2 @ » B Aeb 42 > 2 & o

4) 5.7 fs % (Bromocresol green) ~ @ & “z(Methyl red) ~ #2f& (Boric acid) ~ # fix
A

4 (Sodium carbonate)p p Sigma = & > R FKE W EFEL L 2rF > £ R o

(5) 1% % f&(Adenosine monophosphate, Cytidine monophosphate, Guanosine

monophosphate, Inosine monophosphate, Uridine monophosphate, Xanthine
monophosphate) - p Jena Bioscience > & - B8 £ > fL R -
k& (AOAC, 2007)
F2-B~ e s i &7 (40 mesh) 6 2 2 45 4 i 4 g (Wo)» B 3z 2 & 2 HE #(W)
¢t 08~ 102C fa Y BMHIEE 4~6 ) L F Ry A eI nE (W) e
fEAIE 4L LRGSR RRISE £ 7 @l S ke g £ 28T

(W+Wp)-W

kA § RO X100%
0

2 A (AOAC, 2007)

FEP~ B s 3 & (40 mesh) {6 2. & - 45 5 g (Wo)» B> 302 B £ 2 ¥ (W)
# o 300C A it it 2] B AR T S50C BT RS R A
do TR AAN o FHEERT R 200C 0 B r ik B L ArEEE (W) o

i A 2 LR UERERLEE T B RS, F R 25T
(WI_W)
W

0

B 5 R (%)= x100%

F 3-v (AOAC, 2007)
FEB- ks 4 6 (40 mesh) 8 2 B 45 4 4L 0.2 g (Wo) » =R & R i 0 i

FU oo - M N2 10mLEARFIR £353 0 Boisat A fREE Y 12 400
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B JR2PPELEG AP o S~ TSmL Bk B e F B KR
e 40mL50% & § “ARRBIEFEA A F T RN E T BG-MR #;
7 A 2 PR R Fe e B ts 0 0N BER IR R R P d ok 6 (V1)
FHEV)F BB Tk & e T8 28T
(V5-V)xFperx1.4006x 107

35 5 R (%)= XN*100%
W

F=0.1N Rz +

1.4006=#% mL 2= 0.1 N #pk4p ¥ »* 1.4006 mg 2- ¥

N=§ ¥k
#2 Fg 75 (AOAC, 2007)

FEB s 1 (40 mesh) (6 2 B A2 g(Wo) » 12jg i e BRI RIS |
%7 4 0 iR Y > RN @ % ARl F e o £ 100~ 105°C gl ¢ iz 2
o PE o #-40 mL fhe EUE M fEE 2 4E (W) 0 i e Bl R T T R N F e
R b oo RIS BARR R 100~ 105C T Eic 30 A4 B it
FEY A EAEE (W) e E RGP RE AL T EORE
B;]B'Fgg_ » N e

(Wi-W)

%4 (%)=
0

x100%

22 A
Bk E P 72 (%)=100-(-K &+ 4 e By s 4sfe Fev )
Fe 4 . (AOAC, 2007)

FEP~ s i & (40 mesh) ® 2 v,éf, PavE2 2 2 g (Wo) » e » & A i B(Wi)¥
TR TR Y 0 der 1.25% AfE 200 mL ~ b 3FE A e 1~2 0F e
Ao S BAEI0 AR E R M ROBRFEAATI RGP I
AT PR Gl o L 4o 1.25%3 F 1440 200 mL ~ 1~2 G i e A 0 4
30 4 4818 0 2 25 mL 2 1.25% FRplkik o o RO #okiv AR A T gk

B e Bt OSUIF M AR g KA & BH R HEY 5 110C %

40



P OEIT 2P BN I P AT ﬁJ—E“.(Wz) » B E A L J;& v AL

BEE A d 0 BN P LR (W) e figdeidiag € 0 25040

(W1-W,-W3)

fo g g 2 (%)= W,

(1) Bohdjrat

(D
)

3)

“4)

¢ fig(Ethanol)pp 2 i 5 4 B ipy W@ S¢ - S#o

¢ 3% (Acetonitrile) ~ # & (Hydrochloric acid) ~ ##f& = & 49 (Potassium phosphate
monobasic)ftp J. T.Baker = & > #n%d M| f 27 > 2 H o

#F = 7 fg OPA (0-phthalaldehyde) ~ 2-%i 7k ¢ % B-ME (2-mercaptoethanol) ~
2 & v% rm (Tetrahydrofuran) ~ 5°-¥ Fific “!j‘i # f4 (5’-adenosine monophosphate,
5’-AMP) ~ 5’- ¥ gifié *2 3 & (5’-cytidine monophosphate, 5’-CMP) ~ 5°- ¥ Bifis
% H f4(5’-guanosine monophosphate, 5’-GMP) ~ 5°- ¥ i it # 4 & (5’-inosine
monophosphate, 5’-IMP) ~ 5°- ¥ gifi& ’f‘ﬁ{fj\ # fi£(5’-uridine monophosphate,
5-UMP) » 5°-H gife & ¥ pé (5 -xanthine monophosphate, 5°-XMP) ~ [§ #%f&
(L-Alanine) » % F* % 3xf&(L-Aspartic acid) ~ ## *<f& (L-Arginine) ~ £ "%k
(L-Glutamic acid) ~ y=#%45 7 & (y-Aminobutyric acid, GABA) ~ 3i =f&
(L-Serine) ~ fiz *%f&(L-Tyrosine) » 4 "=f&(L-Glycine) ~ ‘e 94=f& (L-Histidine) -
B v "%=fiz(L-Isoleucine) ~ ¥ *=f&(L-Leucine) ~ ¥ 5 #=<f&(L-Phenylalanine) ~ &
#2fi (Valine) ~ fi*7<fiz (Threonine) ~ ¥ %x¥&f: (L-Methionone) ~ +% #%(Ribose)
4 #% f%(Mannitol) ~ ¥ #(Trehalose) ~ % #&(Fructose) ~ # % # (Glucose) ~ 5
#&(Lactose) ~ ¥ 7 }E(Maltose)fr & #&(Sucrose) - p Sigma = & » % g2 ' &
BL A BT 0 2R o

® A& (Methanol)pp Honeywell 2 & » ‘e j% & Vi 2 #7157 2§ -

(5) HBips & - 47(Potassium phosphate dibasic)r-p Fe-frit & $x3¢ g 4L > L 5 407

-ﬂ:?p’ﬂj\o
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2. ¥ % ERE(Ajlouni et al., 1990)
FEB~ s i & (40 mesh)2- 245 1 g B 15SmL ehggs g ¢ >4 > 10mL 2
80%2 fit > F R T RFT I A5 48 o BB A2 k& 0 3T 5000 rpm T e
I5# P8 b k11 80%2 ff T8 3 10 mL» 55 0.22 pm #7318 g i g
B 18 14 B iy ik 4p K 47 ik (High performance liquid chromatograph, HPLC) 4 47 »
FI* 2 R EREES 2 “TEG FERNEEY SR> Gd P ETEVIRHEELZ
+ o
B AOaL R AR K AT R A 17 02 LB sk 4P & 17 & @ 45 HITACHI Chromaster
5110 & ; ~ HITACHI Chromaster 5450 ‘= *F4 &R B ~ & S #cdp D ¢ 50
Chromaster Sys 2
® PTA AR A AT IR E e
(1) ~#t¢ 4 - Inertsil NH2 (4.6 1.D. x 250 mm, 5 um) °
(2) 1&E 120pL -
(3) #i4p 2 3 1 -k=180:20 (V/V) °
(4) v 1.2 mL/min °
(5) =HER 30C -
3. et (Mauetal., 1997)
HA05g RSB 50mL P3¢ 4o x 50mL 2 0.IN HCI 2 {32
30 AFEY AR AFIA L8 0 FHEFHS000rpm T Ao 10 A sE P H
P 5022 pm It e o B RA TR T L BB gl &
P~;% ~ OPA (0-phthalaldehyde)# B-ME (2-mercaptoethanol))Z 100:100:3 2_+* 7]
A Bois 1 F st ;% 4P & 17 & (high performance liquid chromatograph, HPLC)
B A R R ERE R TEG RN EEY R gd 2 E T E R

o

ek

23
B AaL R AR K AT R A 1T 2 1B st ik 4P & 17 R ¢ 45 HITACHI Chromaster

5110 % ~ HITACHI Chromaster 5440 Fluorescent Detector # B B ~ #c¥s /et
U3
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4.

,% 5t Chromaster Sys 2 °
B AL AR A AT IR e
(1) 4 ¢+ Intersil ODS-3 (100 x 4.6 mm, 3um, L.D.) -
(2) ABE 120pL -
(3) #&RlAE : excitation: 340 nm ~ emission: 450 nm °
(4) # ¥ 4p : A: CH30H : 50 mM Na2HPOs @ 50 mM NaH2POs4 : THF
=100 : 450 : 450 : 10, v/v/v/v
B: CH30H * 50 mM Na2HPO4 : 50 mM NaH2PO4
=600 : 200 : 200, v/v/v
0-25 » 48 A % 100%;30 4 45 A/B % 40/60%;40 ~ 45 B ;% 100% -
(5) wikof 1.2 mL/min
% H A& (Manninen et al., 2018)
FE05 gt B 3 ISmLengps 5 ¢ ode » 10mL 2 2 35 -KiR{ring
ok ? FP ] S4B R FUARR A RF 10 248 @ 1385000 rpm T s 10

AAS PR e B SRR 2 S R R P o S X R

¥
ks

1 20mL T 5 022 um it ik i o b (500 B vt e 4p & 17 B (High
performance liquid chromatograph, HPLC) 4 47 > §1% % F k& &8 5.2 #7{8 G
HEUNERES RS TP HRETE -
B A R AR R AT R A4 1T 202 LB sk 4P K 17 R ¢ 4% HITACHI Chromaster
5110 & ; ~ HITACHI Chromaster 5430 Photo Diode Array & iP| & ~ #cdp i i
£t Chromaster Sys 1 °
B A R AR A 4T HE e T
(1) # #¢ 4 © Vertex Plus (250 x 4.6 mm, 100-5 pm) -
) AstE 120l -
(3) #plAE 254 nm -

(4) #F 49 0 A: 20 mM BifL S B 7 (pH 5.9) B: 100%™ fi8 » 0-3 4 4.504% A i
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100%; >+ 12-13.50 » 4833 B A% 5 70%; I 3% 16-25 2~ 4w 4 & A% 100% -
(5) #xit ¢ 1.0 mL/min °
5. FWERER
¥ W @ vk & & (Equivalent umami concentration, EUC) | # 2 5V {73 % >

19 bt ok VR A i B B R e T 8 PR OR R 0 2 N e T

Y:Z aibi +1218 Z (albl)(ajbj)

Y ¥ #EeRER

a; L R RARZ kR

a R L2 kR

byt & kR AR MSG 2 dp¥t ik n B (& 2 )
b;

1218 : % #&

D& FEAP R 5-IMP 2 dp Mk 5 R (A )

() St a7
AFEF 2605 A 4738 B R F = €A R %0 B B % % 4 mean t standard
derviation (SD) % 7+ » st3t 4§78 4 & * Statistical Analysis System (SAS) 9.4 #&
8 > 12 ANOVA 25 % B A 47 > & B X § %12 ;28 # (Duncan's multiple

range test) p<0.05 T 1T iaE I kg F L B4 o
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BB kA R AR
PAABY g2 e " it P AEFEEITS Ra 4o | (Tempeh)
RH B EE A FE B R RAS RRERS FE A JITFS
25 g A dok A 2 s R AN L2 F1% (Zhuetal,, 2019) - - R H
AR T kA 586 30-80% @ B 4 S kA 43 40-80%2 B > it
ks g B oBNRS mEE R OF 0 2003) -
AT T A KA 4 B (40% ~ 50% ~ 60% ~ T0%) ¥t ALK B A AL HT

BLERYPF L 8§ T4 9 RKE g BLEFMFENET K- ¢ gz & #i

pa)
?

s

TR A B 5 T0%FE 0 S AR B AR S ) SR B

SR EERARIHRASEEL s AL TS 2 B fed

(2003) 45 " B FriEARY > AT 2 KEER

B3 e Tokagi g 5 A0% > M ETEHASS R RE o 5e FUAR

i%%éﬁiﬁiﬁix?b{$9@f’&ﬂ“%ﬁ%§§&§?xﬂa%$
T

Bt £ o S E N A AT B

Fm
i
N
3§
F
"
A
ETRS

LR S L ?*i&£$¢¢ﬁﬁé6wmgﬁ;5wm
70%;: ¥ fESE A RE K 2 FA A FEE ok A e B 5 50%52 60% 3 R AT F LR
b e BR REZ BB B kA R 5 60% (PR 2015; % > 2016;
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Figure 1. Growth condition of solid-state fermentation of Cordyceps militaris with different water

addition.
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Figure 2. Sectional view of solid-state fermentation of Cordyceps militaris with 50% and 60% water addition.
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580 2018) » gt vh A B Hetert e 12 50%- J\A};‘;’F e BB AZ (R0 2019) 0 o FiEApRE 2
PR AR kA B L 5 5 S0%R 60% & R kAR 0 -
FEW- 2 WC AR 1 50% kA B HA AT L B S

i
REESFF AT MR Bl kAR B 50%5 1 ER
A RAAT AL %ﬁ%&»’?"ﬂ‘#?f%‘%ﬂf TR E
H

[

LL.

- bfk"*“m&#“’ﬁﬁﬂbf“}‘?\‘/”\/\ f”gg"
FAeE R ? A & XA > F A KE L FSZ E Newell, 1992; Pasanen
etal., 1999); A¥ 2 A A AX Y chE B EH A L0 > 7 5d BBt a F(FE

2007); FRF TR A LT NAWEL AL Lo D ETE AR @A FF
254 B ¥4 (Xiaetal., 2017) »
() ARk 2 Aul - RFFATAEE
FT A AP 2 FHER > 2R F R R SR
PR deFli o he st 2 B2 EREE(RE 2010 At AT E
FRAT L ¢ o et f BROK 155 SRR A B itk AT A e

L %
ZERAT  ASMARZIPAPALETFI AR LR EFETRRAWE L
z 108

=

B2 AR AR R EE ARk K S HEGE - AN L1
BT 5 ARFEBFD D S BRI AR 0 F R R F AT

T2l A A ATRN Z AL R 2 2] AR RS K2R -
FRHSFFMEY X ARZI, AT Z AR Pl FaE56 A A Y

BEK 2 BHHE T kg Rkiod A-F A E g AT RN L F 3 13832 mg

2 FSRAY
dR=7 02D 2l R HEFRIFT O RFIEER AT R 283/
AKLR S L BAY R REPERD LI SOXFEREIN S HFORT S
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Figure 3. Changes of biomass, adenosine and cordycepin content during the 56-day

cultivation of Cordyceps militaris fermented brown rice by solid-state fermentation.

Each value is expressed as mean = SD (n = 3).
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Table 1. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented brown rice

by solid-state fermentation.

0¢

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 1.26+0.17° ND ND

7 60.14 + 1.32€ 0.43 +£0.01P 0.12+0.011
14 60.75 + 3.02€ 0.38 +0.03° 0.22 £ 0.006
21 111.38 + 4.06% 0.61 =0.06* 0.33 +0.00F
28 117.64 + 1.05° 0.55+0.0148 0.56 +0.01F
35 111.14 + 4.628 0.40 + 0.00°P 1.36+0.018
42 119.54 +3.238 0.49 +£0.018¢ 1.90 +0.014
49 124.81 £11.30%8 0.52 +0.018 0.81 +0.04°
56 138.32 £ 5.624 0.57 £0.0148 1.21 +0.05¢

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05).
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Figure 4. Changes of biomass, adenosine and cordycepin content during the 56-day
cultivation of Cordyceps militaris fermented azuki bean by solid-state fermentation.

Each value is expressed as mean = SD (n = 3).
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Table 2. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented azuki bean

by solid-state fermentation.

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 126 +£0.17% ND ND

7 41.96 + 0.92F 0.22 +0.02¢ 1.71 £ 0.01F

14 66.12 + 0.58€ 0.46 + 0.004 2.81 +0.03F

21 95.71 + 3.554 0.27+0.018 3.96 + 0.06°

28 90.68 + 1.60* 0.20 = 0.00¢ 4.19 +0.05¢

35 74.59 +3.248 0.16 £0.01° 4.49 + (.08

42 5438 +1.18P 0.10 £0.01F 4.12+0.13P

49 72.89 £5.24¢ 0.11 £0.01% 5.99 +0.054

56 33.99 £ 0.70F 0.28 +£0.018 4.00 £ 0.04P

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05).
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Figure 5. Changes of biomass, adenosine and cordycepin content during the 56-day
cultivation of Cordyceps militaris fermented mung bean by solid-state fermentation.

Each value is expressed as mean = SD (n = 3).
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FLAmE > H5 895 17541~262.49 pg/eDW; F A% % 456 x prg = >

v

B SRE L PR A AT P RN R 145 B S E

5% 27 38673 ug/gDW: A% A0 2] R pEd 2 F S EF 0BG 2515.64

FATTEL AN REfFATRSE

W5 AR CEALEHSOARZDFLALFE {2z AT R E
O PHERFAGMA L BFPRAMKE > F I AT S D 2 Hikd
EHL02321 % P H2l 2328 FF > 2B AFEEEHAME E
BheT e r R 0 3 49 X fr56 X pEp B HEE 2 oo 2B X B F LAY

AENAFLG R kod Fe PR g AN REREZ T 73.50mg
Bl v Hfjlif-%i’ﬂﬁ%iﬁi‘_tt%%mfﬂ“ AR R TR RS R

PR W14 EORT LG A B 3 £ 20128 pg/g DW (A1) 0 20 14 X 1S

B AR 0P 28 X 2 56 X 2 WORF § R ¥ A P ALY 5 86.58~161.58 pg/g
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Table 3. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented mung bean

by solid-state fermentation.

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 1.26+£0.17° ND ND

7 38.34£2.41F 0.31 +0.04% 1.21 +0.01F

14 88.57 + 2.06" 0.39 +0.03* 2.18 £ 0.085¢

21 117.09 + 1.784 0.30 + 0.028 2.52+0.054

28 77.26 +3.35¢ 0.23 £ 0.00P 2.45+0.024

35 58.91 +£2.92P 0.26 +0.005¢ 2.28+£0.018

42 32.74 £ 2.26" 0.26 £0.018¢ 2.11 +£0.05¢

49 38.18 £1.58F 0.18 £0.01° 1.58 +0.02P

56 52.11 +0.79" 0.19 +0.01° 2.15 £ 0.065¢

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05) .
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Figure 6. Changes of biomass, adenosine and cordycepin content during the 56-day
cultivation of Cordyceps militaris fermented speckled kidney bean by solid-state
fermentation.

Each value is expressed as mean = SD (n = 3).
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Table 4. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented speckled

a
[

EALRFEMHSOARAIFLALFE RE2ATFIER

kidney bean by solid-state fermentation.

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 1.26+£0.17° ND ND

7 46.36 = 1.10F 0.28 +£0.01* 0.46 +0.016

14 57.68 £ 0.29P 0.29+0.014 0.76 + 0.02F

21 70.61 £ 4.2548 0.21+0.018 0.91+0.01F

28 73.50 + 4.844 0.13 £0.00° 1.44 +0.05"

35 62.91 + 1.98B€ 0.16 £ 0.00¢ 1.61 +£0.034

42 54.20 + 1.27°F 0.13 £0.00° 1.22 +0.04¢

49 35.27 £0.83F 0.09 £ 0.00F 1.00 + 0.02P

56 37.68 + 3.59F 0.13+0.01° 1.00 £ 0.01PE

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05).
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Figure 7. Changes of biomass, adenosine and cordycepin content during the 56-day
cultivation of Cordyceps militaris fermented chickpea by solid-state fermentation.

Each value is expressed as mean = SD (n = 3).
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Table 5. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented chickpea

by solid-state fermentation.

CAATEEEALEESOARBANTLALTE RFLATFIERD

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 1.26+0.17° ND ND

7 44,16 +3.424 0.31 +0.028 0.90 + 0.03°

14 45.11 £ 0.704 0.41+0.014 1.73+0.014

21 47.45+2.234 0.30+0.018 1.62+0.0148

28 27.25+0.418 0.20 = 0.00¢ 1.50 +0.01¢

35 14.50 £ 0.67¢ 0.20 £0.01¢ 1.56 + 0.065C

42 13.65 £0.12¢ 0.09 +0.00° 1.49 + 0.04€

49 10.20 £0.12¢ 0.09 £ 0.00° 1.62 +£0.074B

56 11.19 £ 0.16€ 0.09 + 0.00° 1.63 £0.024B

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05).
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Figure 8. Changes of biomass, adenosine and cordycepin content during the 56-day
cultivation of Cordyceps militaris fermented black soybean by solid-state fermentation.

Each value is expressed as mean = SD (n = 3).
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Table 6. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented black

soybean by solid-state fermentation.

€9

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 126 +£0.17% ND ND

7 41.17 +£1.208 0.48 +0.01* 0.54+0.01°

14 43.66 £ 0.144B 0.41+0.018 1.01 +0.024

21 45.85+ 1.874 0.37+13.75¢ 1.02+0.014

28 29.00 + 0.98¢ 0.36£0.01€ 0.71+0.018

35 13.24 +£0.75P 0.35+0.01¢ 0.67 +0.058

42 14.10 + 0.37° 0.09 +0.00° 0.54 + 0.00°

49 14.52 £0.30° 0.09 + 0.00° 0.60 £ 0.02°€

56 10.08 £0.11F 0.08 + 0.00° 0.56 +0.02¢P

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05).
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Figure 9. Changes of biomass, adenosine and cordycepin content during the 56-day

cultivation of Cordyceps militaris fermented soybean by solid-state fermentation.

Each value is expressed as mean = SD (n = 3).
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Table 7. Changes of biomass, adenosine and cordycepin content during the 56-day cultivation of Cordyceps militaris fermented soybean by

solid-state fermentation.

99

Day Biomass (mg/g DW) Adenosine (mg/g DW) Cordycepin (mg/g DW)

0 1.26+0.17" ND ND

7 67.53 £2.794 0.40 = 0.04° 0.47 +0.01B

14 52.40+£0.718 0.47+0.018 0.65 +0.024

21 24.94 + 1.42° 0.45+0.01B¢ 0.52+0.018

28 29.48 + 0.35¢ 0.45 £ 0.00B¢ 0.23+£0.01¢P

35 18.55 + 0.42F 0.53 +0.02% 0.47 +0.038

42 10.41 £ 0.10 0.10 +0.00PE 0.39 + 0.028¢

49 17.83 £ 0.08EF 0.13 £0.01° 0.41 £0.018

56 14.78 £ 0.13F 0.07 + 0.00" 0.23+0.01°

Each value is expressed as mean += SD (n = 3).

Mean with different letters within a column are significantly different (p < 0.05).
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Figure 10. Total tocopherol content of brown rice and beans by solid-state fermentation
with Cordyceps militaris.

Each value is expressed as mean + SD (n=3).
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Table 8. Total tocopherol content of brown rice and beans by solid-state fermentation with Cordyceps militaris.

Total tocopherols content (ug/g DW)

Before fermentation

After fermentation

a-Tocopherol d-Tococpherol Total a-Tocopherol d-Tococpherol Total
Brown rice ND ND ND® 6.96 + 0.13€ 0.81 +0.04¢ 7.78 £0.1782
Azuki bean ND 24.72 £3.70¢ 24.72 +£3.70¢" ND 4453 +6.618 4453 +6.61¢
Mung bean ND 3.57 £0.24° 3.57 £0.24P# ND 3.72+£0.37¢  3.72+037F°

Speckled kidney bean ND 1.20 + 0.04° 1.20 +0.04P2 ND ND ND ®
Chickpea 26.65 +3.864 8.31+0.27° 34.96 + 4.13¢2 17.77 £2.534 7.24+0.98¢ 25.00+3.51P
Black soybean 13.75 + 0.508 41.46 £ 6.118 55.21 +£6.61B° 20.72 £1.374 78.91 £3.65%  99.63 +5.03A2
Soybean 12.24 +0.568 63.66 + 8.16* 75.90 £ 8.72A2 10.89 + 0.668 51.58+4.565  62.47+5.218°

Each value is expressed as mean = SD (n = 3).

Means with different capital letters within a column are significantly different; means with different small letters within a row are significantly

different (p < 0.05).
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Figure 11. The total carotenoids content of brown rice and beans by solid-state
fermentation with Cordyceps militaris.

Each value is expressed as mean + SD (n=3).
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Table 9. The total chorophyll content of brown rice and beans by solid-state fermentation with Cordyceps militaris.

vL

Total carotenoids content (ng/g DW) Total chorophyll content (ug/g DW)
Before fermentation After fermentation Before fermentation After fermentation
Brown rice 0.66+0.075° 2.31+0.07¢% ND ND
Azuki bean 0.78 £ 0.065° 1.68 £0.10¢2 ND ND
Mung bean 13.91 £ 0.3652 9.82 +£0.228" 1.89 +£0.1182 0.57 £0.08B°
Speckled kidney bean 0.32 £ 0.045° 1.47 £0.05¢2 ND ND
Chickpea 9.77 +2.9652 9.08 £ 0.1082 ND ND
Black soybean 32.41 +£2.9672 29.57 + 1.4242 16.51 £2.2142 10.21 £ 0.964°
Soybean 5.36£0.085° 8.64 £0.4652 ND ND

Each value is expressed as mean + SD (n = 3).

Means with different capital letters within a column are significantly different; means with different small letters within a row are

significantly different (p < 0.05).
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Figure 12. The total chorophylls content of brown rice and beans by solid-state
fermentation with Cordyceps militaris.

Each value is expressed as mean = SD (n=3)
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Figure 13. The total phenols content of brown rice and beans by solid-state fermentation
with Cordyceps militaris.

Each value is expressed as mean + SD (n=3).
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Table 10. The total phenols content of brown rice and beans by solid-state fermentation

with Cordyceps militaris.

Total phenols content (mg/g DW)

Before fermentation After fermentation

Brown rice 32.86 £4.698° 79.50 + 8.58¢ 2

Azuki bean 59.75 + 6.878° 226.94 + 4.1642
Mung bean 49.64 + 6.52B° 235.79 + 18.23A%
Speckled kidney bean 93.53 & 12.44A° 182.00 + 14.1682

Chickpea 48.59 + 5.678° 105.66 + 8.40¢2
Black soybean 120.52 + 16.024° 230.34 +13.2742
Soybean 115.85 £ 14.69A° 267.83 +25.9142

Each value is expressed as mean = SD (n = 3).
Means with different capital letters within a column are significantly different; means

with different small letters within a row are significantly different (p < 0.05).
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Figure 14. Protein content of brown rice and beans by solid-state fermentation with
Cordyceps militaris.

Each value is expressed as mean + SD (n=3)
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Table 11. Protein content of brown rice and beans by solid-state fermentation with

Cordyceps militaris.

Protein content (%)

Before fermentation After fermentation

Brown rice 7.74 £0.136° 13.77 £0.1162
Azuki bean 21.40 £ 0.03E° 27.17 £ 0.02P*?
Mung bean 2421+0.21¢° 28.97 +0.15¢2
Speckled kidney bean 22.39+0.10P° 24.52 £ 0.005?
Chickpea 19.38 £ 0.09F2 17.94 + 0.07F°
Black soybean 36.97 + 0.73A° 41.24 +0.137
Soybean 35.87 +£0.248° 37.11+0.318¢

Each value is expressed as mean + SD (n = 3).

Means with different capital letters within a column are significantly different; means

with different small letters within a row are significantly different (p < 0.05).
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Figure 15. Fat content of brown rice and beans by solid-state fermentation with
Cordyceps militaris.

Each value is expressed as mean + SD (n=3)
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Table 12. Fat content of brown rice and beans by solid-state fermentation with

Cordyceps militaris.

Fat content (%)

Before fermentation After fermentation
Brown rice 1.64 £ 0.07°° 4.02 +0.00P*?
Azuki bean 0.45 £ 0.02E° 0.55+0.01F2
Mung bean 0.66 + 0.00E°® 1.12+0.01E2
Speckled kidney bean 0.80 + 0.04PE® 1.15+0.03%2
Chickpea 5.40+0.01¢° 7.18 £ 0.00¢?
Black soybean 16.90 = 0.818° 21.15+0.188%
Soybean 18.37 £ 0.03A° 21.85+0.0342

Each value is expressed as mean + SD (n = 3).
Means with different capital letters within a column are significantly different; means

with different small letters within a row are significantly different (p < 0.05).
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Figure 16. Carbohydrate content of brown rice and beans by solid-state fermentation
with Cordyceps militaris.

Each value is expressed as mean + SD (n=3)

86



AL oA frEEM AT ARERE AR S E
Table 13. Carbohydrate content of brown rice and beans by solid-state fermentation

with Cordyceps militaris.

Carbohydrate content (%)

Before fermentation After fermentation
Brown rice 77.80 £ 0.28A2 72.20 £ 0.164°
Azuki bean 61.58 £ 0.128¢a 60.45 £ 0.04P°
Mung bean 61.77 = 0.40B¢# 58.41 + 0.30F°
Speckled kidney bean 60.69 £ 0.19¢° 61.90 £ 0.07¢?
Chickpea 63.49 £ 0.148° 64.09 £ 0.1652
Black soybean 31.86+1.86% 25.18 +0.446°
Soybean 31.98 +£0.38P¢ 28.26 4+ 0.87F°

Each value is expressed as mean + SD (n = 3).
Means with different capital letters within a column are significantly different; means

with different small letters within a row are significantly different (p < 0.05).
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Figure 17. Crude fiber content of brown rice and beans by solid-state fermentation with
Cordyceps militaris.

Each value is expressed as mean + SD (n=3)
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Table 14. Crude fiber content of brown rice and beans by solid-state fermentation with

Cordyceps militaris.

Crude fiber content (%)

Before fermentation

After fermentation

Brown rice
Azuki bean

Mung bean

Speckled kidney bean

Chickpea
Black soybean

Soybean

0.22 +0.01°"
14.39 + 1.5772
9.20 + 0.608 2
12.58 +1.7622
8.14 +0.4782
3.61 +£0.18¢"

3.11 +£0.08°°

6.07 + 0.3542
5.80 £ 0.254
4.78 £0.018°
4.56+0.185°
1.99 £ 0.04¢°
4.63 +0.528¢2

4.53+0.12B*

Each value is expressed as mean + SD (n = 3).

Means with different capital letters within a column are significantly different; means

with different small letters within a row are significantly different (p < 0.05).
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Table 15. Solube sugar alcohol composition of before and after fermentation in azuki

and mung bean.

Solube sugar alcohol (mg/g dry weight)

Azuki bean Mung bean
Before After Before After
fermentation fermentation fermentation fermentation
Ribose 1.59+0.162 1.86+0.19% 2.53+0.23" 6.00+0.23%
Fructose ND ND ND 1.07 +£0.02
Glucose ND 10.61+1.48 ND ND
Mannitol 1.02+0.15% 1.09+0.072 1.51+0.08" 325+0.27%
Sucrose 4.34 +0.21 ND 13.58 £ 1.14 ND
Maltose ND ND ND 6.13 £0.05
Trehalose ND 0.50+ 0.05 ND 0.07 +0.06
Total 6.95+0.52"° 14.06+1.792 17.62 + 1.45¢% 16.52 +0.63%

Each value is expressed as mean = SD (n = 3).
Means with different small letters within a row significantly different before and after
fermentation (p < 0.05).
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Table 16. Free amino acids composition of before and after fermentation in azuki and mung

bean.

Free amino acids content (mg/100 g DW)

Azuki bean Mung bean
Before After Before After

fermentation fermentation fermentation fermentation
L-Aspartic acid 39.99 +4.02 33.98 +£3.98 60.85 £2.55 170.02 +£10.41
L-Threonine 4.12 £0.02 26.14 £2.81 6.67 = 0.60 73.60 £4.22
L-Serine 4.64 +0.05 42.55+5.01 9.58+£0.19 130.59 £ 11.20
L-Glutamic acid 101.84 £ 11.21 193.90 £ 9.27 122.61 £ 8.91 490.38 +21.23
L-Glycine 7.50 £0.10 11.18 £ 0.81 5.66 + 0.69 41.25+1.01
L-Alanine 13.23 +£0.57 97.42 + 3.02 13.06 + 2.74 160.49 + 13.10
L-Valine 8.88 £0.77 54.46 £1.63 12.94 +1.99 129.48 £10.22
L-Methionine 1.86 £0.06 4.60 +0.09 2.77+0.70 13.39 +£0.08
L-Isoleucine 3.52+£0.40 7532+ 1.23 6.00+ 0.99 132.57 £12.07
L-Leucine 526 +£0.05 68.66 £2.88 8.09 + 0.46 159.42 + 8.09
L-Tyrosine 540+ 0.11 33.68 £4.02 471 +0.07 83.82 £6.23
L-Phenylalanine 8.88£0.71 46.07 +3.07 10.01 +1.47 133.27 +7.89
GABA 0.60 £+ 0.07 8.06 + 0.06 0.44 £0.01 8.70 +0.26
L-Tryptophan 13.91+1.23 4.68 +0.20 13.91 £ 0.67 20.73 £ 0.86
L-Lysine 9.74 + 1.44 51.52 £1.65 10.35+0.42 139.83 £9.77
L-Histidine 7.22 £0.96 13.86 £2.78 9.25+0.10 38.86 £2.74
L-Arginine 74.66 = 3.56 79.89 £ 3.77 100.85 +£9.08 121.37 £13.02
L(-)-Proline 5.54 £ 0.81 62.58 £2.12 10.03 £ 1.12 179.51 £9.90

NAA 63.39+5.64°  34531+16.34%  79.99+7.40°  841.15+55.94°
Tatol 242.13+26.14° 908.55+48.40° 407.78 £32.76° 2227.28 + 142.30°

NAA, essential amino acid

Each value is expressed as mean + SD (n = 3).

Means with different small letters within a row significantly different before and after
fermentation (p < 0.05).
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mg/100g ; ErR VAR 7T B FFEE 8 4 o 22 d 6.00 # 43 41.74 mg/100g ~
Bed 515841 9252 mg/100g - =+ At > B S E SR T FREE YN
B ErR2Z W E o

AR rE RS E YRV SRR B

5% ﬂﬁ’ %*“ﬁ“i#? ek R d w2330 &K 5 5-GMP ~ 5°-IMP ~

5-XMP - 5°’-AMP (Komata, 1990) ; ¥ 5’-GMP 2 fitvk 35 & 5 S-IMP 123 & > &
R P A ?F/*Jw S pa(f - 1986) o 1 e & S5 IRk S A 2 A R TEH

(Synergistic effect)m & 4 3F7kh v& > @ = 5 F3F cng# ek X JR(Yamaguchi, 1967) -

FLALGHAFT RSBV IR E TR R T S

=1
'

Jan
1%
@
Jegt

3 5-CMP ~ 5°-XMP ~ 5’-GMP ~ 5°-IMP {r 5°-AMP > * %

95



2L A AT DD SRR B R

Table 17. Taste characteristics of before and after fermentation in azuki and mung bean.

Taste component content (mg/g DW)

Azuki bean Mung bean
Before After Before After

fermentation fermentation fermentation fermentation
Bitter 139.33 £ 15.80 432.74 +21.32 178.88 £17.19 972.74 £ 72.63
MSG-like 141.83 £ 15.23 227.88 £ 13.25 183.46 £ 11.46 660.40 +31.64
Sweet 35.03 £ 1.55 23987+ 13.77 45.00+ 5.34 585.44 +39.43
Tasteless 6.00 +0.18 41.74 +£4.08 5.15+£0.08 92.52 + 6.49
Total 322.19+£32.76° 94223 4+52.42 % 412.49 +34.07%  2311.10+150.192

Each value is expressed as mean &= SD (n = 3).

Means with different small letters within a row significantly different before and after

fermentation (p < 0.05).

Bitter, Met + Ile + Leu + Phe + Lys + His + Arg + Trp + Tyr + Val.

MSG-like, Asp + Glu.

Sweet, Thr + Ser + Gly + Ala + Pro.

Tasteless, Tyr + GABA.
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Table 18. 5’-nucleotide contents of before and after fermentation in azuki and mung bean.

5’-nucleotides (ng/g DW)

Azuki bean Mung bean
Before After Before After

fermentation fermentation fermentation fermentation

5’-CMP 27.81+1.38 228.25+ 19.45 68.99 +2.77 5541 +7.83

5’-XMP 73.84 +7.07 22.89 +0.37 78.12 £ 4.61 53.44 +2.33

5’-GMP 7.90+0.25 119.04 & 3.84 66.87 £ 6.82 63.29+9.73

5’-IMP 12.92+0.42 181.59 4+ 26.09 8.21+0.03 167.59+6.73

5’-AMP 31.79+2.71 28.08 +3.98 122.87 £ 13.06 71.34 +7.86
Flavor 5’-nucleotides 94.66 + 7.74 " 323.52+30.3 32 153.20+ 11.46°> 28432+18.792
Total 154.26 + 10.53%> 579.85+53.732  345.06 £27.29°> 411.07 +34.48*

5’-CMP, 5’-cytosine monophosphate

5’-XMP, 5’-xanthosine monophosphate

5’-GMP, 5’-guanosine monophosphate

5’-IMP, 5’-inosine monophosphate

5’-AMP, 5’-adenosine monophosphate

Flavor 5’-nucleotides, 5’-GMP + 5°-IMP + 5°-XMP

Each value is expressed as mean = SD (n = 3).

Means with different small letters within a row significantly different before and after

fermentation (p < 0.05).
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Table 19. Equivalent umami concentration of before and after fermentation in azuki

and mung bean.

EUC (g/100g DW)

. Bef‘irf. 1.15+0.15°

Azukibean e tion
o 11.52 +0.50 @

______________________ fermentation . .. .o

Beiolg 3.714025°

fermentation

Mung bean After

. 2283+128%

fermentation

Each value is expressed as mean += SD (n = 3).
Means with different small letters within a row significantly different before and after

fermentation (p < 0.05).
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