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Process Optimization of Solid-phase Fermentation of Cordyceps militaris
with Germinated Soybean Using Lactobacillus plantarum KCB001

Hee Soo Cho, Sulhee Lee, and Young-Seo Park*

Department of Food Science and Biotechnology, Gachon University

Abstract

For the fermentation of Cordyceps militaris with germinated soybean, Lactobacillus plantarum KCBO001, which
showed good growth on the medium containing the mushroom and soybean, was isolated from kimchi and selected
as a starter for the fermentation. The optimum conditions for the solid-phase fermentation of C. militaris with ger-
minated soybean were a ratio of 4:1, the addition of water and starter culture at the final concentrations of 40%(v/
v) and 20%(v/w), respectively, and fermentation at 37°C for 72 h. Total polyphenol content and DPPH radical scav-
enging activity were increased by fermentation and, especially, cordycepin content increased by 24%, which implies
the enhanced functional property of the fermentation product.
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F%orxe UlEF < A X EZoIth(Yue et al., 2012; Jeong
and Choi, 2015). Lu et al.(2015)> C. militaris=5-8 2]
H 33E T cordycepin, ergosterol, 3,4-O-isopropylidene-
D-mannitol¥} ergosterol peroxide’} 95 wi7NA] A4tz <1
7+ N E A& AAEHA L, TLR4 w7l NF«B 215 A
9 A2E At F9F S-S Zhethal BaEglon,
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N (Glycine max Merrilly= F-=-(Fabales), &3} (Fabaceae),
T (Glycine)dll ol g4l £2, H=74, 974, T
T ThES AFol ARSEo] gk, isoflavone, =231,

R

saponin, peptide 5 7157 2] o= TH-Eo o] Al
U FE2HES W, RS oY g3t doka W

S Th(Lee, 2005). FotF& s wols 53 7157
AHo] Z3tE =], Kim et al. (2004)2 hFEE @olA)7)
S E T 313, Lee et al. (2005)&
%719 isoflavone®] & A 3}

™ isoflavone©]
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(Barreto, 2014; Shi et al., 2014). 2%
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M cordycepin $HEFo] 3 Els
7L e, ol & 9% 3 HAsATE FAATH

NE 25 2 Mz

2 AT EFATE AMEE Lactobacillus plantarum
KCCM121162 (Ahgt=E+ 33| FA s=r4EE A
(Seoul, Korea)ZH-E] HFEU, 5531 EU3 ol
F B2 @A X8 A2 (Seongnam, Korea)ZF-E A&
1ok} BCP plate count agar= MB cell (Seoul, Korea)ol
A 4392, MRS broth®} agar= BD (Franklin Lakes,
NJ, USA)lA #4392 m, API kitE bioMérieux Ltd.
(Marcyl'Ftoile, France) #|3&2 AH&-3191tt.

nE

OlHT =&351= HiX| M=

s B2 99 BEeE SAMAE 1%wWh) £
Fotx B 1.5%Wwh) agars SR 9ol 121°Ce
A 15E =
= 1%(wW/v)
B 5ot "aste] zAls)
.§_ [e)
A=}

1

o0& pHE 7002 2A33h ©]E 121°C
o HRFF F AAFFE AFoA] FujY
2 S 27 37°Col A 24417 F)F g ste] Al xSk

L
oh MolthE BFehE WY AL $35E U W
o) 2

F RS QYUER TR TG F 1210004
158§t WaFstel A8

S AP A A 9(0.88%(w/v) NaClyell g3k &
NZ18]4 3t BCP plate count agarol] =23 3 37°Col|A]

ol FFslze] ardua 34 st 257

24X]7+5-9F anaerobic Gas Pack (BD)o|l ¥o] 7] w3}
of APE e o7 sk FHAETE 1%W)
SFokx EA] 37°Cell A 2447 iR & e
Asle FAE 55k dase] e 452 1A A
B3k

12k Al FAFTE 1%(wh) 5358t AA R
HAF3stod 37°Col| Al 24A17F ]S F Epoch microplate
spectrophotometer (BioTek, Winooski, VT, USA)S A}-&-3}
o] 640 nmolA HE A5} 2407 Mg F9] FEE A
£ At Haso] ¢ fFAHFE 22 AEsiith
221 A #FE 1%(wv) Sskz AR A A 37°C
oA 24A17F w e & vl A S 15,900 x goll A 3@ €
A& ake] 0.2 um PVDF filter® o33t ths 2 of 3}y
9] cordycepin 32 HPLCE #413}o] cordycepin®] $F
go| F7te AR FAFTE 32 A s

32k A FAFTE 1%(Wy) T8t A H]A] o
37°ColAM 2447 Wit & FSetx d=ol HF sk

37°Col A 2441718t wieksto] AR R sl ESskx
WPEEE 1 gg Fol /T ImLE L, 90°CAIA 24
7t FE38 £ 15,900 x goll A 387+ A& 3] 0.2
um PVDF filter2 o33t tf5, o3+ Y 9] cordycepin
S A5t cordycepin®] FEFo] F7hgE A5 {4k
#7543k Aot

Cordycepin &tz 24

A1Z.9] cordycepin -2 HPLC(Dionex ultimate 3000,
Thermo Fisher Scientific, Waltham, MA, USA)E ©]-& 3}
of ofgfo] 2O R EAE3TE o5 d-H,0O:methanol
= 80220 &d S AFE3F L. columne ZORBAX eclipse
plus C18 4.6x250 mm, 5 um (Agilent Technologies, Santa
Clara, CA, USA)E AHE-3ITH A5+ 10 pLE T35k
o column® %= 30°C, 452 1 mL/min®Z 2087+
TP UV HAE712 254 nmollA A5 AE3I3Th
dlo]8 #412 Chromeleon™ 7.2 Chromatography Data
System (CDS) SoftwareS AF8-3}t.

2 59 16S ribosomal DNA sequencings ©] &
| 55td 25 54 WHF Gram G4, KOH A1g, &
2] A8, catalase A1, API 50 CHL kitE ©] &3 o
|4, AAdn g B 5o FEEh, Ay 54 &
2 Shim et al. (2014)¢] Wgol wat 38kt

X,
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& Z2f250|= g2t

% Z¥Hxo|= S aluminum chloride ol W} ¥
A A3 th(Lin & Tang, 2007). Al @l o= 10
wf B4 S FFotR AGEE FEE 05mLH 95% o
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< 1.5mL, 10%(w/v) aluminum chloride hexahydrate 0.1
mLe EZ ¥ sl o] w gAFe AL,
aluminum chloride hexahydrate T4l /55 78kt
1 M potassium acetate 0.1 mL3¥} S/ 2.8mLES 2EH =
Wil Ao A 307+ ¥H& = spectrophotometerE ©]-8-3F
o 415mmolA FFES AT EFF402 0-200

ng/mL 4912 querceting ©]-8-3kof 233

Folin-Denis o2 =43 tt
(Lee et al., 2013). Aol ZFFE 108) 343 F3F3}
Z 349 g FZE 0.1 mLe} 2N Folin-ciocalteu’s reagent
02mL, THF 2mLe A2 Yo F 387 LA
HES-AI TR 20%(wWAv) Na,CO, 2mLe 718§, Al&o
A 1A ZHE 9 WA SE4 3L spectrophotometerS ©] &3¢
765 nmol| A B E=E S48t FFFT2 0-500 pg/mL
9] gallic acid& ©]-&sto] 24 sk T

DPPH 2}C|2t 47 24
96 well platec] 33 sFotx TR FE5= 001
mL%} methanol®l] £33+ 0.1
picrylhydrazyl) 0.19 mLS 7}ste] 412 & oA 304
b WAl FHTE ©] % spectrophotometer&
moll A FHEE SR er FEFFAL 0-5mMe]
ascorbic acidE AH&-ste] ZHA sttt oju FARAL] 75,
A gl FFRFE YA, FH dEzELe 2mMo
ascorbic acidE AHE-3FSITH Al59] DPPH itz &A &
4L T A& o] &3t AlLtatsitt.

DPPH 2HC12 227] B4(%) = (1 (A /A ) X 100

A N E FIR7VZE FHE(THY)
A.Samp]e : /\] A= ?Q 7]—%9/] _‘g‘_yal—E
SHEA

FAEA-2 IBM SPSS(2014) Statistics ver. 23 program
< o]&3te] dAujA ELAHEA(ANOVAYE Aldgh &,
p<0.05 =0l A Duncan®] v 1Al olal A7t
B8] fFeoldE skt

FE 1%(wN) sFotz AAA el wgFete] v A
o] WA FFE= Z7F 03 o]l 58EFTE 5%k

AR A oA A A FEFo] §-rgt FFE 23 AT
ol 79| vidH W cordycepin o] v M3} 5
W7t =2 47455 32k AE AT Cordycepin T3S
SN 445 F 550k LU E T cordycepin &
F st 7P S #FR0 KCB001S 2 A5-9] ZEfE]
452 HAF AAsYh KCB001 #F+ vl W9
cordycepin o] wi el olaf 10.2% F7atAThH(E 3 v
AAD. #HE AAFE KCBOl #55 4371 913 168
RNA F372ke] G71A 8-S #4138 T phylogenetic trees
238y A3} Lactobacillus plantarum XLP1733, L. plantarum
IDCC 3502, L. plantarum NOS 7318 5 TW<r2] L. plantarum
7 100% T4 A7 S AU o], HF A8E +
FE Lactobacillus plantarum KCB001Z 8 5 3} %1 th(Fig.
1(A)). L. plantarume ThFe HEAFT} 2 Aol 4] E2
7heeh Z2utolo ¥ Az & 4HA e, F2 ik
I HEFEAES 7, 983 Y] e 75 F44
24 2 A "o & fatdiEt AsEthDe
Vries et al, 2006). Yang et al. (2015)2 L. plantarum<
ARE-3te] FhAEE vlo] @ mj AR R MG EER] y-
aminobutyric acidE AJ4Hste] 2% B AloF bl A8
S Arha LESIA AL, Ahrén et al. (2014)S E-FH] o]
A B2 L plantarume L8PS FAaA 71, AEFH
A3l ¥S EdFErt RIS L plantarums 1
Qo= ditsh, 9S4, d, FEdLEE, T 2
5 Adoial HIES A tH(Arasu et al., 2016). AAE
L. plantarum KCB001-2 Gram ¥4 Aoz el glo
™, KOH test?} catalase test, & 574 A 2402
el 540l fle ikt e = A=At L plantarum
ol = superoxide dismutase, catalase 2 peroxidase”} Ex|
S gl Ak Q= A Aol ThsEkAI R, §7]
Al EAUYAE FA et Gregory & Fridovich, 1974).
API 50CHL kitE ©]&3t L. plantarum KCB0O13} %+
aF2 AESE L plantarum KCCM121162] & ]84S
A% A3 598 7 o84S YER UTH(Table 1). F+
+Te dEF<

fructose, mannose$} ©]3FF 2l cellobiose, maltose, lactose,

RAS

arabinose, ribose, galactose, glucose,

melibiose, saccharose, trehalose, gentiobiose, turanose, 4}
FH<Q melezitose, raffinoses ©]&3H 3, LI

mannitol, sorbitolZ} & Bl Al salicin, raffinose ¥ -
¢l N-acetyl glucosamine, esculin ferric citrate, 12| 3L
cyan BlEAQ] amygdalin, arbuting ARE-3HE A& &ols)
Stk A FAPHAAE P] 7 (scanning electron microscope,
SEM)E ©]&3} L. plantarum KCB0012| FEe| & a3
A, 7o 2 A9 Aol 122 um, F2 0.7-0.8 umE
=7 = A tKFig. 1(B)).
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6o Lactobacillus pentosus JCM 155
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Fig. 1. The phylogenetic tree (A) and scanning electron microscope (B) of Lactobacillus plantarum KCB001.

Table 1. Biochemical characteristics and sugar utilization of L. plantarum KCB001

Carbon source KCCMI12116  KCB001 Carbon source KCCM12116 KCBO001
Glycerol D - Salicin + +
Erythritol - - D-Cellobiose + +
D-Arabinose - - D-Maltose + +
L-Arabinose + + D-Lactose + +
D-Ribose + + D-Melibiose + +
D-Xylose - - D-Saccharose + +
L-Xylose - - D-Trehalose + +
D-Adonitol - - Inulin - -
Methyl-B-D-xylopyranoside - - D-Melezitose + +
D-Galactose + + D-Raffinose + +
D-Glucose + + Amidon - -
D-Fructose + + Glycogen - -
D-Mannose + + Xylitol - -
L-Sorbose - - Gentiobiose + +
L-Rhamnose - - D-Turanose + +
Dulcitol - - D-Lyxose - -
Inositol - - D-Tagatose - -
D-Mannitol + + D-Fucose - -
D-Sorbitol + + L-Fucose - -
Methyl-a-D-mannopyranoside + + Potassium 2-ketogluconate - -
Methyl-a-D-glucopyranoside - - Potassium 5-ketogluconate - -
N-Acetyl glucosamine + + D-Arabitol - -
Amygdalin + + L-Arabitol - -
Arbutin + + Potassium gluconate + +
Esculin ferric citrate + +

"_: can not utilize the carbon source
2+ can utilize the carbon source
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Fig. 2. Effect of fermentation parameters on the viable cell number and the relative cordycepin concentration during solid-phase
fermentation using L. plantarum KCB001. (A) viable cell number and (B) relative cordycepin concentration according to the germinated
soybean concentration (e, 0; m, 11; A, 20; x, 33%(w/w)); (C) viable cell number and (D) relative cordycepin concentration according to
the amount of water added (e, 0; m, 20; A, 30; x, 40%(v/w)); (E) viable cell number and (F) relative cordycepin concentration according
to the fermentation time; (G) viable cell number and (H) relative cordycepin concentration according to the fermentation temperature (e,

30°C; m, 37°C; A, 40°C).
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7} AR o, 40%((viw)2l THEE Al ZAA TR 12417
g 3 79log CFUMLZFAl Z718tdTh. 7H=0] 0, 20,
30%(viw)l AlZoM = fakae] e vl A2 dojuH]
k7] wlZoll cordycepin®] TFol= WHZF AL
40%(v/w)el Al ZAATE 16% S7FetaTh webA A 7}
FHL 40%((viW)E A3

LAt e dEFS RAH] 98t TEskxst
Yol Fo] HE 412 5?%5 T 40%(wiv) 7Hret the,
L. plantarum KCB001& g ols HEshe] 1208]17F
st 2ad A3 Fig 2<EF> o ERd nhs} o], whE
T 2N A F7Fst T 96417k 12041 7F Wl Al
73, 6.8log CFUMLE 7+43t}. Cordycepin®] $HaFo
24, 48, 72, 96, 120A1 75t ¥iF & Z}zF 2.2, 9.8, 214,
19.5, 22.0%% Z7}sA3L, 72, 96, 12041 7FEQF v &t A]
FE Abolole FoHQl Aot gle RoZ YERt 724]
s 4?‘4 ”‘Ef\lﬂ"i 7:‘736})»}.
2 Fig. 2(GH)9} 7Fo] 37°Cel A
L}E}LH ). Wardani et al. (2017)=
L. plantarum Dad 13% 37°CA A= Ao 7 438
Tt B33k ¥ Park & Lim (2015)S A73E AJ¢l1¢]
A 228 L plantarum FH1852 40°CE H4 W
G252 ZAASIAIL, Noori et al. (2016)2 L. plantarum

0.5%(w/v) CM in 50%(v/v) GS ext.
121°C, 15 min

3 WolE FlRe)

wPEE Y HHst 261

T5jq301796.19] W&E 5L 37-40°CAA 7 $43A T
R 73} t} Cordycepin %L%k% 2o WE zjol=
WA okt gk Fudle] HA FEF TR 20%((viw)
2 SAHATHA A vl AA)).

oo AH=Z FF3x doltFTe L plantarum
KCB001E o]&3F wAtg 2AL 235129} voll&
Z 4182 EF3 T 40%viw)e E& FH7lstka, 121°C90
A 1587 Hetgh & Sl 20%(viw)yE HE sk 37°C

oA T2AFERt BR s AeR A4 en, oS Fig
30 =23}s13d T
TR e AT R vkl wiA] Alxw]go] AH s}
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o, MANEY FEHYo]
o%*oi I 9\)\7: = o z}A

= “ o Wi om
& AU 5171 Wl SEES) 99 Aol o4 A
F5Re BRIt WA AR} ] st of
A ol Wil ¥ AT+ WEFY AA3E
FEex wolthre] SAFLEES Ao AN 1
g8 7 gleks AoA oIn)7} ek

4%(wiv) GS inwater

| Lactobacillus plantarum KCB001

105°C, 120 min

1%(viv) inoculation
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—{eotien [ (i

}—‘[ Seed culture ]——' Main culture

Liquid-type
fermentation product

Addition of 40%(v/iw)

water 20%
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121°C, 15 min
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Solid-type
fermentation product

37°C. 72h

Fig. 3. The flowchart of solid-phase fermentation of C. militaris with germinated soybean using L. plantarum KCB001. CM and GS

represent C. militaris and germinated soybean, respectively.

Table 2. Total flavonoid content, total polyphenol content, and DPPH radical scavenging activity of before and after solid-phase

fermentation of C. militaris

Content or activity

Before fermentation After fermentation

Total flavonoid content (ng/mL)
Total polyphenol content (ng/mL)
DPPH radical scavenging activity (%)

22.343.0° 30.0+4.0°
73.5+3.0° 83.9+1.2°
237.8+10.3 264.7+5.4°

Values are presented as mean+SD and analyzed by Duncan’s multiple range test (»<0.05).

Means bearing different superscript letters differ significantly.
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2oz 2784 WIS Table 20] VERAT & ZTH
ot ke HEE A FFsx0NM 223 pgmL, HE F
FZ38t2oA 30.0 pg/mLE SH YA A H O 2 o
o] zjol= 042;11:} ZT8E gk dad o) 7355

pg/mLolAl 839 ug/mLE 2802 F7lselth Xiao et
al. (2014)<] Oﬂ:rLoﬂ ol HolglZ&S C militaris2 W
B AT T ZYulE Tl SHEHJAL, S &
I’J-ﬂ]%—:jﬂ]t shlkmlc acid, chlorogenic acid, p-coumaric
acid7} 2 &= o] 9™, rutin, daidzein, genistein, biochanin
A 59 ZZRol=7} ZAEE At} Landete et al. (2014)
Z} Chiou et al. (2013)2 P& B& F ©@3E 23
B 2] ket A wimA| o] FEAQ AT e
H3lE Fall s itsl BHS WESL &l L
plantarum? aryl glycosideE A &4 aglyconelZ &
X o2 AEHMIAZ 7 Q7] wdol ZEe o) A=
4 AEe kst S48 =ol7] S 715 ZEEE
AR 4 ok Ry E bl §lti(Landete et al., 2014).
g, DPPH 22 2ASAe 2ol sl 16.9% <7t
stdedl, ole TFatxe ikt wE & EYds
ol F7etel wet S E FU1E AR Ay
At

wrgo] od] FF38tx W cordycepin®] o Eﬂﬁ}e

=
F& 1

29 ﬂil

[¢)
HPLCE #2413 A3}E Fig 4°] Vel &&
cordycepin®] &#H2 107.2 ug/mLAlA &g ¥ 1329p.g/
mLOZ 24% Z7Fslit}. 3 §53k% Ul adenine®] &
=5 32% Z715F3 A9, adenosine®] RS- 18% 744}
ST}t Cordycepine 3'-deoxyadenosine® =4 2 A 7
2 ob¥ A #EA UA 221 cordycepin®] T
Z dRE] purined}t e ASZ Ho} de novo purine
nucleotide AP AZE B3l FHE= o2 AAAL 3
t}. =, adenosine®] adenosine kinase (ADK)<} adenylate
kinase (ADEK)°l 23 AMP$} ADPE 7}z A3t %

ribonucleotide reductase®l] 2]l 3¥ ©Ao] £=2E7] 71 A A
¥ o] 3-dADP7} A4 =", 3°-dADP7} ADEK®l| 2|8l 3’-
dAMPZ Z3LEl & 5-nucleotidase (NTSE)l ]3] &3
O & cordycepin®® HFAHE ZoE oSt Q)

(Vongsangnak et al., 2017). W&t 2 A7AFjoA] dtg
o 9J&ll cordycepin®] o] S713E o= L. plantarum
KCB0019] purine A3 Zd=2olA 283F= adenylate
kinase2} 5’-nucleotidase”} adenosineS ©]-83}4] adeninex}
cordycepin®] AFE FE3t7] Wi AR AetEL,

ol gt A= FF o|Fo|Hof & Ao|th

st A S AU e dold ot 55325
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