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The comparative effects of the fibrinolytic action, antioxidative activity, and tyrosinase inhibition of
Cordyceps militaris powder and fermented Cordyceps militaris powders were investigated using several
microscopic organisms. The nutritional components such as phenolic compounds, flavonoids, and
minerals were also measured. The total phenolic compounds and flavonoid concentrations were
highest in the Cordyceps militaris powder fermented by Aspergillus oryzae. Major minerals were K, Ca,
Mg, and Zn. Native polyacrylamide gel electrophoresis (native-PAGE) analysis of the total protein
patterns of Cordyceps militaris powder and fermented Cordyceps militaris powders revealed slight vari-
etal differences. Fibrinolytic activity was highest in the Cordyceps militaris powder fermented by
Bacillus subtilis and Aspergillus kawachii. The DPPH radical scavenging activity was slightly stronger
in the powder fermented by Monascus purpureus; however, these samples all exhibited a relatively
low activity when compared with butylated hydroxytoluene (BHT). Tyrosinase inhibition activity
was stronger in the powder fermented by Aspergillus oryzae than in unfermented powder. These re-
sults may provide basic data for understanding the biological activities and chemical characteristics
of Cordyceps militaris powder fermented by several microscopic organisms for the development of

functional foods.
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Total acidity (acetlc acid, %, W/V) =|[(titrated 0.1 N
NaOH ml x 0.0006) / sample ml] x 100
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o &, 4 1% (w/v) A& &9l Folin-ciocalteu’s phenol re-
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Flavonoid &2 &3
Flavonoid &2 Jia 52 WH[17]9 =t A3 &
1% (w/v) A% £96] 5% NaNO, §4< 7}3+31, 10% AlCk:
6H,05 & Eg3te] ¥HEA2 &2 spectrophotometer®]
510 nm Al FHEE AT o] 9 flavonoid ¥ &
FEHARZA (+)-catechin hydrates 474 l':‘:(20—200 ug/ml)
Z ARG YT IR SAs A4 xEFHORR
Bl Al4Hskd

Native-PAGE (Non-denatured polyacrylamine electro-
phoresis)0fl 2|8t EHE mHE H|w
FTotx £ER TE TFetx £ d9ud HE
Davis 5 [11]°l @2} slab-type polyacrylaminde gel< AH-§
39T}, Native-PAGES] gel 5 5& 75%5 AH43tiT) & &
2] gel 30% acrylamide, 0.8% bis-acrylamide, 1.5 M Tris-
HCI buffer (pH 8.8), 0.05% TEMED % 10% 48t 2 F <
EFdetd 1 mm FAE TS0 AL AT &2 gel Holl&
5% &% gel [30% acrylamide, 0.8% bis-acrylamide, 0.5 M
Tris-HCl buffer (pH 6.8)]= ¥FE¢] 5% sample buffer [(312.5
mM Tris-HCl, pH 6.8), 50% glycerol, 0.05% bromophenol
blue] LA T3 A|BE 5= ge] ol A= So YA
2 FhstAtt 279 52 Tris-glycine %% (25 mM Tris,
192 mM glycine, pH8.8) 3kl A 1.5 mA/gel (ecm)®| BAFE
Foto] Fotar, AL@C)elA 2 AR FAAAT Yo g
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DPPH free radical0fl 2|8t MXZ0{ o &3

gatst &4 542 Bloisd WH[6]ol wek SA A F,
DPPH (a,a’-diphenyl-B- picrylhydrazyl)%‘i‘ 3 100 ml o &
ol DPPH 16 mg< =% & S5 100 mlE Egsto] o344
(Whatman filter paper NO. 2)Z A A THEAT. 533}
29 28§32 4 FEE £LE 001%, 0.05%, 010%,



050%, 1.00%°] 52 e AR §945 1 ml #3kaL, of7]ef
DPPH #H8 &9 5 ml& Ho] & £ $ A2 A 3087
WA spectrophotometer/] 528 nmo A §F=E =4
STt ol &4 Hla S fjste] 7] Eo AR wol AL
€51 Jv ¥4 F48HA BHT (butylated hydroxytoluene)
< 005% s52 A7tete] Asdt U3 PR FIFES
Z43t%th. DPPHE o] &3 43t 242 A5 779
FATTS FREAE WEE ()2 EASAH.
DPPH free radical scavenging activity(%) =
[ 1—(Abs/Abc)] *x100
Abc: Absorbance of control treatment at 528 nm

Abs: Absorbance of sample treatment at 528 nm

Tyrosinase Mol &4 £F

Tyrosinase &4-& Masamoto 5 A% ¥ [27]& 1t
Wy ste] =43 T In vitro mushroom tyrosinase &4 #
3 58S £4317] 95t 1.5 ml plastic cuvetted] 2.5 mM
3,4-dihydroxyphenylalanin (L-DOPA) 0.3 ml, A& F&&
0.05 ml & 0.1 M phosphate buffer (pH 6.8)& &¢3}e] 25T
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17 Z#AE one-way ANOVA 714 o
S AH(mean + SE)E EA&oH, 7 A
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Table 1. pH and acidity of Cordyceps militaris powder (C) and
fermented C with several microscopic organisms

pH Acidity (%)

C 6.46=0.01 1.13+0.02
CLh 5.34+0.03 1.59+0.02
CLa 4.18+0.03 2.03+0.02
CSc 6.530.01 1.23+0.01
CBs 6.62+0.02 0.96%0.01
CMp 6.20+0.02 1.13+0.02
CAo 7.6520.01 1.43+0.02
CAk 6.46=0.01 1.02+0.02
CRo 5.91+0.01 0.93+0.03

Values are mean * SE, n=3.

C : Cordyceps militaris (C)

CLh : C Fermented by Lactobacillus hilgardii
CLa : C Fermented by Lactobacillus acidophilus
CSc : C Fermented by Saccharomyces cerevisiae
CBs : C Fermented by Bacillus subtilis

CMp : C Fermented by Monascus purpureus
CAo : C Fermented by Aspergillus oryzae
CAk : C Fermented by Aspergillus kawachii
CRo : C Fermented by Rhizopus oryzae
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(Table 2). AT FolAM ¥ Ze]3ls FFE CAoT 4.60%,
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Native-PAGE® 2[& EtE HE mEH|w

M 3= A4 dad Wdr] sFetxe 11 WHY)
Fotx9 E2o @A S Native-PAGER £4¢ 23 C
oA oA F79 Mt #EFHUTHFig. 1). CLh 3% CLa
T M CFAA #2E Wt A YeERGA kAT,
CSci, CBsi, CMp+, CAkT, CRow oA & Co Yehd
et v FEFe Yeigla, CEEg ert £33
oIt 53], CAow oA CEe & FH 9 MES
Bt ol Aspergillus oryzae 5 #8422 Q3] M2 & T
Hol A Aoz Bt o] cordycepin 13+ HE] 7]
554 2E #F HE ¥ nativePAGEZ £ 23, £ A7
Ao} o] Aspergillus oryzaeZ TEANZ FAM 2L &
WA o] Yepy 7] FFdxe Aspergillus oryzae®] 28|
9] 3t bioconversion®] 27l A =53], A2 e

& L oo

Table 2. Concentrations of polyphenolic compounds and fla-
vonoids of Cordyceps militaris powder (C) and fer-
mented C with several microscopic organisms

Total phenolic compounds Flavonoids
concentrations (%) concentrations (%)

C 2.68+0.03 0.42+0.02
CLh 2.46%0.02 0.38+0.05
CLa 2.74%0.06 0.56+0.02
CSc 2.78+0.04 0.50+0.02
CBs 2.65+0.02 0.36+0.04
CMp 2.94+0.01 0.38+0.03
CAo 4.60+0.03 1.52+0.03
CAk 2.67+0.04 0.45+0.02
CRo 2.35%0.03 0.67+0.03

Values are mean *= SE, n=3. Abbreviations are the same as in
Table 1.

Native-PAGE

Fig. 1. Electrophoretic patterns of Cordyceps militaris powder
(CM) and fermented CM with several microscopic organ-
isms using native-polyacrylamide gel electrophoresis. 1:
Cordyceps militaris (C), 2: C Fermented by Lactobacillus hil-
gardii (CLh), 3: C Fermented by Lactobacillus acidophilus
(CLa), 4: C Fermented by Saccharomyces cerevisiae (CSc),
5: C Fermented by Bacillus subtilis (CBs), 6: C Fermented
by Monascus purpureus (CMp), 7: C Fermented by Asper-
gillus oryzae (CAo), 8: C Fermented by Aspergillus kawachii
(CAk), 9: C Fermented by Rhizopus oryzae (CRo).
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Mineral &2

874 #FE 7—’?—} Ha A7 W] FFekxet 1 W)
%29 £29 F8 mineraldl K, Mg, Ca, Na, Fe, Zn
oz wo e %UrEhH?i I(Table 3), %3 Oh 59| AF
2911 A C. militaris®] wvlZ o] K, P, Mg, Ca, Fe 2.2
ety B A7 Aae o9 fAYS AFE EHh CLh,
Clat < A9 HETL CTY mineral FHET F71351 %
o, o]F CAow oA K9 3ol 60.40 ppm, Mg®] 3ol
36.86 ppm, Ca®] §o] 1835 ppm, Zn®| o] 0.69 ppmS
2 o davd v vud 2 $7+E et Ke
AZ W] 78 Fol 202 YEFH A A HFEeHa
TE #HE 2EH, UEF, T4 ol &% ¢ A 47
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=9 5%3F29 Bacillus subtilis W& A3} b2 4F HEF
of Hla) K¢ Nao ol 2A F718t3 3], & ‘E:rl-"/] CBs
& K| o] 64.59 ppm, Na®] o] 31.39 ppm o & T
EHaTd v 5L FAE e A AEFES UE
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Table 3. Mineral concentration (ppm) of Cordyceps militaris powder (C) and fermented C with several microscopic organisms (ppm)

K Mg Ca Na Fe 7n

C 28.63+1.38 19.86+0.10 8.43+0.68 3.83£0.29 1.03£0.05 0.45+0.01
CLh 32.39+0.17 14.35+0.04 5.51£0.03 13.86+0.11 1.33+0.17 0.30£0.00
CLa 42.72+0.20 19.27+0.10 8.16+0.04 17.28+0.06 1.38£0.39 0.38+0.00
CSc 43.78+0.06 27.07+0.09 12.74%0.05 4.50+0.33 2.48+0.20 0.53+0.00
CBs 64.59+0.22 26.78+0.09 12.69+0.03 31.39+0.08 1.85+0.36 0.56+0.00
CMp 4554+0.23 28.72+0.05 13.55+0.05 5.35+0.11 2.52+0.12 0.54+0.01
CAo 60.40+0.18 36.86+0.16 18.35+0.09 6.21+0.04 2.32£0.15 0.69+0.01
CAk 45.95+0.83 28.35+0.06 13.78+0.19 5.29+0.20 1.77+0.21 0.55+0.01
CRo 40.64+0.11 26.00+0.18 12.38+0.03 3.97+0.13 1.08£0.33 0.51+0.01

Values are mean * SE, n=3. Abbreviations are the same as in Table 1.

DPPH free radical0il 25 HXZ0{ &4 Aoz el EeHEg St A WA B S}
DPPH:= @itst 22278 A4 &8 s48 wod gt 209k Aold A3E Uehldnt oo A3t 2E 229
UZE AasuA FFE7F g ue 22 Aoz T2 HHoA LEE Y 32 ARY Aol E Ao w
dAEE RS ARER 5o IE 5 SAsE AL ARG
2, dutd oz AEA A &A= (+)-catechin, quercetin,
flavonoid, vanillic acid <] polyphenol 3}¢}&¢°] DPPH free Tyrosinase Maff &4
radicalell 9|3 AAFS BA L A E Aoz dBA Tt Tyrosinasex melanin 434 #H 9 F8 T4 E tyrosine
[26]. 8714 #FE o] &3 LA W] T2 FEE 1% < 71HAE o] §dste A40H, melanin Aol F=T H ¢
DPPH #A895S SAT A3e Fg 29 2t 2T o2 dAANA = 71v], F24, AWA, 37 28 5 93¢ frio]

AR FA 4RIl BHTE W0%7F & dAAge 84& %‘01‘%1 Az, A 8 AL SellA e 2HE A4S oA

et glon, CEoll A= 60%9 84S Yehfla, ¢ AFY T4 AstE oIt ol d @S WA ] 93
F=vdME dAR CE3 vz AY ~7P3}E A v tyrosinase A 3ol #g AF7F AFHIL glon, A= ¢
BTt o] F CMpd, CBsi, CSc 2 ¥ AR A€ 1 AA=2AA Y tyrosinase A A7F s
g4 B33, CAkT % Clar2 H %8 —?%91 g4s A AT 7HA 2 FEaAZ HEY] st 2
o @A ZEdEy EYRxolt 3 SAH AT A CAoT tyrosinase A3 2A& B A3 tjREe] WA FEET A
oA E& e UEW DPPH Ao 5ol A4 ved tyrosinase A3 /o] F713k1 1L, ©]F CAox, CMp, CSe
AR g oy, vlaugy ¥ FAE deo] o By T, CAkTEo 2 FAdo] E3om, CAord 61%9 ty-
rosinase A3 &A& B9 thFig. 3). °I& melanoma Al E F
- A3 debd A S AN hEA e 5 9
.} W 1.0%
o B0.5%
Ak I
100
Ao I, g
Mp ;:j 80 |
b ———— %
=60 "
sc I £
La [ :E 40 ‘ i !
Lh E j
C 2 2 |
;.
BHT |
0
0 20 40 60 80 100 Aa  Ka C Lh La Sc Bs Mp Ao Ak Ro
DPPH-radical scavenging activity (%) c
Fig. 2. DPPH free radical scavenging activities of Cordyceps mili- Fig. 3. Tyrosinase inhibition activity of Cordyceps militaris pow-
taris powder (C) and fermented C with several micro- der (C) and fermented C with several microscopic
scopic organisms. Values are mean * SE, n=3. Abbrevia- organisms. Values are mean + SE, n=3. Abbreviations are

tions are the same as in Table 1. the same as in Table 1.
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&, ZeE 20 &, albutin, kojic acid 52 A A H I =H
[21], Table 2014 & Zejdl &3} SR ot GFo] A
Ao vls) A F7Fd CAot o] Tyrosinase A3 &40 &
FEFE & 2R ASHET A oryzae, A. kawachii, Monascus
purpureuss ©1-& L& FGA= LasA F& FEAl
H 8} tyrosinase A3 o] S7H ALE BI[7]5of &
Ao} o] FFo] FAAZ A O ZM tyrosinase A
d &4 E3E 7dT e Ao AsdH

thrombin®l 2|3 &4 T d
fibrinogen©] fibrin g0z MY, 43
& 8AS  E2E2 @989 7124 fibring 7HF
detel @AFS G2 5 90T, H2oe 4% AAEE
© TaEAA g g 24 548 gAste A7 219
A= 3 leh[30].

§7HA ¢ E HaNg HEY] 3z A&l 2
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Ho|7] N#& ¢, 3A7F F CScir, CBs, CMp+, CAkT,
CRoFo A CHRETH 27 T3 Fd43) S AT &
A AT 6AIZHA o CSci*, CBsi, CMp<*, CAk, CRoT &
Czdl vla & A &85S YEI S 1, incubation Al 7
of wel IH&s) &40l F7hatATHFig. 4A). 647 Fo E
A4 G4& FAH R g AT (fig. 4B)o A CBs 3
CAko] Ctol Hlaf oF 4¥) 52 A& Yehfjo] 45 23
Z s @A gs) 4ol S AE FdsA o, Clha,
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Fig. 4. Fibrinolytic activities of Cordyceps militaris powder (C)
and fermented C with several microscopic organisms (A,
B). Values are mean + SE, n=3. Abbreviations are the
same as in Table 1.
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Fig. 5. Fibrinolytic activities of fermented Cordyceps militaris

powder (C) according to fermentation time in a temper-
ature of 30C (A, B). Values are mean + SE, n=3. 1: dry
water, 2: Cordyceps militaris (C), 3: Ak 1% (C Fermented
by Aspergillus oryzae 1%), 4: Ak 5% (C Fermented by
Aspergillus oryzae 5%), 5: Bs 1% (C Fermented by Bacillus
subtilis 1%), 6: Bs 5% (C Fermented by Bacillus subtilis
5%).
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Th(Fig. 5A). 96N+ FEES £F T plated] e C2 84
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44 BYAT 24, 48, 72 l Pﬂ B FEE v we
g49& Utk 2443 2 & A3, CAk 1% FE2EAA
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3 45 e, CBs 5% FEE-2 1440 unit® 2 CBs
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Fig. 6. Fibrinolytic activities of fermented Cordyceps militaris pow-
der (C) according to fermentation temperature for 24 hr
(A, B). Values are mean + SE, n=3. 1: dry water, 2: Cordy-
ceps militaris (C), 3: Ak 1% (C Fermented by Aspergillus
oryzae 1%), 4: Ak 5% (C Fermented by Aspergillus oryzae
5%), 5: Bs 1% (C Fermented by Bacillus subtilis 1%), 6:
Bs 5% (C Fermented by Bacillus subtilis 5%).
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A2 U3 S5520 RENE U M2 BY &8

(obeh st A7 353, 2K A A ko] 03, (F)e of 24 7 8

otz TN gHA drE A4 2ad FFotx 229 488 &4, FAdst 4, tyrosinase
Adl &4 181 F FYde ¢, ESEkolE &, v §Fe v @E@?ﬂ‘:}. ‘%Ef& A3 CAoT 9
F ZYd s SR xolE o] LA Mo v MR FUskA R, 8 wdUEdd K, Mg, Ca, Zn 59 ¥
AN F74skATh. E native-PAGEE o] &3t Ha A wHE F Gl d S Hws RS o, CAor oA MEL
g do] #&H Y. DPPH et 2 £7% A A= CMpzol & Zo H] OH AuaA w2 A4S YER
A%, BE 50| $EEAEA butylated hydroxytoluene (BHT)oll ul3] v &A1& YetY Tt tyrosinase
A EAE B u CAoTol CF B A L}EMWE}. WE 3 gy 525 x9 dEAL v
A3, CAkT# CBsw ol A & A5 S UrE}lH ATk F EFE 1%(v/w), 5%(v/w)E AFste] La Azt 2
T eEs 24sUA 479 gud A 2A¢ BAG @ﬁr, CAKZ3} CBs? B 5%(V/w) H%E3h] 40
CollA 2447 2Esiole o) Ao A A4S vehliodnt. whebA, We7] e3stzs T8 450 net 4%
N5AAE d8 £ FALNA Y YEEHN 7} S Holn oo g A=A ALy }%3@ A= A8
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