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Abstract: [Objective] The strains with high-yield for active compounds such as cordycepin and cordycepic acid
were screened from Cordyceps militaris (C. militaris) collected in Shaanxi Hualongshan National Nature
Reserve. [Method] Three strains LH3, LY 1, and LY9 of C. militaris were isolated and identified. The yields of
the primary active compounds, hydroxyl radical scavenging activity, and cellular oxidative protection activity in
the extracts of the mycelial and fermentation broth of each strain were determined. [Result] The yields of
cordycepic acid, crude polyphenols, and crude polysaccharides, which were the main active compounds of
C. militaris, were the highest in the mycelia extract of strain LY9, with values of 2.94, 28.79, 65.01 mg/g,
respectively, while the yield of cordycepin was the highest (0.53 mg/g) in the fermentation broth extract of strain
LY 1. Both the extracts of mycelia and fermentation broth of strain LY9 exhibited significant hydroxyl radical
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scavenging (ICs, values of 0.923 mg/mL and 0.619 mg/mL, respectively) and cellular oxidative protection

activities, with cell viabilities of 82.65% and 78.46% at a mass concentration of 1.00 mg/mL. When being

cultivated for fruiting bodies, only strain LY9 successfully formed fruiting bodies, with higher yields of

cordycepic acid, crude polyphenols, and crude polysaccharides than those in its mycelia. [Conclusion] Strain

LY9 exhibits high yields of active compounds, outstanding antioxidant and cellular oxidative protection activities,

and a stable ability to form fruiting bodies with high mass fractions of active compounds. Therefore, it has the

potential to be domesticated for commercialization of C. militaris.

Keywords: Cordyceps militaris; active compound; hydroxyl radical scavenging activity; cellular oxidative

protection
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Table 1 Detailed information about C. militaris samples
T PR R Hh A M5 /m G ]
Je 76 44 2 B T BT LR
Ly PSRBT R 850 202048 A 1 H

E 109°2929", N 32°4'40"
202049 H4 H
20204E 10 A 5 H

LY kvt 4 Beii B B2 183
LYo  E109°2428", N 32°6'1"

DMEM = #i 55 7% 4t « € [ Hyrclone Cytiva 2
F s R4 IE WL R ARG R A A R -
2 [E Amresco & & s K TR 43 #030% I H,O,. - E
X, T 257 R TR A R R LR Bk L R
LKA TR B E AL VRERE o b4l [ 2 5L AL
A A R A A s 2xAccurate Tag TR W (& 5 U/uL
RO R AR EARAA HEAHK
(30 U/mg) : b 50 % 3% 5 Bl 47 A BR 2 =] 5 7 45 0 &
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(USP 40 : RigIga mHAE M BB IR 7] 5 Bl IR % 5
F(USP Z0) B R B - b 5 1 B4R A B A BR &
Al R BE G-10: i K AR AR A A s B
BESZ L) - 95 [ Oxoid 2 A] s 4 FH 43 #95% R A &
BEH B L AR R BRI AR A A K
K5 10101513520907, FORRAE I 1] 5 /32 < K 3=
21127 BEVE K F R A R A A s ME A i - 10 AR
SRR R A PR A F

1/4 SDAY & 5 1 55 77 & B RESR LA 2.5 g
A FE100 g EEEM 25 g MR BERHE K 0.6 g &
FHEHRO0S g HE15.0g.K1L.
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L # 2 4 %) B B i (potato dextrose agar,
PDA) 5 9% 3 B 25 r B8 2 2000 g, /K 1 L, &
10 min, B L35 WM N 20.0 g & % HE AT 15.0 ¢
Billg .

AR IR RN 3.0 g R A 1.0 g,
TIKEREREL 0.5 g & ALHH 0.5 g B ER W2 0.01 g
FERE30.0 g BENIE25.0 g, /K 1 L.

12 NEEEE

Ji 14X : LTQ XL mass spectrometer ! , 3¢
Thermo Fisher Scientific 24 & ; LC & i £ : X Terra
MS C18 Column(5 pmx150 mmx4.6 mm) %4 , 3¢
Waters Corp A A 5 i % 75 K AL : RE-201D &L, K N
BEHENUMRA B & HRAF s AR TR
CTFD-10S &, f Bk & OIE TR AR A A ;
CO, 21 f8 55 72 44 : HF-90 &, Jy FE A= W B2 97 Bl B2 45
JB A BR 2 7] s AR AL B 57 48 - SPX-420B BY , | i R o
SIS A IR A A s 2 T Be B bR A : Infinite M200
pro 2, i & Tecan A 7] s 3 B B8 : TI-S A, HA
Olympus A & o
13 WHEEMNS S

W FE S AE TR R i e Ja AR AR 3 8 75% S
HEAT R T B, 0 B AR D K 0 R R R DD 4
J% 0.5 cmx0.5 cm [ 240 218, M T- 1/4 SDAY 5 5%
BB ,24°CFREFR T do BRIUB 30 S 1) T 2 P
Pl T B0 1/4 SDAY K79 b, 4k ARKE % 14 do HRHL
WK 2 1.5 cmx0.5 cm B B 22 B, B 1) sk 2 N
1x10* N/mL B8 7 277 W, W 100 uL 27 7E 1/4
SDAY ki 773 b, 55 9% 48 h J5 ¥ 0 & [ A1 T 5%
FEAE B 1/4 SDAY 55575 |, 24 °CilE e 15 9% .

14 EHESZENE

KA b AR R R EER N6 em, 1 7 mm 4T
FL AR W B T 0 24T U B 9F 4 I 2 M 7E PDA.
1/4 SDAY I 5 [CRE 75 3 |, 24 °CilE 85 9% 14 d,
A+ # X ENEFEER, BEEKE TOLRE
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BEfh RS L. TR EURE IF 14 d A TE R, T B AT PR B
TSR TR 22 A K BT Ay, 7R R R T O R
W 22 JE2S BT T2 7 16 45 H6) R 6 A R 45
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Yy B KM e, 514 51 K R PCR AR P 2 R
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Meng 2V 5 vk, o B Rl TEF 72 7 5 22 R ITS M
[i] . PCRAA R K(50.0 uL) :2xAccurate Taq IR
25.0 pL, IE S8 5] 4 (10 mol/L) %% 1.0 uL, DNA f#
# 2.0 uL,ddH,0 21.0 pL. FH 1.0 g/dL 5 Jig # E JI
Kol PCR I 14 724 , 6 PCR R 4lifh 7= i &4 T4
V) TRE RO It A R A &) 04T U

1.6 FIMLERARGLE D

W F 45 R 7 NCBI Chttps : /www. ncbi. nlm.
nih.gov/) H #E 47 [F U5 7 Z1 L X, R 4 b &5 SRR
AR AL B 1) TR R AR DG 81, I MEGA-X & —
Eb 5t %% 7 51, 5 Ji FH PhyloSuite v1.2.1 ff] % K BL2R
v (maximum likelihood, ML) Bt & ITS. nrSSU.
nrLSU.TEF.RPBI.RPB2}: N F A M ERARE
BB € 77 B AR A&, LR 2.
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AR i o £ 2LV T R E 43 B 3 1 B R R AT T
TR B RE 9%, K5 IR WO 1/4 SDY 1K B 97
24 °C. 145 r/min ¥ 3% 10 do. Fl 4 ZS A AT 9) 25 1
TR 2, g — P A H PR 2, H
i T R B R R, e B 75 R AR 4 R T T
4 °CORAF o 3 MRy Ht R R Y42 U4 43 73 9 LH3F
LY 1F fILY9F.

VUS4 20 (1 B8 2298 VR T 05 5 B ddHLO BAYR R
P20 mL: 1 g iE AT 4 H, $ B Jie 4 28 R AR 4
3 bk U HRE TR 22 52 B4 4> ) 9 LH3HL LY 1H M
LY9H.

1.8 REYPEEEFHYR~ENE

B 1.7 1) & B AL S B AR 0.1 mg/mL 347 3 BE
PE R B 58 , 4 BV o R 5 | R R P Y U
€ 2 W SCHER20] . R R — 2 T v Wl o 42 B
R 2 pE = Y ok 7 0 - B 100 °C 18 iR T )
J& () & BE bR ME B 20.0 mg, BC KR R OKR E N
200 mg/L [ %5 B5 b %5 90, 4> A & 0.0.1.0.2,
0.3.0.4.0.5 mL £ II/K E 1.0 mL, 4 I BT & 43
£05% 2K 1 mL i B8 S mL, % 35 X M. 30 min,
T 487 nm P K TN SE WO BE ST bR o 2R P
[ 5 1) 7 3550 A BE 10 4% J5 B FE & (1.0 mL) o A
Z N PR B AT e, DA K A R R 3
Ko K 2 W= 8058 7 VE R < ¥ R IR B4 0.05,
0.10.0.50.1.00.5.00 mg/mL ] 7% & T 12 b Uk 1% W
75790 nm W BB S ST bR o 2R e 6 B
VgL SR iND e Tach

33



34

Journal of Food Science and Biotechnology

#2 RATZEAFISHEEE T GenBank PHEMKRFINERS

BE305H1 2025 8 A | RRE5EYEARFER

Table 2  Strains and GenBank accession number of genes for multi-gene sequence analysis

HE R 81 %

EZEL RS
ITS nrLSU nrSSU TEF RPBI RPB2

C. militaris BUCI1112 MW242679 MW242911 MW245728 MW350133 MW426475
C. militaris NBRC30377 JN943300 IN941385 IN941756 IN992490

C. militaris J1 KC242657 KC242632 KC242705 KC242680 KC242729

C. militaris YFCC6587 MN576818 MN576762 MN576988 MN576878 MNJ576932
C. militaris YFCC5840 MN576819 MN576763 MN576989 MN576879 MN576933
C. militaris ARSEF5050 HQ880829 HQ881020 HQ880901 HQ880973
C. militaris NBRC5298 IN943299 IN941383 JN941383 IN992492

C. militaris 0SC93623 JN049825 AY 184966 AY 184977 DQ522332 DQ522377

C. militaris NBRC100741 IN943437 IN941386 IN941755 AB968606 IN992489 AB968567
C. militaris NBRC9787 JN943433 IN941384 IN941757 AB968604 IN992491 AB968565
C. javancia CBS134.22 MF416558 MF416610 MF416504 MF416661 MF416455
C. militaris LH3 ON795100 OR 194075 OR194092 PP024974 PP034586 PP034584
C. militaris LYl ON795947 OR 194085 OR194101 PP024975 PP034587 PP034585
C. militaris LY9 ON796497 OR 194088 OR194104 PP024976 PP034588 PP024977

1.9 REYNEBBREERE
F Fenton 7% & BUW ) £2 B H 2595 B 6e ) i
700 . B R A K G R R I N
0.1.0.5.1.0.2.5.5.0.7.5.10.0 mg/mL ] J& ¥ , LA
ali K Syt I, BB AR AT 510 nm 4 P w2 W B,
FEHBEBEREHENLAD, ARELZ 3R
(AI’AZ)

1

x100% QP

A
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Ay JINFE S R
1.10 $RERHIST 293 T RS (LR IPIE M
1.10.1  mfp sk

W 293 T 21 i 55 9% 72 & A R R 7 0 10% Jia 4
Il 3% + 100 pg/mL F % & Al 50 pg/mL 5 5 & 1
DMEM 7= 8 85 2 W, T 37 °C & 16 1 70 2 5%
CO, 1)1 TR 46 o R 7% , 70 20 B 2% P52 008 20 i 385 97 IS
[ B2 80% I BE 4T 113 48 A K 7% , BUES 3 X B 4 4K 41
J i3k 47 JE 2R

0.6.0.8.1.0.1.4.1.6.2.0 mmol/L ] H,0, , [d] i} 7 %t
MR I NSRRI RE F2 . H,O, 40 B 12 h J5 &
ZHEFRW, M 200 pL 5t & £ 5 0.5 mg/mL [
MTT ¥ » 75 37 °C < & B 70 £ 5% CO, 1 15 37
FEH I E 4 h, DMSO 78 70 ¥ it Ja » W 5E % Lok
FE CRE 0 38 K 4 490 nm, 2 % 3% K 4 630 nm) , it
HH,O0, M 1Cs - ®HKE S A FAT L, 5 &
23
1.10.3 R EAAF 293T 4a fo A AL R 37 & 1E

96 fL # H & FL £ i 200 pL K & S 5x10°
AN/mL [ 4 PR VW, 7E 37 °C L F AR AR 2 2 5%
CO, MR I P E 24 ho ¥ 293TH M7 A= H
H xoF HE A 45 A RN B ) R A B 4L S AN
F7 AL B L Ak B 43 0N - B ER A AR
A RO R R JE N 0.50.0.75.1.00 mg/mL 1) %%
FEHLYD , 23 [ A 4 41 i N\ & fE DMEM 1 9%
T, K R CAH A N TR BV FE R 1 mg/mL B B
1E 37 °C AT 50 0 5% 1 CO,¥5 72 46 H 1F & 24 h;
B 5 72 450 1 40 A0 B2 B AR 90 2 v o N 2R BE R
1.6 mmol/L ] H,0,, =5 [ 4 Al xf B 4 b Jm A

1.10.2 ;40 45 BE AL 4 #y 32 DMEM 55 78 W 55 97 12 hs fe 5 F MTT 00 € & 41
FE 96 FLAR 1 45 Al 200 pL K B 09 5x10° AN/mL 47 ff 1) 7795 2% .

(K] 2037 4 L B, K e 2p o AL A A=Y, 111 B EMFEHEAREIEEMR S =2

T 37 °C B AR B 4r 5% CO, I B 9% 4 v B 9% 7

24 ho 545 ) N 10 uL &R N 0.2.0.4,

RKR-NZHFREE KK 8 g /NE 8 g Fa il
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0.2 g, In A\ & & 7 $2.5% & A MW 7Rl
100 mL, B T 500 mL #E T i, i o KB ) 45 H

B E PR LH3.LY I MILY9 5 72 £ 6 cm, il 7 mm
T L 25 97 B R 2 A T 1/4 SDY B 2, 15
250 mL 5% 37 i $2 Fh 5 N 1 B, T 24 °C L 145 t/min 2%
R RE R T de BN AP S mL Fl T
W, T 15 CHE e R R 2 KGR B R, #
Z % I T I 16 /8 h(J't /% ) (1) 24 °C £ 77 48 vh % 7
30 d, WL %% B AR 1) TS AR AE K . ISR T SR
7T, IYRBLR LE 20 g2 1 mL #EATHREL, FEARYE 1.8
() 5 Y5 - S A B B A i M R AT O E
1.12 Git=ZEoh

TR0 E I FH T S5 {8 45 1 1% 22 R R, K H Excel
2019 HAF#EAT 43, F SPSS 26.0(IBMD ] ANOVA
K 56 F0 XS 9k i AT B E M M (P<0.05) , H
GraphPad Prism 8.0 k47 A {R B 19 22 41

(a) LH3%7 &

& SF O HBEAENABREEERSMNESHENERAR

2 #iRk5ihwe
2.1 MAEMESZFLE

Xof SR A T B P A6 B 5K 4 B AR DR A DX i
AT B EE, AR IHRBEE LS R
43 R AL ) 6 5, 43 5l iy 44 9 LH3WLY 1.LY9.
PR LH3 45 5 T IR R AR (W FE &, B A 7 S8R N FF
F T SO A, SN T A
JLE 1Ca) . WKLY 20 3 T 2 153 R 4L I RE A,
AN PSRN B K B A6,k A
R KA o, WE 1. BHKRLYI & T
23 R B IR, WU T SR R Sk
A, ki o E A, W 1), i &
A XTI A S RPN AN SE W A o A . AE R
VG 78« 5 MK 2= BRI T A6 AR T SR 4 B R R,
B AR R R TR RS EREE, AW
P XN L AN

(b) LY 137 & (¢) LY9%7 &

B 1 LH3.LYIALY9#%F £H R
Fig. 1 Host status of LH3, LY1, and LY9

2.1.1 3R R F AR M S 4
I S LH3.LY 1.LY9 Y B 22 T2 & 45 /A AL
B taE W, R H A 0 Bg, 9% 2.0~3.5 um.
oy A 7 R AR B 2R, (15~20) pmx (2.0~3.5)
um. AT 2 AR, 1.5~2.0 um, &= 5 A
T E, WK 2.
212 3HMREFNEHEN S HIE

% B #k £ PDA.1/4SDAY . & K} 7 3 o T
24 °CH5 37 14 d, KB ETE A M4 K id & % 57
WL 3.

7E JBE ' 25 #F R 5 B PR LH3.LY 1 A1 LY9 7F 3 F
Rk AR A E N aSEEN WKy
T oK B Bl B 4, 1 Ak LH3 1 LY 1 7F PDA $5 7%
B FARKEER D, 458 (5.400£0.071) mm/d Al
(6.750+0.070) mm/d; 1fi ¥ #k LY9 7£ 1/4 SDAY #%
Tk BAEK R R, A K 2 (5.500+£0.140) mm/d.

B Ak LH3.LY1 F1 LYY 7F 16 h/8 hCG/ME) 56 & 1 T
W3 dm B I R, H A AE 1/4 SDAY B 77
B B AR LY 1 B 7% OE T oA 3 A,

A~C—LH3; D~F—LY1; H~L—LY9,
B2 LH3.LY1A=LY9#) 2 # M 5 Hit
Fig. 2 Microscopic features of LH3, LY 1, and LY9
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PDA PDAf; 1/4 SDAY 1/4 SDAY#% 1, Czapek-Dox  Czapek-Dox # {7

LH3

LY1

LY9

B3 LH3.LY1A=LY9 £ & R 3k & 69 B 3% 4% 4
Fig.3 Colony features of LH3, LY 1, and LYY on different media

22 ZEERZAESN NG BB R LYY 5 C. omilitaris NBRC100741
PL Cordyceps javancia CBS143.22 NAMNEEE S BRAER NN B, WK 4.

AAREW,.ERE R EHMKLHE S5 FH K 23 EEUPFTEEFERSZE

C. militaris 0SC93623 AL [H — A /Np > I F LS-MS ¥ 43 3 I 5 A 0 g A0 o B 3% 1)

P LY1 5 C. militaris NBRC 30377 KA A — A W wf (0] 077 &, o 500 A a1 Ax dE ll 28

C. javancia CBS134.22
JE— C. militaris NBRC5298
C. militaris J1

— C. militaris 0SC93623
00 00 L

T00 C. militaris YFCC5840
C. militaris BUC1112
C. militaris YFCC6587

C. militaris ARSEF5050
45 TIE LY9
C. militaris NBRC100741
4 C. militaris NBRC9787
T‘E C. militaris NBRC30377
LY1

B4 KT ITS.nrSSUnrLSU.TEF RPBI #= RPB2 ) B #) 3 % 4 X A #
Fig. 4 Phylogenetic tree based on ITS, nrSSU, nrLSU, TEF, RPB1, and RPB2 genes

81

99

Tree scale: 0.1
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»=2 301.18x, R*=0.995 7, {& ¥ I} [d] ¥ 3.12 min; &
HEZ PR A 0 bR E 28 =3 429 370x,R*=0.994 7,
& 9 B8 A 6.60 mins K £ BE 1 Ax #E 0 & R
$=0.004x+0.145, R*=0.999 2 ; % & T & ) x #E f 2&
N y=0.000 058x+0.036, R*=0.949 9. 6 FhHZEL ¥ 1)
FEEER S R IE 3. LYOH P RER £
Py MUKE 22 B 1 7 B S 25 T Al B B, iy
R B MR LY IF. AR 30 i b B AR AR
A Hh f LR bR BT, W] R T RS B
VB P BRI OR LS . BR T R TE MY R AL, 2 A
I 2t 2 i e B ) — R R AR e T
PR A N R P2 R ik 472.3 pg/g™.

R3 CHMENYHETEFERS =2

Table 3 Yields of main active compounds from six extracts

HAT  mg/g
BRI mERME REICE OHZERTE HZHETE
LH3F  0.31+0.05° 0.01£0.00"  22.70+3.40"  32.37+2.62¢
LYIF  0.00+0.00° 0.53+£0.02°  16.72+3.63°  32.94+1.90°
LYOF  1.63£0.16°  0.28+0.01°  16.49+3.13°  43.89+1.93¢
LH3H  1.18+0.05° 0.10£0.00°  21.59+2.17*  48.69+2.06°
LYIH  0.61+0.06° 0.3240.01°  19.90+3.35"  48.15+2.97°
LYOH  2.94+0.20° 0.25+0.01¢  28.79+2.41°  65.01+ 4.85°

E A FVNG FRROR 7251 B 3 (P<0.05).

24 REMNEBHREBERIER

6 M 2 B A 1) AR B HE RO 1 2 Rl 2 U BR R
77, H B B0 U FE OB, LR 4. A [R] B AR 1
P22 F0 R R AR B 0 32 B R T PR e 0 A R
#2255, oA AR LY 9 1 R 9 RN 1 22 B B i
FriE S0 T Wk LH3 ALY 1.
2.5 REMIN 293T RS ILIRIFTEM

F£ B A 2 B AR 2 B0 A A BB AR AL

F4 oMREMYHNEBHREBFRER

Table 4 Hydroxyl radical scavenging effects of six extracts

1C4, 18/

SR 95% B A5 X [l I )= 77 ¥ P
(mg/mL)

LH3F 1.828 1.438~2.203 »=0.680x-0.178 12.869 0.993
LYIF 0.977 0.821~1.129 y=1.317x+0.014 10.026 0.999
LY9F 0.619 0.481~0.758 »=1.199x+0.250 11.905 0.997
LH3H 2.365 2.085~2.619 y=2.607x-0.975 32.035 0.077
LY1H 1.520 0.995~1.574 y=1.818x-0.205  1.558 1.000
LY9H 0.923 0.813~1.030 y=1.881x+0.066 23.452 0.710

T IC /2 38 1E SPSS Y [l V1M 2 A58 2t 47 B35 23 BT 45 1

& SF O HBEAENABREEERSMNESHENERAR

I B R B IR W PR R
G, LB AR B . 24 1.00 mg/mL [ &
PEEUY) AL #E 293T 41 i 24 h J5 , 40 B A7 3% R ik
100% , 1fi F 1.6 mmol/L ] H,O, 4t 3 293T 4 i Ji5 »
4 M A7 35 R AT 50% . AN [R5 &R BE 1R 6 Fl B2 X
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