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Preparation of Liquid Seed and Optimal Fermentation Conditions for Mycelial Biomass and Cordycepin Production
in Submerged Cultivation of Cordyceps militaris
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(1. Engineering and Research Center of Southwest Bio-pharmaceutical Resources, Ministry of Education, Guizhou University,
Guiyang 550025, China; 2. College of Life Sciences, Guizhou University, Guiyang 550025, China)

Abstract: In order to explore the optimal preparation method of liquid seed and fermentation conditions for mycelial biomass
and cordycepin production in submerged cultivation of Cordyceps militaris (BCECQ7), effect of liquid seed on mycelial growth
and cordycepin production by inoculating different concentrations of spores in seed culture was investigated. Single factor tests
were used to investigate the effects of medium compositions on mycelial growth and cordycepin production in liquid fermenta-
tion of C. militaris. Among these factors, sucrose, peptone, MgSO., K.HPO4 and NAA were the most suitable carbon, nitrogen
and mineral sources as well as growth factors, respectively. Through orthogonal tests and the analysis of variance, the optimal
liquid media was composed of 30 g/L sucrose, 25 g/L peptone, 0.5 g/L MgSQO.+7H:0, 1.5 g/L KH2PO: and 4.0 mg/L NAA for
mycelial growth and 30 g/L sucrose, 25 g/L peptone, 0.5 g/L MgSO4+7H-0, 1.5 g/L KH2POs and 3.0 mg/L NAA for cordycepin
production, respectively. This optimal liquid medium culture resulted in the yield of cordycepin up to 645.12 mg/L and the yield
of mycelial biomass up to 31.60 g/L in 500 mL shake-flask culture, which revealed the enhancement by 0.316 fold and 0.43 fold
compared with the basal medium.
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H3AEE, R ILFHME.
134  HUFE

5 0 RO IR B SR AT T 2 AR R EE WL T
WZEIK VR 22 2~3 o 3 BNIEA TR F7 55 (10 1 244,
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K1 Lis(4%) EXRBEI
Table 1 Lis(4°%) orthogonal desing

1311 Gt Irik
Kb Hed T SPSS M TS v, T BE .

2 HREHMW
21 URERAR - GRhRIAE EA A

M2 ATLLE H, SN RI AT B e P i R b 1 8%
FRIEJG R I, it 22 BRI K I B A R K
W, AHECRHER 2, HUR R B T fh v i AR 1
A EME . RIEM., BAERZ2HL . 451 ERA
THEE 1.5 X 108 /> /mL WP 3ARFP AR KRB R 4o S T
TDOREAEN TR, EPHIRIEY R, BT
W 3.0 X 108 A /mL [ it I 1R 22 BRI /N H345T,
W, HAAZ D 1.2mm A4, BRIRE, WA
PR, R MER. B, B LRI KN
T BSIREL RN R B S R R AR A R
4% 3.0 X 108 AN /mL AR B — R BB £l Tk i
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Table 3 Effect of different carbon sources on mycelial biomass and
cordycepin production in liquid fermentation of C. militaris

IS
KF¥ ARERE/ BEA C KH:PO./ D MgSO:+ ENAA/
(/L) JI 1(g/L) (/L) 7H:0/(g/L) (mg/L)
1 10 10 0.5 0.5 1.0
2 20 15 1.0 1.0 2.0
3 30 20 15 15 3.0
4 40 25 2.0 2.0 4.0

1310 IRUFsLE

W 1E AR T SR I B A B 55 T A — S BRI
FEIBOR R & 100mL/500mL), JF¥E X, il
BRI SEA R IR L R AR5 7R N AR & R R R
7S

W A I MIAh R My B W R

77 (mg/L) 7R I(mglg)  EEE /(mg/L)
WAHE 20,9008 164.70%8 10.67¢¢ 380.23
FHRE 22134 136.11¢ 9.46°0 345,46
P 19.00<c 309.30 12.22%8 541.484
FLKE 21.80%8 94,760 13.55% 390.15%
H#R  18.60C 107.55% 11.23 316.43¢

W RREVNGFRERRZR B F(P <0.05); AN KEFRERRZE T
B#F(P <0.01). K.

HIZ 3 W40, 765 Fhokiseh, M4, M. &
SRR AN UM AL e A B m AR, (AT R R A
fE, R R BT EIA R R, b 541.48mg/L.

2 BMARMTIRENFRERE—FM BN

Table 2 Effect of different concentrations of spores on liquid seed of C. militaris

TR I(A ImL) 24 /(g/L) W BRI TE AR/ L2 ERERIEL REEBRA
1.5 X 102 1.50 WD, Wi, HAZL 40mm AL 10 Wi, B
1.5 X 103 2.20 BBk, R G, HAY 3.0mm At 20 i EW
1.5 X 10* 3.10 WD, ke, HAEL25mm A4 40 i &
1.5 X 108 3.60 We k%, wiEt, HAL25mm ALl 60 Wik, BEW
1.5 X 108 4.20 WAL, WM, HAEY20mm AL 100 i EW
1.5 X 107 5.00 WeRkKL, wimt, HAEL20mm Al 140 i &
1.5 X 108 5.80 Werk%, BwiEe, KANREY, BRL1.8mm At 200 Wi B
2.0 X 10° 6.70 BRI N AY, W, HAL Lemm A7, AR N 350 Wi EW
2.5 X 10° 7.20 Wk KN AT, W, HAAL LAmm Ay, WA R 500 WG EW
3.0 X 10° 7.80 Wk K NAY, WA, EAAL 12mm A4, WA R 800 Wik, B
3.5 X 108 8.00 BRI /NEI 5], R, 20k, HARL 1.0mm A4, WA 1000 EiE. B, HRABERNEL
4.0 X 108 8.50 WORL K NAY, TR, BUR, EARZ0.8mm Adi, BRI 1200 REH. BH, TREH

TERI T 22,

R
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x4 TRRENFRERFERBAEERLBEREDENE N
Table 4 Effect of different nitrogen sources on mycelial growth and
cordycepin production in liquid fermentation of C. militaris

25 EKP TRk

x6 AREKETXEIAERERBEIEHRLTBREDERN
® W
Table 6 Effect of different growth factors on mycelial biomass and
cordycepin production in liquid fermentation of C. militaris

- - MaAh B A dUE R R HUE P 5 5 B
mEBRIGL) - — KT g TR AR R
7=t /(mglL) FehI(mglg) R /(mg/L) #/(mg/lL) T /(mg/g) E R /(mg/L)
R E 16.33¢¢ 400.57"8 4.80°¢ 478.95% X 19.93¢ 392.67 6.56%° 523.41F
BOM 23.13% 410.13% 10.91% 662.48% ve 2527”: 222-37:5 2;%2 552';?2
o VB: 07° .04 35 555.62¢
AN =1 cC cC eE dD
REBEH 16.60 250'42 1'22f 270'65f NAA 19.40¢¢ 437.16* 9.90* 629.22:4
eE F F F
/G 4S| 21.70%8 83.69 10.00%® 294.69¢¢ IBA 20.67%8 422.27%8 9.3248 614.9108
W 13,53 208.17%° 1.96% 234.69°

M A TTLUE Y, AN [ GG e 35 e i R
YRR IECR . 75 6 M EUE, A R RRTS 2 dR A
A (23.13g/L) AT R TR 35 ™ 5 (662.48mg/L) . A
FEAE R BUR R A ) R R R R i, R T
W o 22 AR R AR IR AT K T v 43 3] (1 A 40 0 A0 LU
TR ARG, X U R AR BRI R AR T B AR
RUFF=Y IR R MR . BEREF RIS 8 (1 fE R
IR BT R AR Y RO B R R A ZE AN R R K. AR
PEONT HCR B 2% R 0 K S I R R T I e
By T A R T A R R
24 ToHLER L

x5 AAENBENBERERGCEFREERATRAEWEKR
2w
Table 5 Effect of different mineral sources on mycelial biomass and
cordycepin production in liquid fermentation of C. militaris

MuAbdREp AP B R
F/(mg/L) TH % /(mglg) = /(mg/L)

ToHLER AW I(g/L)

X 18.27¢¢ 170.85¢¢ 8.88% 333.09%
MgSOs * 7H20 17.73¢¢ 268.35< 9.734 440.86°
KzHPO. 21.07%8 311.33%® 7.06%4 460.08°®
KH2PO. 22474 341.57% 6.82%4 494,824
CaCl: 17.93« 252.73%® 7.61%4 389.18%°

M S WTLLE 4 B ICHLER R A 5 ) 52 AN
RK, SFAXN BRI HEE, MgSO. « 7H.0
1 KH2PO4. KHPO. fERII S M= IR . (H
FHERME, CaCle B N B f 4l T BB g 28 1 2k .
T K. Py S HI Mg 1Rl A KT 5 1B TR c R R
HEFERERDELE, FEH MgS0s KHPO.1ER
BFR AP LR A Sy, DRUETAE YD Re T A AR

M6 FTLAFE Y, IAAL IBA 1 VC #BAREAE I i
L AR AR, NAA TSR] T o5 e IR B B 3% R
(629.22mg/L), IBA X2, ik614.91mg/L, UiHid& &M
NAA BE 5T 47 e 2F R R A &R .
26 WARERIRER N IE AT IR 4 R

x8 WHERERBEYRBMTZEINER
Table 8 Variance analysis for the results of mycelial growth in liquid
fermentation of C. militaris

JIZERE IR AW Fu Fizt W
A 80.39 3 1.000 9.28
B 64.38 3 0.801 9.28
C 4.66 3 0.0058 9.28
D 21.50 3 0.267 9.28
E 2.84 3 0.035 9.28
R 80.39 3

R BHUERARKBIEHEL=BNTEZSTER
Table 9 Variance analysis for the results of cordycepin production in
liquid fermentation of C. militaris

J5 26 KR A 22> 75 A A Fi Fisei WENE
A 17845.22 3 0.221 9.28
B 19576.41 3 0.242 9.28
o 14986.36 3 0.185 9.28
D 80919.19 3 1.000 9.28
E 17827.99 3 0.220 9.28
7 80919.19 3

MK 8. 9 W LUFH tH, & P 7 K1 0 R A9 2E
Y EAREEE L BN EWIIARE . NRT HEW
TR CAE H, BE TR AR 18053 gt A4 e I P AR ) 1
SEME . RERE > > MgSOs » 7TH.0 > KH:PO: >
NAA, HALKTh AsBaCsD1Es, B 30g/L JEERE. 25g/L
FEAM. 1.59/L KH:PO+. 0.5g/L MgSO. + 7H.0 #l
4.0mg/L NAA. FEFEHEIR RS 0 i R HURE B2 B 1)
UM A MgSOa « TH20 >BERE > 1> NAA >
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Table 7 Results of Lis (4°) orthogonal tests for optimizing the mycelial growth and cordycepin production in liquid fermentation of C. militaris

en - Jia4h R B Jitd Py HRE HEEF
i A B ¢ D E EURIOD) o mgiL) W /(malg) s ((mgiL)

1 1 1 1 1 1 15.10 266.27 8.47 394.17

2 1 2 2 2 2 14.05 251.10 7.68 359.30

3 1 3 3 3 3 16.17 314.57 7.17 430.51

4 1 4 4 4 4 20.90 282.43 7.94 448.39

5 2 1 2 3 4 15.63 269.47 6.14 365.44

6 2 2 1 4 3 18.50 312.13 8.27 465.30

7 2 3 4 1 2 21.67 368.03 7.97 540.74

8 2 4 3 2 1 22.00 309.00 5.90 438.80

9 3 1 3 4 2 20.23 334.70 6.16 459.32

10 3 2 4 3 1 21.40 345.40 4.43 440.20

11 3 3 1 2 4 22.17 292.40 4.16 386.83

12 3 4 2 1 3 26.30 479.85 9.26 723.39

13 4 1 4 2 3 17.83 326.97 421 402.03

14 4 2 3 1 4 23.67 458.57 7.43 634.44

15 4 3 2 4 1 21.57 293.63 4.62 393.28

16 4 4 1 3 2 21.93 283.00 4.25 376.20
k 16.56 17.20 19.43 21.69 20.02
"+ ke 19.45 19.41 19.39 19.01 19.47

) ks 2253 20.40 20.52 18.78 19.70 B IKF: AsBsCsD:Es
i ks 21.25 22.78 20.45 20.30 20.59
R 5.97 5.59 1.13 2.90 1.12
ki 408.09 405.24 405.63 573.19 416.61
Ha ke 452,57 474.81 460.35 396.74 433.89
H#E ks 502.44 437.84 490.77 403.09 505.31 7K F: AsBsCsD:Es

e Ka 451.49 496.70 457.84 44157 458.78
R: 94.34 91.46 85.14 176.45 88.70

KH:POu, A7k VA AsBiCsDiEs, El 30g/L jiEHE. 25g/L
FEEME. 1.59/L KHPO«. 0.5g/L MgSQs « 7H.0 Fil
3.0mg/L NAA. 1& EIRRALSAE T, il s A 47 R
PR3 A A LR AR S e = 1 BB 14 4 s, )G A
YA T 33.50%;; HUEUR R A A T 1.68%.
P LA b oA T 26, o A A e A R R R 3 R A
Ky PRI KR 7R A A R R R R R A

2.7 KRS gk R

F10 EuEEFESRALRFBFERIELS R LR

Table 10 Comparison between basal medium and optimal medium

- MaAhREE MOy HRERY RRER R

IR AW/l U,

! IO i jmaly 2 i(malg) 47t A(mglL)
bR L 22.10 343.50 6.64 490.24
Ptk Jaisist  31.60 378.75 8.43 645.12

MF 10 AT4, FERGUESEI T, T 2R i A
YR R 2R e AR LRI s 2, b )E 4
YA T 43.00%; HELREE A EE S T 31.60%.
ALK 5 PO B AR B 1R 5 DR 1 e o L TR R i A ) 1
T R AR

3 WwE4®

TE R R R R, 2R () K s A 2 I AR AR
LRI SEAE . 7 (BRI AN W 21 30 38 WA — 2
PRI RCR (P B 23RN TER . e KIFEW
WL, T LI 5 e B A IR I dee 4 4l R (Cn iR 22 BRCIR
A REERCRES. EWE. WERBPYHRE). &
ANEHR IR BE AT VPl A B 88, BEFP TR 22 BR 1K K /N
IR B Kk, RN Z, HRBEW
32 T b T AR R B, R
W%, dEREIR, 7F50mL R HCh 1.5 X 101
AN BT B I B 22 BRIBURL N B3 5], R, HEAEY
hl.emm At BERZ, BRI, KB
SRR BN v S I 1 Al I S £ R N2 3y N v 2
R J T8 A FH A O R A R IR BE R . ORI AR UL
7 P. japonica BRI 25/ BB BB /N K
W 1 = 22 B 7 e v TR 5 TR AL

Monaghan Z5EORIE , 4575 EE 0 A P2 AR
W=, R SRR R BN A . R
FECH, Wi IR BCECO7 B AR AR R 77 HUR B 38 1 de 1
WU & R, X5 R bR R e DS T ) — 5
b AT A PR ot R R B U A R A B o g A LR
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O PR IR AR A IR T e A U A R AR, IR A ) 4 AN
—H, WAFERRACKE, BARBEREEEN, WiES T
N R R Ea

REAVMAMEZEALICE, SFERER M A
BAAE . MAEZEMANA, (F2E A LA LR
ARG 5 5 1R 2R P A P40 o A S 38 A o) i e R
IR R R, RILT EHLEIR RS TR 4
Wy R RO R R R, AL S DL 25g/L 1R AR IR
A O R AR AT R ) R 2 e A F T 645.12mgl/L,
B I 1 A R TR R R A BRI
GE LGRS0 25 FARAL, AT DA g R B IR A
5 A R 22 A AR ) R R P A 2 R R IR B i
53 19.54, 3.37g/L; 1 LATEHL A BRI K B
M sh 2 pl AR A AL R, BRI T I NHe AN RE RS
B I R R i, R — e R R T
i Ak 22 B () 7

TEML AR A H g AR KR R 2R ) P A R
FEENI . PapagiannitHRiE Ca?* (1 2 REFN I FL B
W) 2 I ieo ASEIR AT CIE IR BT B s m
IJCHLER A e i g R e i, JUR Ca?t 7R LA
Jii BER R 2R (R 1 0 1 R A TE AL AR AR P/, B
HEFHFEMHR.

AR B AR BER IR AE K ER- . fEA
AU, XSG AR b, L R R R R AL R
WNAEKR PR E S, XUVE RN E NG R
e TR 1 22 R A KT R AR 7 A, R
ST N R A R BRI R P Y e W

o g HUB AN R R FR (R o A T DU, AR — )
B 2 IR KN S5 BE L R IE 1 6 375 B XS
Az ) R R B FR R R A AT AR R R e, SE L
ST VBT D SAE 7 i e R A e D ot L i I T 1
B PERER S IR 7 (1 2% 2 LA A ARAL (0 S AN, Xl
of 1 25 B e e R A A ER R 3R R T B 2 AR )
PR, PRRRMATT AR EEMNE L,

2% UM
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