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Optimization of a liquid fermentation medium

for Cordyceps militaris
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(1. Sericultural Research Institute, Sichuan Academy of Agriculture, Nanchong 637000, Sichuan, China; 2. Nanchong
Silkworm Farm of Sichuan Province, Nanchong 637000, Sichuan, China)

Abstract: To obtain the optimal medium for growth of Cordyceps militaris DY-1, statistical designs were
utilized on the fermentation medium. The dry weight of mycelium was measured analytically. First, the carbon
source, nitrogen source, and inorganic salts were screened one factor at a time, and the carbon: nitrogen ratio
was optimized through orthogonal testing. Then, the Plackett-Burman design was used to screen the critical
factors of mycelium production. Last, a central composite design and response surface methodology were
utilized to determine the optimal concentrations of the critical factors. After, the optimal medium was used in
inoculation experiments to verify the predicted values. Results demonstrated that the optimal media was
composed of the following factors: maltose, 16.40 g-L™"; yeast extract powder, 5.00 g-L™; KNO;, 1.00 g-L7
MgSO0,, 0.20 ¢-L.™"; KH,PO,, 1.80 g-L™; and FeSO,, 0.02 g-L". The practical corresponding response of 32.11
g+ was closer to the predicted response of 32.22 g-L.™". Using the optimum medium, the dry weight of the
mycelium active substances was effectively enhanced 4.12 times compared with the initial level. The present
study laid the foundation for the further research and application of Cordyceps militaris DY-1.[Ch, 3 fig. 9 tab.
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methodology; central composite design

1 U Cordyceps militarts, M FRAMILHE, JLAMEH ) RE T HE AN F2EE ] Ascomycota A
J# 7 H Hypocreales % fi i £l Clavicipitaceae, St AP A fp, HET & AR E K L RARA R E &
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1.2.1 #Fw3ziitds  +5 200.00 g, % 20.00 g, 5K 1 000.00 mL, H4K pH ., 121 CXK
7 30 min, £,

122 MAmisiikdes Ml. 11720000 g, 2FRFS5.00g, BERE: 1.00 g, Bk 448 0.60 g, iR
B 1.00 g, BRIRES 3.00 g, ZE4%7K 1 .000.00 mL; M2. LR 5.00 g, 2 MA M 10.00 g, S L4 10.00 g,
ZKEE7K 1 000.00 mL; M3. %58 20.00 g, & [ 10.00 g, GifREE 1.50 g, Bifg 480 1.50 g, Z£18K
1 .000.00 mL; M4. 24P 3.00 g, HHM 5.00 g, FEHE 10.00 g, BEEEFE 1.00 g, ZEMH 7K 1 000.00 mL;
M5. %&b 16.00 g, A[AMETER 2.50 g, FE A 10.00 g, T 26.00 g, F KW 1.00 g, ki 7.50
g, Wik 4.00 g, ZEMH/K 1000.00 mL, H4A pH i, BrFRiHIR S, 121 CKE 30 min, £,
1.3 REAHZE
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Table 1 Arrangement of factors and levels Table 2 Arrangement of factors and levels
# \// .L’] /é \// ,L*l
e K/ g ) e ‘ PZIKF/ (g L)
kR BRI it B 4 it FR 6 R — A Tt R .k
1 2.00 1.00 0.50 1 0.20 1.00 0.01
2 5.00 2.00 1.00
2 0.50 1.50 0.02
3 10.00 5.00 2.00
4 20.00 10.00 5.00 3 1.00 3.00 0.05
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Figure 1 Dry weight of mycelium in different mediuns

A S g =y . iSES b F P>F
Wi Bk (P=0.632) A W 22 (kT Rk 195 A ff
MR 52 SR I BOE AT AT, R A — i 7 W 10.773 11.67 0.006 5
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¥ CoICERRRM,; C L ERIBRE:; C L Table 5 Effect of different inorganic salts on mycelium dry weigh

g A CofURMMWEL; CIRERE KT EES i FAH P>F
i) o TR R*(adj) 2l 90.7%, R W i i £ 12.568 35.64 0.027 3
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B, YA 15.00 g L7, BER AW A o 2 T P
L70 g L7, W2ARTRERERS, A g 26300 122.70 0.000
32.00 g- L7, {gmagsi R ILE 7, i 2410 10.41 0.000
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M A Fe BENC e i g 45 Rl 0. A3 3 A fif 2 B 0.312 1.35 0219
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ORISR o FHAR 9 4005 A 4728 i G A /P ) U I U 0 A (y O T 22 4T BB R ) -
y=32.07+0.774+0.51B+0.094 B-1.424°-1.44B*,
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Table 7 Experimental designs and results of the steepest accent experiment

aa ML it AR R/ (g L) B 22 AR

ik I — A L I — A R (g L)
1 0.38 5.00 0.20

J5 i -A -1 -0.38 5.00 1.30 24.34

JE 0 0 10.00 1.50 26.45

JEL+A 1 0.38 15.00 1.70 32.00

JF 424 2 0.76 20.00 1.90 30.65

JF 434 3 1.14 25.00 2.10 27.67

JF 5 +4A 4 1.52 30.00 2.30 24.32

JF 5 +5A 5 1.90 35.00 2.50 22.32

R A S v pR Oy 22 40 W B REOCR KRS, P=0.001 4(P<<0.01) Ui BHAR 7R 2 A i 25 11, pe i R K
R*(adj)=97.44, XKW 97.44% 1) 150 Kot ol FH OB R i e, [N, DA 5 AR LS AR R AF ol 7 A ]
A T IR U, Dy AR AL EOT T, P R RO (R . X R AT SAS
9.0 AT /M, 13 BRI H MR [ 47 (A=0.277;B=0.186) , BRI %K N 16.40 g- L7, WL A H1 N 1.80 g- L™
W, W2 T AR B A B e, PUNEA R 3222 ¢ L7, SENME (32.11 g+ L) 5 HUIM (S A A AT

®8 HULAHARBRITHWERERERBE

Table 8 Factors and coded values of central composite design

o2 K (g 1)
-1.414 -1 0 1 -1.414
Gk ko 7.90 10.00 15.00 20.00 22.10
IR — A5 1.00 1.20 1.70 2.20 2.40
®9 FUAASRKBENRARFTESTE
Table 9  ANOVA for the regression equation of central composition design
B3/ -5 A B i ¥J5 FH P>F
LAY 35.114 5 7.023 109.793 <0.000 1
A-A 4.779 1 4.779 74.715 <0.000 1
B-B 2.085 1 2.085 32.598 0.000 7
AB 0.035 1 0.035 0.541 0.486 0
A? 14.989 1 14.989 234.331 <0.000 1
B? 15.397 1 15.397 240.710 <<0.000 1
B 2% 0.448 7 0.064
KA 0.438 3 0.146 58.821 0.000 9
RO 0.010 4 0.003
BiR%E 35.677 13
Uil A RRA AN, BRI A, ABERFAINE S BRI — VP Y s AR T
3 it

AR IR AR Uy 1 AR B R A ANE SIS I R T ie — A R R
RIS, o T B G R R M 2 H AATE S EAERT, BT L% 2 0F B RE SR e AL AL A5 R 205 i 1E 28 1058
ANBELS B A DX IR DR ER AR RO B =2 18— A~ A 1 e R ik QBRI el A 5 A, AT vk R B A X |
PR 3R A e A 2L e A A B FE 2 o PRI, [ PN AR 22 3 252 o Wi 7 T 0 A ¥ 7 8 % B 416 A O T
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Figure 2 Response surface analysis
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TEIY AR b, BRI R FOAH IR REAR L A 3 B 2 AR A, BT TR AR K R AT B SR )
BT, BRADR RN AU A P A, R 2 e 20 P G RS 3R 1 A E I R B
FRBF R 5, mAEPitis #) 30.00 g- L7 DU b, HARBE™EMWELEE A6, Wikd, ol oA
BrEsh, REERNE.
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