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Abstract: Cordyceps militaris strain ZA10-C4, a newly developed strain through hybrid breeding, exhibits high
cordycepin production. In order to obtain a suitable medium formulation for its growth and further improve
cordycepin yield, the fermentation medium need to be optimized and the response surface method was applied.
Cordycepin was extracted and purified from the fermentation broth using the macroporous resin NKA-II. The
optimal fermentation medium formulation was determined to contain maltosel17.99 g/L, yeast extract powder
41.13 g/L, L-alanine 11.83 g/L, KH,PO, 2.00 g/L, MgSO, 1.50 g/L, and vitamin B, 12 mg/L, respectively. Under
these optimized conditions, the yield of cordycepin reached (4 503.14+15.54) mg/L, a 1.66-fold increase compared to
before optimization levels. Meanwhile, the optimal extraction and purification process was identified as follows:
natural pH, a sample loading volume of 600 mL, a sample loading and elution flow rate of 240 mL/h, and ethanol
elution with 70% volume fraction at 800 mL. The resulting cordycepin achieved a purity of 94.89% with a yield

of 89.57%. This study provides technical reference for the large-scale production of novel Cordyceps militaris
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strain ZA10-C4 and the efficient preparation of cordycepin.

Keywords: Cordyceps militaris; cordycepin; strain culture; purification; efficient preparation
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Table 1  Single factor experimental design
ERiE VaES L%y JR B /(g/L)
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F L, P<0.01 Xox 2 RS . PB 5 Al )3
1] 3 56 ¢ 11 K £F N Design-Expert v8.0.6.1. il &
¥y GraphPad v8.0.2.263.
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Fig. 1 Effect of media component and additive levels on the yield of cordycepin
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RIFEPBIRESE R BT HEAGEEN , PA
0.037, LB PB X 40 45 SR vl 5 . [l 43 #r 45 R an 5k
3FMANXCDATR,AB.DMGEAFIERN,CHE
SR UL . FH, F7 2 R RN I RESR BOR 1 P 43
749°0.034 9 A10.007 8, /T 0.05, Ut B 22 2 B 1 %

ERRE. WHEFEKRZAI-CANIEFERARREESWH &

BHERU 2o R KB RERER. Aok,
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Table 2 Experimental design and results of the PB test

- N T B L OB KH,PO, MgSO0, YR B, L-H AR BB

R EE/(gL)  REIKEE/(g/L) R /(gL R E (/LD J K E /(mg/L) R EE/(g/L) (mg/L)

1 5 10 0.5 1.0 5 4 393.04
2 35 60 3.0 1.0 5 4 2363.67
3 35 10 3.0 2.5 5 20 2710.28
4 5 60 3.0 1.0 20 20 1 498.56
5 35 10 0.5 1.0 20 4 628.48
6 5 10 0.5 2.5 5 20 1572.47
7 5 60 0.5 25 20 4 2834.57
8 35 10 3.0 25 20 4 1142.92
9 35 60 0.5 1.0 5 20 4038.88
10 5 60 3.0 25 5 4 1719.90
11 35 10 3.0 1.0 20 20 1705.75
12 35 60 0.5 2.5 20 20 3323.69

#3 PBIREMEESHER

Table 3 Regression analysis results from the PB test

A% PR BEE B F P

B 1.14x107 6  1.90x10° 5.76 0.037 0"
F R (D 2.72x10° 1 2.72x10°  8.25 0.0349°
B REIZECRY (B)  6.06%10° 1 6.06x10° 18.39 0.007 8"
KH,PO, (C) 5.85x10° 1 5.85x10° 1.77 0.240 3
MgSO0, (D) 1.12x10° 1 1.12x10° 3.38 0.1252
HAEERB, (B 5.91x10° 1 591x10°  1.79 0.238 1
L-NER (& 1.80x10° 1 1.80x10° 5.46 0.066 6
Tk 72 1.65%10° 5 3.30x10°

ey 1.30x107 11

VRN P<O.0SKFE L EREE.

i PB I3 15 2 A (D
Y=-422.61+34.764+28.90B - 179.53C +
413.15D-30.08E+49.21G
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B—— T BESR IO T 29K B, g/L s
C——KH,PO,Jii &K &% ,g/L;
D——MgSO, i =ik & ,g/L;

(D

E—%A KB RREIKE, g/L;

G—L-WRAR &K E , g/L.
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T, SRR AR, BEAE 2 R0 (RS HUR
A L-TH B8 JoT 5 R BEE ) B4 o B R
M EREFRMRLZ, B ~ERIMIC. HILE
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HUEERCIVAT NI
2.4 Box-Benhnken if & 136 iF 4 #7

AR 5 DR 2% G e o TR B A A Tk B 25
R B ZF RE W BEER UM A L-T R 3k AT =
%= = JKF 1) Box-Benhnken iR 5 , 324 46 ¥ 11 2 45 R
W25,

DA H B2 e A, AR B T n 2 IR TR .

Y =-5252.82+132.394+270.69B +526.70C +

1.474B-1.044C-3.01BC-5.024°~3.18 B>~
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Table 4 Experimental design and results of the steepest climbing

test
FUWE BERHRIUN  L-AER e
5 R, BRI, SRR/ AR
(g/L) (g/L) (g/L) (meg/L)
1 5 10 4 851.89+69.59"
2 13 21 10 911.014265.58¢
3 21 32 16 1171.36+188.51%¢
4 29 43 22 2 102.09+6.05°
5 37 54 28 1 725.86+213.14%
6 45 65 34 1 606.33£88.09"
7 53 76 40 1 344.50+18.53%¢

T EARAS ) BER R 22 57 8 25 (P<0.05) .

&S5 Box-Benhnkeni®I& & it R&ER

Table 5 Experimental design and results of the Box-Benhnken

test

ZERE B B 52 OB L-TNA B L 3

T Jo R EE J R EE/ R B/ s =vl
(g/L) (g/L) (g/L) (mg/L)

1 35 40 4 2 486.66
2 35 40 20 2171.71
3 20 40 12 4 884.35
4 20 20 20 2617.30
5 5 60 12 2 587.72
6 20 20 12 4471.77
7 20 60 20 1 866.14
8 5 40 4 242531
9 20 20 4 1728.77
10 20 40 12 4946.89
11 20 40 12 4301.40
12 35 20 12 910.88
13 20 40 12 4351.35
14 5 20 12 2918.23
15 5 40 20 2 608.11
16 20 60 4 2907.09
17 35 60 12 2 345.67

Y— RE R &, mg/L;

A—F PR IR, g/l

B—— ¥ BF SR UK 7 8, g/L s

C—L-NARTEIKE, g/L,

g5 RN 6 fr o, Wi N T B Y i) P oY 0.000 4
(P<0.01), 3 W] i B A AR S 3, 170 2K 400 00 AS 2 3%
(P>0.05) , Bt B ey 7 i 452 28 400 & B B B, 49 21 1Y
] U= 7 R8T 5 e b G A PR 3 0t a6 5 R 5
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e AR, A% R B R=0.961 5t 3% B ] )5 7 F5
A LU LA & S PR s L . RS OE R # R%,4=0.912 0,
T 91.20% I 8 A2 e ] A 2% e S T AR R g R
DA, AT R A% e T A TR A o e R R BT O . &
DA 25 0T HR S 28 77 8 1R 5 ) R /AR I 8% BE R BUR
(B)>L-NAMR(CO>Z ZF (4D, H ZIRITA* B>
C* YR P W 5 35 52 (P<0.01) . 53 4b,ABF1 BC
122 H AR H s B 2 5 H B K 7 & (P<0.05)
B AC & HAE X BB R &2 M m A R
(P>0.05).

% 6 Box-Benhnken iR I #E & 73 45 R
Table 6 Model analysis results from the Box-Benhnken design

%= SEOFF BB BT F P

LY 2.16x107 9 2.40x10° 19.44 0.000 4
& HERECD 1.17x10° 1 1.17x10°  9.45 0.0179°
FERFREUR (B 5.94x10° 1 5.94x10° 48.11 0.0002"
L-HAR (O 4.79x10° 1 4.79x10°  38.77 0.000 4"
AB 7.79%10° 1 7.79x10° 631 0.040 3
AC 6.19x10* 1 6.19x10*  0.50 0.5018
BC 9.31x10° 1 9.31x10°  7.53 0.028 7"
A’ 5.36x10° 1 5.36x10° 43.42  0.0003"
B’ 6.81x10° 1 6.81x10° 55.13  0.000 17"
c’ 4.55x10° 1 4.55x10° 36.83 0.000 5™
B %= 8.65x10° 7 1.24x10°
2R AL, T 4.97x10° 3 1.66x10° 1.8  0.2870
gl % % 3.68x10° 4 9.21x10*
Sl 2.25%107 16

W R IRAE P<0.05 KT B R R TRIRAE P<0.01 K E#E

LR ATE N

28 3ok w8 T K 56 15 3 A A R B TG U7 2H 5 RN TR
DU FR e S, B R BTG 7 O 22 25F BB 17.99 o/L T Bt
P2 UKy 41.13 g/L. L- T & R 11.83 g/L. KH,PO,
2.00 g/L-MgS0,1.50 g/L 144 & B, 12 mg/L I ,
TR g 5K BN 4 618.77 mg/L. ML, W EEAE
RO FEIL 1 A Rl EERED. TR
TIE AR AR ) A B, R AR TG U 4% BRI R ) S A gk
1T 3 R BB, R P Bk B (4 503,14+
15.54) mg/L, B AR A AT $2 51 1.66 £, HAHX i 2 K
2.5% , FH Ik 10 B 12 S R A 6 R L b T S R O T
(R

FHOGHWE T, PR S5 DL U C-8 N R T
P, 4 CCoy-UV & & 175 A8 15 30 i L 5 R ALK C1-7,
UGN HUREER 7 B Y R B AR AR = 79% , S o [ S
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R w2 132.9%°Y . G55 RH 5
7 34 75 78 A4 A5 T 925 3R A5 0 H R 1 bk HBS A
Pk CGMCC 18581, &t 1k K % ) 13 Bl i B
R AP R 2 A pERT,

25 HEZMREBRMGEHER

251 #HEBRMEAMTE @ BRI B
FrAR F R T AT A B HURE R SR E N 4.5 g/mL 1)
R, BB T R S R TR R AR R R
TRAE, A LR B it T2, ML A
BLE AR PR . R R R I HURE R R R R
N3 757.68 mg/L B, K AL AE NKA-IDH L 53R )
WY B 25 B4 18.28 mg/g, W I %A 97.32%, i HT
N 86.99% , 5 HH 56 SCHR 1) 45 S AR AU 2

252 oA ARMAMRTGEE

(1) pH: Y b Ff & B W pH>4.5. ¥ It 7] pH>
6.0 i, W Bt 2 N 60%~80% , fif BT Hi fY HL B 2% &
WEEARIG I . 25 8RR  #R A% 25 2 %t W g HER) i
T IR, [ B Ay 9 /0 8 A 0 3R, Ok PR R UG R RV
Vet 77 pH 9 6.0~9.0.

(2) LFEARFR 5> 50 - 4 W B H 0 3% 1 4 IR
AR B BB L . 4 L REAR AR o BR
70% B, BT P il R R R B R E W S s T
LAt A B 53 B 20 T R I, B AR R 43 B 70%
1) T e % B8 47 b A 2R B i 5 HRURE 3R 22 TR 19 A
1o B, % B 2B AR R 5 B 70% F S HURE R B
JBE 5 -

(3) EFEE f BRI B N4 780.14 mg/L
1) & T 30 LA 300 mL/h [ & A%, B 200 mL Y 4
LR B R B AE. Y LFEER
600 mL B, 3t H ¥ L A & R E U B R TS
W BB B . 2 R R N 800 mL i, A4 i
IS B R, B R B R VR . 4 b
FEE N 1000~1 200 mL B, d 85 2K & 0, W g
LB W R ER . R REE W LR
600 mL.

(4 FHRE:— RIS, MR HRERR
UK IA B R BT R UR B 10% B, B A ik U5
P K 600 mL K TR DAAS TR B R RE S W e IR
HH VR HP R B R B ERRE SR TR R R, 3 O L RO
) bR W i e R R IR B R ). B TR
B K FETR B 600 mL/h It R ik ) i I A KB
T B R R AR A I e AR BH . [F B, SB R

ERRE. WHEFEKRZAI-CANIEFERARREESWH &

HOE R AG R RN FE ), AR AR E N
240 mL/h.

(5) P Wt it & AR AR < 2R AR AR 40 3 70% &
B, 43 0 DA AS 6] 90 62 0 I B AE B T b i R R
Te R K, 45 200 mL AR 1 IR PR B, T H
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