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and antifatigue. To obtain EPS efficiently, we added moderate Vernonia amygdalina leaf powder as inducer to the
fermentation medium to promote the production of Cordyceps militaris EPS and studied the infrared absorption spectrum and
antioxidant activities of the EPS after optimization. The optimum liquid fermentation conditions were as follows: addition of
Vernonia amygdalina leaf powder of 8 g/L, fermentation duration of 9 d, initial pH of 6.5, inoculation quantity of 5.0 mL.
Under such a condition, the yield of Cordyceps militaris EPS reached (5.24+0.28) mg/mL, increased by 205.20% compared to
the control group without adding Vernonia amygdalina leaf powder. Results of infrared analysis and antioxidant activity
showed that the Vernonia amygdalina leaves had little effect on the structure and activities of Cordyceps militaris EPS. The
results of this research suggest that Vernonia amygdalina leaf can enhance the production of Cordyceps militaris EPS

effectively, and provides a novel method for efficient production of EPS in Cordyceps militaris.

Keywords: Cordyceps militaris, Vernonia amygdalina leaf, exopolysaccharides, antioxidant
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Table 1 Factors and levels of orthogonal experiment of the fermentation condition of Cordyceps militaris

extracellular polysaccharide

Level Factors
Powder addition (g) Fermentation time (d) pH Inoculation quantity (mL)
0.6 7 6.5 2.5
0.8 8 7.0 5.0
1.0 9 7.5 7.5
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Fig. 1 Effect of the addition amount of the bitter leaf
powder on the production of extracellular polysaccharide
of Cordyceps militaris. Compared to the previous
condition, *P<0.05.
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Fig. 2 Effect of fermentation time on the production of

extracellular polysaccharide of Cordyceps militaris.
Compared to the previous condition, *P<0.05.
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Fig. 3 Effect of pH on the production of extracellular
polysaccharide of Cordyceps militaris. Compared to the
previous condition, *P<0.05.
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Compared to the previous condition, *P<0.05.
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MK 2 FTLUES, BoRimED kR, &k
FERFIE] R kg ek, pH Ky deK, FERP R ko I
K, BRI DAAG WA & T 7 B o b 22 W i e A 4%
k. BRES IR 0.8 g. A MEENIEIN 9 d. pH
6.5, HME N 5.0 mL, 7fERESMT, Mo
LR Al ik F] (5.2420.28) mg/mL .

HE— X 22 AT /3T AT AR B, 4 Bz K]

F2 EXRBERBEUWSHT
Table 2 Intuitional analysis of orthogonal test results

Fh, BoRESIE R 2R oK, Sy 2.25, R
Z, R KE SN2 fE 2R K
FORMRTINGL, HyORER R W 22T
PURIL (3 3), AR inz i) F ik, iy 306.330,
HRE RN, F{H>N 30.558, pH 1 F {EHi/D,
N 8.976, FIrLL 4 Fh K 2 (1t 25 P 22 55 R/
TR By ARSI >R > & R ] >pH

No. Powder addition (g) Fermentation time (d) pH Inoculation quantity (mL) Polysaccharide concentration (mg/mL)

1 1(0.6) 1(7) 1(6.5) 1(25) 3.50+0.43
2 1(0.6) 2(8) 2(7.0) 2(5.0) 4.34+0.15
3 1(0.6) 3(9) 3(7.5) 3(7.5) 4.050.21
4 2(0.8) 1(7) 2(7.0) 3(7.5) 4.48+0.30
5 2(0.8) 2(8) 3(7.5) 1(2.5) 3.83+0.21
6 2(0.8) 3(9) 1(6.5) 2(5.0) 5.24+0.28
7 3(1.0) 1(7) 3(7.5) 2(5.0) 2184021
8 3(1.0) 2(8) 1(6.5) 3(7.5) 2.3920.17
9 3(1.0) 3(9) 2(7.0) 1(2.5) 2.24+0.26
Ki 11.88 10.16 11.13 9.57
K, 13.55 10.56 11.06 11.77
Ks 6.82 11.53 10.06 10.92
ke 3.96 3.39 371 3.19
kz 452 3.52 3.69 3.92
ks 2.27 3.84 3.35 3.64
R 2.25 0.32 0.36 0.73

*3 EXRBRERIAEN

Table 3 Variance analysis of orthogonal test results
Source Sum of squares df Mean square F Significance
Powder addition 49.135 2 24.567 306.330 <0.001
Fermentation time 1.986 2 0.993 12.382 <0.001
pH 1.440 2 0.720 8.976 0.01
Inoculation quantity 4.901 2 2.451 30.558 <0.001
Error 3.609 45 0.080
Total 61.071 53

http://journals.im.ac.cn/cjbcn



REN SFBARRMSHHEERE~FRERPSENRGEREASAESE

23 AMBEHHEBEHESRAMBERDIIES
MABRINZEFEERNT L

SRy 6 UAE i Bk X 2 T X i R A S A
FIEETERCR , LB AR AL AR 2 ) S A A R S it I,
BEE T AU e Ak NS 25 8y R 9 25 ) B4,
TESZIG A5l b, 28 FVALBR T ARSIl Bk BEAS
g, HAAMIARE, BAHER 5 k. 4RE
B, MR EEAS 25 0 RE WS B S b 4R & (P<0.05) 7
W R R P A 20y i, S ARSI
BEMG 25 ) 2s A A Z i A g s T4
205.20% (/& 5).

S e BRBENG B AR B A I 2R s
X} % TR N A 22 2 I 3 B ), S X
BEBENS 25 A B 0 Z0E S b T TIE, R E
IR Bk BRENG 258 A B 1) Z2 008 B ARG, N e Ak
BENMS 25 s AR 2> (8 g/L), IfH kK BERETE
25 CibA7, PRI i BREBEAS 4 5 HH 18 22 48 ) B e
AN 2205 S S I E LTI A R
2.4 HEINZRELIINSIE DR

S E— 25 XU I T e BEBE A 4 R A S 0
i GB35 I 1 K T B A1 22 M B 20 A6 R T T
M. I 6 RILUEBE, U B BENS 48 1 A

*
=

o
o

— ¥*

g
<)
Ly

Polysaccharide
concentration (mg/mL)
=
o

&
=]

Blank control group Vernonia amygdalina
leaf group

5 EMEZHRIERESRRMBEHBIGE M &
ZWABILR

Fig. 5 Validation of the optimum condition and
comparison of the extracellular polysaccharide
production with the control group without bitter leaf
added. Note: Compared with blank control group, *P<0.05.

&: 010-64807509

0.8 -
071l — Vernonia amygdalina leaf group

. 0.6 | Blank control group
7 05+
g 0.4+t
§ 03¢
= 0.2

0.1F

0.0 . . . . . .
4000 3500 3000 2500 2000 13500 1000 500
Wavenumber (cm™')

6 ARMBEBIISTHM LB S S KRB
F A B S HER LIS i bh A

Fig. 6 Comparison of infrared spectrometer of the
extracellular polysaccharide between control group and
the group with Vernonia amygdalina leaf added.
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Fig. 7 Antioxidant activity comparison of the
extracellular polysaccharide between control group and
the group with Vernonia amygdalina leaf added. Legend
a: Vernonia amygdalina leaf group; Legend b: blank
control group; Legend c: vitamin C group.
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