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Optimization of Polysaccharides, Nucleosides and Terpenes
Production from Hericium erinaceus by Liquid Fermentation
and Its Antioxidant Activity

WAN Ningwei', LEI Bangxing’, HE Jin"", WEI Yumeng', TAN Chuanchuan'

(1.Guiyang University, Food and Pharmaceutical Engineering Institute, Guiyang 550005, China;
2.Guizhou University, Guizhou Provincial Biochemical Engineering Center, Guiyang 550025, China)

Abstract: This paper aimed to optimize the culture technology of polysaccharide, nucleoside and total terpene produced by
liquid fermentation of Hericium ericium, and explore its antioxidant activity. With the yield of three active ingredients as the
index, the suitable carbon source, nitrogen source, temperature, rotational speed, pH and inoculation amount were screened
out through single factor experiment. The comprehensive score of the yield of three active ingredients calculated by entropy
weight method was used as the response value. A mathematical model was established by Box-Behnken to determine the
optimal conditions for liquid fermentation of Hericium ericium. The antioxidant activity of the fermentation products was
evaluated. The results showed that: The optimal carbon source was soluble starch and corn meal, the nitrogen source was
yeast extract and yam juice, temperature 23.5 °C, rotating speed 128 r/min, pH5.9, inoculation quantity 8.5%. Under these
conditions, the comprehensive score of liquid fermentation condition of Hericium ericium was 2.090, which was basically
consistent with the comprehensive score of 2.164 predicted by the model. The yield of polysaccharide, nucleoside and
terpene were 5.12, 1.17 and 0.42 mg/mL. The ICy, values of DPPH scavenging rate of fermentation liquid, fermentation
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liquid and mycelium (wet) were 166, 237, 53 mg/mL, and the IC,, values of ABTS' scavenging rate were 68, 55, 72 mg/mL.

The total reducing capacities at 500 mg/mL were 0.711, 0.708 and 0.841. The study would lay a foundation for the

industrialized production of Hericium ericium liquid fermentation.

Key words: Hericium erinaceus; liquid fermentation; process optimization; antioxidant activity
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1.2.2.1 Gk 35 IR Z AR SR 5L, B AN 5%
FEANMNT K B AR P 2 hE . B L T R AR,
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Table 1 Box-Behnken experimental factor level table

K%
K- — - - - -
AR (%)  BHE@(rmin')  CHIHpH  DIRE(C)
-1 6 110 4 23
0 8 120 5 25
1 10 130 6 27

1.2.3  JEPERSTRIIIE

1.2.3.1 2 SHOIBEEHAENY J77k, 50 mL & lE4S:
WA 5 A5ARFREE ARIZHE 3 h, B0 EC IS0, 8+
4R 2 25 mL, JINA 5 AEAEUIC/K OB 4 °C #Ead
7%, #hiE, YLLE 60 °C T EE, S, R
FHA - B R I

1.2.3.2 Gl SREGKRIFEAETO gk, 20 mL RS
WA 5 AT R 2. 1g, 7 30 min(30 °C, 160 W),
BB ETEWR, UERRSE 2= 10 mL &5, RAEFE
- MR PR TR I AE o

1.2.3.3 #Zi SHERSETT ik, BURBERSR 10 mL
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Table 2  Effects of carbon sources on liquid fermentation of
Hericium ericium

WRIE Z i (mg/mL) it (mg/mL) S (mg/mL)
figetiia 1.27+0.01° 0.14+0.01° 0.16£0.01¢
B Sl 3.48+0.08° 0.37+0.04° 0.21£0.01°

T TR 1.63+0.03¢ 0.08+0.01° 0.09+0.01¢
L 2.22+0.06° 0.20+0.01¢ 0.23+0.02
RIAPETER 3.85+0.02° 0.23+0.01¢ 0.11+0.01¢
AR 4.47+0.01° 0.57+0.03" 0.25+0.01°

T WA R TR FRR AT 12257 (P<0.05); R31.

2.1.2 FIREOTHLE AR IR Sk BRI A i 4
WU . 20 AR RPN 3 s, Ea
FURH W ZhE . Bk s R R m T e
(P<0.05) . 478500 K BAEA Sk B IRk b ALl
AT E R 22 AR, (B EAR S 2 B 257 A
SRR, T RIS g, SR 1L 25 RN

BB AL AT, SEmRE PR 1 A . Cui
SECN K PR X Sk B B 2L IS N R S
A BEFEW, Bu A TR R Yy 21.47 g/l
ISR A 1.837 g/L, ASSLEKF 1L 245 7T A BRI 0y
BN E SR IR, =P rEa s =it i 3w T
fth2H (P<0.05), H A 22440 35.7 g/L, Lt Cui
PIFIEIE T T 66.28%, Ml HEEE A AR P IEEHZ 1y
SR AL R, A R A T s R, 1L 2 T S A
AR R FIA AT HRE Ca. Zn, Mg 254K 722,
e A S B A AR A R AR =) SRR, 25 TR, e
L 2GRN R A U
F 3 ARk BB & (5 )

Table 3  Effects of nitrogen sources on liquid fermentation of
Hericium ericium

AR Z B (mg/mL) #H (mg/mL) LG (mg/mL)
HHAWR 1.23+0.07¢ 0.24+0.02¢ 0.19+0.01°
[Ea5ard iy 2.01+0.08¢ 0.35+0.03° 0.21£0.01°
W 2.97+0.03¢ 0.27+0.02¢ 0.23+0.01°
Wzt 3.14+0.01° 0.18+0.01" 0.24+0.01°
W 3.07+0.10° 0.37+0.03" 0.20+0.01°
A AR 3.85+0.03° 0.4120.02° 0.27+0.01°
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Fig.1 Effect of inoculation amount on liquid fermentation
of Hericium ericium

TE: AF/NG PR A B 225 (P<0.05);
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Fig.2 Effect of rotation speed on liquid fermentation of
Hericium ericium

o3 28 140 v/min B i R (P<0.05) ; G =i
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I 3k B B e, TE S I 2= 130 o/min B 35 BRI
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AR PO s RE R B b 2k wEIS R . £E BT
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2.4 WA pH SRk ERELZBEE R 2G5 ZHEM
%ERIR M

anEl 3 Fros, ®its pH oA 5 F1 6 B, MRSk BR R %
AP R BE E A B pH T AL,
WGP BT 7 e 2RI BRATR, 332 PR Ak PR AR A5 R
FEMREE A RES i SR 3 T A WL R, SR RS
25 2 R 22 AR 75 P, BELAS: PR AT BARA R
WG pH 2R 6 B, 217 77 i I 2 BRI (P<0.05), 5 W
FEN DRI TR Prin” A5 R 1A W A N IR 19 FR
&, SRS A YA OSBRI v DAYERE
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Fig.3 Effects of initial pH on the liquid fermentation of
Hericium ericium
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Fig.4 Effects of temperatures on liquid fermentation of
Hericium ericium

25 FPER L35 (P>0.05), Atila 2527 YEIRIT IR X A
SR RA T 2T &, 76 25 C B, Sk i HE
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2.6.1 ZEGIPITRA WAGE R — PP e FE b AR
P ESIRAL L, AT RE ZHEPRTFE I RGeS Fa R iIAL
H. AR S BRI — AR [ FER A=
(BB E— I/ IME) /(R Bt/ IMED 1, THBRFE PR Z 18]
BRI S, AR A B 2 A
AL AR BEEACEAE S0 0.2925, 0.3111,
0.3964 . FZHR M=Z2HH"15x0.2925+ Ll >0.3111
HZEH T >0.3964, TR ENRIG 5 F&F6hRr=mes
EPF5

2.6.2 WARITASA5% Box-Behnken i 54558 L3k 4,
FIJH Design-Expert 8.0.6 #4750 ZIc BTG,
HEST VLRGP0 BAR eRB0 Rk [mIE 7R, %) [a]
VAT A T 7 2553 T R i 2 PR 56 o

2.6.3 JFZESINT LRGP (M) SRR EL(A) | FRIR
(B) . #WI4E pH(C) FVRE (D) iy ¥R Z 35 [1] )3 75 F#
/(I

Y=1.68+0.0050A+0.0192B+0.2342C—0.0600D—
0.1900AB+0.1525AC—0.2625AD+0.3150BC—
0.3375BD—0.0300CD—0.2429A%—0.2267B>—0.1067C>
—0.0679D?

2% 5 25T o, IR R 25 (P<0.01),
LAV S8 AR R 2 RN W 25 I ER ARG,
FOPETE EAF XA 95% /K-F EAN R, Jr BRI 4L
7N, AT R HIZAR A I RG4S A Z M R R o
— KW C, ZZH I BC., BD Mk i 2 (P<0.01); 38
HIF AD, AT A%, B? #2003 (P<0.05) .

2.6.4 ZZHAEHSHT ARIRIIA 7 REL H] S =LA
AT S ML G VAT S RPN = R U e TP S N S v
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Table 4 Response surface experimental design and results

SEES A FERR (%) BRI (r/min) CHIMApH D IRJE(C) Z&iT50

1 -1 -1 0 0 1.03
2 1 -1 0 0 1.59
3 -1 1 0 0 1.26
4 1 1 0 0 1.06
5 0 0 -1 -1 1.14
6 0 0 1 -1 1.77
7 0 0 -1 1 1.35
8 0 0 1 1 1.86
9 -1 0 0 -1 1.32
10 1 0 0 -1 1.81
11 -1 0 0 1 1.45
12 1 0 0 1 0.89
13 0 -1 -1 0 1.15
14 0 1 -1 0 0.92
15 0 -1 1 0 1.14
16 0 1 1 0 2.17
17 -1 0 -1 0 1.41
18 1 0 -1 0 0.99
19 -1 0 1 0 1.32
20 1 0 1 0 1.51
21 0 -1 0 -1 1.15
22 0 1 0 1 1.69
23 0 -1 0 1 1.71
24 0 1 0 1 0.9
25 0 0 0 0 1.69
26 0 0 0 0 1.4
27 0 0 0 0 1.89
28 0 0 0 0 1.69
29 0 0 0 0 1.73

5 IRy 2200 M R A
Table 5 Test of significance for regression equation
coefficients of sensory evaluation

W B ARE ¥y F P T
iy 2.69 14 0.1918 431  0.0049 o

A 0.0003 1 0.0003  0.0067 0.9357
B 0.0044 1 0.0044  0.0990 0.7576
C 0.6580 1 0.6580 14.78  0.0018 o
D 0.0432 1 0.0432 09705 0.3413
AB 0.1444 1 0.1444 324  0.0933
AC 0.0930 1 0.0930  2.09  0.1703
AD 0.2756 1 02756  6.19  0.0260 *
BC 0.3969 1 03969 892  0.0098 o
BD 0.4556 1 0.4556 1024 0.0064 o
CD 0.0036 1 0.0036  0.0809  0.7830
A’ 0.3828 1 03828  8.60  0.0109 *
B? 0.3333 1 03333 749  0.0161 *
c? 0.0738 1 0.0738  1.66  0.2188
D? 0.0299 1 0.0299  0.6722  0.4260
B2z 0.6232 14 0.0445
PR 0.4980 10 0.0498 159 03469 ABF
4% 0.1252 4 0.0313
J=%il| 3.31 28

TR BT (P<0.05); **Fm A W B 70 (P<0.01)

ERERBCNIAEY, SEHAF A B, 5 LRI 2250 sl
2 YL R RIS B E R, 255
e ZR O [ i) D) 52 5 A e 5 2 i I a A, oY
D RZRH 7 ] AYEESE, IR ER A ST B V22, Ul

I 5 FhE A L, VR T = FhIE M 5 e B R A
o, I HIRE SR R al I ss AR R . HIE b,
c A, ¥ B. D BRI I BBE, WFE SRR XL G
PP SN R B0, FeaR N pH X LRG T4 520
R, IS4 v 2 R i T3] EL %8 i o 4%, 3% BH % 1R
pH [EIFISE H AR B3
2.6.5 HAELZMMEEIEINS: 1T Design-Expert
8.0.6 Bl it 15BN LE S VB By WUM(E Ny 2.164, 1L
I LA EC R 8.542% ., 5% 127.96 r/min.
pHS5.891, IR 23.477 °C. HESIPRITE, JRIEARY
B REE T 2800 P EE 8.5% . #% 3 128 r/min.
pHS5.9. #&FE 23.5 C. R T2 XML 3
TR EE, 255 TSR 2.090, 5 5 I B AH X 152 2% K
3.54%, FERTHEZ IOYE I PN o BEBAA] w3 it s
A5 20 1% [ YA & P9 1 2 S AR R R b T = A
WM T P R I LA TSy, g R ] &, R
M.
2.7 REEEYHASEMITEN

RIS . 20 T B A bUAElk
W, SE R E o6 ABTS' . DPPH [ Hi 3Lk fie
FUEIR I, X Rl =4) B b A TG PE A TP .
2.7.1 Xt DPPH H HZEIWEERAES WKl 6 iR, &
B % DPPH [ HHESEBREE ) W2 & T2 s ss
F(P<0.05), MG RIFEEW . KIFFIR . THLLAR TRk
BE RGN, AL S0 DPPH [ 1 3LA0T5 R HE 1 B8,
H IC5 fH 43 5 166, 237, 53 mg/mL, B 22 14 X}
DPPH H 3G BRAE I B35 W T KM U & T
(P<0.05), 245 2244 (R ) BT E Wy 250 mg/mL i,
TR AT 1K 5] 90.06%+0.70%, #4IT T 0T HE ik B
10 pg/mL MY4EA= 3R C K -
2.7.2 Xt ABTS'H HILIFEREEST WE 7 iR, &
BRIV . R . TR 221K %) ABTS' H 3L 7E KR fE
i T A IR (P<0.05), BEE BT e T ny g
in, E R R P — 3, H IC,, fH45 5k 68, 55,
72 mg/mL. KEERXT ABTSH 375 5wy, Al
VLM %7 ABTS [ HHEL75 568 14058, 768
RIS 75 mg/mL B, IEBRZEATIA 61.49%+
0.30%, ‘i 35 15 T A B S W AN Bl 2244, (IR F 4R &
C(P<0.05),
2.7.3 BWJERES  WnE 8 BN, KAWL . K
W T L2 AR 0 BRI RE T 3 W 3 T A B R Ak
(P<0.05), H. B o BE (B8 N, Haa i 28 kg
MR, FERTEMREE R 500 mg/mL B, RIS R R
TJe W EFEPEZES, 43R0 0.711, 0.708, T 2244 Bk 5
J120 0.841, L T4E2E =R C.
3 g

AR SO A PR 2 S G A 1, SR R R 1T S
DA A Sk B WA 2 B T2, o AR AR N
8.5%. #E3#H 128 r/min, pH5.9. IRJE 23.5 °C, fEIZ A
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