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B. 44 £ B, .NH,Cl.NH,NO, . K, HPO, . KH, PO, ,
MgSO, « 7TH,O.Jo/K ZEE, ¥ 8 Bk 1 R e 4k T3]
JEEG-BEEE ARE, YW E T B R
AERFTEAR; TR DRE, WEHBH,

IR AR R RE-52AA T 78 B AN (b ifg WoR A4k
{8 s HI850R 5 2 R 3 v ¥R B o ML (R VD AN 35 0
XA A BRAFD s FD-1A-50 ¥ R T 1AL (A6 5T 19 s i L 5
IR ABRAF]D ;SW-CJ-2F G5 TAE S R R Z R s
SEARBGRAFD ;ZWYR-2012C fHIRIFFRIR G 45 (L
BIWAATAER H A PR A FDD ; AR223CN L F K (B
ZHERAERRATD .

REFRFWMT . DPDA ¥53R3E . D448 200 g(£ 5D,
%ﬁﬁ 20 gy%ﬁﬂ?ﬁ 2 g’KH2PO4 2 g,MgSO4 +7TH,01 g
BAE 20 g,7K 1 000 mL,121°C K& 20 min, 2)Fh %35
FE 1. 00 YR ZGHE , 2. 00 %5 EME, 1. 00 %6 2 H ik, 0. 50 ¥4 B%
%8 ,0.10% KH,PO,,0.05% MgSO, » 7H;0,0.001%
etk & B, 121°C K B 20 min, 3) ¥ 4h & B 35 35 4.
3. 009 % %5 4%, 0. 30% & [ i, 0. 20% % £ B, 0. 05%
K, HPO, ,0. 05% KH, PO, ,0. 05% MgSO, * 7H,0,0. 001%
e B, ,121°C KB 20 min,

L2 Rk

L2.1 FrrsEstork B IE 1 v 2} pE F o B
1 emX1 eV F IO 414 T 8 Fh 2 WK Fh 35 5 5
H,250 mLAETE L ARV & 100 mL (P & B ER) ,
7E 28°C,160 r/min £ F3ESE 7 d,

L2.2 WhhEREFRTE SHEHERS WRERTE,
BEREFRUFHFR T L 10 %0 A FP B FP 2 250 mL =M
dr ey B R 100 mL, 7E 28°C, 160 r/min 514 F 35 3%
5d,
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1.2.3 MAMHZSHERERSNE RIBBES W
oM LAEAL 3 UE 0. 45 pm) bR 25 B 22 1, g e B W AT
T 28 R Wk 4R B IR AR AR 1/10, ZE MR 46 1) R BE VR A
3FREERFTOK B, T 4 CEAH T HEEIIESR Kt
G W) B L 4 000 r/min B> 5 min, F EER RV
VE R UTVEYS U T 115 B Z MR Iy , 1T B M S 2 815
R, DA ZHET E (g/100mL) BT
L3 BdEsHr

FIFH Design Expert 8. 0 /4, 24 Box-Behnken ]
FOHARRIRTTRE, TR RRAB SR 3 W
R 3 7K 07 g, HXoF B E AR A 34T T 22 40
2 BR5HW
2.1 AR BEERRIEXT R 27 M5 M 2 hE ) 5 m

W5 e B FEE 4051 3. 0096 4. 0096 ,5. 00 %6 &4
TEWE KM 22 200 AT IS R VE M B AR MR AR s R Y
BUR , B A AR AR, 40 3 8 4 3 R 277 A 2 8 1)
B, IR 1A, AFEE A FBRIEX 4R Z =R
T EWERMNEAE —EES, UL 4. 00 % M R IR 1) 55
FRE S ZHEF B R, HWRCH 4. 00 0 Hi& % 5 5. 00%
TEHE , TRV 4. 0070 oK. ERAR LA 4. 00 %6 T KM Ak
VAR R 5 FR LT 7= R 2 ZHEE W AT 5. 00% B %A1
4. 00 Yo B WEAERR IR A B 373 , (R TF T RB A M A8 1K
FRZHEEAERSZMHETRELEGYFFNTH
SREZWEA BN RERHE Wk 4.00% &
KME F 3 R BRI

F1 HEXNEMRZRESRE~SENIN

Table 1 Effect of carbon sources on the production of

polysaccharides from Ganoderma lucidum liquid fermentation

%5 PR Mush 288 Extracellular
No. of experiment polysacchride/ (g ¢ (100mL) ~1)

Carbon sources

1 3. 00 Y6 A b 1271
2 4. 00 Yo A%k 1.731
3 5. 00 % A #hE 1. 443
4 3. 00 Y6 EME 1. 669
5 4. 00 Y5 EME 2.174
6 5. 00 %6 REMH 1. 693
7 3. 00 % 3 2 b 0. 235
8 4. 00 % 2 M 0.314
9 5. 00 % %% 24 0. 279
10 3. 00 %6 A B e B 0. 987
11 4. 00 % AT s HETE Iy 1. 251
12 5. 00 %6 AT B 3 b 1.021
13 3.00% F M 1. 179
14 4.00% F KM 1. 448
15 5. 00 % F KM 1. 251

2.2 RIREIRENT R Z 7= MM 24 5 i

TERGE A R T . LAYE BB B 2 51 R 0.10%
0.30%6.0.50% & H R4 W E B &8 NH, CI.NH, NO;
VBV A 355 5% 22 o 1 ROUR HE AT 4R 3 15 7%, 2B A R
A5 ME RN = 8. mE 2 AT, REWE R
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RIRX RZ 7L BAA —ERBEAER, A AR
WEBEP - RZZHR B R & T HEIRIRA.
FELL 0. 30 7078 i Ay R IR A 35 77 2 v R A1 2 WS R i
K HW g 0. 30264 AF, FRUCH 0. 300 BERbKY . FI4R
BV R, 0. 30 %0 8 H RE AR

R2 REMEMRERSRE SHEHRIT

Table 2 Effect of nitrogen sources on the production of

polysaccharides from Ganoderma lucidum liquid fermentation

E R AW Hish 24 Extracellular
No. of experiment Nitrogen sources polysacchride/ (g ¢ (100mL) 1)

1 0. 10% %8 H i 1. 324

2 0. 30% %8 1 i 1.435

3 0. 50 % % 1 ik 1.268

4 0. 10% Be kK3 1.185

5 0. 30 % By 1. 364

6 0. 50 % Bkl 1.326

7 0. 10%4- P 1.170

8 0. 30%4 P 1.372

9 0. 50 %4 B 1.353

10 0.10% NH4NO;s 1. 304

11 0.30% NH;NO3 1. 314

12 0.50% NH;NO3 1. 239

13 0.10% NH;Cl 1.235

14 0.30% NH4Cl 1.315

15 0.50% NHyCl 1. 277

2.3 ToHLERXS R Z 7 M A M 20 5

TEf 3 Bk IR &S AR T, 40 5 % K HPO, |
KH, PO, .MgSO, * 7TH,O ¥k BEREEE N 0.10%6.0. 15%
0. 20 Ve N BEFRFLI TOHLER HEA T 3% , H B A A28 T
EHMANZhER R, R 3 A, N R B4 R TTAL
RTINS F & b R 277 R Z WA — € AR i
YEH BEERARRIRAK, 7ELL0.15% MgSO, * TH,O H
TR s 75 2 P M AD SRR R KL HK o 0.15%
K, HPO, , Bk R 0. 2% MgSO, « TH, O, ZEMEHE 0.15%
MgSO, + 7TH, O fEAIEFREEMTHLER

*x3 AR £ ith R 2 A

BB S HEHI R
Table 3 Effect of inorganic salt on the production of

polysaccharides from Ganoderma lucidum liquid fermentation

R Tl Hish 24 Extracellular
No. of experiment Inorganic salt polysacchride/ (g ¢ (100mL)~1)
1 0.10% Ky HPO4 1. 289
2 0.15% Ky HPOy 1. 469
3 0.20% Kz HPOy 1. 320
4 0.10% MgSO4 « 7TH2O 1.317
5 0.15% MgSOs « 7TH; O 1. 473
6 0.20% MgSOs « 7TH20 1. 362
7 0.10% KHzPO4 0. 659
8 0.15% KHz POy 0. 987
9 0.20% KHzPO4 0. 968

2.4 WA A HT (RSA RIS Ak & T b e 5
MRYE LA 3300 7 12 1% 35 5 1 2 R B 4% 41 A 22 [ L
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Bixt 4 R Z = HASHERNBEA B RKE WK 2
4.00% F K H5.0. 30% & M . 0. 15% MgSO, « 7H,0,
% Box-Behnken /P04 &I B TR B, PIX 3 4>
RGN AB.O KN AR, K4 #7254 Hash
ZHERIMNAER T T 3 R 3 AT R T R, 17
MR AR ILE 4.

# 4  BoxBehnken iREiZit R &R

Table 4 Design and results of Box-Behnken experiments

EiRe2 AEXKH BEAMK CMgSOs « TH,0 Y s £HE
No. of Cornmeal Peptone MgSOy + 7H2 O Extracellular polysacchride

experiment /% /% /% /(g (100mL)~1)

1 3.00 0. 30 0. 10 0. 056
2 4. 00 0. 30 0.15 1. 302
3 5. 00 0. 10 0.15 0. 263
4 4.00 0. 50 0. 10 0.176
5 4.00 0. 10 0. 10 0. 746
6 4. 00 0. 30 0.15 1. 622
7 5.00 0. 30 0. 10 0. 092
8 4.00 0. 30 0.15 1. 219
9 4.00 0. 10 0. 20 1. 963
10 4. 00 0. 30 0.15 1.619
11 3.00 0. 30 0. 20 1. 288
12 4. 00 0. 50 0. 20 1. 68

13 3.00 0. 50 0.15 1.184
14 5.00 0. 30 0. 20 0. 899
15 4. 00 0. 30 0.15 1.612
16 3.00 0. 10 0.15 0. 621
17 5. 00 0. 50 0.15 1.235

FIFH Design Expert 8.0 # {4, %} Box-Behnken &%
BAEHEAT K 2 3G, 75 2 me B AE (Y iS22
58 HFAB.COHOZHMTFIRERE:

Y=—12.79+4.91A— 2. 01B+52. 78C+0. 51AB—
2.13AC+7.18BC—0.60A* —1. 14B* —115.11 C, &

ST 5,
x5 ERAER Y E 5
Table 5  Analysis of variance with regression model
HEXRB SR =]:: ]33 ¥ Ffd Pr>F
Source  Sum of sqares df Sean square  F value  P-value Prob>F
A 0. 054 1 0. 054 0.411 0.542 0
B 0. 058 1 0. 058 0.439 0.529 0
C 2. 832 1 2.832 21. 368 0.002 4
AB 0. 042 1 0. 042 0. 316 0.591 8
AC 0. 045 1 0. 045 0. 341 0.577 7
BC 0.021 1 0. 021 0. 155 0.705 2
AA 1. 532 1 1. 532 11. 561 0.011 4
BB 0. 009 1 0. 009 0. 067 0.803 8
cC 0. 349 1 0. 349 2. 631 0.148 8
AR 5. 054 9 0. 562 4,237 0.035 1
5% 0. 928 7 0.133
S IR 0. 771 3 0. 257 6. 567 0. 050 3
AR 0. 157 4 0. 039
KR 5. 982 16

T : P<<0.01 Fm2ERL BE, P<0.05 RRER LXK,
Note: P<C0.01 showed highly significant difference, P<C0.05 showed significant

difference.

H3 5 A, — I C Xt o] IS B AU A5 A 55 2 5
T AA XA B, ES A PR
LLF H A ] )9 5 2 (P=0. 035 1<C0. 05), Tfij & T A
B3 (P=0. 050 3>>0. 05), & BIBLIIAR BE R 47, AU AE ¢
PR AT, R A ) E 5 R B AR R B AR . AR
DL [l 5 5 AR e oz T A B (R 1,230, AT BB
BHAHNEXN S RE = M R R . TS5
B E A EAE FX 4 3 R 2 7 e 20 i s ma i w3
M H S MgSO, « TH,O #32 BAE Xt i oh 2 88 7
BEMWER R E, EKH5 MgSO, « TH, O Z a7 1E
—5E FIZZ TAE T, o W o7 AL 4 5% W] S 2 T B F) 46

b
Polysaccharide content
/(g-(100 mL)™")

N\ 5.19
A,
S ol
BB EA i Peptone/% 0,067 83 342 A EHoH Commeal/%

1 ERMIEBBEXEN SE™ BRI EE AR

Fig.1 The coeffect of cornmeal and peptone on

extracellular polysaccharide production

i
Polysaccharide content
/(g-(100 mL)™")

C:MgSO0+7H,0 '0_”‘»2'_993'49 A:FKHy Cornmeal/%

B2 FEX#F MgSO, « 7H,O 3¢
KBS EFENZEERAYE
Fig. 2 The effect of cornmeal and MgSO, « 7H; O on

extracellular polysaccharide production

b
Polysaccharide content
/(g-(100 mL)™")

- 0.86
B: % A4 Peptone/%

0.2
g
C:MgSOs7TH:0 1
B 3 FAKM MgSO, « 7TH,O 3¢
s EHEEBR B R
Fig. 3 The effect of peptone and MgSO, * 7H,O on

extracellular polysaccharide production

135

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

s PESREEIT -

F @ % 2016(09):133~136

I R 2 A o A T AR {1 SR T 43 B 55 1 2678 3 e 1
S48k M RIE Y 7 A=3. 98.B=0. 68.C=0. 21 ik &
K 1. 936 g/100mL, Bp AL Mu S 2 W & e 435 7% S e 7
7:3. 98 % T KM, 0. 68 %0 % H k- 0. 05% K, HPO, ,0. 05%
KH,PO, ;0. 21%MgSO, * 7H,0,0. 001 %442 B, . &
A T AT IR 3 K, 15 2 & 1 R = 7= i S 2 b
EHME R 1,917 g/100mL, S ER R, RGN
HhEHEFRIER T 30. 14%,

3 &g

Ea RN R R E THEFEWARSE S, B S
3 HE 3 A B A A0 A5 B 4 i R 2 MR R B i
Hh W B B A FE T 7 3. 98 % E KM, 0. 680 B H
J#,0.21% MgSO, « 7H,0,0.05% K,HPO,, 0. 05%
KH, PO, ,0. 001 %44 K B, , 33 13 BAiF iR 56 15 LIIESE .
Ak Mash 21 R iA 5] 1. 917 g/100mL, 3 Z AL AT
BRET 30.14%., WAk FHEAR LA AYIE. S EH %
PR#, 4B B wE T R . R AR TR FE
ARG SR IR Ty B 3G 5% 2% A0 45 O D 1) o2 PR 30 4 R o R
AR, — 7 T 2 BT RN, S — R T IRK
e R AT SENE A BT A B M. FEE 4O XT R
T AN TIREMZ L WA, N R KW ke
mm 2 At i S 2 A, A SRR R . T
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Optimization of Liquid Fermentation of Ganoderma lucidum for

Extracellular Polysaccharide Production

ZHANG Lu,MA Qingin, YUAN Xianghua, YANG Xueli, WANG Yiding
(College of Life Science,Sichuan Normal University,Chengdu,Sichuan 610101)

Abstract: Taking Ganoderma lucidum as test material,the effect of carbon source,nitrogen source and minerals on liquid

fermentation was investigated by single factor test and response surface test using Design Expert. The results showed that

the optimal carbon source and nitrogen source were cornmeal and peptone, respectively. The optimal assistant inorganic

salt was MgSO, *« 7H,O. The optimal formula of liquid fermentation medium was 3. 98% corn meal, 0. 68% peptone,
0.21% MgSO, * 7H,0,0.05% K,HPO,,0.05% KH,PO,,0.001% vitamin B,. The increased output of Ganoderma

lucidum extracellular polysaccharide was 30. 14% more than before.

Keywords: Ganoderma lucidum ;ganoderan;response surface;liquid fermentation
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