1 2 2 3
b b b
(1. , 3170005 2. , 430415; 3.
, 030001)
o H 20 g/L+KH2PO4
2 o/L+K,HPO, 2 g/L+MgS0,+ 7TH,0 2 g/L+CaCl,-2H,0 1 ¢/L+VB, 20 mg/L,pH .
74, 0.808 6 g/dL,
:S 646.2;Q 949.3 A :1673—1689(2012)12—1331—07

Effects of Different Carbon Sources on Mycelium Submerged
Fermentation of Ganoderma atrum

TANG Xing—guo™, ZHOU Quan®, ZHAO Dan*, WANG Feng’
(1. Taizhou Academy of Agricultural Sciences,Linhai 317000,China; 2. Department of Biological Engineering,
Wuhan Bioengineering Institute, Wuhan 430415,China; 3. Shanxi Emergency Materials Reserve Center for
Agricultural and Animal Husbandry, Taiyuan 030001, China)

Abstract: In this manuscript, the effect of carbon sources on the mycelium growth of Ganoderma
atrum in submerged fermentation was studied by orthogonal experiment. furthermore,the the
interactions of inorganic salt,vitamin and carbon source were also discussed. The main results was
obtained and listed as follows:1) fructose was much better than that of sucrose and lactose on
mycelium reproduction,and the demands for inorganic salt and vitamin were dependent on the kinds
of carbon sources;2) the optimum medium for mycelium was 20 g/L fructose, 2 g/I. KH,PO,,2 ¢/L.
K,HPO,,2 ¢/l. MgSO, -7H,0,1 g/l. CaCl, -2H,0,20 mg/l. VB,,natural pH. with the optimum
medium,the the mycelium biomass of G. atrum could reach at 0.808 6 g/dL after 7 days culture.

Keywords: Ganoderma airum ,fructose ,carbon source,biomass, orthogonal experiment

: 2012-03-22
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(Ganoderma  atrum)

(Ganodermataceae Donk ,Bull) (Ganoderma)
( ) ‘
[1-3] ,
ol
r-101
1] .
[2-13
(CeH1xOs) (CuHxOn) .
(C12H22011 -H0 )
AMENRRREERRRICRENSOIO
1.1
1.1.1 (Ganoderma atrum)
1.1.2 O 200 ¢/L,
20 ¢/L, 20 ¢/L,
1.1.3 20 ¢/L.,KH,PO,

1 g/L , KzHPO4 1 g/L . MgSO4 . 7H20 1 g/L . Caclz . 2H20
1 g/L,VB, 10 mg/L.

[14.7.9.14]
1.14

(20 g/L) H :KH2P04\K2HPO4\MgSO4 * 7H20 N

CaCl,-2H,0; (3 gl); :VB1;pH.:

[14-16]
1.2
1.2.1 0.5 emx
0.5 cm ,25 C
1.2.2 0.5
cmx0.5 em R ,250
mL 100 mL, 4

25 C 24 h,

25 °C 135 t/min, 7d,
1.2.3

N 20 ¢/L, ,

3 ¢/L, 1.

1 Ly(3%)
Tab.1 Factors and levels of L,(3*) orthogonal experiment

1 1 gl 1 gl 1 /L. i3} i
2 2 /L, 2 o/l 2 o/l 20 mg/L.
3 3 gL 3 gL 3gL 30 mgll
*, KH,PO,  K,HPO,
, pH o
1.2.4 100
mL/250 mlL, 5 mL/dL, 135
r/min,25 C 7d,
1.2.5
, 65 C
g/dL,
1.2.6 SPSS13.0
[ T
2.1
2 :
A (CaCl, -2H,0) R 0.093 8,B (KH,PO,,

K,HPO,) R 0.020 1,C(MgS0,-7H,0) R
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0.092 5,D(VB;) R 0.040 1, R CaCl, -2H,0 >MgS0, - 7TH,0 >
A>C>D>B, VB, >KH,PO,,K,HPO,,

2 ( )
Tab.2 Results and analysis of orthogonal experiment (sucrose)

K, 0.281 2 0.351 0 0.385 7 0.322 2
K, 0.359 6 0.330 9 0.336 8 0.331 2
K; 0.375 0 0.333 9 0.293 2 0.362 3
R 0.093 8 0.020 1 0.092 5 0.040 1
0.01, Ca Mg
, , 3. o 0
3 ( ) (SSR ),
Tab.3 Results and variance analysis of orthogonal 4,
experiment (sucrose) 4 ( )

_---- Tab.4  Comparison of the significance of difference

0.157(a) g 0.020 3462 0.005 between each factors and levels (sucrose)

sio 1 siso owtes oono NN R Y
3 a

0.375

Ca 0076 2 0038 6697 0003
K 0004 2 0002 0312 0734 Ca 2 — a
Mg 0064 2 0032 5666 0.007 ! 0.281 b
VB, 0013 2 0007 1172 0321 ! 0.351 ;
0204 36 0.006 K 3 0.334 2
550 45 2 0331 2
0361 44 ! 0386 i
Mg 2 0.337 ab
3 , K F=0.312,P=0.734>0.05; 3 0.297 b
VB, F=1.172,P=0.321>0.05, 3 0.360 a
. Ca VB, 2 0.331 a
F=6.697,P=0.003<0.01 ;Mg  F=5.666,P=0.007< 1 0.322 a
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4 ,Ca 1 2.3 2.2
, 2 3 5 , A
;Mg 1 2 (CaCl, -2H,0) R 0.381 0,B (KH,PO,,
,2 3 , K,HPO,) R 0.085 7,C(MgS0O,-7H,0) R
1 3 o 0.109 7,D(VB,) R 0.143 9, R

, Ca A>D>C>B,

Mg o CaCl, -2H,0 >VB,>MgS0, - 7H,0 >

A3B,C\D;, 8, KH,PO,, K,HPO,,

5 ( )

Tab.5 Results and analysis of orthogonal experiment (lactose)

A B C D 1 2 3 4 5
B-1 1 1 1 1 0.223 8 0.224 2 0.220 4 0.196 6 0.187 1
B-2 1 2 2 2 0.285 6 0.265 8 02153 0222 6 0.207 0
B-3 1 3 3 3 0.270 4 0.230 8 02311 0.172 3 0.254 4
B-4 2 1 2 3 0.715 8 0.646 2 0.418 8 0.550 3 0.533 6
B-5 2 2 3 1 0.439 3 0.481 1 0.420 7 0.434 2 0.518 1
B-6 2 3 1 2 0.450 6 0.623 0 0522 3 0.486 8 0.282 2
B-7 3 1 3 2 0.449 2 0.488 6 0.447 6 0.473 7 0.499 6
B-8 3 2 1 3 0.709 0 0.660 3 0.873 0 0.755 8 1.016 8
B-9 3 3 2 1 0.518 7 0.568 2 0.668 8 0.456 3 0.560 7
K, 0.226 1 0.414 6 0.494 4 0.406 8
K, 0.501 5 0.500 3 0.455 6 0.392 0
K 0.607 1 0.419 8 0.384 7 0.5359
R 0.381 0 0.085 7 0.109 7 0.143 9
6 , K F=5.199,P=0.010=0.01;VB,
, , 6, F=14.111,P=0.000 <0.01; Ca F=87.139,P=
6 ( ) 0.000<0.01;Mg  F=6.962,P=0.003<0.01,

Tab.6 Results and variance analysis of orthogonal

experiment (lactose)

N O B N ’ -
8

1.511(a) 0.189 28353  0.000 7 ,Ca 3
8.907 1 8.907 1337.276  0.000 K 2 .3
Ca 1.161 2 0.580 87.139  0.000 ’ ! 3
;Mg 3 1.2
K 0.069 2 0.035 5.199 0.010 , 1 ’ .VBI
Mg 0.093 2 0.046 6.962 0.003 3 1.2
VB, 0.188 2 0.094 14.111  0.000 , 1 o) )
0240 36 0.007 ’ Ca
10.658 45 VB, . M. K
1751 44 N
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A3B,C\Ds, 8.
7 ( )
Tab.7 Comparison of the significance of difference

between each factors and levels (lactose)

T

0.607
Ca 2 0.502 b
i 0.226 c

2 0.500 a

K 3 0.420 b

1 0415 b

1 0.494 a

Mg 2 0456 a
3 0385 b

3 0.536 a

VB, 1 0.407 b
2 0.536 b

8

2.3
8 , A
(CaCl, -2H0) R 0.106 4,B (KH,PO,,

K,HPO,) R 0.054 9,C(MgSO,-7H,0) R
0.983,D(VB,) R 0.150 2, R
D>A>C>B,

VB1>CaC12 * 2H20>MgSO4 . 7H20>
KH,PO,, K,HPO,,

b ’ 90

9 K F=0.253,P=0.778>0.05;
VB,  F=1.857,P=0.171>0.05; Ca  F=0.998,P=
0.379>0.05;Mg  F=0.881,P=0.423>0.05,

A IBZCQDZ )
2,

( )

Tab.8 Results and analysis of orthogonal experiment (fructose)

/(g/dL)

c-1
c-2 1 2 2 2
c-3 1 3 3 3
C-4 2 1 2 3
c-5 2 2 3 1
C-6 2 3 1 2
c-7 3 1 3 2
c-8 3 2 1 3
c-9 3 3 2 1

K, 0.648 5 0.557 2 0.568 4 0.513 4
K, 0.542 1 0.612 1 0.645 5 0.663 6
K; 0.570 5 0.591 8 0.547 2 0.584 1
R 0.106 4 0.054 9 0.098 3 0.150 2

0.423 5 0.677 1 0.560 9 0.449 3 0.521 5
0.446 4 0.811 0 1.146 3 0.927 1 0.712 3
0.539 2 1.139 2 0.293 2 0.646 5 0.433 9
0.462 0 0.485 5 0.680 2 0.512 2 0.699 4
0.501 2 0.427 1 0.508 5 0.469 6 0.362 0
0.382°5 0.463 2 0.565 2 0.476 6 1.136 4
0.570 5 0.609 8 0.393 1 0.411 1 0.903 0
0.772 7 0.717 2 0.387 7 0.735 1 0.257 0
0.544 7 0.496 6 0.790 8 0.382 9 0.585 8
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9 () ; 2
Tab.9 Results and variance analysis of orthogonal , 0.808 6 g/dL;
experiment (fructose) 8 0.803 0 g/dL.
------ 3
0.364(a 0.045 0997 0445 . 0.338 6 g/dL,
15508 1 15508 340022 0 0.444 9 g/dL, 0.587 0 g/dL,
Ca 0.091 2 0.046 0.998 0.379 s
K 0.023 2 0.012 0.253 0.778
SO |||
VBI1 0.169 2 0.085 1.857 0.171

s

1.642 36 0.046

17.514 45
2.006 44 O
Ca2+ VB1
, M 2+
24 i
3 o
C32+ . Mg2+
’ VB, o
’ 1 o
, VB,
10000 o
- t_ﬁ ﬂ.li A 3BQC1D3 y CaC12 M ZHZO 3 g/L+
0.8000 KH2P04 2 g/L+K2HPO4 2 g/L+MgSO4 . 7H20 1 g/L+VB1

30 mg/L,

0.6000
VB,

A 1BzCzD2 y CaClz * 2H20 1
g/L+KH,PO, 2 ¢/L+K,HPO, 2 g/L+MgSO,-7H,0 2

A Bk (L)

0.4000

0.2000
g/L+VB,; 20 mg/L,
0.0000 R T Py T s 150 r/min,
AbBE ’
Bl ARSEEETELELGLDENLR ) 135 r/min
Fig.1 Comparison of mycelium biomass under different , ) ,
carbon source 378
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