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Optimization of the Solid Fermentation Soybean
Enrich Selenium Ganoderma Producing Amino Acid
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Abstract: To explore the conditions for the solid fermentation to produce free amino acids by inoculating
Se-enriched Ganoderma liquid seed in soybean solid medium. On the basis of exploring better inoculation a—
mount incubation temperature and fermentation period the response surface method of central composite de—
sign test was used. Ideal combination conditions for Se-enriched Ganoderma on soybean solid fermentation cul-
ture: inoculating Se-enriched Ganoderma liquid seed in soybean solid medium inoculation amount 10. 53 %
fermentation temperature 29.34 °C  fermentation period 6.68 d free amino acids in fermented soybean up to
280.56 mg/100g improved by 64.64% compared with those before optimization organic selenium content
up t0 0.036% 1.1 times more than before optimization. Process conditions for producing free amino acid
from Ganoderma in soybean solid fermentation has initially explored that provides new ideas of developing
soybean enrich free amino acid and trace organic selenium.
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( Ganoderma lucidum) \
1
2-5
1
1.1
1.1.1 730( )
1.1.2 . . . . 722
( ) .
1.1.3 : PDA o 300 g 20 ¢
2.0¢g 5.0 g KH,PO, 1.0 g MgSO, * 7H,02.0 g pH 5.5 1 000 mL;
: 80 g 50¢ 5.0 g KH,PO, 1.0 g MgSO, * 7H,00.5 g NaCl, 5 g
200 ¢ pH 5.5 1 000 mL; 7 250 mL
121 C 30 min o
1.2
1.2.1 $ PDA 30 C
7d .
1.2.2 0.5 cm’ 1~2
50 mL/250 mL. 30 °C 180 r/min 3~4d°.,
10% 300 pg/mL 50 mL/250 mL
30 °C 180 r/min 4 d o
1.2.3 (1) . 40 g/ 15
10% (v/w) 26 28 30 32 34 C o 3 .
o 7 d o
(2) o 40 g/ 15 (v/w)
5% 10% 15% ~20% 25% 30 °C 3 . . 7d
(3) . 40 g/ 18 10%
(v/w) 30 °C 3 . 345678d
(4) . 30 g/ 40 g/ 50 g/ 60 g/ 70 g/
3 (v/w) 10% 30 C . o 74d
1.2.4 Box — Behnken 1 N
1.2.5 50 °C 0.25
g 12.5 mL 10% 250 mL
12 13
1.2.6 8 .
1.2.7 SAS o
2

2.1
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ture time on solid fermentation. ( d) Effect of bottling quantity on solid fermentation.

Effect of temperature on solid fermentation. ('b) Effect of inoculation level on solid fermentation. ( ¢) Effect of cul—

1
Fig. 1 The result of single factor experiment
1(a). 1(b). 1(c) 1(d) -
1( a) 30 C 7d
223.0 mg/100 go
1(b) 10%
7 d 238.2 mg/100 go
1( ¢) 10% 6 d
254.4 mg/100g.
1(d) 250 mL 10%
7d o
2.2
2.2.1 Box — Benhnken
N N 3
0 1.
1
Tab.1 Factors and levels of experiment of Response Surface Analysis
Factor level
Factors Number -1 0 1
/% Inoculation amount X, 5 10 15
/d Culture time X, 5 6 7

/°C Culture temperature X, 26 30 34
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2.2.2 X, X, X,
(Y, . 2.
2
Tab.2 Observed and estimated values for different levels of experimental design
Factor / mg -+ (100g) ' Amino acid content
Number . . 5
Predictive value Experimental values
1 -1 -1 0 238.353 6 239.823
2 -1 1 0 265.790 6 265.782
3 1 -1 0 259.801 3 259.81
4 1 1 0 269.299 3 267.83
5 0 -1 -1 229.149 1 229.905
6 0 -1 1 222.151 8 219.918
7 0 1 -1 257.616 1 259.85
8 0 1 1 230.619 8 229. 864
9 -1 0 -1 238.103 2 235.878
10 1 0 -1 240.574 5 239.81
11 -1 0 1 211.099 5 211. 864
12 1 0 1 233.584 7 235.81
13 0 0 0 276.372 3 275.823
14 0 0 0 276.372 3 279.81
15 0 0 0 276.372 3 273.484
2.2.3 2 SAS

1Y, =276.372 3 + 6.238 95X, + 9.233 85X, — 8.498 3X, —
11.052 62X, X, —4.484 7X,X, + 5.003 4X,X, — 7.008 417X,X, - 5X,X, — 34.479 52X,X,

3.
3
Tab.3 Analyze of mean square
Source DF SS MS F Pr>F
Model 9 6 556. 167 728.463 77.5364 0.000 1
X, - X 1 311.413 4 311.4134 33.146 33 0.002 219
X, - X, 1 682.097 1 682. 0971 72. 601 29 0. 000 366
X, - X, 1 577.779 577.779 61.497 85 0. 000 541
X, X, 1 80. 451 93 80. 45193 8.563 171 0.032 774
X, X, 1 100. 14 100. 14 10. 658 74 0. 022 327
X, X, 1 99.99 99.99 10. 642 77 0. 022 388
X’ 1 451.037 2 451. 0372 48. 007 66 0. 000 961
X,? 1 181.371 4 181.3714 19. 304 87 0. 007 063
X, 1 4 389.527 4 389.527 467.214 0.000 1
Error 5 46.975 55 9.395 11
Luck of fit 3 26.513 76 8.837 92 0.863 846 0.575 967
Pure error 2 0.461 79 10.230 89
Total 14 6 603. 143




3 (P <0.000 1) X, ( ) X,
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X, X, ( ) Prob
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o 3
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Fig.2 Surface layer of the effects of inoculation amount culture time culture temperature on amino acid content
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3 Fig.3 Comparison of solid fermentation of Ganoderma mycelium

and soybean conventional organic selenium content
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