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Medium optimization for mycelia production of Antrodia
camphorata based on artificial neural network-genetic
algorithm
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Abstract: To illustrate the complex fermentation process of submerged culture of Antrodia camphorata ATCC 200183, we
observed the morphology change of this filamentous fungus. Then we used two optimization models namely response surface
methodology (RSM) and artificial neural network (ANN) to model the fermentation process of Antrodia camphorata. By genetic
algorithm (GA), we optimized the inoculum size and medium components for Antrodia camphorata production. The results show
that fitness and prediction accuracy of ANN model was higher when compared to those of RSM model. Using GA, we optimized the
input space of ANN model, and obtained maximum biomass of 6.2 g/L at the GA-optimized concentrations of spore (1.76x10° /mL)
and medium components (glucose, 29.1 g/L; peptone, 9.3 g/L; and soybean flour, 2.8 g/L). The biomass obtained using the ANN-GA
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designed medium was (6.1+0.2) g/L which was in good agreement with the predicted value. The same optimization process may be
used to improve the production of mycelia and bioactive metabolites from potent medicinal fungi by changing the fermentation

parameters.
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Table 1 Design matrix and results obtained in RCCD

X1 X X3 X4 Biomass (g/L)
Standard order Run order
Inoculum size (x10° /mL) Glucose (g/L) Peptone (g/L) Soybean flour (g/L) Observed RSM ANN

1 8 1.0 (-1) 15 (-1) 4 (-1) 4 (-1) 4.71 4.79 4.712
2 2 2.0 (1) 15 (-1) 4 (-1) 4 (-1) 411 4.17 4.109
3 15 1.0 (-1) 25 (1) 4 (-1) 4 (-1) 4.93 4.99 4.929
4 5 2.0 (1) 25 (1) 4 (-1) 4 (-1) 478 4.37 4,781
5 26 1.0 (-1) 15 (-1) 8 (1) 4 (-1) 5.21 4.93 5.209
6 16 2.0 (1) 15 (-1) 8 (1) 4 (-1) 4.49 431 4.492
7 10 1.0 (-1) 25 (1) 8 (1) 4 (-1) 4.92 5.13 4.922
8 28 2.0 (1) 25 (1) 8 (1) 4 (-1) 4,55 451 4549
9 21 1.0 (-1) 15 (-1) 4 (-1) 8 (1) 4.60 4.49 4.598
10 17 2.0 (1) 15 (-1) 4 (-1) 8(1) 4.28 4.43 4.281
1 18 1.0 (-1) 25 (1) 4 (-1) 8 (1) 4.49 4.69 4.492
12 13 2.0 (1) 25 (1) 4 (-1) 8 (1) 5.21 4.63 5.217
13 22 1.0 (-1) 15 (-1) 8 (1) 8 (1) 5.27 5.23 5.272
14 23 2.0 (1) 15 (-1) 8 (1) 8 (1) 5.40 5.17 5.399
15 30 1.0 (-1) 25 (1) 8 (1) 8 (1) 5.57 5.43 5.568
16 6 2.0 (1) 25 (1) 8 (1) 8 (1) 5.39 5.37 5.391
17 1 0.5 (-2) 20 (0) 6 (0) 6 (0) 4.44 4.34 4.439
18 7 25 (2) 20 (0) 6 (0) 6 (0) 3.20 3.66 3.299
19 25 1.5 (0) 10 (-2) 6 (0) 6 (0) 4.79 4.92 4.790
20 20 1.5 (0) 30 (2) 6 (0) 6 (0) 5.15 5.32 5.150
21 14 1.5 (0) 20 (0) 2(-2) 6 (0) 435 4.48 4.350
22 4 1.5 (0) 20 (0) 10 (2) 6 (0) 5.13 5.36 5.130
23 19 1.5 (0) 20 (0) 6 (0) 2(-2) 473 4.84 4.729
24 27 1.5 (0) 20 (0) 6 (0) 10 (2) 5.21 5.4 5.209
25 24 1.5 (0) 20 (0) 6 (0) 6 (0) 5.71 5.68 5.677
26 12 1.5 (0) 20 (0) 6 (0) 6 (0) 5.68 5.68 5.677
27 3 1.5 (0) 20 (0) 6 (0) 6 (0) 5.65 5.68 5.677
28 11 1.5 (0) 20 (0) 6 (0) 6 (0) 5.63 5.68 5.677
29 9 1.5 (0) 25 (0) 6 (0) 6 (0) 5.64 5.68 5.677
30 29 1.5 (0) 25 (0) 6 (0) 6 (0) 5.75 5.68 5.677
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Fig. 1 Different morphological forms of Antrodia camphorata in submerged culture. (A) Spore. (B) Mycelia. (C) Mycelium
regiment. (D) Pellets. (E) Section of Antrodia camphorata pellets.

x2 ZXREBRHFESWER
Table 2 ANOVA of the fitted quadratic model

Source Sum of squares Degrees of freedom F value Prob>F
Model 9.19 14 11.60 <0.000 1
X1 0.66 1 11.61 0.003 9
X2 0.26 1 457 0.049 4
Xs 1.15 1 20.31 0.000 4
X4 0.50 1 8.87 0.009 4
X1Xo 0.15 1 2.59 0.128 6
X1Xs 0.039 1 0.69 0.419 3
X1Xs 0.30 1 5.30 0.036 1
XoXs 0.17 1 3.01 0.103 3
XoXs 0.013 1 0.22 0.643 0
XaXs 0.36 1 6.42 0.022 9
X, 4.92 1 86.97 <0.000 1
X, 0.51 1 8.96 0.009 1
Xa 1.03 1 18.15 0.000 7
X 0.51 1 8.96 0.009 1
Residual 0.85 15
Lack of fit 0.84 10 39.02 0.000 4

2.2 NGO RIE 7 0.05 VWX IAE 95% (14 75 X [H] P 1 3 A5 v
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ST R EER R R, R EE R (R= Y=5.68-0.17X;+0.10X,+0.22X5+0.14X,+0.14X; X,
0.9156), BLHIIA S ARAEME I T35 1 haciheify  +0.15XsXe=0.42X1,-0.14X5,-0.19X5,-0.14X 25
Ao “lack of fit” {2y 0.000 4, PEHARCAITRMIME 2.3 ALIHEMBREE
5 REABLA RN B, P B A AT B PAFE 1 9 SE B HICHE 1 R BP it 2 1 45 1 I 5
MELAFE /M AR 2 1 R B RE . “Prob>F" {H/NF A, MRIEIE R A B8 r 09D B i
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Fig. 2 Training course of BP neural network.
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