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Application of response surface for the optimization of liquid seed
production process of Lentinus edodes
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Abstract: Adopting mycelial biomass of Lentinus edodes(Berk.) Sing as major index,different carbon and nitrogen
source on the L.edodes( ‘Nanshan NO.1’) mycelial growth were used in the single factor test. The important
factors influencing mycelial biomass of L.edodes which identified by initial experimental design of Plackett -
Burman were corn flour,wheat bran,MgSO,-7H,O and inoculation quantity. The path of steepest ascent was
undertaken to approach the optimal region of the four significant factors. Box—Behnken design and response
surface analysis were adopted to further investigate the mutual interaction between the variables and obtain
optimal values that bring the optimal L.edodes liquid seed production process conditions. The optimal
conditions for L.edodes liquid seed production were achieved and listed as follows:corn flour 36.0 g,wheat
bran 21.0 g,brown sugar 20.0 g,beef powder 4.0 g,KH,PO, 3.0 g,MgS0O,-7H,0O 0.6 g,V 10.0 mg,H.0 1.0 L,
initial pH6.2,inoculation quantity 7.0% ,temperature 29 °C ,agitation speed of rotary shaker 180 r/min,culture
time 10 days. Under the optimal conditions,the mycelial biomass of L.edodes was 51.004 g/L,compared to the
theoretical value,the relative error of 2.098%. So the response surface method was feasible for the optimization
of liquid seed production process of L.edodes,and the predicted values of Mathematical model were consistent
with experimental observations.
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Table 1 The factors and levels of Plackett—Burman

experiment design

B K

-1 +1
X, 205 (/1) 10.0 20.0
X, FKH (/L) 10.0 20.0
X; & #k (g/L) 5.0 10.0

Xy R (/L) 2.0 4.0
X5 KH,PO, (g/L) 1.5 3.0
X MgS0,+7H,0 (g/L) 0.75 15
X; VB, (mg/L) 5.0 10.0

Xs WlfipH 5.4 6.2

X, U (O 26 28

Xo &5 4 FE (o/mind 160 180
Xy, b (%) 5.0 10.0

1.2.6 f&BECH 5238 AR5 Placketti—Burman S5 56 45
S, DLR 28 A 18 3 5 ) IR 28 280N 1) K 18 8 AP K R
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Table 2 Box—Behnken experimental design

K
= -1 0 1
X, KM (o/L) 12.0 24.0 36.0
X, %k (g/L) 7.0 14.0 21.0
X MgS0,*7H,0 (/L) 0.6 1.1 1.6
X,y HeFhit (%) 7.0 14.0 21.0
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Table 3 Effect of different carbon source on the mycelial

biomass of Lentinus edodes

IR LA R (/1)
ZIHE+ TR 27.322
F LR+ TR K 23.408
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RERE+ KR 16.834
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Table 4  Effect of different nitrogen source on the mycelial

biomass of Lentinus edodes

WAL T 22 R (/L)
NH,NOs+7 %k 19.095
IR+ 22 5k 30.343
B AR+ 5k 20.634
T RER + 22 %K 27.683

BT 22 10 A AR R A ) e A i, ] A o A DR 5 22
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Table 5  Plackett—Burman experiment design and its response

IS X, X X Xo Xs X X5 Xg Xo Xy Xy Y(g/L)

1 +1 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1 26.518
+1 +1 -1 +1 -1 -1 -1 +1 +1 +1 -1 28.102
-1 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1 31.049
+1 -1 +1 +1 -1 41 -1 -1 -1 +1 +1 24.157
+1 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1 29.414
+1 -1 +1 +1 -1 +1 -1 -1 -1 27.148
-1 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 24.547
-1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 21.095
-1 -1 -1 +1 41 +1 -1 +1 +1 -1 +1 19.089
+1 +1 +1 -1 +1 +1 -1 16.053
-1 +1 +1 +1 -1 +1 +1 23.974
-1 -1 -1 -1 -1 -1 -1 17.014
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#6  Plackett—Burman S 565 72 73 45
Table 6 ANOVA results of Placketti-Burman experiment design

FSES T 5 Prob>IT| TR
X, 0.863 0.408 5
X, 3.338 0.009 1
X, 1.283 0.236 2
X, 0.266 0.796 7
X; -0.026 0.980 11
X, -1.099 0.300 4
X, -0.284 0.783 6
X 0.211 0.838 8
X, 0.146 0.887 9
X0 0.040 0.969 10
X, 1.238 0.244 3
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Table 7 Steepest ascent experimental design and results

SIS X, X Xe o Xy Y B2 (gL
1 200 100 15 10.0 18.442
2 220 120 13 120 21.893
3240 140 1.1 140 29.214
4 260 160 09 160 15.076
5 280 180 07 180 20.015
6 300 200 05 200 19.120
7 320 220 03 220 18.730

RTEE LW, A KKK 24.0 /L, 2 %k14.0 ¢/L,
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X3
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%8  Box—Behnken /0o H & A 2 /K- 4w
Table 8 Independent variables and coded levels in

Box-Behnken experimental design

S X, Xy Xeo Xy Y WEAEYEE (L

1 -1 -1 0 0 14.278
2 1 -1 0 0 35.384
3 -1 1 0 0 23.638
4 1 1 0 0 39.502
5 0 0 -1 -1 24.788
6 0 0 1 -1 33.738
7 0 0 -1 1 37.868
8 0 0 1 1 48.046
9 -1 0 0 -1 10.982
10 1 0 0 -1 41.906
11 -1 0 0 1 28.095
12 1 0 0 1 37.181
13 0 -1 -1 0 17.283
14 0 1 -1 0 35.172
15 0 -1 1 0 38.017
16 0 1 1 0 28.566
17 -1 0 -1 0 16.023
18 1 0 -1 0 38.526
19 -1 0 1 0 19.585
20 1 0 1 0 50.092
21 0 -1 0 -1 18.872
22 0 1 0 -1 25.922
23 0 -1 0 1 23.897
24 0 1 0 1 30.285
25 0 0 0 0 24.341
26 0 0 0 0 23.203
27 0 0 0 0 22.575
28 0 0 0 0 24.070
29 0 0 0 0 30.534
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B AL R B R
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8.0.673 21 Fr % B 111 15 AR AR TN () e L A2 T2
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Table 9  Result of regression analysis
T5 25 KR V5 F H Y5 FfY pfH W
Y 2544.851 14 181.775 12.433 <0.0001 ok
X, 1408.117 1 1408.117 96.308 <0.0001 ok
X, 104.159 1 104.159 7.124 0.0183 *
X 195.084 1 195.084 13.343 0.0026 #
Xy, 201.425 1 201.425 13.776 0.0023 *
XoX;, 6.870 1 6.870 0.470 0.5042
X>Xe 16.016 1 16.016 1.095 0.3130
XX, 119.225 1 119.225 8.154 0.0127 #
X5Xe 186.869 1 186.869 12.781 0.0030 *
X:X,, 0.110 1 0.110 0.007 0.9322
XeXy 0.377 1 0.377 0.026 0.8747
X2 26.593 1 26.593 1.819 0.1989
X2 6.778 1 6.778 0.464 0.5071
X¢ 240.475 1 240.475 16.447 0.0012 *
X, 2 51.703 1 51.703 3.536 0.0810
7 204.693 14 14.621
AU 163.674 10 16.367 1.596 0.3456
aliix 2= 41.019 4 10.255
R ZE 2749.544 28
R?=0.6338 R?,=0.8511
VR Z R (p<0.0D ;% 5 B (p<0.05) .
50 S KK 36.0 g 22 #K21.0 ¢ LLHH20.0 g 4 ALK
”i;ﬁ“ 40 4.0 g KH,PO, 3.0 g.MgS0,*7H,0 0.6 g.Vy 10.0 mg-.
g 30 H,O 1.0 L, #WJ4fipH 6.2 81 E57.0% i %29 °C.180 r/min
ﬁ 20 P32 K10 d, B 22 B34 5 (8 2 49.956 ¢/L.
m 10 2.7 WIEXI
0 M e UL AR 7= 255k S BON LT AT 56 1F
5100 . ét&éiﬁﬁ%i%?%:%%:?%%Uéi’%%&i%%%%ﬂv
17.501 . 21);50.00 51.004 g/L, @%ﬂﬁﬁjﬁj’%%#f H%tk%%&%jj
Xy i 1 5070’00 12.0018,00 B 29.214 o/L, AL G HE T 1.756% « S-S5 8L A 1EAH

11 TR 22 7 ) e AL R AE R P R TR AL
1T LR S e 2 P

S PR

Fig.1  Mycelial wet weight values of the response surface and

contour charts in inoculation quantity and corn flour
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Fig.2 Mycelial wet weight values of the response surface and

contour charts in wheat bran and MgSO,*7H,0
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