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Optimization of fermentation conditions for o—glucosidase
using response surface methodology
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Abstract ; Plackett— Burman design and response surface methodology were used to optimize the fermentationn
conditions of a—glucosidase production by Aspergillus foetidus NO.4.The PB results showed that the amount of
malt extract,KH, PO, ,urea,pH and inoculum size were most effective.The steepest accent experiment was used to
approach the optimal conditions subsequently. The response surface analysis was applied to optimize the five
major factors for a—glucosidase fermentation. The regression equation between the factors and the response was
established, and the optimal conditions were as follows: malt extract 38.13g/L,KH,PO, 7.88g/L,urea 0.91g/L, pH
5.76 and inoculum size was 9.63 % .Under this situation,the a—glucosidase activity reached 1218.6U/mL,increasing

about 35% than the control.
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Fig.1 Effect of different carbon source and nitrogen source to

the a—glucosidase production by Aspergillus foetidus NO.4
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Table 2 The main effect analysis of

Plackett— Burman experiment

5 F 1 Prob > F HEMEHE
X, 99.0694 <0.0001 i
X, 43872 0.0811 7
X, 1.1853 03181 8
X, 6.5192 0.0433 5
X, 0.0396 0.8489 9
X, 18.5348 0.0051 2
X, 5.6737 0.0546 6
X, 9.5100 0.0216 4
X, 16.0099 0.0071 3
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Table 1

Factors and levels in PB design

SES

KX, EHRE X, FAE X KGHPO, X, KH,PO, Xy MgSO, - TH,0 X, IR#E X, #eulikt o X, Bl
(&/L) (&/L) (&/L) (&/L) (/L) (/L) (ml/250mL) P (%)
-1 20 20 1.5 2 0.05 0.1 30 5.0 8
0 35 40 3 4 0.1 0.5 40 55 10
1 50 60 45 6 0.15 0.9 50 6.0 12

| JH )5 2 H Y = 840.41 + 153.38X, —32.28X, —
16.78X; + 39.34X, + 3.07X; + 66.34X, + 36.70X, +
47.52X,-61.66X, .

KLER AT I7 22 47 BT, Model Prob > F” % T
0.0011, 3 B A< 7 J& 8 22 11, [A] B “ Prob > F7 /N F
0.05 , R B I 2 H B A (3R 2) , X A2 19 7 g 52 i) %
BFE R R MK AL ZF R Ky IR 4 AP i pH
FM KH, PO, .

2.4 EBERIEKLEIRITER

s PB SL86G 15 3 19 22 50— IR U7 #E 19 FHR B/
FITE B A 0 e B NG b 52 36y e 2% 2 B DRI 38 g 2B Ry
g o 2 220k (KHL PO, SR 3 pH FILE RN 5)
R XX, X X, FT X, 3R 3 AT LLA B s Bl S
TET 2 YRS 6 B 3T de i , ACBCES R SR A TR R Y
IRV SRR 2P N T BT A G

3 IBENCH SR BT 4
Table 3 Design and the results of

steepest ascent search experiment

i—ﬂ% X, X, X, X, Xs Y Wﬁ(ﬁ( U/mL)
1 35 4 0.5 550 10 1046.2
2 38 6 1 565 875 1168.3
3 41 8 1.5 580 7.50 1032.4
4 44 10 2 595 6.25 1023.2
5 47 12 25 610 5.00 1041.6
6 50 14 3 6.25 3.75 842.3
7 53 16 35 640 250 817.8
8 56 18 4 6.55 1.25 790.2

25 MEEHEITEREEEZERZNREKTE

PG O H G 52 5 ((Cetral composite design,
CCD) By R, H 5 B @ 3 52 5645 3] Hh ot 2H & 52
It R, S EERER X ZHFEBD X
KH,PO, X, : JRZ . X, : pH F X;: $EFp K738 WL 3R
4 GRS DR Hp RSB v =2.143 &
5 IR 5 K SEs:, B TSRS BOR 2, Rtk
PET Or B Shue 4 3 By, it 53 A 500N, B AH A
3 AR, B SR A BT S, S5 R LR 5

X SEY S AT RIE 5307, 198 T A EmEE R ER
A BE Y ZEAIEVEI T RE Y =1185.09 +42.01X, +
722X, + 633X, — 6.93X, + 27.52X, — 36.98X,X, +
2837X,X, + 18.00X,X, — 8.59X,X, — 4.21X,X, —
16.00X,X, + 43.74X,X, — 29.99X,X, — 1.99X,X, +
41.82X,X; — 78.45X? — 22.43X2 — 35.37X2 — 23.59X° —
34.88X%,R* =0.9319 VA Iy B i 0045 et il 3k Xof
(1= 75 R 1 J7 22 53 Hrds i — it X, FE X, Al
ZHIG X, X, X, X5 XX XX, X X X oo 45 A

Tt 1A 552 T 2 2 2 1Y) o S SE B0 PR X5F o — AT 26 W T
PTG I 52 S AR PR G R
F4 W NI AT SEEG R B KT AR
Table 4 Factors and levels in the

Box-Behnken experiments design

K
VD -1 0 +1 +2.143
X, 20.9 30 38 46 55.1
X, 1.7 4 6 8 103
X, 0.1 0.6 1 14 1.9
X, 5.22 5.45 5.65 5.85 6.07
X, 6.88 7.88 8.75 9.63 10.62

T8 X e T S 6 PR ATy 22054, tnEk 6 o,
“Model Prob > F” /[NTF 0.0001 , 2 B AR U BLA =) BE (Y
VR RIS W25 (P =0.0529) , X [B] 5 J7 2 11
MFHZEE R® =0.9319 KT 0.9, 2947 93.19% 1y
Tt % A AL AT H AR AU A RS, — B R AH SC R EOR T
0.9, AR HAA B RGPk o 388 axk w1 187 [ U3 T R A
me 7 T (P 2) BB EOWE . i — 2 X iz gl R i

1220
1163
1105
1048
990

il 345 (U/mL

Jif§ % (U/mL)
T (U/mL)

B2 Y =1(X,,X;) 7Y=f(X1 ,X5),Y =1£(X,,X;),

Y =£(X,,X,) Y = 60X, , Xy ) W )i 1 5744 A [
Fig.2 The response surface graph of ethanol reflux time and
ratio of Y ={(X,,X,),Y =1(X,,X;),
Yzf(Xz’Xs)szf(xs ,X4),Y=f(X4,X5)
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Table 5 Design and results of central composite experiments
e X % X % xR g o x ox ox oxo x (0
1 -1 1 1 -1 -1 1000.8 28 -1 -1 1 -1 -1 1005.1
2 -1 1 -1 -1 1 1080.2 29 -1 -1 -1 -1 1 950.2
3 0 0 0 0 0 1205.3 30 -1 -1 -1 1 -1 953.7
4 1 -1 -1 -1 1 885.1 31 1 -1 -1 -1 -1 1050
5 -1 -1 1 -1 1 885.5 32 1 1 -1 1 -1 900.4
6 -1 -1 1 1 -1 820.5 33 -1 1 -1 -1 -1 1001.7
7 -1 -1 -1 -1 -1 950.1 34 0 0 0 0 0 1195.1
8 -1 -1 -1 1 1 1000.3 35 0 0 0 0 0 1211
9 1 -1 1 1 1 1193.4 36 0 0 0 0 0 1199
10 1 1 -1 1 1 1173.4 37 1 1 1 1 1 1050.7
11 -1 1 1 1 1 1107 38 -1 1 1 1 -1 800.6
12 -1 1 -1 1 -1 900.9 39 -1 -1 1 1 1 880.6
13 1 1 -1 -1 -1 940.9 40 1 1 -1 -1 1 1000.1
14 0 0 0 0 1210.5 41 0 0 0 -2143 0 1057.9
15 1 1 1 1 -1 900.4 42 2.143 0 0 0 0 903.6
16 0 0 0 0 0 1120.1 43 0 0 0 2.143 0 1000.2
17 1 1 1 -1 1 1127.4 44 0 0 0 0 -2.143 989.5
18 1 -1 -1 -1 1047.7 45 0 0 2.143 0 0 1000.4
19 0 0 0 0 0 1200.1 46 0 2.143 0 0 0 1050.9
20 1 -1 1 -1 -1 1165.4 47 -2.143 0 0 0 0 650.8
21 0 0 0 0 0 1189.2 48 0 0 0 0 0 1180.6
22 1 1 1 -1 -1 1060.3 49 0 0 0 0 2.143 965
23 -1 1 -1 1 1 1150.5 50 0 -2143 0 0 0 1017.9
24 1 -1 -1 1 1 1130.3 51 0 0 0 0 0 1180.3
25 1 -1 1 1 -1 1100 52 0 0 -2143 0 0 949.6
26 1 -1 1 -1 1 1060.1 53 0 0 0 0 0 1190.6
27 -1 1 1 -1 1 1109.4
KO LRSI 2T
Table 6  Variance analysis for design and results of central composite experiments
ke P75 A Y75 FAH P K P75 A 27 F {i P
Block 13795.89 6897.94 X, X5 567.00 567.00 0.31 0.5821
7Y 751600 37581.70 20.51 <0.0001 X, X, 8188.80 8188.80 447 0.0429
X, 72689.18 72689.18 39.68 <0.0001 X, X 6122375 6122375 3342 <0.0001
X, 2147.82 2147.82 1.17 0.2875 X, X, 28782.00 28 782.00 1571 0.0004
X, 1648.43 1648.43 0.90 0.3504 X, X, 126.80 126.80 0.069 0.7943
X, 1979.73 1979.73 1.08 0.3069 X, X 55970.22 55970.22 30.55 <0.0001
X, 3118191 3118191 17.02 0.0003 X; 258900 258 900 141.32 <0.0001
X, X, 43771.01 43771.01 23.89 <0.0001 X3 21163.53 21163.53 11.55 0.0019
X, X, 25758.83 25758.83 14.06 0.0008 X3 52621.93 52621.93 2872 <0.0001
X, X, 10364.40 10364.40 5.66 0.0240 X; 23419.76 23419.76 12.78 0.0012
X, X 2361.56 2361.56 1.29 0.2652 X: 51173.68 51173.68 2793 <0.0001
RPHT 49140.64 2233.67 3.07 0.0529
R 5821.61 727.70
At 820400

175087 , A9 iz B EAA BE A Y =1211.5U0/ml,
Wbk 2% PR 22 BUE 4351 oA 22 2R 2 45 s Jin i o 38.13g/L,
KH,PO, 34 7.88g/L, R 2 0.91g/L,pH K 5.76 , #: fh &
9.63% o Xt T 1) B A AR HEA T RE Y8 TIE SE 46, S50 B
23 YR, A5 TS A 1218.6 U/ mL, 38 BH 0TI 1 52 86
HAEBG W ETE.
26 RMEFHFTERKMEZHNE

TE R AL IR FE 0 S5 3 e i o R ok Rt £
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Fig.3 The best culture condition of

Aspergillus foetidus NO.4 growth curves
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