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Optimization of solid state fermentation using response surface methodology
for milk-clotting enzyme production by Mucor pusillus
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Abstract: Using Plackett—- Burman design combined with the path of steepest ascent method and Box- Behnken
design, the optimum fermnetation properies of mucor pusillus including fermentation time 5d, fermentation
temperature 30°C, solid - to - liquid ratio 0.75 and application with 4 samples were determined. Under such
conditions, with increasing the amount of bran, (NH, ),SO, and KH,PQ, in the culture to 15.50g,0.15g and 0.08g
respectively,the highest enzyme milk - clotting activity 1200U/mL was achieved, 66.67% higher than the milk -
clotting activity before optimization.
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Table 5 Test of significance for egressione quation coefficients
SRR FJ7 F F{H p Y

A 86461.33 10 86461.33 14.74 0.0098 BE
A 16875.00 1 16875.00 28.76 0.0058 B3
B 2821.33 1 2821.33 4.81 0.0934
C 8533.33 1 8533.33 14.54 0.0189 3
D 26696.33 1 26696.33 45.50 0.0025 B
E 17328.00 1 17328.00 29.53 0.0056 BE
F 3745.33 1 3745.33 6.38 0.0649
G 1083.00 1 1083.00 1.85 0.2459
H 2133.33 1 2133.33 3.64 0.1292
I 2760.33 1 2760.33 4.70 0.0959
J 4485.33 1 4485.33 7.64 0.0506

B 2.367E +005 1 2.367E +005 403.47 <0.0001 B

el 2347.08 4 586.77
e ziyeril 1776.33 1 1776.33 9.34 0.0552 NS
TRz 570.75 3 190.25
J=yill 3.256E + 005 15

25 EXXWRITRURNEBZBZMATME
AR AL DR B ST, X 2 1 ), 2 I TR
ORI R REIEAT Ly (4°) IE 2S00, I 3RK PR W%
1, SR sh R 2,
F1 Lg(4") HREAFPE

Table 1  Factors level table of L, (4*)
(SES
K A RTERE] B R REIRLE - D Hefh it
C [

() (c)  CFRRE i)
1 4 20 1.0:1 1
2 5 25 0.75:1 2
3 6 30 0.6:1 3
4 7 35 0.5:1 4

K2 OERTRATRE

Table 2 Extreme value analysis of orthogonal experiment

SE A B C D %ﬁiﬁﬁ
1 1 1 1 1 444
2 1 2 2 2 818
3 1 3 3 3 811
4 1 4 4 4 692
5 2 1 2 3 783
6 2 2 1 4 779
7 2 3 4 1 783
8 2 4 3 2 628
9 3 1 3 4 421
10 3 2 4 3 679
11 3 3 1 2 820
12 3 4 2 1 629
13 4 1 4 2 441
14 4 2 3 1 750
15 4 3 2 4 632
16 4 4 1 3 499
k, 691.250 522.250 635.500 651.500
k, 743.250 756.500 715.500 676.750
k, 637.250 761.500 652.500 693.000
k, 580.500 612.000 648.750 631.000
R 162.750 239.250 80.00 62.000

MR 2 R, 2ad i 221545 T A, B, C,D, s
Wi A, B R BRI TE] 2 Sd, R BEIR A 30°C,
BV LE A 0.75 , B &k 3 45, 3X U PRV X [# 25 &
Pz Bt LV 7 5 W 1 FE LT SRy R BRI S > SR I [H)
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DR BRI BERE SIS W B Ko LAt 25 R AT [ 25
KR S35  BEFLINGI ) 4 828U/ mL.
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R s IR BE AT R I 0, FELH A 3 IR, 45
WFEK3~3L5,

2¢3  Plackett—Burman ZC56 R & 5K F
Table 3 Factors level table of Plackett— Burman

DS ES CDIRAKTF(g)  (+D)EKTF(g)
A Bkz 10.00 12.50
B KM 5.44 6.80
C 51t 0.60 0.75
D KH, PO, 0.096 0.12
E (NH,),S0, 0.32 0.40
F ik 0.40 0.50
G CaCl, 0.08 0.10
H FeSO, 0.0008 0.001
I MgSO, - 7H,0 0.04 0.05
J MnSO, - H,0 0.04 0.05

H Design—Expert 7.1.3 R {FEATT7 22 50 A A B,
ERRE G PR (KH, PO, A1 (NH, ) ,SO, X &k FL Bl 1 1%
1 BAT S E R R B PR R B S R
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2.7.1  (NH,),SO, #3fi&X) i/ B 2 77 e FL G 1 52
W RS AT R (NH,),SO, R 1 3 Jin %k
=LA P 95 8 9T 140, TE AR 0.4 B i B e RO(E
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4 +1 -1 +1 +1 +1 -1 -1 =1 +1 -1 444
5 1041 +1 =1 +1 +1 +1 =1 =1 -1 480 7 SRS R X EEFL IS PR A 2
6 +1 +1 =1 +1 +1 +1 =1 =1 =1 +1 470 Fig.7 Effect of bran on clotting activity
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300 - Fig.8 Effect of soybean cake on clotting activity
% 20 28 BEENEHNE
0 . . . : SEh 2.7.4 5 R BN, GO UM B R B L
02 04 06 08 ! P 7= VR L. W 1) B W S 6700 0, A 5 9 B g S
T P e o i ()

B 5 TR 5T e B R At Xo) L v 1 1 5
Fig.5 Effect of(NH, ),SO,on clotting activity
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Fig.6 Effect of KH,PO,on clotting activity
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Table 6 The path of steepest ascent method Design

and results of experiment

Sy #kEe  (NH.),S0,  KH,PO,  BEZLEGTE M
’ (8) (8) (8 (U/mL)
1 13.5 0.35 0.12 138
2 14.0 0.30 0.1 191
3 14.5 0.25 0.10 193
4 15.0 0.20 0.09 399
5 15.5 0.15 0.08 935
6 16.0 0.10 0.07 686
7 16.5 0.05 0.06 533

KOFNH T2 BEFEHREWAITT M SR
Igh R, AR 6 IO, BEFLEG NG EAE S5 F 1 B 5 ZH]
B BT, Z 5 IR T 0, el & B2 & 47
5 %06 ZIa], AR 5 eSS R A G R
2.9 Box-Behnken i&itit—H M EFER S

LA 3= 22 5 nie 5E 2L 7 4 19 2k 2 L (NH, ) ,80, Fil
KH,PO, iX = MHEZEN &&= AR, &5 HEmisK
R 7 Fros , Box—Behnken SZI6 BT NS I6 45 S UL
X 8, M EARFEMUIER 9 R,

JH Design—Expert 7.1.3 #{f: [A] U5 $ & 5% 52 50 34
e, AT IS B TR £ 08 A R Sl Y = + 800.00 +85.25A

+70.00B + 55.75C —70.00AB - 72.50AC + 17.50BC —
121.50A°-51.50B*-28.00C’
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Table 9  Test of significance for egressione quation coefficients
AR SR 5 il FIH ¥7 F{H P v
R 2.368E +005 9 26316.56 6.95 0.0142 [
A 58140.50 1 58140.50 15.34 0.0078 BE
B 39200.00 1 39200.00 10.35 0.0182 B3
C 24864.50 1 24864.50 6.56 0.0428 B3
AB 19600.00 1 19600.00 5.17 0.0633
AC 21025.00 1 21025.00 5.55 0.0566
BC 1225.00 1 1225.00 0.32 0.5903
A’ 59049.00 1 59049.00 15.58 0.0076 B
B 10609.00 1 10609.00 2.80 0.1453
c? 3136.00 1 3136.00 0.83 0.3980
TRIFETR 22735.00 6 3786.17
L8 22735.00 3 7578.33
R 0.000 3 0.000
A 2.596E +0.005 15
R’ =0.9124 R}, =0.9124

P, Y ARSREEFLIG 1, A (B .C 3 i R IR
rh&k Rz L (NH,),S0, 1 KH,PO, ffite(g) o

T HEKFEE
Table 7 Factors level form
2 1 éﬁﬁ%()ﬂ(%
- +1
AR (g) 15.0 155 16.0
B (NH,),S0,(g) 0.1 0.15 0.2
C KH,PO, (g) 0.07 0.08 0.09

28 N =16 1 Box—Behnken S256% 1
Table 8 N =16 Box—Behnken design of experiment

g5 A B C  BEFLETG /1 (U/mL)
1 0 +1 +1 789
2 0 0 0 800
3 0 0 0 800
4 +1 -1 0 667
5 0 -1 +1 697
6 -1 0 +1 723
7 0 +1 -1 709
8 0 0 0 800
9 0 0 0 800
10 0 -1 -1 687
11 +1 0 -1 723
12 +1 0 +1 756
13 -1 0 -1 400
14 -1 -1 0 364
15 -1 +1 0 727
16 +1 +1 0 750

FH O 225001 (3R 9) FIANZ T BRI ERE R R
0.9124 MEIEPE REL RN 91.24% , Be X 52 50 KO H
PEATRZGF o FU AT, DR I i 48 180 m 3 0 £k /) B
PR AP T BE LB 1S L. AR 9 Ak ] LIFR
IMTEA BRI ZH0h 2 B0 FARARIR /)N, R IEX 3
AR Z BB A B2 AR /)N, Bl AB L AC (BC XJ £EFL
it % 1 R2 W AN S 2, W R 2 8] 1 A 32 AR A
GeiT2F 7 30500 A (B LC LA XFEEFLIG Y 52 34y b 35
P (AEEE >99% ) .

i=PA
-7

210 &HE=IEILETE HBIEM

TEARER L AN ZE RN T, HE2 ARES
W IS AL K 22 ] = 4 Ak bR P 2o, 1] 9~ T8 11 P 0L b Js2
e T 4% ] 2 el ) 7 AL R B T K R

WiE 9 TR, 24 (NH, ) ,S0, Ky 0.20g B il % #k i
BT I, BEFLEGIE 1 B b b 3 25 . 4 8k jz 35 3]
15.50g I8 FLHE I 7135 B ik KB, SR 5 JT 4R T %
722 4y At % W1 (NH, ),S0, F1#k J i 28 0.4 F A
[TEN

LS PA
2

AL )

K9 BkpE A (NH,),S0, & Xt se LS /1952 m
Fig9 Effect of bran and (NH,),SO, on clotting activity

il 10 frow, 24 KH, PO, 2 0.09g B Bl#5 2k B2 1Y
AW 1 O Bk FLEE IS 0 B B . 2 Bk ik F)
15.50¢ i 5E FL A IS 13k B B R AH, S8 5 T 4f R B
I3 2253 AT W] KH, PO, FHER B Y52 BAE A .35

000001200,
4;4:.;:,:.:
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08 155220,
0.07 15.00'25 Pﬁ)&)‘
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2
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Fig.10 Effect of bran and KH,PO,on clotting activity
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(NH,),SO, 7 5 i A W38 K, BE LI 15 ) b b 12
i, A TP A . 24 (NH,),80, 2y 0.20g i), B 45
KH, PO, FYANHT 4 R 58 L i 1% 71 L Bl =2 4 v 1110/
ToFAR. Jr2EsrHr Rk W KH,PO, F1(NH,),S0, 138
HAEAS R

50

XL

o
QIR
ok ol

0.
0.1g 20

0.157°.
08 0.13" -
09507010 f&.gzéw

Bl 11 (NH,),S0, %A KH,PO, & 5% 5 7L EE J1 52
Fig.11 Effect of (NH,),S0, and KH,PO, on clotting activity

211 EEIRGIIE
TERALSGAT T - Bk L (NH, ),S0, il KH,PO, 43

Sk 15.50,0.15,0.08g I, T %E L & K 3G J1 R
1143U/mL, Ay 36 MEAS TR o i P4 F0 A S50, 7 10000 4
o R e 55 F T BEAT A P SE 56, A5 30 52 R B8 LI 06 )
2 1200U/mL, ] DLIZAR A Ge 45 4 T < 19 Jr 7> e L
i3S ST TR, f 0 kI B 3R R 00 4 . Bk Rz
15.50g . (NH,),S0, 0.15g .[KH,PO, 0.08g,
3 it
3.1 ARSI A S S /T, X N B B A [
WA 0.6:1 AR 1.5em 1 1R IR HURE S8 947 HURE
T BRI ARy BN Sy 422 i, B2 PP i 4 3 30°C 55 3%
SAF PRI 5d, FHIERR S R BEFLIE 1, HZLEE
W& F1°% 720U/ mL,
3.2 ARSZUG SR T RPN 2 RINIE A8 S UG X A TR
MR K S5 AT AR R oE . S5 R R, s &
WS4 R : K BRI (8] 5d, &R % 30°C, &K thE
0.75 4 Fpim R 3 0%, 3 PO A~ P 28 %) [ 25 & g 5 2L 7%

FEN A 32 YR SR e BEIRLBE > R PReRst (8] > sk
> PP, LAB RS 4 HEA T I 35 R e S 5, e FL
Wi % A7 828 U/mlL,,
3.3 ASSZUG FH T m N 1 7 R 0N B R R A R
FLEG OB FEREAS T ATk . FH Plackett—Burman 3£
BT ISR R B KRB R G R 45 10 AN 37 X
BEPLEGENG 1R, S5 I FR I, R oA SR
(NH,),S0, il KH,PO, , AR ¥ 52 56 435 5 X 3= 22 5 nig [A]
T E I AR, 28 5 F Box—Behnken 11 &%
M 3 T S3AT A 8 B R PR T I AE  g, 45 SR ER
Mokl i Ol 15.50g, (NH, ),SO, & B 4 0.15¢,
KH, PO, Jii>k 0.08g B}, i/ N B85 7= e LIS 115 5
1200U/mL, )RR EFFRIENG J13Em T 66.67% .
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