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Optimization of fermentation conditions for milk clotting enzyme
production by Rhizopus microsporus
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Abstract The strain F518,identified as Rhizopus microsporus , was newly isolated from fermented bean curd for its high
level of milk clotting enzyme production. The single-factor tests were employed to evaluate the optimal fermentation
conditions for milk clotting enzyme production of Rhizopus microsporus F518 by liquid fermentation. The results showed
that the optimal conditions for milk clotting enzyme production were as follows: vinasse as carbon source, yeast extract
as nitrogen source, the initial pH was 5.0 and incubation temperature was 30 ‘C . Under optimized conditions, the highest

enzyme activity of 1 001 SU/mL was obtained after 72 h of incubation. Rhizopus microsporus F518 possesses a
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potential application from the industrial point of view for the milk clotting enzyme production.
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98

99

98 Rhizopus oryzae(AB250164)
Amylomyces rouxii(AB250171)
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PEARTS . R MEGA4, 0 M R G R & M.
BT R, F518 5 TR M % MR T (R
microsporus) Z IR 3R K R AR .

F518
Rhizopus microsporus var.chinensis(AB250157)

Rhizopus azygosporus(AB25015)

Rhizopus micyosporus var.chinensis(A¥113437)
Rhizopus azygosporus(AF11343)

Rhizopus microsporus var.rhizopodiformis(AF548093)

— Rhizopus caespitosus(AB250168)

498|— Rhizopus sexualis(AB250163)
Rhizopus stolonifer(AB250176)

99

Syzygites megalocarpus(AF157162)

98

0.005

Sporodiniella umbellate(A¥F157160)
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Phylogenetic tree of F518
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Fig. 2 Colonemorphologies(a)and Spore morphologies of F518 on electron microscope(b)
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F1 BRIEMENEBERE F518 = RIABHZIL
Table 1 Effect of carbon sources on MCE
production from R. microsporus F518

Carbon sources

HEFL B 4/ (SU/mL)

Milk clotting activity

%k 2 Wheat bran 9744
HEFE Oats 119492
VK Vinasse 593410
JBiBE#3 4% Degreasing cotton 319427
JWEVE Bagasse 8044

55 A R R L THE 22 R T M 1 AT ) 7 il
(B (6 2) , 45 5 3¢ IH T M 5 7 b A 1 1), o 3L il
TEME R R, 361 SU/mL . 21 A% T 18 k4 g 2 —
e 5L FSF P T 6 o DR ok R R T R A Sy AR VR

$2 BMESHEMMABIRE F5I8 =R MM

Table 2 Effect of compound carbon sources on

MCE production from R. microsporus F518

Tl P Pl 2 BEFLEG G M/ (SU/mL)

Carbon sources Milk clotting activity
TG A+ %5 29 4% Vinasse and Glucose 10046
T A -+ Vinasse and Sucrose 361+12
R - JBE B A 345411
Vinasse and Degreasing cotton
A8 A3 Vinasse and Oats 14744
W KE -+ V€4 Vinasse and Strach 69+2

BEMTAEFE T R 4 o e B2 X Gl A F518
FREEFLIE AR L AR 3. IR R W] BE A R
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Concentration of vinasse
B3 BEREREMNBBRE F518 ~H BN
Fig. 3 Effect of vinasse content on MCE

production from R. microsporus F518
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Table 3 Effect of nitrogen sources on MCE

production from R. microsporus F518

R A 5 7L I M/ (SU/mL)
Nitrogen sources Milk clotting activity
4k Ammonium chloride 565+13
R4 Ammonium sulfate 558126
T2 80 Potassium nitrate 449425
H AR Peptone 608+15
B2 572 # Yeast extract 787+ 26
&2 1 Casein 462+ 36
i ig#3 Defatted powder 98+5
KT &AM Soybean peptone 99+2
KE ¥ Soybean meal 73+4
800
[
T2
z T: 600
H 2
=
£ < 400}
=
B =
| | | |
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PERER Y BT B/ (e/L)
Conceniration of yeast exiract
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Fig. 4 Effect of yeast extract content on MCE

production from R. microsporus F518
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IR B 5 7 S A2 S A3 L3 4,
2% 4 1E 2S5 25 2R 43 B 32 W Al R vk 2 %o 7
M 5 R KR B A Bl R A R G KL P i R e T

J5 T B T SRR R R X R R W BN . R 2R
Prds w4l & 0 A, B, B0 0E , I 55 T 15 BE 3L i
WP 760 SU/mL. i 3 H Al 3 46 21 . 9 g il 1
Ao By ARy dre A P AN U URL S B S S A v B Oy 30 g/ Ly
P BRI AR BE D 10 /L I, 77 il i A5 5 o G I A 2
k31,
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Table 4 Results and analysis of orthogonal test for carbon and nitrogen soureces
A e A A TR B W RE IR C D el A/
Experiment e/ (g/L) W/ (g/L) (z=3) (=5 (SU/mL)
number Concentration Concentration of Empty Empty Milk clotting
of vinasse yeast extract activity

1 1(20) 1(5) 1 1 583+11
2 1 2(10) 2 2 670+24
3 1 3(15) 3 3 618+16
4 2(30) 1 2 3 661423
5 2 2 3 1 758+ 14
6 2 3 1 2 710+22
7 3(40) 1 3 2 556+14
8 3 2 1 3 64017
9 3 3 2 1 616+21

{8 1 Mean value 1 624 600 644 660

{8 2 Mean value 2 710 689 649 645

{8 3 Mean value 3 604 648 644 640

1 2% Range 106 89 5 21

FWIFF Order A>B

7K 3 Optimum level A, B,

44 Optimum group A, B,

2.5 EFEMB pH N ERBELZBETRABLY

=AU

B Wi hn pH A TE 8, A T VR R L I TS M G OR
(F5), TERILE pH 4.0 BF . 5535 3E pH 4EF5 058
BRI ANH T AR S F518 P2 s 411G pH K
F 5.0 B S 5 AN PRGN L B G O 823 SU/mL,
PG pH 3 i 35k AR A 2 i Bl A o 04 2 A T sl
55, AR = BRI,
2.6 AEBEEBREMEKEELZEFRIABHZE

FEA ) B R & AR B F518, A& 6 AT L)
A .30 CLRUT B, bifi 25 16 5 T 3 58 LG 75 1 o
BT R RS Tl BTG T R, 45 C B
THEZ 40 SU/mL, 30 C ik 3 5 K (H , 5 7L 5 i
WK 967 SU/mL, & B A 07 UE i 2B 9 A K A=
it (1% 5 B 2% A 22— U Al A P AR K 2

100 S FLIIT HE L BRI B0 6 3% 30 C 1 o B
R
RS BFREVS pH MRAIRE F518 = E AL EEM RN

Table 5 Effect of initial pH on MCE production from
R. microsporus F518

ik pH 1t FL VS M/ (SU/mL)
Initial pH Milk clotting activity

4.0 40=+20

4.5 686120

5.0 823+21

5.5 819+33

6.0 739429

6.5 641438

7.0 504+16
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*6 EBEENHMRE F518 ~RIABNIZM
Table 6 Effect of incubation temperature on

MCE production from R. microsporus F518

KB/ C E 7L W & M/ (SU/mL)
Fermentation temperture Milk clotting activity
25 824+30
30 967430
35 775425
40 402423
45 4040

2.7 IR A X R AR R A & B R s ELER RO R Il
T2 45 RS W e R S 80U e S Ak R R
A 1 7% 52 K W B[] X A A6 AR B F518 W AK & 1 7~
it () S ) . % S )G SR AR B F518 Kk B FL
Bt 1 5% ) 0L P& 5, T AR FE MR AL S 1 R ST
24 h BRI FFEE 7 . KB 72 h B RIS PE AT 3K 1 001
SU/mL, &M & &8 0. 431 mg/mL, ZJ5. W& K
5 BoF [H] A 18 0 ol 0% P 4 K 28, R 8% 120 h B S

1200 F—@— gl i b N

| —B— AR R,

1 000 0.5 =
= = £
- ? .
= £ 800 04 £ %
[ 201 ~
I3 2E
#H . 600g 03 ¥ <
E = : 1 £

M = g
= \—:E 400 0.2 = &
b= {0

200 0.1 py
0 0
24 48 72 96 120
R TR [ /h
Fermeniation time
5 ABMEXNMBIRE F518 =R BHF I
Fig. 5 Effect of fermentation time on MCE

production from R. microsporus F518
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SR, Preetha 550X K BAR B - BERL GO 5L
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S S
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Table 7 Milk clotting enzyme production of partial fungi

GRS R WEJT L Tl 22 3CHk

Strain Fermentation pattern Milk clotting activity References
AR F518 WA K 1001 SU/mL AHFSE
Rhizopus microsporus F518 Liquid fermentation This study
KBAREE i A 1 1210 SU/¢g 9]

Rhizomucor miehei

Solid fermentation
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Strain Fermentation pattern Milk clotting activity References
5 R B 1A K T
= 130 SU/mL [14]
Mucor mucedo Liquid fermentation
B A K T
600~800 SU/mlL [15]
Mucor Liquid fermentation
A F34 WA R T
161. 14 SU/mL [16]
Rhizopus F 34 Liquid fermentation
R E M5 WA
150. 6 SU/mL [17]

Rhizopus M5

Liquid fermentation
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