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Solid-state Fermentation of Rhizopus microsporus var. tuberosus for
Production of Fibrinolytic Enzyme
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Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: A strain producing fibrinolytic enzyme was isolated from starter. The strain was identified as Rhizopus micro-
spores var. tuberosus. The effects of carbon source, nitrogen source, carbon nitrogen ratio, moisture of culture, initial pH,
inorganic salts, inoculum size, fermentation time, temperature and medium thickness on the production of fibrinolytic en-
zyme were investigated with solid-state fermentation. The results show that the appropriate conditions are as follows:
carbon (bran) to nitrogen (bean pulp) ratio is 2 : 1, initial pH 5.0, moisture of culture 1 mL/g dry basis, MgSO,4 10 mmol/kg,
(NH,4) ,SO4 200 mmol/kg and FeSO,4 3 mmol/kg. The optimized inoculum size, fermentation time, temperature and medium
thickness are 6 X 10® spores/g solid substrate, 72 h,29 ‘C and 2 cm, respectively. Under the optimized conditions the aver-
age fibrinolytic enzyme activity reached 684.39 U/g. It is 8.2 times that of the original enzyme activity. All this indicates that
solid-state fermentation of rhizopus microsporus var. tuberosus for production of fibrinolytic enzyme has industrial
potential, and provides the basic data foundation for industrialization.
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REAE N 7 /N 25 vh ke PR ELAT SR S M AR
(Rhizopus chiensis) 12 , K3 EZ£T VR WFAUAE F FAS HOAT
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; . 1
Rhizopus microspores var. tuberosus "),

A I 2T 4 B L BE L AT B IS A, Sigma A
5 AR R o bl sl A AR R
1.2 BEHFRESERAE

RHATRTFEIE . PDA 5973, (RAFBRFHZ AR AR
eI, 29 CHEIREFE 5 d.

KR FEIE . #k Rz 25 ¢, ORI 25 g, JinZK 50 mL,
121 ‘CKE 20 min. FHICHRZKHERHE B F3ET,
e NS B RS ER 0 O A BEER K R, L

FRABKLEER H28E Fom

K e WSUZ 20 A i AR 20 T2, B HA A Kt
BRI R S JR b (T 10°¢7") , 29 CHE IR,
3 72 h.
1.3 HAMEEHEHE

KRG, $5 1+ 5 MIHElm LB AT
FAEIREK , FEA R , (1 R T 38 &) 4 3 A Bl R
K, 4 CiR4E 5 h Z i3 YI7E 8 000 r/min. 4 C
ZUF T B0 20 min, B R RI AR
1.4 BEEENERZE

U ETARE, 3% Astrup %15 Walton!
ik, FH PR BAREhRUE S VRSP R RG PEARMERRZR , 37 C
RIE 16h, HEAFE N Y= 1.624 X-1.666, R> =
0.994, Hrp v MBS F7 (U/mL) 598 FIXT 8, X i
P 5 K5 de /D BLAR TR B R B IR DR
10 uL STEIMEF4EE AR |, 37 CORIR 16 h 5l
SEV B I K S i/ NEAR, Tl AR e E R AR
FE LTS 7, FEASSE g v T B ) (Ulg)
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2.1.1 BkaykiF

I3 IMER R | KMy ORI 25 ¢, 55 25 ¢
ORATC T AN IR B U 9 A IR Rk, sk 50 mL, $:
57,29 CRIEE 72h. #2 1.4 JrBTs )y, 2558 3k
1. 25K, 2R AR A J5 it BTG 07 fe s, FEE 1k
(134.57 + 13.26) U/g.

R1 FEEREXF=ER 0
Tab. 1 Effect of different carbon source on production of
fibrinolytic enzyme

Tl itk 71/ (U-g™)

73574 134.57 + 13.26
FAM 50.46 + 5.86
Tk 30.97 +3.43

THIHY 20.64 +2.86

2,12 RRWGLIF

3 MBCK ok L MR G AR DR AR DR
25 g MEMEIR, BIIA 25 g Bk Rz Ee il A R A IR
Rige ik, HoAmARIE b, DUASRETE S 3k 2. 2558 3%
BT, SRR AR S 005 B S 7 e, O (201.46 +
20.14) U/g.
2,13 HRLaG T

DAER Bz et , SRRy R U, FR ) 12 1.1
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2.1:3.2: 1.3 : 1 PRI BCHLER 50 g FRESREE,

FAt Z& PRI B AR L P B RS2 i dn il 1 B

IR EERERBL CYRREA D 2 ¢ 1 R IR R R,
HIE J1 8 (254.64 + 25.32) Ulg.
R2 ARREX BRI
Tab. 2 Effect of nitrogen source on production of fibri-
nolytic enzyme

A fifgiE 1/ (U-g )
KEH 150.34 + 15.38
KR 201.46 +20.14
A 140.47 + 14.43
Dk 170.68 + 17.46

fitg % 41/ (U-g™")

1:1 1:2 1:3 2:1 3:1
AL

1 REBER L = E 200
Fig. 1 Effect of different carbon nitrogen ratio on produc-
tion of fibrinolytic enzyme
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AR KT TE I, /MRS R A
A, IR A 3 2 PR 7K P SR OME X B
D AR ASRR PR UE R DR A= AR R B TE 3 A T
W AN RE K= 5 A, 7K me S IR 0
SR R , AR TR K. S e Sl B K
i, ARSI ) B v TR ARk 0.5.,0.75,1.00
1.25.1.5.1.75.2.00 mL, %P H3E 7, 25 R an il
2 FR. GESRRM . REFRIEHIIK 1 mL/g (F3%) fg=
T, el 1M (289.76 + 28.98) Ulg.
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Fig. 2 Effect of moisture of culture on production of fibri-
nolytic enzyme
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FHl HCI 8% NaOH {5 E5 55, fff pH 7 4 ~ 10
BN, IS S ), 855K 3 Fios. 45
TR, Y RBERE IS pH o 5 I, B )i
K F| (302.46 + 15.12) U/g. H FIRMAKEFRIE pH N
5.3, Szl pH 423k, PrLA pH ASHIE Y.
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Fig. 3  Effect of initial pH on production of fibrinolytic
enzyme
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UL WA A RN ™ il ) 2o R e 5 B R S TR AL R
FdcR T R A A 25 I 0 S0 R sl B R -, X ey
Jo— WA ELA 38 M BE N A P i AR EVE
TR R W B 23l ™ g, DI ARAT o
DL TCHLER XS 7 B e, L 2 e i v

E#E CaCl, . MnSO, . KCI. MgSO, . (NH,),SO;.
NaCl, CuSOy. FeSO4 HHATHLI ZR 04, H 4L L TCHL
XT3 2/ NAR E AR AP B AR HEAE . AR
4 10 mmol/kg, 255 L3 3.

R3 THEEERINE

Tab.3 Effect of inorganic salts on production of fibrinolytic

enzyme
Tl figi% 41/ (U-g™)
CaCl, 288.38 + 14.42
MgSO, 324.46 £ 16.22
(NH4) 2S04 334.26 £ 16.57
KCl 278.96 + 13.54
NaCl 264.65 + 13.23
CuS0, 201.34 + 10.05
FeSO, 318.47 + 15.59
MnSO, 246.58 + 12.33

ZEIRRW, MgS0,. (NH,) 2SOy FeSO4 X =i
R, BOEREX 3 FhICHLER I T IEAL L
S, e H i AR, IEAS SIS S 45 R
W 4, @A, sAUTCHLERBC L MgSO,
10 mmol/kg, (NH4) » SO4 200 mmol/kg, FeSO,4 3 mmol/
g; WS R {H, AT (NH,) ;SO 37 B MR 2 K.
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Tab.4 Orthogonal experiment results
S MgSO_i/’I (NH,) 28(14/ Feso4/4 E@i‘é?}/
(mmol'kg”)  (mmolkg”) (mmolkg")  (U-g™h)
1 10 100 1 217.296
2 10 200 3 887.546
3 10 300 5 223.384
4 20 100 3 171.672
5 20 200 5 193.797
6 20 300 1 312.300
7 30 100 5 146.859
8 30 200 1 166.855
9 30 300 3 195.590
K, 1328.2 381.8 696.5
K 677.8 1248.2 1254.8
Ks 509.3 731.3 564.0
R 245.9 288.8 230.3

2.2 EFEEMHMRWL

FE LA b S5 00 R 19 fe AR Ry AR I (Bk R 5 TR
Fefl 2 2 1, %18k pHS.0. & /K& (F3)1mL/g.
MgS0,410 mmol/kg . (NHy), SO, 200 mmol/kg . FeSO4
3 mmol/kg) 554 F A7 LAF 5255,
22,1 BA A BN R

i £ Fo S SRR BIHE A 2 x 10°,6 x 10°, 10
A H6L -, W E Bl G )R 45 R 4 Bk (386.48 +
19.33)U/g . (46834 + 23.42)U/g Hl (349.58 =+
17.48) U/g, MRl 6 x 100 g™ I J1f i
h (468.34 +23.41) U/g.
222 K BERTIE) XY B GG R 0A

VL F ARSI, 43k BE 48.60.72.80 h,
SEOLNE 4 PN, S5 R EERTRIEAE] 72 h
Hik, M (588.54 +29.42) Ulg.
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Fig. 4 Effect of fermentation time on production of fibri-

nolytic enzyme
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W%, 72 h JE sy I EES 7, 455K 5 RN, 4R
B fef B R BRI Ky 29 °C, fie s BaE S0 (654.19 +
32.71) Ulg.
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Fig. 5 Effect of temperature on production of fibrinolytic
enzyme
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21, ¥4 pHS5.0, FoKa (13£) 1 mL/g, MgSO4
10 mmol/kg, (NHy4),SO,4 200 mmol/kg, FeSO4 3 mmol/
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SMF: B ST 2 15 Sk (TR
1 mL/g; #I4h pH 5.0, T 554h pH £k, BOR A
5 THLE AR K MgSO, 10 mmol/kg, (NH,) 2SOy
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Toe FE A% PR 7 Il KR B B =, AT IR 19 (83.46 =
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