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Combination of the Multiple —strains and the Fermentation Conditions of Solid —state Fermentation of Corn
Straw

LI Jiang—song, LI Ri—qiang, WANG Ai-ying, JI Wei—jiang

(School of Environment Science and Resources, Shanxi University, Taiyuan 030006, China)

Abstract:In order to improve the efficiency of multiple use of corn straw, and reduce its pollution to environment and protect eco—environ—
ment, the effect of the combination of the multiple—strains, the fermentation temperature and the fermentation time of solid—state fermentation

of ammoniated corn straw to produce feeding—protein on the pure protein content of the fermented product were studied by using orthogonal
design of three factors and three levels. The experiments were performed according to orthogonal design L,,(3%), in which the different strain

combinations( A ) were Penicillium sp. + Torula allii, Penicillium sp. + T. allii + Chaetomium atrosporum and Penicillium sp. + T. dllii + C.

atrosporum + Geotrichum candidum, respectively; the different temperature (B) were at 25 °C, 30 °C and 35 °C, separately; and the different
time(C) were for 3 d, 5 d and 7 d. The dataset were analyzed using analysis of variance, and Duncan’s multiple range test. The results indi—
cated that the effect of fermentation temperature on the pure protein content of the fermented product was significant(P<0.05), and the effect
of the fermentation time and the interaction between fermentation temperature and fermentation time on that was very significant(P<0.01).

The optimal combination of multiple-strains were Penicillium sp. and T. allii, and the temperature of best fermentation conditions were at 25

C, the fermentation time for 5 d. Under the optimal combination of multiple—strains and the best fermentation conditions, the pure protein
content of the corn straw increased from 2.05% to 29.66% after ammonification and solid—state fermentation, which was more than about 13

times that of non—fermented control. While the crude protein content of the corn straw increased from 2.8% to 35.41%, which was more than
about 11 times that of non—fermented control.
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BHRTAREE | BRIk SRR & A R T4
FHAT T RERPIRES BRBE-YNEATE
B ABFEH FIESRA R H A K AL E N E
KT A R B A - R R B A A R R & A
S TR BE AN [R) e i ) ) 4 B = ) LB B 5 Y
R, LUTS 2 S B9 R AR, 3R B OKAE AT Y
R AR PRI 75 R B2 AR IR

1 #BE57FE

1.1 Eff

RER RS A RREMARREN ARG E
(Penicillium sp.) . K57 7&5% ( Chaetomium atrosporum )
E #7F (Geotrichum candidum ) F1 24 & B #1 ( Torula al-
lii )4 BRTA , ¥ R A S 28 RBR BT AR o
12 BEHE

RHA IR R D BRI AR T3 7
% 200 g £ R R EYIH, fsk 1000 mL 736 30
min, SR J5 LA i 08, FEANA 20 g 160, VL5 b 5T
7KZ 1000 mL, %X pH, % 80 mL 434 %] 250 mL =
R, FHIA 1%89F5FT 8 ,0.1 MPa KB 20 min;
B2 R BRI E AR 100%, JRE 5%, 1R5T,
H#R pH,0.1 MPa K 20 min,
1.3 EXKFEFHEL

] 4 A B K AF 8 H A 30% (i & 43
BORK B FEEAT DT, B AR
A 16% (5T 5380 K&K , 32 BV H T D5, i
A 35 CEARFEFRF DR 9 d, BUH F7E 60 CHE
T8,
L4 A& S5t o

IR FHIEASIR I , TR RR 2 G 25 R 3 20
LR R MBI B R BRI R R DL &
MRS R, A3 HE 3 KF(FE D), HEEIL
R B EAER, Tl Ly (3°) IEAZ R (3R 2) #H471

o FIIEE R T 25505 Duncan £

BB, B Bl o R A SPSS 17.0 52/

®1 ZRBERRKFR

Table 1 The factors and their levels of the fermentation

Ao
e 1 2 3

& W AR, AR,

MR TRAERE Cimek  wmesk ek
B:iRE/C 25 30 35
C: B} fa)/d 3 5 7

1.5 BES%E

VEPTIERY 4 RRIEVEL, 43 FIEEFP 2] 250 mL 36
WA FREFEEA) = MM, 28 CHRF (135 r-min™)
5% 36 h, AW R ERAE A (R 2)LULEAER
20% R B T B R EBEIE SR, A 4.4%
IR ITER 145 E S50 1K, #R R 3% &
PRI P AN R TS [) (3R 2) ¥R B KRG 5% o
1.6 MEF*

HEHRMNE . LB 1 g(T 2 )N 30 mL
75%H) ZBEARE 1 h, Z84390EES , T 4 000 remin™ T
B0 10 min, 75 BB, UIE T 60 CF T4, W5
k3% GBIT 6432—1994 ST A & B . HER
B 5 - 52 B8 GB/T 6432—1994 HE1T

2 GHRESH

2.1 EXRIE

REEF=YI#E 60 CT LT, T EEAMNE, 4
RIFR 2, MR 2 KB EEA SRS T 250
Mrig R (3% 3)FH, BHRAA (A) FHRAA < K BIR
JE (AxB) FIRI AR A x & B2 B 8] (AxCO X R BE 7= ) HL
EHTERAEABEEM(P>0.05), KERE K
TR > R B 6] (BxCO)XF R B HEH S ' AA
BE(P<0.05), REER X KRB =Y R EH & &
HA W B EF M (P<0.01),

TRk A x & BEIsHA] (AXC) B S 225 J5 A/
F 2MSe (RZETINT7 ), W BB 25 f & H B E
WEGIFFRET, BAREHTETER G&
4)o T4 MFTESNERTN, KEEREXT K
HEAGEEAR BEZW(P<0.05), KB | KB
B xR EERTE] (BXC)X KB =Y BEE A S EEA K
BEE(P<0.01),

F R IR < R BT ] (BxC) R EE =M HE A
HAZIuFR(FE S), W Duncan B ZEH L AT LAFK
15 % TR 0 K TR st 1) A e S B R BAC,, BV R BEIRL
FEH 25 °C, KEERTEI R 5 do

HTREHRAEGEKEZRNEZFARE(R3), %
FERNSBRA = R RS, IS R R L KRS FF A 7=
TR A B AR AL A iR R BE AR R ABIC,,
BRI vRA A A B B A AR, RERRE R 25°C, &
EERTIE] A 5 do
22 ABFHEASE

IR IE ARG ZE R, LU E N 20% AR 3 Rb
HEMNAORBETESREERES, A 44%1
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£ 2 EXRH(L(3")) BRI LR (vts)
Table 2 Orthogonal design (L,;(3%)) and the results of experiment(o_ci-.s)

MRS L D e 0 me me me me 0 U2 B G0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 24.14 £ 0.78
2 1 1 1 1 2 2 2 2 2 2 2 2 2 29.46 + 1.02
3 1 1 1 1 3 3 3 3 3 3 3 3 3 26.87 + 1.67
4 1 2 2 2 1 1 1 2 2 2 3 3 3 23.59 + 0.89
5 1 2 2 2 2 2 2 3 3 3 1 1 1 25.59 + 0.67
6 1 2 2 2 3 3 3 1 1 1 2 2 2 22.85 + 1.89
7 1 3 3 3 1 1 1 3 3 3 2 2 2 24.47 £ 1.56
8 1 3 3 3 2 2 2 1 1 1 3 3 3 29.89 + 0.58
9 1 3 3 3 3 3 3 2 2 2 1 1 1 24.60 + 0.87
10 2 1 2 3 1 2 3 1 2 3 1 2 3 20.80 + 0.79
11 2 1 2 3 2 3 1 2 3 1 2 3 1 30.40 + 1.56
12 2 1 2 3 3 1 2 3 1 2 3 1 2 25.96 + 0.69
13 2 2 3 1 1 2 3 2 3 1 3 1 2 24.06 + 1.98
14 2 2 3 1 2 3 1 3 1 2 1 2 3 26.61 + 1.45
15 2 2 3 1 3 1 2 1 2 3 2 3 1 23.01 £ 1.32
16 2 3 1 2 1 2 3 3 1 2 2 3 1 24.87 £ 145
17 2 3 1 2 2 3 1 1 2 3 3 1 2 28.56 + 1.78
18 2 3 1 2 3 1 2 2 3 1 1 2 3 2294 +1.23
19 3 1 3 2 1 3 2 1 3 2 1 3 2 23.07 + 0.87
20 3 1 3 2 2 1 3 2 1 3 2 1 3 29.04 £ 1.56
21 3 1 3 2 3 2 1 3 2 1 3 2 1 26.30 + 143
22 3 2 1 3 1 3 2 2 1 3 3 2 1 23.83 £ 1.32
23 3 2 1 3 2 1 3 3 2 1 1 3 2 26.70 + 1.12
24 3 2 1 3 3 2 1 1 3 2 2 1 3 19.86 + 0.89
25 3 3 2 1 1 3 2 3 2 1 2 1 3 22.82 +£1.53
26 3 3 2 1 2 1 3 1 3 2 3 2 1 25.03 £ 135
27 3 3 2 1 3 2 1 2 1 3 1 3 2 22.62 £ 133

R3 ABTMAEASENAESN R4 ABTFHREEASEBNAESWER
Table 3 Analysis of variance for the pure protein contents of Table 4 Analysis of variance for the pure protein contents of
fermented products fermented products

BERW_BETIA_AME Wy F @k BERR_EFMAmE Bk F BER

A 8.51 2 4.26 2.66 A 8.51 2 4.26 2.66

B 22.09 2 11.05 6.91 * B 22.09 2 11.05 6.91 *

C 107.31 2 53.66 33.54 *k C 107.31 2 53.66 33.54 *k
AxB 7.78 4 1.95 1.22 AxB 7.78 4 1.95 1.52
AxC 2.53 4 0.63 0.39 BxC 29.03 4 7.26 5.67 *k
BxC 29.03 4 7.26 4.54 * RE 15.32 12 1.28
R 12.79 8 1.60 &t 190.04 26
At 190.04 26

¥ PO.0S; **P<O.01, TR M 6 ATLIE H, R AR R A & i R B

MEICEM LASURESBOMIK,25 CRE KBS &M, EXMTLEKEAMESREEREASE
F5d,76 60 CFMT W KB YHEAME B 205%8FHF] 29.66%, WEHNAGNRESTE
HAGE, SRIE 6, RET B3FELZ; HEASTEH 2.80%1E R 3
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5 BxCORE-HE) RBEFMHERFHE
Table 5 The pure protein content of fermented products by

interaction BxC(temperaturextime )(mean )

s KB HREOFEE%
TRHRRILIC KEE3d REESd KRBT
25 22.67 29.63 26.38
30 23.83 2630 21.90
35 24.05 27.83 23.38

®o6 XBFYHEANMARASE(TEHED)
Table 6 The contents of crude protein and pure protein of

fermented products(means )

BiH FREFE KB i
Giks! 2.80% 35.41% 1164.6%
HER 2.05% 29.66% 1 346.8%

35.41%, WREAGHHERSERET 11 F£,
3 1ig

EFF X RAREF AL LA B 2% 0 S R4
FERIRA TR ZE 15 e E A, 0 R Mk HL bk 7
o FIFE/KN FRFEFF TR AL, RE R IR 32
R SRR, B REERR G, KILEH
FRREFFEE T KB REEEIE A, AR T
AP S K B, BT AAS IR IGFE B85 K B 22 BB 5
X FRFEFEHAT T & A Ab

TeHLER R A P KA AT S — 2R B R R,
AT KIBN TN S B ITR . XELRTE
FEALIAR S 50 24, F RS P J AT i L 4
JL AR P TR S AR A5 B R A A i 40
MR R R RS . TRSFTHICALER & EERARAS, i A
B B A AR B N AT R BT LATE R RS
FREEPIINAIE W R TTHLER R AR DY

RIS YA K BHr L B TR R RE
WA RERIEM Y RARE L mE a4 b
WM RIEY A e R R R, XA F
INE AR ZEF(NH,),S0, & BEF= )i BE B & &7
XF HCAHT , IMA R BESREFF EE AT 2R ECR T
T (NH,),S0, 419 356 AR B R BRI [

AR O S T AR AN R BRI 4R pH AT
THESE, SR RRARERR pH 8 5.5 F13.0,/8
X T RS K BE, VAT R EERESRAE pH B TP BB A
HEINELAS , BT AASIRE R A B 48 pH KB o

R T AR 8 3 A3 FRAS AT P BRI, I 34
BRERAIEEREAR, REBTFNESSE, K

ISR A A TR HE T B A R B - [RIE 25 lE B o f e 4t
E L] 7S G i N 7R OE 2T WS - S a5 i)
4 BREHAT T - A B TE R 3 K, 3l B B M
AR, 5% AaRBEMERET, §5 A6
il REEERMEME . T ES TR, ERAEE &K
FZaESARE, BEEMESNEENIAX &
BryEASRENER TR, FREZBERAST
BASBREINETEARETERE, BAMTRER
TR AR R

RIGLE SRR, FRREN KB - HEASTE
BA B EZ W (P<0.05), KEEHTA] & R E 5 & B
Bt B Z (A A9 32 BAE S R - R H & R R AWK
2520 (P<0.01) o, 1363 & I B AR R T Ao ] 2 [ 2
RPN KB YIE A S EEMAWAEERNE, I
R LB A0 R B Bt [ 22 (R AP ZE 3 AR A, 3RAS R B
U R R BB ) B R R O R BE = A S Y
RERIEFEZEN. ZEWKREN, RATENAA
HRA, 7E 25 CHE KBRS 5 d, KEE- Y E R
SERMEEASTENA TIEERS(P<0.01), X7
SrUt B, FEORFEFFEE K &N E A R BERE A RUhHs
AR A G R FRHR A ERYR, KKz
R EORFEFF LA R RIRCE , NI K& Bl iRk
SRVE , VAR FORFEFE XTI 15 e

4 i

(1) B & KB FRFEF A =R E B i
B, REEREXNEKBE-DEEOSTEEA BEY W
(P<0.05), KB H] KRR 5 K TR A) [B] A 38 BAE
FAxt R B R A & B HAA R B E N (P<0.01),

(2) K B A T RFEF A = 1RRH R B e
HRAL & AR R BN ABCo, BITRRA &0 F
BEMACBE, REARE R 25 °C, KEEHEN 5 d,

(3R A BAE ARG A FiifE R BEAc 1, AT
AR ES LB EEE SRR 2.05%4%
F 3] 29.66%, L EEA S EEASERES T 134
%, MEASEH 2.80%&F 3] 35.41%, LR &
MHEASERST 1152,
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