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Study on the Fermentation Medium of Solid—State Fermentation of Corn Straw to Produce Feeding—Protein

LI Ri-giang, WANG Ai-ying, GE Zhi-an

(School of Environment and Resource, 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 fermentation medium of solid—state fermentation of ammoniated corn straw to produce feeding—pro—
tein on the protein content of fermented products were studied by using orthogonal design of four factors and three levels. Experiments were
performed according to Ly;(3")orthogonal design, in which the different ratios of ammonified corn straw to wheat bran(w/w )were 100:0, 95:5
and 90:10, respectively ; the ratios of solid material to water(w/w )were 1:3, 1:4.5 and 1:6, separately ; the concentrations of trace elements
were 0%, 2.2% and 4.4% ; and the concentrations of urea were 2%, 3% and 4 %. Data were analyzed using student t—test, analysis of variance
test, and Duncan’s multiple range test. The results showed that the effect of trace elements on the pure protein content of the fermented prod—
uct was significant(P<0.01), and the effect of interaction between the ratio of ammoniated corn straw to wheat bran and trace element on that
was also significant(P<0.05). The optimal combination of the medium was 100:0 of ammoniated corn straw ; wheat bran, 1:4.5 of raw materi—
al:water, adding 4.4% of trace element and 5% of urea respectively. Using the optimal combination of the fermentation medium, the pure
protein content of the corn straw was increased from 2.05% to 28.61% after ammonification and solid—state fermentation, which was 1 295.6%
higher than that of non—fermented control. While the crude protein content of the corn straw was increased from 2.8% to 32.39%, which was
1 056.8% higher than that of non—fermented control.
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(Torula allii) . * 3 T 5% ( Chaetomium atrosporum ) Fll
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Table 1 The factors and their levels of fermentation medium

K BACEKFEAT 2k WrkkoK It HR FR%
(W/W)A (W/W)B 1%.C 1% ,D
1 100:0 13 0 4
2 955 114.5 22 5
3 90:10 1:6 44 6

15 WETHE

TR IR AW H FeS0,-7H0 0.597% ZnSO0,-
7H,0 0.528% MnS0,-H,0 0.074% MgS0,+7H,0 1.217% .
KH,PO, 1.0%41 )%,
1.6 EHEEE

P I 4 BRENSG A, 23RN 2] 250 mL A
AT 55 IR0 =R, 28 CHR% (135 r-min™)
Ki g% 36 h, IR A5 LR N 20% )3 Fh i 3 Fh 452
BBt IS A R e R v (3R 2),30 Cifre A %
Fige 5 d, A s 3 IR,
1.7 S AE

PR A& AT BOREE ™) 1 g (F 3 ) 30
mL 75%1 SR HC 1 h, 78504, T 4 000 remin™
TESC 10 min, 3725 FIEWR L UOET 60 CF T4, ifif
JE AR GBIT 6432—94 #H47 8 & N o FHER 1
S ERIIERIR GB/T 6432—94 17,
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Table 2 Orthogonal design[L;(3")]and the results of experiment(xzs )

SRS 1 2 3 4 5 6 7 8 9 10 11 12 13 K= K=
A B AxB  AxB C AxC  AxC  BxC  BxC D FLIE /% HEF/%

1 1 1 1 1 1 1 1 1 1 1 1 1 1 18.85+1.81 24.71£1.12
2 1 1 1 1 2 2 2 2 2 2 2 2 2 19.46x1.73  31.8420.92
3 1 1 1 1 3 3 3 3 3 3 3 3 3 2331£1.02  34.4120.55
4 1 2 2 2 1 1 1 2 2 2 3 3 3 22224122 27.68+0.78
5 1 2 2 2 2 2 2 3 3 3 1 1 1 19.29+1.65  26.370.54
6 1 2 2 2 3 3 3 1 1 1 2 2 2 28.61£0.78  32.39:0.38
7 1 3 3 3 1 1 1 3 3 3 2 2 2 19.54+1.88  30.67+0.67
8 1 3 3 3 2 2 2 1 1 1 3 3 3 20.55+1.54  23.19:0.45
9 1 3 3 3 3 3 3 2 2 2 1 1 1 25.36+0.88 31.1+0.85
10 2 1 2 3 1 2 3 1 2 3 1 2 3 22.7+0.89 26.52+0.79
11 2 1 2 3 2 3 1 2 3 1 2 3 1 21.59+1.11  32.9620.94
12 2 1 2 3 3 1 2 3 1 2 3 1 2 25.03£0.78  33.8120.79
13 2 2 3 1 1 2 3 2 3 1 3 1 2 23.10£0.67  26.67+0.84
14 2 2 3 1 2 3 1 3 1 2 1 2 3 21.29+1.21 25.24+1.05
15 2 2 3 1 3 1 2 1 2 3 2 3 1 24.15+0.87  28.050.69
16 2 3 1 2 1 2 3 3 1 2 2 3 1 18.57+1.34  23.71x1.46
17 2 3 1 2 2 3 1 1 2 3 3 1 2 21.13£0.68  25.2320.96
18 2 3 1 2 3 1 2 2 3 1 1 2 3 2438+1.03  29.42+0.68
19 3 1 3 2 1 3 2 1 3 2 1 3 2 21.45+1.32 28.9+0.84
20 3 1 3 2 2 1 3 2 1 3 2 1 3 21.1120.87  26.1520.93
21 3 1 3 2 3 2 1 3 2 1 3 2 1 23.02+0.68  28.18+0.86
22 3 2 1 3 1 3 2 2 1 3 3 2 1 22.16£1.23  26.68+0.78
23 3 2 1 3 2 1 3 3 2 1 1 3 2 19.37£1.65  25.27+1.34
24 3 2 1 3 3 2 1 1 3 2 2 1 3 19.34+1.48  28.77+0.45
25 3 3 2 1 1 3 2 3 2 1 2 1 3 2331078  27.3520.75
26 3 3 2 1 2 1 3 1 3 2 3 2 1 22.61+1.21 25.94+0.83
27 3 3 2 1 3 2 1 2 1 3 1 3 2 20.39£0.89  23.82+1.56

T FORFEFT IR 1 5 1 2.05% , HLE 12 5 2.80% .
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Table 3 ANOVA for the pure protein content of fermented products

AEAIE ETTM A ¥ F e FE

A 472 2 2.36 0.9
B 0.85 2 0.42 0.16
C 45.88 2 22.94 8.79 *
D 0.49 2 0.24 0.10

AxB 2242 4 5.6 2.14

AXC 44.13 4 11.03 423

BxC 9.51 4 2.38 091

PR2ET 15.68 6 2.61
&it 143.68 26

T :* #R P<0.05,

R4 REFYEEORENFTESN

Table 4 ANOVA for the pure protein content of fermented products

AEAIE 2T 19 EE ¥i5 F e FE
C 45.88 2 22.94 12.67 s
AxB 22.42 4 5.6 3.09
AxC 44.13 4 11.03 6.09 #
BxC 9.51 4 2.38 1.31
PRSI 21.74 12 1.81
At 143.68 26

TE o8 FR P<0.01;* FoR P<0.05,

RS AC(EHERBFHEMELRANE ) KB~ WE
EBTHEE(%)
Table 5 The pure protein content of fermented products by

interaction AXC(mean )

E AR P eI
2.2 4.4
100:0 20.2 19.77 25.76
95:5 21.47 21.34 24.52
90:10 22.31 21.03 20.92
3 g
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AN FERFIX A RIRET b B LA 5 2% 0 ST R
S5 R R AR BT ER 1Y B R A G A AR X
Psitql . FIFHEK TRFEAF I T2 R AL B, fE
R E B2 R RS FT 1 B i, R o Ml AR R SR 254 . &
PRJG I FKFEFE & 48 T R ] e e U5 RN 20
A FITFRE Y B KB, T ARSI AR RS R T2
HE S0 BORFEFF AT T 2 AL s AF.0 28 1
Pl SN Ok B BG pH HEAT T WFST, 45 4 3
W B AR b pH 2 5.5 F1 3.0, (H X T [ 28 R 1, 945
RS FREE pH () TP BB, T AAR S50 R A 4
H 2% pH %o

4 £

(DFHA G R (F 8 A AP BB
B ) 7 8175 & W 2 A FORFEFF AR = 1R 1 i
P T OB A% & P ) LB 1 B R A T
2250103 (P<0.01), Z Ak FARFEFF 2k 5Tl TR IR
T () 7 28 HAE RO B 7 ) LA 11 o A 2 ) 22
553 (P<0.05),

(N HAAEKR (R A OH M BT
P AR ) [ B A Al FORAE 4B 7= 1 ek 2 11 9 e
KRG FRIERC LA A BLCsD,, RIS fk FKFEFT Ek 5 A
100:0, JFUEL/K R 1:4.5, Sl T RN N 4.4% , IRE
WA 5%

(3) R E R BB TR L, FORFEFF 220K
AL S KBS R T & 2.05% $E = E
28.61%, LU JFRIA B 1 HLAR & i 1 295.6% 5 HLER
o 2.8% 4% 5 3 32.39%, LR 5 L 1

HE 1056.8%.
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