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Abstract ;In order to increase nutritional value and decrease environmental pollution of corn straw,24 fun-
gal strains those could decompose cellulose and lignin were selected to carry out solid-state fermentation
(SSF) of corn straw. The SSF was conducted by inoculation of either the single-strain or different combi-
nations of the multiple-strains. All the SSF experiments were designed in a completely randomized way and
each treatment was triplicated. The experimental results were treated with variance analysis, Duncan’s
multiple range test,regression and clustering analysis by SPSS software.

For inoculum preparation.,the activated 24 strains were respectively cultured in Erlenmeyer flask con-
taining liquid seed medium at 28 C and 135 rpm for 2 days. In the single-strain SSF experiment,each strain
was inoculated into SSF medium with a 20% inoculation ratio. In the control culture snone of 24 strains was
inoculated. After inoculation.the culture medium were moistened with 3 times of water (w/w) and cultured
statically at 30 C for 3 days. Then the samples were collected from each culture product and dried at 60 C
to constant weight. The protein content in each sample was determined according to GB6432-86. The re-
sults showed that the differences in protein contents of fermentation products of 24 strains were statistical-
ly significant (?<C0. 01). Among the 24 strains,F-21 was the more effective strain and gave the highest

protein content of 7. 64%. Based on the protein contents,the 24 strains and control were divided into 4 dif-
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ferent groups,among which their protein contents orders of fermentation products were:G;{F-1,F-21}>
G,{F-3,F-5,F-6,F-7,F-8,F-12,F-13,F-15,F-17,F-19,F-20,F-22} >G,{F-2,F-4,F-9,F-10,F-11,F-14,
F-18,F-23,F-24}>G,{control ,F-16}.

In the multiple-strains SSF experiment, 6 different inoculum combinations were adopted. Each combi-
nation was consisted of 4 different strains based on the abilities of these strains in single-strain SSF experi-
ment ,either in increasing protein content of fermentation product,or in decomposing cellulose and lignin,or
in cooperating with yeast well. The 6 treatments were 1 :F-6,F-17,F-23,F-24, 1 .F-1,F-17,F-22,F-24;
n.r-1,F-17,F-23.F-24; NV .F-6,F-8,F-17.F-24; V .F-5,F-17,F-23,F-24; \l .F-5,F-17,F-21,F-24. Un-
der the same inoculation ratio and other experimental conditions as that in the single-strain experiment,the
differences in protein contents of the fermentation products of 6 treatments were statistically significant (P
<C0. 01). Treatment VI had the highest protein content of 9.11%. It showed that the multiple-strains in-
oculum was better than the best single-strain F-21.

In order to further increase protein content of the multiple-strains fermentation product,urea and
(NH ),SO, in different doses of 1.5%.,2%,2.5%,3% and 3.5% were respectively added into the basic
SSF medium consisting of 90% corn straw and 10% wheat bran. The result showed that urea was better
nitrogen resource. Its optimum dose was 2%;.

According to above results and considering cost and practical application,we selected 2% urea dose as
the supplementary nitrogen resource to the basic SSF medium consisting of 90% corn straw and 10%
wheat bran. In this medium SSF treatment by using the multiple-strains inoculum combination VI consist-
ing of Penicillium sp. »Torula allii \Chaetomium atrosporum and Geotrichum candidum could increase crude
protein content by 259. 6% ,pure protein content by 336. 1% .total amino acids content by 171.4% ,com-
pared with the non-fermented medium ,whereas crude cellulose content was decreased from 38. 17 % before
fermentation to 36. 07 % after fermentation.

Key words :corn straw ;solid-state fermentation ;feeding-protein
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Table 1 Strains used in the study

Strain number Species Strain number Species
F-1 Trichoderma sp. F-13 Aspergillus sp.
F-2 Rhizopus nigricans F-14 Trichoderma sp.
F-3 Lentinus edodes F-15 Memnoniella echinata
F-4 Agaricus bisporus F-16 Stachybotrys atra
F-5 Penicillium sp. F-17 Torula allii
F-6 Aspergillus sp. F-18 Myrothecium melanosporum
F-7 Pleurotus ostreatus F-19 Chaetomium dolichotrichum
F-8 Aspergillus sp. F-20 Gonytrichum macrocladium
F-9 Aspergillus sp. F-21 Chaetomium atrosporum
F-10 Volvariella volvacea F-22 Trichoderma viride
F-11 Rhizopus sp. F-23 Candida tropicalis
F-12 Penicillium sp. F-24 Geotrichum candidum
1.3
oD b,
2) 200g . 1000ml 30min, N
20g . 1000ml, pH.  80ml 250ml . 1% )
1. 05kg/cm?® 20min,
(3) 90% , 10%, 2%, s pH.,1. 05kg/cm? 20min,
1.4
€D) GB6432-86" .
tel lg( ) 30ml 75% 1h, . 4000rmp 10min,
, 60C . .
() GB6434-86 .
3 GB6433-86 .
4 o
5 GB6432-86" .
1.5 (NH,),S0,
(NH,),SO, 1.5%.2%.2.5%.3%  3.5%.
1.6
s 3, SPSS 71 .Duncan
2.1
24 . 250ml .28°C (135r/min)
2d, 20% . 1:3 (W/W) ,30C 3d,
60°C . . 2,
3 s (p<<0.01), Duncan >
F-1,F-5,F-13 F-21 . F-21 (

7.64%),
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Table 2 The results of corn straw fermented by 24 strains and control
— ABFEHENTRO) e AEFHHEASHOD
The protein contents in corn The protein contents in corn
Strains Srraing
straw after fermentation straw after fermentation
HECK 2. B9 2 83 2.80 F-13 B. Bi} 6. 90 6. 83
E-1 7. 20 . T-18 7.10 F-14 3. B1 5. 70 5.73
F-2 3. 48 5.53 5.53 F-15 5. 07 6. 38 £. 36
F-3 6. 14 6. 28 6. 30 F-14 3.00 3.04 2. 598
F-4 5.40 .72 5. 68 F-17 6.13 5. 28 6. 28
F-5 6.42 6. 68 B. 70} F-18 5. 3% 3. 25 h. 33
F-f 6. 48 6. 21 £. 36 F-1% b. 30 §.41 6. 34
F-7 5. 03 6. 30 6. 26 F-20 6. 27 6,42 6. 38
F-& 6. 31 6. 01 §. 10 F-21 7.54 7.0 7. 68
F-4 4. 80 5.01 1. 98 E-22 £.15 6. 38 §. 37
F-10 3. 20 510 5.24 F-z3 5.01 4. 99 5. 15
F-11 5.40 3. 58 5. 43 F-24 5. 62 3. 76 5. 78
F-12 6. 03 3. 80 5. 01
H.WEHEEREASEN 2. 054,
B3 TRESERF~LORAR AL ROS LA
Table 3 Analysis of variance for the protein contents in corn siraw after lermeniation
T 2 ¥hH# i Bk
Y F
Rexources Sum of squares between groups Meens
B # [B] Between strains 83. 083 24 3. 462 293, 405"
##E Error 0. 590 50 00118
BIH Total 831,873 T4

* % p<l 0L01, FE.
W PR R A MR B ERSEEH SR

ARG 7 B 07 BT 0 4 4B 1), S RIT Gy e E07
F-3.F-5,F-6.F-7,F-8,F-12.F-13,F-15,F-17,F-19,F-20, F-i5—
F-22,G;:F-2,F-4,F-9,F-10,F-11,F-14.F-18,F 23,F-24: 19
GoiF 1LF 21:G4 A HLF-16, G, MARBERERBEN 2]
HEASBEE. YN S 98%~6.85%,G, M FEHE 7]

F-5

RAMERMIEL SR FHE 1.93%~6.72%:G: ;]
MARSTEEREMESATRERH . FTHN 7.19%~ 2 7

F-11 4
T BAG IR ER RR A R E S G RRAE Y Fi
% 2. 88% ~3. 015, F4 -
22 SEHLAEAZELR r18 ]

BBtk EBARMERTR. SHEEFESR &2, ]
F-EZmisE. ATHREDELSHMAKTPH®E, T
HEdHARFEIEAEAR . ARETNEaSE. K ]
HEPHESEEARTEHNMERERTAEOSR
REEANEE. PSR SHARENEKR.TRAR B 1 24 MO ER RO I G B R R
ERERTREEEENBEREL HEBGTTHHES Fie.l  The dendrogram for 24 strains and control
R e T-Hmad, 2841 . F-6,F-17,F-23.F-24; T . produced by average-group method
F-1,F-17.F-22.F-24; 1, F-1,F-17,F-23.F-24; ¥ ;F-5.F-8,F-17.F-24; V ,F-5,F 17.F 23.F 24; V . F-5.
F-17,F-21,F-24, S§— 4B U5 20 ERHBER TEESEREHED WA 1:30W/ Wik, 300
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Table 4 The results of corn straw fermented by the combination of multiple-strains

%)

Treatments Combinations The protein contents in corn straw after fermentation
1 F-6,F-17,F-23,F-24 5.72 5.62 5.70
2 F-1,F-17,F-22,F-24 6.13 6. 35 6.42
3 F-1,F-17,F-23,F-24 5.98 6.51 6. 44
4 F-6,F-8,F-17,F-24 6.23 5. 80 6. 06
5 F-5,F-17,F-23,F-24 7. 60 7.70 7.38
6 F-5,F-17,F-21,F-24 9.01 9.08 9.24

5

Table 5 Analysis of variance for the protein contents in corn straw fermented by the combination of multiple-strains

Resources Sum of squares between groups =4 Means i
Between treatment 24.735 5 4. 947 151. 286"~
Error 0.392 12 0. 0027
Total 25.127 17
2.3
2.3.1 4 (F-5,F-17,F-21  F-240) 250ml
,  28C 135r/min, 2d. 90%) (10%)
s 1.5%.2%.2.5%.3% 3.5% s 5 s 4
20% 5 s 1:3(W/W) ,30C 3d, 60C
s 6,
6 (NH4),80, (CZP)

Table 6 The effects of several dose urea and (NH,),SO, on the protein contents in fermented products

(%) Doses 1.5 2 2.5 3 3.5
6.58 8.70 8. 60 8. 60 8.50
6. 40 8. 81 8. 65 8.52 8. 65
Urea
6. 46 8. 83 8.58 8.56 8.59
5.70 7.10 7.81 7.35 7.30
(NH,),»S0, 5.78 6.95 7.89 7.59 7.56

- 80 7.13 8. 00 7.50 7.31

ol
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Table 7 Analysis of variance for the protein contents in corn straw added some urea and (NH,),SO, after fermentation

Nitrogen resource Sum of squares between groups “ Error “ r
Urea 7.893 4 0. 044 10 448. 409 *
(NH,)»S0O, 7.992 4 0.115 10 173.439*
7 . (p<<0.01).
(XD )
Y =— 2.032 4 8.106X — 1.502X*(r = 0.906, p < 0.01) QD)
(D , s o
2.0%, ( 8.78%), . .
2.3.2 (NH,),S0, (90%%) (10%) ; 1.5%.2%,
2.5%,3%,3.5% (NH,),S0,, 5 . ) ,
6,
7 s (NH),SO, o
(NH,),S0,(X) )
Y =—1.874 + 7.057X — 1. 295X*(r = 0.966, p << 0.01) )
(2) s (NH,),S0, s o
(NH,),S0, 2.5%, ( 7.90%) ., .
) (NH,),S0, . . (NH),S0, .
2.3.3 (NH,),S0, - .
(NH,),S0, (p<<0.01), 2%
2.4
) . 90% . 10% 2% .
20% F-5.F-17.F-21 F-24 . 1:3(W/W) . pH,
30C 3d,  60C , . . . C 8
C 9.
8 N . ( %)

Table 8 The contents of crude protein, protein, crude cellulose and crude fat incorn straw fermented by the combination

of F-5,F-17.F-21and F-24 strains (means)

%)

Ttem Before fermentation After fermentation Increment
Crude protein 2. 80 10. 07 259. 6
Protein 2. 05 8. 94 336.1
Crude cellulose 38.17 36. 07 —5.5
Crude fat 0. 94 0. 80 —14.9

8 s 259.6% 336.1%,

5.5% 14.9%. t- s
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Table 9 The contents of amino acid in corn straw fermented by the combination of F-5,F-17,F-21and F-24 (means( %))

CZP) (C79)
Before After Before After
Amino acid Increment Amino acid Increment
fermentation fermentation fermentation fermentation

Asp 0. 20 0. 45 125.0 Leu 0.09 0.17 88.9

Thr 0.09 0. 25 177.8 Lys 0.08 0. 29 262.5

Glu 0.33 0.58 75. 8 Phe 0. 04 0.12 200. 0

Gly 0.12 0.29 141. 6 Tyr 0. 04 0. 06 50.0

Ala 0.11 0.21 90. 9 His 0.01 0. 05 400. 0

Cys 0.03 0. 02 —33.3 Arg 0. 34 2.27 567. 6

Val 0.14 0. 29 107.1 Pro 0. 32 0.32 0.0

Met 0.01 0.03 200. 0 Ser 0.09 0.16 77.8

Ile 0.06 0.14 133.3 2.10 5.70 171.4

Total amino acids
- ) N ~
, 13 (p<<0.0D)., ,
3
24 F-21 ( 7.64%), F-5.F-17.F-21
F-24 (p=<<0.0D), 3d s
2.80% 10. 07 % » 259.6% 38.17%
36.07% ; 2.10% 5.70% 171. 4%, .

24 4, G;{F-1,F-21} .G {F-
3,F-5,F-6,F-7,F-8,F-12,F-13,F-15,F-17,F-19,F-20,F-22} ,G,{F-2,F-4,F-9,F-10,F-11,F-14,F-
18,F-23,F-24} LGy { LF-16} . Gy s 5.98% ~
6.85%;G, s 4.93% ~5.72%;G;

, 7.19% ~7.64%;G, N 2.88% ~
3.01%,
(NH,»,SO, s .
2% .
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