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Abstract The purpose of this study was to evaluate whether the mixture of alkali-treated maize straw in soybean meal
could improve the production of cellulase,amylase,xylanase and pectinase by Bacillus velezensis 157 under solid-state
fermentation. The mixture ratio of alkali-treated maize straw and soybean meal were optimized by using DNS method.
The ratio of substrate to water, fermentation temperature and time were optimized by the method of single factor among

single fermentation soybean meal, alkali-treated maize straw and mixed fermentation of alkali-treated maize straw and
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soybean meal, respectively. The growth curve of B. velezensis 157 during fermentation was also determined. The
results showed that. After optimization of fermentation conditions, alkali-treated maize straw and soybean meal were
treated as substrate in a ratioof 1.0 : 1.0.and the ratio of substrates to moisture is 1.0 : 0.5. The cellulase,amylase.
xylanase, pectinase and colony number in the mixed fermentation group by B. velezensis 157 was higher than that the
single fermentation of the alkali-treated maize straw and soybean meal at 37 C and 24 h,and the activities of cellulase,
amylase, xylanase, pectinase in mixture fermentation are 56.83+ 1.47,1 949.28 + 14.41,16.52+£0.79 and 14.53 =
0. 56 U/g.respectively. The corresponding enzyme activity of mixed fermentation group was 7.81.6.41,1.23 and 2.53
times higher than that of alkali-treated maize straw group,and 1.17,1.35,1.07 and 1.21 times than the soybean meal
group, respectively. Meanwhile, the number of B. velezensis 157 colony in mixed fermentation group was higher than
both of them. In conclusion,it can be seen that the mixture of alkali-treated maize straw and soybean meal under solid-
state fermentation at certain conditions improved the yield of cellulase,amylase, xylanase and pectinase produced by
B. velezensis 157. This method saved time and reduced cost. This study laid a foundation for the research and

development of animal feed additives and biological feed.

Keywords Bacillus velezensis 157; solid-state fermentation; enzyme production; fermentation condition optimization
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Fig. 1

Substrate ratio optimization for the production of CMCase (a) ,amylase (b),

xylanase (¢) and pectinase (d) by B. velezensis 157 in mixed fermentation

2.2 WABREXBTASHATRESEBAKS

BIRAL

Xof B Ak B K A AT TR B R TR 2 RN ORI AL 1Y K
Y IEATAAL SR A 3 A AR ER L B LR Y S K
R R 1.0 ¢ 0.5 B, A R T 48 w5 P B0 A 3R b
it | Y A9 T A RO Tt R SR Al T A L b AR B
HEXRBAAD, SIRYW 5 K50 TR LR
LOo: 1.0 MHHL R 5K M Bl 1.0 0.5

B, A R P 7 SR I, A SR i it 0 ) O I 3 25
(P=>0.05) , [fii & A3 it F1 2L g [ 1% 77 7] 35 e e 1HL» b
F 25 (P<C0. 05) s 76 M4 . P9 U0 B8 i K
RBEBG R B R 5K R A 1.0 ¢
0.5 I, [ 73 7 3k fe g (8L (B 5 8 9 5 7K 43 1 5 &
bl 1.0 1.0 M. 2R AR FH(P>0.05); 7E1R
G S e 2H v o HC P D7) o 5RO T R TE R il AE IS ) 5 K
PBYBR L R 1.0 2 0.5 B, B IE 0 0T Ok A s 4



59 3 Wrile . = 2R

2T 2 ST 09 e e A1 AL 75

Ay :58.8740.42 F1 214.45+3.18 U/g, 5EY)
HOKARBE LY 1.0+ 1.0 AL, 25 B3 (P<
0.05),
2.3 WABEXREHASHAMESABELR

im E R

Xof Ak B K A AT 2H L ORI 4 RNR & & A
PEAT A Bl B B AL L S5O R B A 37 C R SR
AR T A5 AL DD A RO OK RORE B L UE B
IR R G I 45 4 S A 7 AR . b R AL ERLAS
FRE SO IR & & T 20 b N U 3RO R R
PERE A JE M BEAE 37 CARMT .G hBFES T
15.,30,50 C (P<C0. 05) . T 2 i W 7 30 A1 37 C
FAFT GBI 22 A (P>0.05), Ah. 1E
15 CIRIR A BE T B. velezensis 157 415 ] L F) A JE

(a)

e}
j=]

»

[oN)
je)
&
@

I
o

[\
(=4
T

PR D) A R BRGNS J1/(Ulg)
Endoglucanase activity

v
4 v v

0 L 1 1 ]
24 48 72 96 120

BEFRIN ) /h

Incubation time

8] &

(=] ]

T 1
e
N

(3]
_ e
L
[ ]
¢

AR SHIHEE J1/(Ulg)
Xylanase activity
>
«

=
=
~
F

72 96 120
BRI ) /h

Incubation time

Vit AT K BE
2.4 EMABLBEXAEHAMESEABALE
Bif 18] B9 £ 4

ME 2 W] LAFE o SR AL RNR A & T 4 ™ B AL
AT oA — R B AL P EORAE AT L. Hob, A B
24 h B TR A R T2 % P9 D) A SROBE B L UE R R 2R
W 2R B Tl 05 O ¥ T ORI 4 (48, 35 £ 2. 65,
1442.39460.5.15. 3541, 01 f1 11. 96+0. 55 U/

@) FLEE 43 I AT 35 56. 834 1,47, 1 949, 28+ 14,
41\16. 5240.79 F1 14.5340.56 U/g, fELEE 2 d
B OB 1Y) P T SR T L 2R e Tl N A SROBE il I )
W TR A KA (P>0.05), &K K TIRG

REEL . FERE S & B AR b IR A R EE AL g Fp
i 0 7 Y81 T R
(b)
2500
= . 2000k
== 8 e
Eg 1 5004 ¢ 3
25 1000}
xE
=500}
¥ ¥ v v v
0 L 1 1 J
24 48 72 96 120
FEFRIA)/h
Incubation time
20 @
®
®z 15k
S
5 '; ¢ ™
Wy 10F
= S
z - ¥ ®
< y .
B & 51 ¥ v v
0 L L L ]
24 48 72 96 120
KEFRIF A/

Incubation time

v GRAL PEES AL Alkali pretreated maize straw group
R4 & I H Mixed fermentation group
-o- A1 Soybean meal group

B 2 XEEREX} B. velezensis 157 Bl A BEWAAEZFFNA, SHAMBESLEAY

MEIE BRAEES (a) GEADER(D) RIRVEES () TN RALER (d) R

i& 71 K9 i

Fig. 2 Effect of incubation time among pretreated corn straw,soybean meal and mixed fermentation on the

production of CMCase (a) ,amylase (b),xylanase (¢) and pectinase (d) by B. velezensis 157 in SSF
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[B] ] LD A FREAE . A S b IR & K B
FGRIZH 4 R 0 > g ka4 — 2, Horb AR R %
24 b TR A R T 2E A TN D) A SRBE T L UE R R 3R
WE B RSB S ) 5 GORZ AR L, 3 g e T 117
1.35.1.07 i1 1. 21 £%; M 52 B. velezensis 157 K
Hi 2R 00 & B L fE & 24 h B IR A R BEAL B
2 T o — R SR 2 R A 31 KRS AP, 5
FeREE B B BAT. A RR S AN FE Y AT
[P 25 e T 1 i 3 5 2> 0 B AT DA vy SRR AT RN
K R g skt R 3 I s B 3 AT IR A 1S
KW HEAT TR A I 25 I i Bt R B A ) 2 A
SE A I TE A O 7 il AR A B BF 55 Yang 4565Y ) H
Penicillium decumbens HATIR GBS KBE(90U &
KFEFERT 10% 22 #k) 4 d J5 ] 7= A B KK B B it
13.59 U/g, 7EA L b, AH L T 5 — & ¢ TOH1 Bk
Bk AL FEFEFT L B. velezensis 157 IR A [ 25 K 1 5™ i
R I (] AR B LA I 3

Zi b B [ 3 R I R R IR A AL B K R
FFA F T B. velezensis 157 275 NV & B VG . K
SROWE T U A0 Tl R R S Tl ) 5 . AR AR SN
ST £T 2 3R S ) A R T SRR AR AL S Dy T R AT R
ST 2 1 S AR P PURA & S B SEa 7 e |
JE I TR A AT i PR oK Ak G I GE L 2R TR AN
B. velezensis 157 WA 18 45 K WGk Ak ¥ £ K T AT 5
TR T R Sk 8RS A LR T R K AR 7 TE i K T
A L AR 4

4 & it

BRI 8 R WS AL - AR AL 2 K
FEFFAI SR 1.0 = 1.0 Ay A AR M s, B 50K
Sy b 1.0 2 0,554 B. velezensis 157 F 37 °C
K 24 hJF IR A K L P9 U0 5RO L D R I
K T SR S 40 ) AT 1 56. 8341, 47,1 949. 28+
14.41.16.5240. 79 #1 14. 53+0.56 U/g, ¥ & F
B — % R AL B R OR RS AT 41(7. 2740, 12,303, 86+
14.96.,13.41£1.13 Fi1 5. 7340. 78 U/g) FI 5 ¥4
(48.3542.65, 1 442.39460.51,15. 35+ 1. 01 F
11.9640.55 U/g) . H 4 FEfIE I 5 6 Ak B E KT

FFA AL 43t 7 7. 81.6. 41,1, 23 F1 2. 53 4%,
SEMAMW, /54w 17 1.17,1.35,1. 07 #l
1. 21 1% M Bt IR S K BEH T B. velezensis 157 1 ¥%
BOE T SR A pg b BRFS AR A
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