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The biological characteristics and solid-state fermentation of
Bacillus amyloliquefaciens L-S60

WANG Hui, YOU Cheng-zhen, QIN Yu-xuan, LI Ping-lan”
(College of Food Science and Nutrition Engineering, China Agricultural University, Beijing 100083, China)

Abstract  The impacts of concentration of acid, alkali, salt and the temperature on the growth of Bacillus
amyloliquefaciens L-S60 were investigated through single factor experiments. The biological features of L-S60 were
studied and the solid-state fermentation condition of this strain was optimized in this study. The results showed that: The
resistance of B. amyloliquefaciens L-S60 to acid and alkali is robust; the colony number of L-S60 dropped significantly
when the salt concentration exceeded 10% ;there was no significant difference of the colony number of L-S60 when the
temperature is under 80°C . Strain L-S60 could produce amylase, protease and cellulose. It also showed strong inhibitory
effects on a variety of pathogenic fungi. In order to make B. amyloliquefaciens L-S60 a good bio-fertilizer, the solid
fermentation conditions and medium composition were also explored. The optimum temperature was 35 C . the inoculum
concentration was 30% and the ratio of material and water was 1 : 0.45. We chose 40% as the amount of bottling and
42 h as the fermentation time. The best solid fermentation medium contained 53 % of peanut shell powder,35% of wheat
bran,and 12% of cottonseed meal. Finally, extra nitrogen source (3. 00 g/kg), carbon source (2.00 g/kg), and
inorganic salt (MgSO,.7H,0 0.20 g/kg) were added in the solid state fermentation medium. Under this condition. the
number of B. amyloliquefaciens colonies L-S60 reached 2.42 x 10" CFU/g.
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[ A % B (Solid-state fermentation, SSF)M &
TR AR W) AE — o 8 BE 0 TR B b AR R R T
. B MAEYESLBE ) 2 TR R R
R A A LA R AR R S A, H AT
V] 1 07 HH 5

HIH A 5T R BT, S0 00 = DR Y 1 PR A 0 # 2 1l
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AR WY A AR 7 vh Tz W ) . ABIESE
B TE I A0 VE K ZE AT T L-S60 1Y) 4= 9 24 K5 4 L T
KT R T T 2 A T T DR DU R A R Y T
HE A ERHE P R 2%

1 M5

1.1 e+ #

P 6 R . M UE B 2F 8 AT I (Bacillus
amylolique faciens)1L-S60 kR 2012 44y B T KL%
b TR, PR T R R R RS B & 5
220 A W) R (CGMCC) L 4 5 10045 5 95 T B
WAL MG 22 ¥ B (Rhizoctonia solani) 42 # 8k J] H
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nigricans) . & % W (Green rhizopus). & W & W
(Green aspergillus) . #3 5 W (Rhizopus) . JK 5
( Botrytis cinerea ). 1 H % W ( Penicillium

citrinuwm) Y5 R [ AL B0 A 0 B R AR RS B 0

(ACCO) #2141t
1.2 FENSEEERARRF
1.2.1 &M EXE

A LI TAE & o JE s T AR L I AL S A B
oy wl AR ) SCL-1300 AY 5y 550 HL o K U0 F ML
IXERAN R A BN J A 7= ) TG16W B 5 H 34 1 i 5%
IR A RS 7 S e U A A IR W) AR 77 i DNP-
9162 A 3 S AM G BE T b S 1% IR AR AT PR 2
A AR UV-1800; 53R 9k 3 4 o K 6 17 S8 5 ik 45
] A=y TH2-C #Y,
1.2.2 &% &BXA

Wb R R BRGS0 T Wi A Y
FORATBR DT 7 5 22 2R 0 0S8R 1 R L AR
R 25 Wy T A 5 i A T A BR DT A A e i s
MnSO, » H,0,KH,PO, ,MgSO, « 7H,0 4§ T =
254 Ak AR A RS W) L A pr i

1.3 REFHE
1.3.1 L-S60 24545

D L-S60 1 £ i il 25 .

PRIBOHT 8 1-S60 LT ¥ , 2 Fh T LB WK E 57
3,37 °C,200 r/min G EFF LW ;8 000 r/min &
> 10 min, T3 B4R A 0. 85% (1) NaCl ¥ #2273
WIS EWOM E 10° CFU/mL &1 .

2)L-S60 A=K il £k .

H 2 4 (7 L-S60 BB LR T LB WK B 57
B RN 5%,37 °CL200 r/min 7% 5 5% B IR
2 h 2 B ODgoo » & ODgyo o FH AR N 1E . &
53

3)L-S60 Tiif {2 il . 1iif 5 A $EEE

Fiz 1.3, 1 v 2) By 5 ek HE A it 1R Ry 1 1 e
0.1 mol/L HCL &% 0. 1 mol/L NaOH 37 3 33 3t
¥ th pH M 3.0.4.0.5.0,6.0,7.0,8.0,9.0 Fl
10. 05 1 3 45 P 38 56 94 5 1% 9% 3 19 NaCl i & 43 %1
HF0.1%.3%.5% 7% .10% .15 % A1 20 %0 ; fiif 44
PRI R T B FR I = 37.55.65.80 A1 100 C L ¥
MEPRIHE B 3 IR,

4 1L-S60 7= il FE

7R A PR Ty A SRR R ik
SE 5 7 LT Y R E ARG v i A S ik
U 5 7= S 93 TG S AL I )y 32 i ] Jgle A 20 vk
SE 5 7R T S A I O 9k A R AU O e s
I Tl P ARG T v 4 w2 A O R

5) L-S60 41 5 J5t B TR R

PR 25 ) 45 & L-S60 (1) PDA [#] 14 8% 5% 5,
53 I A s I L TR S R 22 R TR AR AR T TR R AR
TR I i R AR T OB B A AR R T
B .28 CHEIR KT FF 48 h, il & H R 7% A2
L R = G B — e H R /XA
% X100%,

1.3.2 L-S60 BAABMLYE

1) [ 285 2 e 35 3 35 1) i s

225 MG SCHRE T  BUM A% IR B 1 T Al 1
T A2 ER AR OKOBE TR A8 ARG L ) BSR4
(R 1) X L-S60 #4744 & 1%, 5 50k 6 I
20 B, miE | KRS ¥, 121 CKH
45 min, MK 2 WK, B 5 a8 A L-S60 B & W
30 ‘CHEF% 48 ho FREX 10 g [H A5 K W) H: ik gt
TR 8. A 3K,
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Table 1 Different solid-state fermentation materials and their pH values

ERes [T 44 K I 5% % R A3 B o 3 -
)
Number Ratio of different solid-state fermentation materials :
1 FAAT.50% s TR K. 20%; FH1.20%0 5 £ %k,10% 5.94
2 MREF 2 K1, 98. 18 % s A1 K, 0. 91 % s #i & 4%, 0. 91 %% 5.77

3 ERKA 500 s AEAK 1600 s BER: B . 400 s BRIR 5k - 300 s BRIRH5 ., 4 0 5.57

4 BR800 5 IRET 4 2T, 1000 5 BR AR 45,126 6.41
5 KA, 90 %6 s R4 4k BR .10 %0 6. 94
6 TG L 80 00 5 Bk B+ 15 00 s AR AT 4 T H1 520 Bk IR 5 ,0. 54 4.55
7 TEA IR 5300 5 2 %Kk .35 00 s KiK. 1290 6. 87
8 KA, 5000 5 MLER 3000 T, 10 00 s AEA M. 8% 5.99
9 KAMEL65 %055k 2,309 B2 %0 s AT 200 R AL 1 % 6. 20
10 ] H 841,98, 190 5 41 4. 0. 91 %% s #4585, 0. 916 6.27

2) BEK Tt b L B R RO ) S R Y
AR

BRI A 3 55 8 5 15 TR AR K B o 1
0.30,1:0.40,1:0.45.,1:0.50 Fl 1 0.55; 3R
AL 5 4 B 1096, 15%,20% . 30% . 40% A
50 %6 i 4 Pl B B R L-S60 T B s B0 B Ak ik 56
IR R A 20%6.30%0 .40 %0 .50 % FI1 60 Y6 2& i » it
FEA],30 "CHEFR 48 ho W T8 B 3 IR,

3D Y BE B[] [ 2 & e 5

Tk B A b it 0 4 O R 3R R 30,3540 I
45 °C 5 i ] f A 08 23 )8 [ 28 R T RS 9% 0.6,
12.18.24.30.36.42 F1 48 h, &4 HE 3 K.

A) AR U5 IR TCAIL R X A ke TR S

Sk 2 % AN IR T [ 2 2 T 1 5 ) 4 S e [ 2
FEST SN 0. 226 0 E by L SR M L 22 ZE N L A
TR s Ry 25 B8 A R0 6 [ 725 2 T B4 5% ) 43 S ) ]
AIEFTUIN 0. 270 B E AR . K T AR RN
JWR 8 1 TR RN R AR R 5 R B A i e MLk X [ 2
S W W 52 me) 3 ) S SR B RO i 0. 0226 1W
MnSO, + H,O, KH,PO, . K,HPO,, NaH, PO, -
2H, O fl MgSO, « TH,O, Kl 55 F# R 1. 3. 2
DMRALLE R IE TR EE 3R

5) AN Tk [ 2 % TS ) 1) 1 22 3

R A0 U5 o 1) B DR 2R O a0 245 SR, B R T [ A
R TR -5 ) A58 R 1Y) A 25 B L B IR e MgSO, -
TH,O, %3t 3 &K 3 K FIEACIRE (R 2) .

R 2 SMEY B B A & BRI B9 IE A I G I

Table 2 Orthogonal test design of solid-state fermentation culture medium exogenous components

50 K & Factor

;JZ‘II AVE ARS8/ (e/ke) B I EBER A 8/ (g/ke)  C.MgSO, « TH, O it 73 #t/ (g/ke)
Content of peptone Content of glucose Content of MgSO, « 7H,0
1 1. 00 1. 00 0.10
2 2.00 2.00 0. 20
3 3.00 3. 00 0. 30

BT B St . BRI 950 (o=
0.035),

1.4 ZHioHHH
AT T A5 B0 HE B Excel 2010 #1 SPSS 17. 0
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2.1 L-S60 44454
2.1.1 L-S60 Ak

K1 R L-S60 A K £, @& #E 0~10 h
WRIBZEW K EE; 10 h G AR ECAE R A
BRI K5 20 h 3E AR E W 5597 28 h, ODy,
N 1,67 B, IR BB R E S 2. 3X10°CFU/mL,

1.8
1.6
1.4}
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2 1OF
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© 06}t
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E 1 L-S60 4 i< £
Fig.1 Growth curve of B. amylolique faciens 1.-S60

2.1.2 L-S60 7t B2 A4F &

L-S60 HLA7 5 5 i W2 i it 32 B8 71 (B 2) . ¥tk
pH=7 i}, B & $m KR 2. 62X 10° CFU/mL; fi %
pH (1) 4k 22 T 85 s B A L L-S60 1 BT 7 2 0 T [ 5
%] 10° CFU/mL,

pH 5~9 B}, B 7% %34 Ag

10

Lo 7%%/( CFU/mL)]
The number of colonies
v

R 56 42 4E 0. 05 KT 1 2 PE 2 5% F I,
Values in figure are not significandly different at 0. 05 level
from each other according to Duncan Test. The same as fouows.
2 L-S60 i B 55 e
Fig. 2 Resistance to acid and alkali of

B. amylolique faciens 1.-S60

2.1.3 L1-S60 & k451

NaCl Fit 4350k 0~5 %0, 1L-S60 B % 4= K ok
Z R, B NaCl it /0 8 4k 22 b I, L-S60 1
R E TR 3,

le[ V% %U/(CFU/mL))
The number of colonies

0 1 3 5 7 10 15 20
NaCl5i 50550/ %

Salt concentration

B 3 L-S60 it &gk f
Fig. 3 Resistance of salt of B. amylolique faciens 1.-S60

2.1.4 L-S60 @k 4
L-S60 Tit $E558 , 55 ~80 C Ab B X} [.-S60
B A K, 100 °C 40 H e B2 K L-S60 /Y

R D,
b be c
I I I d
55 65 80

100

Lo H ¥ %0/ CFU/mL)]
The number of colonies
N

MR
Temperature
B4 L-S60 Mi#kpeH
Fig.4 Resistance of temperature of

B. amylolique faciens 1.-S60

2.1.5 L-S60 B4 e dp L H &%

fi#% VE B 2F FLFF TR L-S60 TR AR BB 7™ 2R 1 8 L 2F 4
3R R VE 53 T AN 7 I I T 0 R e I 5D

L-S60 & Wi e il 2 #hos e 5L, oA )i
PUEL TR BB 7 5 X ST Al 22 4% T L AR TD ik JT TR LT R A
TONE B A% 761 55 0 DR L TR X A o 2 Y 4 ) i SR
(£ 3,
2.2 L-S60 BISA%EETE
2,21 BEAKXBBAARL

L-S60 7E AN [A] [& 45 & M 45 77 55 w0 B8 7% 800
K6, 77 S35 LML e R E 5. 1 X
10° CFU/g. R 7 S350 5 W0 & e hs 57 5.
6 535 R IR I E i by 6. 5X10° CFU/g, X ]
A2 PR i 35 SR B M R 1 PR 8% (pH 4. 55) 5 300 K
ANRE K i B,
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(a)H [ iy (b) £F 4k 1 (c) VEk il

Protease Cellulase Amylase

B 5 L-S60 = fg 4%
Fig. 5 Productivity of enzyme by B. amylolique faciens 1.-S60

F 3 L-S60 X% R BB A HI R
Table 3 Effect of L.-S60 on the inhibition of pathogenic fungi

9o L L PR H % HA%/ cm i 2/ %
Pathogenic fungi Colony diameter Ratio of inhibition
AN 22 K TR 2.9840.07 b 66.8540.81 d
NSO AN 1.2240.12 de 86. 4841, 30 ab
AR T 2.3740.16 ¢ 73.70k1.77 ¢
HREW 1.4240.09 d 84.2670.98 b
L% th 75 0.9340.02 e 89.63+0.19 a
A 3.30+0.15 a 63.3341.69 e
O YE 58 A5 4 0.9740.03 e 89.2640.37 a
IR H 1.200.06d e 86.67-0. 64 ab
k1) 1.1720. 07 de 87.0420.74 ab

T BB R MR TR R 0. 05 K F L RBELER. FER.
Note: Values followed by the same letters in each column are not
significantly different at 0.05 level from each other

according to Duncan Test. The same as follows.

or . 2.2.2 AAUF AT E A K B Y
L olg ¢ o g b It 25 A K T B EG 1 366 U L-S60 T v AU B
gé | d d HmEw S, BKBiE A 1 0,45 B,
%m 81 : L-S60 F 7% % ik ) fic K 1. 15 X 10" CFU/g
=t (7).

%i 7t | 2.2.3 BAFNEAELENYH

L-S60 [ 7 K bl 12 Ff ik 3 38 i 52 2 T i 5 e A1
R e HE i Ry 30 Y0 BT 1L-S60 T % A 31 e KA

1 2 3 4 5 6 7 8 9 10

IS o B b e e 8.53X10° CFU/g(K 8),
The number of solid-state fermentation 2.2.4 ¥E#MENEIKABENG YA
E 6 ERSEBEIEFEI L-S60 BEH M L-S60 HEEAE 2090 ~50 % i F 27 A
Fig. 6 Effect of solid state fermentation materials on the W, MEEmE Y 410% B, B vk Bk P S E

number of B. amylolique faciens 1.-S60 1.21X10" CFU/g; 38 K 60 % B L-S60 7% %X
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Fig. 7 Effect of water ratio on the number of

B. amylolique faciens 1.-S60
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lo[ 75 5U/(CFU/g))
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Heftit/%
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8 EMEXT L-S60 H &M
Fig. 8 Effect of inoculation amount on the number of

B. amylolique faciens 1.-S60

8 25 BTG T AR TR Oy T 2 B % A rhod AU RS B
il TR AR ().

10.5¢

\ b b b b
10.0}

3 a
o5 .
9.0
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PR/ %
Liquid volume in flask

Lo[ R4 5U/(CFU/g)]
The number of colonies

9 FEMEIT L-S60 H & & # 0
Fig. 9 Effect of bottling capacity on the number of

B. amylolique faciens 1.-S60

2.2.5 BAXNBEABNGYA

Wi 1 245 % T 3R B A 488 i 1-S60 1 7% B0 5L e 1
JEREAR RS, R EE O 35 C T, L-S60 74 Bdw 8
KF) 1.08X10" CFU/g([# 10),

P/

Temperature

B 10 SEEX L-S60 &% & H520
Fig. 10 Effect of temperature on the number of

B. amylolique faciens 1.-S60

2.2.6 BRI AE ALY YR

L-S60 4 ¥ 40 Bl A 1% i 18] E < 5 14 i i s/
JF o A O I 1] S 42 b B T Y B R 3 1. 24 X
10" CFU/g(]& 1),

11.0
10.0 -
9.0

8.0

lo[ P Y5 45/(CFU/g))
The number of colonies

006 12 18 24 30 36 42 a8
R BT ] /h

Fermentation time

B 11 ZERRE 3T L-S60 B % 8 %
Fig. 11 Effect of time on the number of

B. amylolique faciens 1.-S60

2.2.7 s R E AR B R

4 4 i SR A1 L Hofl Ak B ZH 1-S60 1l B 75 B
R T HR VAR A R I L-S60 TR v R R Tk
#)2.03X10" CFU/g, VEM 22 2F 5 FIHE AR 35 7T 43
fiff 7 A A A Ud B2 T Pk RE AR G 1 ) T B e A R
BANE R ORE 28 TS I S OBE S 2 40 B VR R AR K
(K 12),
2.2.8 SRR EESRBEN YA

W 8 0 0 2 1 R A At A R 2 L-S60 T Vi 4L
Yoy X BR, LA S B R B, L-S60 B I B
LAl ik%] 1.66X10" CFU/g(® 13),
2.2.9 Shm AL at B AR B A

AN MgSO, « 7H, O 4bF2H i 1-S60 14 7%
B R T R TR TR B R O 2. 15X10" CFU/ g5
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Fig. 12 Effect of carbon sources on the number of

B. amyloliquefaciens 1.-S60

%N NaH, PO, « 2H,0,Na, HPO, « 12H,0.KH, PO, ,
Ky HPO, b3 1-S60 T ¥ B34 15 3f B b 3% 22

10.4[
10.3[
. 10.2f

> 10.1T

le{ 75 50/(CFUlg))
The number of colonies

10.0

9.0
FEAME BEAK KT EAN AEA BEAN
CK Casein 5[4} Peptone  Fish Tryptone
peptone Soy peptone peptone

SN
Adding nitrogen source
B 13 SRR L-S60 & % £ 8) %
Fig. 13  Effect of nitrogen sources on the number of

B. amylolique faciens 1.-S60
SR N MnSO, « H,O Ak BLAY 1-S60 T4 ¥ KAk
TXTHEAH (] 14D,

SMIEHLER

Adding inorganic salt

B 14 ShmT A ER R L-S60 & % # A 5n
Fig. 14 Effect of inorganic salts on the number of B. amylolique faciens 1.-S60

2.2.10 ShIR AT B A R B v 6 OB 3K IR

A 22 3 B (3R 4D AT, 52 L-S60 [ 25 A %
) FE R R Sy 8 R > AR > MgSO, « TH, 0,
K TFHEN AB,C, . I, B3 K AL AT IR
Yy 5T 41 1R AR R R B A MgSO, « THLOL i
3514 3.00.2. 00 F1 0. 20 g/kg, MHF.L-S60 F
BT IEE] 2. 42X 10" CFU/g, £ 24
Braf Rk s,

R PE = 0. 034<C0. 05, R E A K5
M) A 1) 0 25 7K P 7 AR A e Ao R b M A 4
B R0 R A, At PR 2R e R B I 3 KR

(F5),

HH U T AT i DE B 2E AT R L-S60 A B TE
12 BT A2 1 » NaCl 53 i 43 B8 1 10 76 B 18 75 202
TR .80 C RUTR X A ¥ B0C W W AR Ak R AR
T A T 2T 4 25 0 D R Tl L XS 22 s i L B A D
HlAE . L-S60 Ay f5 A [ IR & B 4 08 R iR
35 C i 3020 RLK B & 1 ¢ 0. 45, %6 il it
40 Y6 & TR ] 42 s foe A [ A4 8% 73 3L 40 LA m (HE
AEPERY) + m(FEERD + m Bk =53 2 35 ¢ 12, 4P
Yy A5 1R B A MgSO, « THL O 3 in & 43 5
9 3.00,2.00 F10.20 g/kg, BLHT . f#E R 2 fAF B
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Table 4 The orthogonal experiment results of solid-state fermentation

i B & Factor

R R AEHIE B %0k C,MgSO, * 7TH.O le[ V& %/ (CFU/) ]
Test number 8%/ (g/kg) TR E/ (g/k) JER 8/ (g/kg) Number of colonies
Content of peptone Content of glucose Content of MgSO, « 7H,0O
1 1. 00 3.00 0. 20 10.3340.02
2 1. 00 1. 00 0.10 10. 1640. 05
3 1. 00 2.00 0. 30 10. 2840. 08
4 2.00 3.00 0. 10 10.3240.02
S 3.00 1. 00 0. 20 10.3240. 10
6 2.00 1. 00 0. 30 10.3140.01
7 3. 00 2.00 0. 10 10.3940.03
8 3.00 3.00 0. 30 10.3440.02
9 2.00 2.00 0. 20 10. 3640. 04
K, 10. 25 10. 27 10. 29
K, 10. 33 10. 34 10. 34
K; 10. 35 10. 33 10. 31
R 0. 10 0.07 0.05
RS BERFRRBIERENEVRASEXRBERAZESH
Table 5 Orthogonal experiment results of solid-state fermentation by variance analysis
S 7 A H %75 FA{H i
Factor Quadratic sum Freedom degree Mean square F value Sig.
AL E A 0. 140 2 10.129 10. 129 0.034
B, 3 % b 0. 003 2 2,247 2,247 0.108
C,MgSO, « 7TH, 0O 0.002 2 0.216 0.216 0.322
R 0.001 2 0.001 0. 090
S 0.019 8

1-S60 B & ¥ ik 2. 42X 10" CFU/g.
3 3

iR TE B 25 AT B L-S60 B9 4= 1 27 5 P IF 58 A BT
PR T AZ L 7 R B BE T R T . T A2 e ) R .
L-S60 HLA7 4 5 (1) FR Bk it 52 7 . 3 55 2= o G
(6 B 2F 76 AT T& X 2 B 10 Fe e Tk AR — 35 6 Bk 2R
AT B % 5 AT it NaCl B 433k 7 %5, L-S60 %t
NaCl Jfi £ 43 B it 3% 77 LUk £ 10 %, BB L-S60
AR AE R T 52 5 1 B A — R AP B 1 S AR
(1 it A ZE AR B Lx-11 76 3R B SR 3 52 °C i B4k
JLF 4230 T . L-S60 7RI 37~80 “C R Xt H i #%
BOR AN K, AT L L-S60 i /2 i i 3o, 78 5 2= 1
] By i B A

H RIS A G A UE By 28 B AT TR 100 B ML B ) F 5 i
B L, F B R 2 A0 — 7 TR 5

%

PR A A D S B 4 X6 235 () 57 R SR I 5 4 AR AR
FH = 25 B A Tl A TR AR R AR ) — Ty T R AE
TAEY , 4053 WA A6 W BT R 5 S P S 38 A 3 R
Y H B R HE A R B R A RYT L iR 56 I B
L-S60 1) 4 . 4 g 1 5ok, AT ) 35 P E 1A AR s
L-S60 Befg ™ A= 2 g U il A 2F 4E R Bl X 5
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