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ett-Burman 3511 5 Box-Behnken 038153114 0 1 il T 75, % T84 T8 Mk 18 2 B 8% 77 3 RN 8% 35 2 R0k A7 T 1k,
e B IRt 3 BN T AR EE /050 . A8 3. 59 o/L KRG MK 21. 89 o/LFI K,HPO, 0.49 g/L; 1537 4%
1 3 AN FBER TR BRI R R R & ST (), AR A ) 1o T R T 45 SR 4 B A R PR X 3 S R SR
S 43 IBEE M 30. 6 °C .68 ml(250 ml =FAMR) Al 65.5 h, fEXILEG pH N 6.7 FE3E 180 r/min JEFIE 3% 1) 5%
PER , R ZEM & 18 1. 67x10° CFU/ml, 80353 35 3 (YPG) ZRM & 4 55 159% , 0 B 8 V00X ARG AT 1 410
HESEHIN 18. 2%,

K. MIEM A MATH; Plackett-Burman 156 531 Wil 7 il i v

FESES.: $482.2°92 XEkFRIREG: A XEHS: 1000-4440(2017)01-0073-08

Optimization of fermentation process of biocontrol agent Bacillus amylolig-
uefaciens JT84

WANG Fa-guo'?, ZHANG Rong-sheng', LIU Yong-feng', LU Fan’
(1.Institute of Plant Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.College of Plant Protection, Nanjing Agricultural
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Abstract:  The single factor test, Plackett-Burman experiments and Box-Behnken response surface methodology
were adopted to optimize the liquid fermentation medium and conditions of Bacillus amyloliquefaciens JT84 for application.
According to the evaluation by the response surface model established in this study, the optimum mass concentrations of the
three components, glucose, soya peptone and K,HPO, , in fermentation medium were 3. 59 g/L, 21. 89 g/L and 0. 49 ¢/L
respectively. The fermentation condition determination tests indicated that temperature , filling volume and shaking time were
the major factors affecting JT84 yield. The optimized fermentation conditions were 30.7 °C, the filling volume 68 ml in 250
ml, shaking flask for 65.5 h, at 180 r/min, and initial pH 6. 7 and inoculum volume 3%. Under the conditions spore pro-
duction was up to 1.67x10° CFU/ml, spore increased by 159% and the width of antifungal activity increased by 18.2%
compared with the basal medium (YPG).
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VE R A= B B 32 b T B 36 2 R o &Y
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W 2E HAT B Lx-11 RERE AT R B 1A 7K A 41 B 14 2% 3
5, B3 H60.2% ~75. 8%

AR 2 2 o A B R R R DA ZE AT BT B1619 7K
Sy ORI Ly B BRI IR | A7 il 0 2
M1 g 1.2x10°4, JEIASAE 2 A A 1) 25 MO T B v o v
A ROE HECN2.32x10° CFU/g, XPFSRIER BT
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CHEIRAA R FE 72 b, DR 58
1.9 HESITHH

PB iR36 %1 Box-Behnken i 137 i 1 925 1856 15
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Fig.1 Effects of different carbon sources, nitrogen sources, inorganic salts in medium on content of spores of Bacillus amyloliquefaciens JT84
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22 EHKRITS4IEFRERSPEEZMEF

WA FIRIE S R LR 1, X3 1 71
IF0 4, 4530 3 5 . ¥, = 8.30-0.15 X, +0.26X, +
9.34x 107 X, - 0.51X, +0.28X, — 0.39X, - 0. 21X, +
0.08X,-0.10X, R} =0.998 8,7 1F R} =0.993 3,
Y, N 2R BUAEL ; Y, = 3.23+0.06X, —0.07X,+0.
12X,+0.07X, - 0.04X, - 0. 13X, - 6.33x 107 X, + 0.
07X,,,R2=0.997 5, £ 1F R,>=0.917 5,Y, N &
TE ) SO A, A IE R R, Y, By A Ak
99. 33%BE 8% [nl 5 J7 R i e, Y, i 22 4k 91. 75% R
£ 1 #4EF Plackett-Burman i 361% 1T Rk & R

Bl 105 5 R AR, T 22 43 A 45 SR SR A [ 05 R Y
WE(P,=0.0055, P,=0.021 3), 10 K& F7E
0. 05 7K X 25 i 75 B 5 i 58 2 1) DR 7 R A 0
KEEAWR . (NH,),S0, FrEfR 4 NaCl K, HPO, |
MnCl, ,CaCO, , X410 B 115 P 5 ) 8 2 10 IR 748 T %%
PEVER K G AR R K, HPO, . 2G5 IE,
TEPR A M VE A R, K R R AE o AR K,
HPO A ToHLER , [ B e 455 i 5 28 P Ay A TR i A
MnCL, (RGN RRARAKT) |, #E173E— 2504k

Table 1 Experimental design of Plackett-Burman and corresponding results

mWENE  TEtE KREHEA R BRI NaCl

K,HPO,  MnCl, FeSO,

CaCoO — e e )
€O i sppnye A

hE (X)) WERX,) (X)) (X)) (Xs5) (Xs) (X;) (Xg) (Xy) (X)X K (CFU/ml) B3

(L) (gL (gL (gL (¢L) (¢gL) (¢l (¢l  (¢L)  (gL) (mm)
1 10 5 5 5 1.0 0.2 1.0 0.02 0.01 0.02 1 2.00x10° 7.2
2 5 5 10 5 1.0 1.0 0.2 0.02 0.02 0.02 -1 4.70x10% 8.8
3 5 5 5 5 0.2 0.2 0.2 0.01 0.01 0.01 -1 1.14x10° 8.0
4 5 10 5 10 1.0 0.2 1.0 0.02 0.02 0.01 -1 1.00x107 6.4
5 10 10 10 5 0.2 0.2 1.0 0.01 0.02 0.02 -1 2.80x10% 7.6
6 10 5 10 10 1.0 0.2 0.2 0.01 0.02 0.01 1 2.50x10% 11.2
7 10 10 5 10 1.0 1.0 0.2 0.01 0.01 0.02 -1 1.30x10* 8.0
8 5 10 10 5 1.0 1.0 1.0 0.01 0.01 0.01 1 1.90x 108 7.6
9 5 5 5 10 0.2 1.0 1.0 0.01 0.02 0.02 1 5.70x10% 8.0
10 10 10 5 5 0.2 1.0 0.2 0.02 0.02 0.01 1 1.00x10° 8.8
11 5 10 10 10 0.2 0.2 0.2 0.02 0.01 0.02 1 8.30x10% 9.6
12 10 5 10 10 0.2 1.0 1.0 0.02 0.01 0.01 -1 4.80x10% 9.2

2.3 HEME JT84 HEFEM S RBEMRKINGE 2R

XfiE 1L Plackett-Burman {30 T £ #6193 /> &
BRI R TS S5 5R (R 2) RV, 7
MU AEAL IR 2 FAL 3 4 Z (8] (m UG FR 2 ) i
IR AE

F2 RBEREKBETRER

Table 2 Experimental design of steepest ascent and corresponding

results
Jaee 25 KEHEAK  KHPO, ZEER
(/L) (g/L) (g/L)  (CFU/ml)
1 8.5 11 1.00 6.30x10%
2 6.0 15 0.75 8.20x10%
3 3.5 19 0.50 1.08x10°
4 1.0 23 0.25 9.40x10%

2.4 HEE JT84 £EFRE X 53 Min Bz E 43 4

id 1 Box-Behnken M 1 fH AT 434 2 i 75 Bl
FELER (K 3), RH Design-Expert AL 504k
P T IR Z IRl FHG , A5 2 i & oo s il ok
AR AR K HPO, & i i ik 2 0 A2 Y, =
9.030-0. 032X, +0. 050X, +5. 531x 107 X, +0. 014X, X, -
1. 200x107° X, X,-9. 976x10~* X, X, 0. 063X, > 0. 035X,* -
0.050X,>,5=XH v, W 2R S TN, R, = 0. 981 3,4
iE R,2=0.939 3, RS IE RECAT A Y, 7224k 93.93%
EWL 9] 19 5 T2 /% FE5 ¥, = 1.070-0. 012X, +0. 068 X, —
0. 015X,+0. 020X, X,-0. 015X, X, +0. 014X, X, 0. 044X >~
0. 047X,>-0. 075X, , =0 v, g 0B HF 9 T, R, =
0.986 7,%1E R,>=0.956 8, A IE R ET %1 Y, 97284k
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1 95. 689 RERE [T IH T FR A RS, J7 25 A4 SRR
SRR B E A (P, =0.004 1, P,=0.002 1), X}
Il AR A4 e 1o T TR A A AR A A, S AT K

% 3 Box-Behnken i{ I i% it RiX I 45 R
Table 3 Experimental design of Box-Behnken and corresponding

results

S K, HPO, #4810 3.59 ¢/1.21.89 o/ L ot RGEERHPO e
W EFEX) O BEER O &R, (CFU/ml)  (mm)
0.49 o/ LISt WA K . B3 B UEC L - #i % KE (X)KFE ko
B 3.59 o/ L KEHEMAN21.89 ¢/L K,HPO, 0.49 /1., 1 0 0 0 1.10x10° 9.6
FPEIRAN 0. 20 /L MnCL, 0.01 g/L,pH 7.0, DA JgkE 2 0 ! Lo 1000”84
— ~, RV , N 9
R TISSE0 R RS AP o " oo LA o
. e 4 -1 0 -1 . 2
2.5 EHKITS4 EHREHRREEYMET . 1 X 1 3?212 32
- . X .
Plackett-Burman 531 A543 R Fial 9625 5 UL 5% 6 . . 0 | 00x10® .
4, X 4 BEEIETRNE 2 HT 15 3 FEZ R R ; . . 0 830x10° 7.2
FFE RN Y = 27049.77+ 2 871.30A- 6 773.76B+ g 0 | . 0.00x10° 8.4
4 258.04C-304.85D-670.78 E+133.81F-245. 54G,Y 9 1 0 1 7.60x10® 6.6
H A S TR, A IE R? =0.902 2, [0 )9 5 R i 10 0 -1 1 8.20x10° 5.6
F(P=0.039 8), 7 MHEPLE0.05 KV LB EM 1 I 0 -1 7.60x10° 7.6
FA IR TR R A =g, 2 K 5ok 12 ! ! 0 9.50x10° 8.8
0.035 7.0.030 0.0.006 3, BLHAIX 3 AP F 9284k i 13 0 - -1 sdox10t 73
S 14 1 -1 0 6.90x10% 6.5
)52 o
F4 E4 EF Plackett-Burman iR I8+ R ik IS & R
Table 4 Experimental design of Plackett-Burman and corresponding results
g TECA)  pHE  HRRE i RO RRENE HEE(6) TURE R SFIIH 5
() (B)  (C) (%) (D) (ml) (E)(h) (F) (h) (v/min) g I J K (CFU/ml) (mm)
1 35 8.0 1 100 20 72 150 -1 -1 1 -1 7.30x108 10.0
2 28 8.0 3 40 20 72 200 -1 -1 -1 1 1.05x10° 10.5
3 35 6.5 1 40 20 54 200 1 -1 1 1 8.80x10° 5.0
4 35 8.0 1 40 14 72 150 | 1 -1 1 1.66x10° 9.5
5 28 6.5 1 100 14 72 200 -1 1 1 1 2.00x108 12.0
6 35 6.5 3 100 20 54 150 -1 1 -1 1 3.70x108 7.3
7 28 6.5 3 40 20 72 150 1 1 1 -1 1.22x10° 11.0
8 35 6.5 3 100 14 72 200 1 -1 -1 -1 1.09%10° 10.0
9 28 8.0 3 100 14 54 150 1 -1 1 1 1.00x108 10.5
10 35 8.0 3 40 14 54 200 -1 1 1 -1 9.70x108 6.3
11 28 8.0 1 100 20 54 200 1 1 -1 -1 1.60x10% 10.5
12 28 6.5 1 40 14 54 150 -1 -1 -1 -1 8.10x108 9.0

2.6 EHR T84 EFRFHHEZRINE T HBEMHK
IR

Xl i Plackett-Burman %56 T £ £ () 3 4~ 3=

SN R F-HEA T T 00, 45 58 (32 5) R~ 28

SR R ISR AEAL 1 FIALSE 3 22 ]
2.7 E#k JT84 15 IR S M RINE AL i 53 4

iH 1 Box-Behnken T XF 27 il 3 1 4647 1A 17
A 43AT (32 6) o 1833 Design-Expert #4445

BAsiEAT R Z W mIE LA 15 2 & B2k (B R )
9 75 2 M. Y = 38 835.10+ 121.054— 346.84B+
161.55C- 125.82AB- 439.86AC+ 2 761.58BC-
584.394>- 13 56.37B°- 1 838.17 C*, R* = 91.29%,
2R FR AT 25 3 B, R EE A W 2 PR 3R (R
ZEML SR P B M0.789 0, 7F 0. 05 /K F &2 HAE
FHAN I35 5 18 B R P[] 2 1R 2% [) %) 25 5 2 1Y)
P {H50.365 6, [RIFEALE 0. 05 /K F A2 H AR A
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W R A N R) 2 PR R 2R A Y P
“0.000 9, % 27 5 Y2 AE 0. 05 7KSF EAa2 B AR
FH 5 25 V0 A 2 TR T 1) R 0% 2 B 1 2 1)
M43 25 1Y), X6 PR 5 ) o7 {1 =22 R AN &4k
PEOCZR o AR g 7 ity 1w R N 25 2R (&1 2~ 1K1 4)
e A= IbR, X 3 A R B R 2 A
RIEIFIA]) 235135 E 4 30,6 °C .68 ml (250 ml =
) A1 65. 5 h, AR BEF40 50k pH 6. 7 EEFP A% 18
h 3R 3% 5 180 r/min, TEMSEET KWW
ZERA N 1.67x10° CFU/ml, M5 B S0 LAl 3 35
LR 159% , 0 B U8 VRO A IR0 B 1Y) 100 B T B 4R
5 18. 2% , RIS ALSCR B

®5 FEFNETRERERESHTRER

Table 5 Experimental design of steepest ascent and corresponding

results
b3 i B SEW S B ] AL
(C) (ml) (h) (CFU/ml)
1 20 100 64 4.55x10%
2 30 80 66 1.25%10°
3 32 60 68 1.06x10°
4 34 40 70 8.00x10°
5 36 20 72 7.65%108
ZEfE% (CFU/ml
100 ?ﬂlfﬁl ( )
0 1.45x10
E 4
i
= 76
s 1.50%10°
68 =
o ‘Ta0x10°]  L45x10°]
28 29 30 31 32

HIE (C)

B2 RBEMREEXEIEANFRSENMES L E N EE

&R 6 TFEtk JT84 X B2 A Box-Behnken XIS i% it R &R
Table 6 Experimental design of Box-Behnken of liquid fermenta-
tion conditions of Bacillus amyloliquefaciens JT84 and cor-

responding results

REE(A) BEWE(B) KRN

MR I T

e (C) (ml) (€) (h) (CFU/ml)  (mm)
1 32.0 100 64 1.00x10° 11.0
2 28.0 60 64 1.36x10° 9.5
3 30.0 80 69 1.25%10° 10.0
4 28.0 60 68 1.07x10° 7.5
5 30.0 46 66 1.34x10° 10.0
6 28.0 100 68 1.39x10° 10.5
7 30.0 80 62 1.10x10° 8.5
8 33.4 80 66 1.49x10° 6.0
9 30.0 113 66 1.20x10° 6.5
10 32.0 60 64 1.49x10° 11.5
11 26.7 80 66 1.37x10° 10.5
12 32.0 100 68 1.35x10° 12.0
13 28.0 100 64 1.03x10° 10.5
14 30.0 80 66 1.47x10° 8.0
15 30.0 80 66 1.53%10° 9.0
16 32.0 60 68 9.60x10° 8.0

Fig.2 Isoresponse contour plots and response surface stereogram of the effect of temperature and the liquid volume of shaking flask mutual

interaction on the amount of spore

3 1

B A A R s T o = AU AN
=\ AL B AR 200 155 i DL . Plackett-Burman 356
BT Box-Behnken 3036 B2 S Y T34 2 42 B
FHT 55 5% ik e B T 2 AR 0 A 507 v, kR ik

SEDSIIHRTE R AT Ix-11 KW T 2kttt
TG B = 0 1849% MBS T3 N 30.2%, 5K&
KAENTINE/INGE Aok A B 2F AT R I T A AT A
1k, AL G ZF i 7= 5 1.85x 10° CFU/ml, K 5
SS9 A A A S T T A T A R AT 4k R
AR AR AT R R R LA  42.5% . H
TG FRFE AL AL 32 2 AT B & i s B Vs PR T
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Fig.3 Isoresponse contour plots and response surface stereogram of the effect of temperature and the time of shaking flask mutual interac-

tion on the amount of spore
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Fig.4 Isoresponse contour plots and response surface stereogram of the effect of the time and the liquid volume of shaking flask mutual in-

teraction on the amount of spore
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