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Abstract: To improve the ability of Bacillus velezensis to produce inhibitory substances, the fermentation process
was optimized using single-factor experiments, Plackett-Burman test, steepest ascent test, and the Box-Behnken design.
The results showed that lactose and sodium nitrate were the optimum carbon and nitrogen sources for the fermentation
medium. The Plackett-Burman test showed that the significant factors affecting were the inoculum, sodium nitrate
concentration, and fermentation time. The steepest ascent test and response surface test determined the optimum
conditions as 10 g/L lactose, 6.15 g/L sodium nitrate, 3% inoculum, a rotational speed of 220 r/min, 34 °C , and 30.7 h of
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fermentation. Under these conditions, the diameter of the inhibition circle was 17.6 mm, which was 55% higher than the

diameter before optimization. The biomass increased from 2.42x10° CFU/mL before optimization to 6.71x10° CFU/mL. The

findings of this study are beneficial to the further development and utilization of B. velezensis as a potential probiotic and to

improve the ability of the strain to resist food spoilage microorganisms.
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Table 1 Plackett-Burman experiment design
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Table 2 Design of steepest climbing test

KI5 X, FHERAA/(g/L) Xy B E/% X5 BT /h
1 8 6 36
2 7.4 5 34
3 6.8 4 32
4 6.2 3 30
5 5.6 2 28
6 5 1 26

1.3.6 Box-Behnken ¥ 2844k ALK 1
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Table 3 Box-Behnken center portfolio optimization design
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Table 4 Plackett-Burman experiment design and response values

RIS X, FENgL) X, AEER4N/(g/L) X, EAE/%

X, ®E/C X B R /h

X, #1% /(r/min) 47 E B A2 /mm

1 -1 -1 -1

O o] 3 N (V)
|
—_
|
—
|
—

10 -1 -1 1
11 1

—
—

12 -1 1 1

12.81 +0.04'
9 +0.04°
11.62 = 0.08"
9.61 = 0.09%
9.42 +0.14°
9.31+0.16"
11.42 +0.04°
9.62 +0.05%
9.73 £ 0.04"
9.14+0.14°
10 +0.04°
8 +£0.08"

i NBFRERR AT EFMELE, P<0.05.
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Table 5 Variance analysis (ANOVA) of Plackett-Burman
experiment design

A& F A5 P1E REFM
X, (5L ) 0.063  0.8113 3
X, ( FHER4N ) 14.25 0.0129 PP P
X, (#ERE) 2192 0.005 4 PEP BRI

X, (GRE) 2.13 0.204 1 X%
X (BF1E] ) 10.06
X ( 451k ) 5.60 0.064 3 % % X%

E: X BEFATREMEE N, KIHAL I HFHMIE,

23 & PEJEH R B
R LA e 1 PR 26 IE SR 88082, FEAR B mir e
W e 7y 1a Jo b K. HER 6 ml %, IR EEAE
Je LTt E FRERIES, 15 4 R0 30 B el 1
5, PRI S 8 ) S TR AL B T DA DU ZH 9 o £
* 6 BREEEXRIZTRER

Table 6 Steepest ascent experiment design and

0.024 8 KKK

corresponding results

X, AHER AN X, A E X P A B

K5

/(g/L) 1% /h A2 /mm
1 8 6 36 8.92+0.41
2 7.4 5 34 9.74+0.2°
3 6.8 4 32 1232403
4 6.2 3 30 15.91+0.2°
5 5.6 2 28 1222+0.2°
6 5 1 26 9.84+0.2°

it DEFERAATERERE, P<005. TAR.
2.4 Box-Behnken 10 41 & 11 1% 1t
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RAE P-B X560 DL I S BENCHE R 50 25 5, DL
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1.03AB-1.93AC+0.3BC-2.11A’-2.19B*-2.09 C” [a] I
R R WA TG 25 I LR 8.tk 8 W,

120

iZ [ AR AR A  2 (P<<0.000 1), 2 JLLIHAS i 2
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BHEA WL R (P<0.01), B, R
B B B2 B B (P<<0.05), W& &M
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Table 7 Box-Behnken experimentdesign and response values

pe A BAE BB CHE HEHBALR
1% (/L) /h /mm
1 2 5.6 30 13.28 +0.15'
2 4 5.6 30 12.85 £0.07"
3 2 6.8 30 10.88 +0.06™
4 4 6.8 30 14.58 +0.03"
5 2 6.2 28 9.15+0.04°
6 4 6.2 28 14.18 £ 0.07°
7 2 6.2 32 15.68 +0.1°
8 4 6.2 32 12.98 +0.03'
9 3 5.6 28 12.48 +0.02'
10 3 6.8 28 10.35 +0.05"
11 3 5.6 32 14.88 +0.03°
12 3 6.8 32 13.95 £0.05"
13 3 6.2 30 17.55+0.02°
14 3 6.2 30 17.42 £0.07°
15 3 6.2 30 17.42 £0.02°
16 3 6.2 30 17.15 0.04°
17 3 6.2 30 16.48 +0.08"

242 ZREZHRLER
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% 8 MEREEZEE K OF R @S H
Table 8 Regression analysis of the inhibition circle

diameter model and regression coefficient

wm SE AT wy orm opm B

AR 10556 9 11.73 50.66 <0.0001 **
A-#EAPE 3.92 1 392 1693 0.0045  **
B- AHERAN 1.74 1 174 751 00289 %

C- i 1A 16.05 1 16.05 69.31 <0.0001 **

AB 426 1 426 1842 0.0036 **
AC 14.94 1 1494 6452 <0.0001 **
BC 0.36 1 036 155 02525

A’ 18.78 1 1878 81.12 <0.0001 **
B’ 20.28 1 2028 87.58 <0.0001 **
c 18.47 1 1847 79.78 <0.0001 **
R E 1.62 7 230
K IR 0.88 3029 159 03252 ns
Yhik £ 0.74 4 190

& Fa 107.18 16
R*=0.9849 R’,=0.9654 R, =0.8578
E: P<0.01 AMEF, A= KT, P<0.05AHZFE,
kT, P>0.05 2%, A ns AT

R ELA% / m
B: B4 / (/L)

5.6 5 i
20 25 3.0 35 4.0
A BRI/ %

& 9 AB 3 B {E A E B E R IR0

Fig.9 Effects of AB interaction on inhibition circle diameter
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Fig.10 Effects of AC interaction on inhibition circle diameter
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St njE P, LB R R, MR EE
A B s [0 7 184 00 2 S0 386 BRI (i 3, P bt
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Fig.11 Effects of BC interaction on inhibition circle diameter

i R BN MR 1) 149 5 “EL A Y 6T 4000 B Pl A2 R 52
W 11 s, BCAZH T, 07 e BAR AL
BRI IR) L A R B 1 o B2 S 0 s AR R
£ BC A HAEFH AT, EMIRINN 6.5~5.9 /L.
Fof 1 g 29~31 h KT 9 P, 40 P 4 A 0
PN

2.5 NI E
®9 RUKIFER

Table 9 Optimize validation results

RALET /mm HALJE /mm
KA HE 11.34+0.16 17.63 £0.12
o] 12.13+0.2 17.21 £0.08

B 12 A IESE R E

Fig.12 Optimization verification result
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MRS BT A, DL P EAT S KA AR
B R, 132 ) LKA R 3.0%.
THEREN N 6.15 g/L. BN 30.7 h, fEMERMFKLET
PAARAL T ) Landy 35 5% 56 f185 9% 6 R N ], E
BARAE W R B A T, 53Rk 9 FIEE 12
Frow, 331540 H B B8 17.63 mm F1 17.21 mm,
BT T 55%, L EFEPszigiib 4 B
T 42.4%, H5HUIE A0 5 e B AR N 17.459 mm
FARW)E, UESE T SRR TR, AR
1R R 9 2.42x10° CFU/mML 2 7+ 3] T 6.71x10° CFU/mL,
VLR AL AT, T A 2R & DS i 2 AT
WA=

3 g

R T T 2 BH A B 75 B R A O 2 RO B,
P T 20 TR AR R B ) SR B AN P 2 R IR A
g5 BRI ER,  [RIH AT DA e P i o 2
IR e S AR 0 LAARRAL,, DT s 2 T i 57 6 v (1) 410
B A L HERR . BT DI BT RR  I lkAk AE
BESEWNR IR, [E N T AT DL 2 AT I
R B TR P A A LR R R . A TR A
T VUSRI AE N R R R, DA R B AR
PR FE bR, 8 B R LI A P-B iR e, Ik
3 AN F DS 2 SRR 1R 41 3 R B IR R 1 TR
2, A NREEREN. B IRVRERN R, R A BEIC Y
BETT A W S TH] G A0 AL R, 14T Box-Behnken
T 1530k K 7R B A 7 AR AR R A A AL
PEANINE 10 g/L, BEFRENS I & 6.15 g/L, & 3%,
3% 220 t/min, ¥ 34 °C, W) 30.7 he fEI%KE#
FAFETR, SEDTE R BARME Y 17.6 mm, FBARALHETHE
&1 55%, STINME 17459 mm #5E, EIGE B
AL AT ) 242x10° CFUML $2F+%] T 6.71x10° CFU/mL,
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