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Abstract

The optimized fermentation medium was obtained by PB design and orthogonal experimental de-
sign. Based on fermentation condition in 50L biological reactor, the experiment was scaled up into
400 L fermentor on the basis of same KLa. The results indicated that the living bacteria count of
Bacillus amyloliquefaciens was mainly influenced by (NH4):SO4, cornmeal, corn steep liquor and
glucose. The obtained fermentation medium was as follows cornmeal 8 g/L, glucose 12 g/L,
(NH4)2S04 0.8 g/L, and corn steep liquor 7 g/L. The fermentation condition of 50 L biological reac-
tor was as follows the temperature 30°C, the inoculation rate 1%, the speed 200 r/min in 0 - 8
hours and 250 r/min after 8 hours, the ventilation quantity 15 - 40 L/min and the fermentation
time about 30 hours. The fermentation condition of 400L biological reactor was as follows the
temperature 30°C, the speed 130 r/min in 0 - 8 hours and 160 r/min after 8 hours, the ventilation
quantity 9 - 15 m3/h and the fermentation time about 30 hours. Under the condition, the living
bacteria count was 2.5 x 109/mL.

Keywords

Bacillus amyloliquefaciens, PB Design, Orthogonal Experimental Design, Scale-Up Technology

e FRAERNEFERAFIR AR

FEE, BRAE, BEM, B 7

R E I EAEDH VRN ER AT, b
Email: '39129557@qq.com

Weks H . 20184F9H3H; FHHEM: 20184F9H14H; kA HM: 20184F9H21H

DERER

ES|I R PEE, B, R, G R AT R K5 IR A ABORET D). AEP TS, 2018, 7(3):
107-114. DOI: 10.12677/amb.2018.73013


http://www.hanspub.org/journal/amb
https://doi.org/10.12677/amb.2018.73013
https://doi.org/10.12677/amb.2018.73013
http://www.hanspub.org

o

e

%

R

K PBUEHH I IEAS RIS BT AL AR UERD SEFAT B R B 57 2L, 7ESOLREBRGE & B 1 25t SR FH LUAAR
BERRBOAZEMRFBORZIAT T AR K. ERRHE, (NH)2S04 FKB. FRERHEEENFRER
EREHAREEENETERR, BREASNERNS g/L. HE 12 g/L. (NH4):S040.8 g/L. FXKK
7 g/L; 50 LEBEFE R B4 IRE30°C, M E1%, HPEFEE0~8/NF200 r/min, 8/Mi /5250 r/min,

X E15~40 L/min, KEEFE B30/, BOKRERIKEBETZ: BE30°C, Hii%E0~8/ 7130 r/min,

8/Mif)J5160 r/min, EXE9~15m3/h, BFIEHEECN2.5 x 109/mL.
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1. 5]
FRUERD TR B 2 — PP S A B IE AT R SR S M IR = I, A MSIRE YR E R ), ReEre A2
AU =4, EEAHE: MEEAZ, BICREAR, PHEEE A, RIEEYR, FFR, FHaE
= D, KRR, FEIKEE, K3, IR SMAE[1]-[6]. MEAVER ZF FUFT 0 2 R R M BOW K A BT
(MR 5 R, AT ) R AE A R R TR G L, R R B T 2R L AOUBOR iR 78 R e
(R o 206 28 00 B I RVE R 2R AT B (B85 . CGMCC5043, £S5 : Z1.201210293465)6E8 A% K 75
Wi~ SEART AR R R JEL 45 2 PR AR S I RO TR A . AN SEIG R PB T ANIEAS IS BT ik
TR IR, [RIRTTE SO L RBEGEP AT T4 KEE3%, IR DR S R BON FHE O E3E4T T
FERBOR, AR — 2 Tl Ak A = Rt B0 JE R
2. R 5 A
2.1. #8

2.1.1. Btk
AERD EFAT I Bacillus amyloliquefaciens, HA6E T J15E B AN R o O AR5 .

2.1.2. IEFHE

FHEE R I (gL): 4 WE 3, EAWE 10, NaCl5, #izikEs, BEEE S, 3 20,

AR 78953 (g/L):  TKIEH 10, E AR 10, NaCl 10, BELEH 5.

WIUH R BERE IR 3 (g/L): ToKH 12, S0Pk 18, CaCOs 5, H &k 8, (NH,),S0,41, K3 5, MgS0,2,
MnSO, 0.5,

22. /&

2.2.1. HEFREH
WAL R ORTECT R4 I B0 TR AR A B2 BRI T G 7R 2k |, 30°C IR 24 /NI, 4 CIRAEEHT

ik
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AP F % RN 10 mL EW7K, &R, HIN 90 mL Bw/KT, REIKIRG 30 4
b, 4 RRE R . B30 mL A IRIET 150 mL =T, K. EREEW I mL, B TRRA TR
F& 15~18 /INF, BEFRIEE 30°C, #%3# 200 r/min.

PR RS F%: B 30 mL R EER: 3236 T 150 mL =AM, K, #0003 mL F7ik, B THRIKF
BE 7R 28~32 /N, BEFRIEEE 30°C, FE 220 r/min.

2.2.2. MEFHZ*

ki KA 1000 r/min &0 10 708, FiSWMREE —E A5, M 721 2966 K 600 nm)
MI5E RTER, DAZRTRAKMOR IR . DRSS FE A ODgoo AR HAEH 7 R %o

B THEL: AT B bR ME GB 20287-2006

2.2.3. PB (Plackett-Burman)i&it
PB W2 — R KT BB Bt 757, e mT BUR S /b (a0 0 il 25 DR 28 1 32 80 R A 3R AT R ks
WA, A2 5 SR 2% RO T e s N ) LA R B . e B SIS I N = 12 [T, RHIG RE
TR 8 Bl BEAT KBTS AAHPGE H R R R 2 AT TR A RO R R i AR R R 2R [ 7] 8]
S R N = 12 i ih, 3EFRAE ) 8 Fplisr: KKy, S0, CaCOs, Fi%IHE, (NH,),SO4,
TAKHK, MgSOs, MnSO4, 73fEHN PB Wity 8 MAE, FABREIHAKT, KT “-17 K
IRREFRAAE, WP 17 BURAKCER 1.25 5, PB T SEE0 KPR W& 1.

2.2.4. EXRE
A PB Wit gh gl B, e FERHAE R 2 AT B A B0 WG MBI 4 MR R, I E R KK,
KR Lo(3YHYIEAZRHAT UK &R =/ IEAS R 15 R 25 B 7, AN HE Y 3 IRE K .

2.2.5. REFERK
TEPEMR I HEAN b, BT 1 50 L RFFRERUR, RIEFAM: 3R R%0.6, HE 30C, HME 1%,
J£770.05 MPa, fiifF#%3E 250 r/min, pH {EHER, @K & 15~40 L/min. 7F 50 L KEEHERAL 1, R Kla
(PSRRI S0 2R 300 A [] 1D D D 36 AT R PR RE TR
MR 22 T 5 KLas
P,=(N/60)' D*pN_ x2x107
2 3 0.39
P,=225x107 [MJ
0

0.08

ky =(226+33N,)( Pg/V)"" 0N x10”

Po——JE38 N B PR3 4 N AR K D) 36 (T L)

N——RAE i HE B (51 77)

D— it HARCK)

p—— KBTIk )

Np——Dh MR, RIS TEABOCHE 9 2 RN T B de, B 2 6
P38 S PE A N 2R (FL)

Q=T )

ke AR {

R :
Tt KAUE (p)
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N——IREe AN
V—REERAAERICK )
VR IR 2 AT 2 /S 28 T (LK)

3. RS
3.1. PB &itiFis T EFE

s 3BT R FH Mintab 17 JATHEAT, W SAE(Y) A ROGHE. SCIe it S Rane 2 s, & E
RS S 36 3 prs .

H PB Bih45 A5 H B3 7 F%
Y =17.625-1.675x1+0.442x2-0.325x3+0.675x4 —1.775x5+1.442x 6 = 0.158 x 7+ 0.392x8 . (NH,),SO4+
TR T ARIRANH % H A RS B AU R B, e (NH,), SO, A1 R KR R R8BI B2 w4 v
TR FORIRANE B RN, B R B T e v B A

Table 1. PB design experimental design level and coding
= 1. PB %I LR K F R 4wt

IKF(g/L)
[RIZR i
-1 1
ES/ SV x1 12 15
A x2 18 22.5
CaCO; x3 5 6.25
I E x4 8 10
(NH,),S0, X5 1 1.25
S/ S x6 5 6.25
MgSO, x7 2 2.5
MnSO4 x8 0.5 0.625
Table 2. PB design experimental design and results
= 2. PB iR SRR IT REER
FY x1 x2 x3 x4 X5 x6 x7 x8 Y/({Z-mL™)
1 -1 1 -1 -1 -1 1 1 1 223
2 1 -1 1 1 -1 1 -1 -1 18.3
3 -1 1 1 -1 1 -1 -1 -1 14.3
4 1 -1 1 -1 -1 -1 1 1 15.3
5 1 1 1 -1 1 1 -1 1 16.6
6 1 -1 -1 -1 1 1 1 -1 13.6
7 1 1 -1 1 1 -1 1 -1 14.3
8 -1 -1 1 1 1 -1 1 1 16.0
9 -1 1 1 1 -1 1 1 -1 233
10 1 1 -1 1 -1 -1 -1 1 17.6

11 -1 -1 -1 -1 -1 -1 -1 -1 19.6
12 -1 -1 -1 1 1 1 -1 1 203
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Table 3. PB design experiment factors effect and evaluation table

= 3. PB IR R ERYN RIFMN R

i R F B
x5 -3.550 21.20 1
x1 -3.350 18.88 2
X6 2.883 13.99 3
x4 1.350 3.07 4
x2 0.883 131 5
x8 0.783 1.03 6
x3 ~0.650 0.71 7
x7 -0.317 0.17 8

3.2. EXRBEMILETE

14 PB ARIGMIFILLE . (NH.),S04 FKM . FRBAHRIHE 4 AP 200 RO B STk,
KH Lo(3YIEAS R T VU H & =K F IR, FAMEE R 3 REE . IEA IR BT R RIK S L2
4, IEAZRIG BT R R ILZ 5.

FHA 5 A, BRRE R4 68 A1B2C2D2, BIEKH; 8 o/L, Hi&iFE 12 g/L, (NH,),S0, 0.8 g/L,
FKH T gL, ARAELZER)K/ANIHTATHT, 4 B Z06EA 8505 B A0 S OB 8 F KR > (NH),S04> &
K > HiEE. BRAE SR 2 A, TAFEIESR, ks 7= 34 80E WO 33.77 {4/mL.

3.3. REFEERCK

TERTIA TAERIIERE B, B 1 50 L REFMER TSI 2R A% 0.6, E 30C, HME 1%, K
0.05 MPa, Jii#155i8 0~8 /N 200 t/min, 8 /NETJE 250 r/min, 38 K& 15~40 L/min, pH {HHZR, KEHE
130 /NI 1),

RIE 8 /NI E, WEITIR2E TR, R KEBERY, ST Hp e R X, S iE A,
K 16 NG, AR ERICA, 20 /MG, WEITIRETE, RURAREREE RS, 27 M, B
T RSE, KRR, K30 AN, SFIERIEE] 95%, KEFLEH, A 30 4/mL (4 2).

M50 L R BERER NG OUE , KB 8 /NG, WA T Rl EARH TR, Ul W] IRARFEECEBETR, Rtk E
R GETBOR S R A 2k F DU RV S R BN EEHE RO . IR I S IR A S HOT LR 6, e
HKHERR T ZES5U0L% 7.

WA NGER NG DL, A R, SRR, TBORBE S I 2 R 90 em/min, i XU
Q :%322 x90 = 2.54x10° (mL/min) , £1% T 1.06 vwm.

THHRAEAREON 2.83 x 107, MR S0 2R BOkH 5 JR U T 155 SO HESE BE #5530 159.2 t/min, HUE
#9160 t/min. HHILHHE T BOREREE T2 240 WAL 30°C, HiHEH:IE 0~8 /M 130 t/min, 8 /INFFJE 160
r/min, X 9~15 m’/h.

TERCKEE BT REARS, & 2 /Nlle RE2 OD {H, 45FILIA 3.

MIE 3 FTLAE tH, K 24 /N OD {HIX BB KAl , BOREGERE, Jooffl, KB 30 /NS, ZREfIsRik
£ 95%, {51EREE. P ECA ROE O 25 14/mL, B /NREKF .

DOI: 10.12677/amb.2018.73013 111 TRAEAI T


https://doi.org/10.12677/amb.2018.73013

Table 4. Orthogonal tests of various factors and levels

4. EXAERERRKFR

K A: EXE(gL) : HEFE(g/L) C: (NH):S04(g/L) D: EXF(gL)
1 8 10 0.6 6

2 10 12 0.8 7

3 12 14 1.0 8

Table 5. Orthogonal experimental design and results

5. EREERITRER

55 A: KN B: Hi%pE C: (NH,),S0, D: FXk¥ BREW A A0/mL
1 1 1 1 1 29.47
2 1 2 2 2 33.77
3 1 3 3 3 26.17
4 2 1 2 3 27.80
5 2 2 3 1 26.30
6 2 3 1 2 29.90
7 3 1 3 2 25.07
8 3 2 1 3 25.20
9 3 3 2 1 26.17
kl 29.80 2745 28.19 27.31
k2 28.00 28.42 29.25 29.58
k3 25.48 27.41 25.85 26.39
R 432 1.01 3.40 3.19

8 ~
7 -
6 -
5 .
[-3
3 -
2 .
1 -
O 1 1 1 1 J
0 10 15 20 25 30
KRS E /h
Figure 1. pH value with time change curve
[& 1. pH 1ERERTEI ZE (L B4k
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Figure 2. Curve of dissolved oxygen with time
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Figure 3. Change curve of OD value in fermented liquid

3. &% OD ET{kithk

Table 6. Comparison of basic structural parameters between test tank and enlarged tank

6. MIHESHAHEEAREWSHRR

o FEI W4 T (m) 7 HO (m) BV (m®) HBERV a () W EA D (m)
R HE 0.32 0.64 0.058 0.03 0.105
N 0.60 1.20 0.395 0.24 0.200

Table 7. Comparison table for enlarging process parameters of test tank and enlarging tank

7. RIS HAHEEA T ZSHxRE

R R B(ER AT

of LTI ON =518 ERaR U 38 X (vvm) Pg/V(kW/m?) S

TR 1 250 1.33 0.11 2.83x10°

TROK 8 160 1.06 0.11 2.86x107°
4. &g

BT PB BEih ik B T X R ERD AT B B0E 1 BUE B RR) 4 N EERFE: (NH,),S04. EKF
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R

TRV ERE, A (NH,),SO, A F KK R 58N, FORIKFNH BV IR . XL E 4 NHERZRM T 4
K& 3 K PRIIERIRE, e TR H A N KN 8 o/L. H4iHE 12 g/L. (NH4),S0, 0.8 g/L. &
KI T g/L, $RIRREEA RSN 33.77 14/mL.

WhE | 50 L KEFGER I %A Fek 250 0.6, IR 30°C, HFhE 1%, J£770.05 MPa, #i#fHiE 0~8
/NI 200 r/min, 8 /NS 250 r/min, JEJXE 15~40 L/min, pH {EH H2R, KB 30 /N, B R0G5EECN
30 1¢/mL. fE 50 L K EFREREAL BbAT 1O, HORAEEON 8 £, RA DMRR I A R BN HEHE I TEOR
EfE T 400 L KEEGER KEE T2 WFE 30°C, HiHEFEH 0~8 /M) 130 t/min, 8 /MEJJS 160 r/min, X
B 9~15m'/h, HRGEEECHN 25 12/mL, T/NFEKT o DRI S R BN 1 A TROTE A e k) ZF T
WO B AT AT I, MR 28 AT 18 1) Dol A AR r= 3 it 1 BB AR .
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