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Optimization of culture conditions for maximum viable

count of Brevibacillus laterosporus based on MTT

colorimetry and response surface methodology
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WE. BB : K & K3 M54 F 384 8 (Brevibacillus
laterosporus) R K E W A RAER KA RO R B R LM,
Fik: s MIT & k5 Rt okt miay &
Aoah bR R EE M IR F A RS A
H R (BR L RUR AU ) A3 SR Atk (ks pHLIR B
BAE BB EARK, ERMITREERS
M ESFARMNETLEREAALE B FHE B XK
(R*>>0.999); X ¥ #8 . A AL45 46 pH.BE R — K47 4 2
ZHa BT, RAEAB LA L F I 875 g/L, A4S
0.17 g/L.#14 pH 7.07 BBk — &.47 3.73 g/L. o &4 F
FHH A 8.12X10° CFU/mL. 5 2 # & ¥ # (8.25 X
10°CFU/mO AR F 27, &ik: AT MTT k& v
BB S ARACA 642 3 FAAT B R K 6 B HOE IR 4 R AL
B ER KBTS T 3.02 4,

KB :MIT e k,va @k MABEFRAFE;FR
BB FAR A

Abstract: Objective: This study aimed to explore the optimal
medium composition and culture conditions for obtaining the
maximum viable count of Brevibacillus laterosporus. Methods:
Based on establishing the correlation regression equation between
the MTT colorimetric method and plate counting method, the
optimal medium composition (carbon source, nitrogen source,
fermentation conditions ( initial pH,

inorganic salt ) and
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temperature, inoculation amount, KH; PO, ) for obtaining the

maximum viable count of B. laterosporus were optimized.

Results: A significant linear correlation for viable count
determination between MTT colorimetry and plate counting
(R?>>0.999) was found; Maltose, CaCly, initial pH and KH,
PO, were the significant factors. The optimal fermentation
condition was 8.75 g/L. maltose, 0.17 g/L CaCl, . 7.07 initial pH
and 3.73 g/I. KH2 PO,. Under the control of these conditions,
the number of viable counts was 8.12X10% CFU/mL. However,
no significant difference from the theoretical number (8.25 X
108 CFU/mL ) was Based on MTT

found. Conclusion:

colorimetry and response surface methodology, the culture
conditions for the maximum viable count of B. laterosporus were
optimized and the number of viable counts was higher than before
optimization increased by 3.02 times.

Keywords: MTT colorimetry; response surface methodology;
culture condition;

Brevibacillus laterosporus; viable count;

optimization

48 58 2F f AT B ( Brevibacillus laterosporus) 5 —Ff
Al PR R A FE e IR AN B, B T I s T R e A
VUK R AR LT A 2R AT M IR B E RN
EYEY RS fEE PR AN R ES RN %
L AR PR 2 A TR BT AN ] R BOR B S T AR
B AARERRANE . MTT 55 % ek i, e
FH 15 40 1t £ 7 44 v 0% OF W i, W] L B 5% 00 45 4
J% o 5 — FR R S B i S DU RV R ' (L ET LA ] 4
Wil A0 RO . A BT R 107 ~10° CFU/mL 4
MMk BEYE RN, WG S IE ATEORIE . A MTT H
8 0 G I 248 PR e RO o A IR R L R AR R,
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FH 259 %o A S 57 3% 20 M0 (v 2 M0 58 B A0 M 3% o v
BT BRRAL GEAR AL vk 32 B R v R 43 T R I 38
46 FRTIEORS B2 AIC, AS 2 5%, T w7 9k AT DA kR DL I
ARJEET B R RS B AR BT N TR
S A ARG

FIHT  B0AE P B 3% LIS B 80O T 5 98 A 1 B 5 2 R
FH LG ash s s R 4306 0 B I S 1A VR YA L AR ) 8 S AR
RN ST A T, Ry kR OAR R TR L T T
DX 40 B R AT L 5 — R 2, A MTT H
0,305 0 7 B A 0 TR RO HEAT R T 4 A O AR Y B 5T 0 R
DLARIE . D 5 400 LA 00 06 2 A0 KT A 3 B RO B R R 4
HEr MTT B v DU & T V0196 T3 450100 A 1 i £, 38 2o
N THT 25 e 355 35 i Bl 40 R 2 T 2% R R AT AR AR LA R R R
W30 A R & T 2O Ak AR A 4R A 4R
1 MRS
1.1 REHR

W96 %65 2 A AF I HA-2: CGMCC NO. 24130, 1 25 &}
B R 2 A 2 Bt R (0 2R W DR T R 5 R S 50 4

B ey T2 1 R L B R R L Ak R A ML A 3
Bl RERE ATV PEVE R AR AT LB R B LB R LG R B
SR ES LA AR EE B R B B R T A L
FH S ST 0 i S IR R N S o Al [ 2 4
23R 70 A BR 23 A 5

BEfli R FR AL 10 o/ L BEEE R .5 o/ L BER:KY .10 g/LL
NaCl, ¥4 pH 7.0; 4% 2 %5 Fh ik e A 246 30 mL LA
RSB =M, 9 BRSO E 0 K 160 r/min,
30 ‘C 5% 18 h;

MTT ¥ W e 4 pH 7.2.0.2 mol/mL ¥ PBS 2% s
T ,121 C K 15 min £ A #RE0.5 ¢ MTT A PBS £ oh
WERZE 100 mL,121 ‘CKH 15 min, HEHH, —4 C
HEOCIRAE
1.2 U 5EE

i FRAY : Infinite E Plex &Y, ¥ -+ Tecan 2\ 7 ;

A R B HL:5810R T, 7 [E) Eppendorf /A 7

R E K B . SX-700 B, HA TOMY Al

WG TAER SW-CJ-1BU 8, 95 s AR A IR
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H

H IR 5 IR 1 8% . ZWYR-D2403 B, | I 25 38 43 #7r AY
i 1 A PR A
AR R4 TPH-160S B, T ik SERAH B A R A w5
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1.3 KA E
1.3.1 MTT W sk 2 5P Bt ok 4ot 6 R i &
A4 5 mI ML 25 AT B B A 35 mL AR BER UK
1,4 °C .3 500 r/min B0 10 min, Bk LE®R. EE M

WEEFMITIhENMEREZRANBEFAFESRATAREFEY

THUE R — RGO TS TE R E W T 5 mL A AR K
LR R B . B 100 pL BT 96 FLAR L A AR
W 6 L EILIMA 20 pL MTT W HE 855 5 h, g
FEWEW. MM A 150 pL = H EE TR, K B 3R %
10 min, I 5E 570 nm 4b B AW SE(E D,

S i 2 R B 1X10°,5X10%,1X107,5X107,1X
10%,5X10%,1X10° CFU/mL 4 il] £ %5 2 0 AT B 1 2
10 mL P&, BXXERSETFHA N AMBW
B ABERM MTT Ho 00 W0 WO IE - AR
LRGP AA R B B RS R A T LRk IR
TENR P o G 3T T E 8 AR S M UG T R b Y A A
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M VRUUR (B R B 4 R B LR A TR ) R T Lk (&
A5 GAEE IR R B L S ET ) XoF O 76 05 2 A AT T I T A
P 7 de AR L LR B TE AL R 1 S ml |, 43 ) A 5T
TR IR N 48 (0~18.0 g/ L) AR ¥R b4 (0~ 16.0 g/L) il
TEHLER VRN (0~0.33 g/L) , B & B 4 055 55 2 i 43 % G
W . 920 th pH(3.5~10.5) K BE IR ¥ (24~
39 CHHERE (1.0% ~8.0%) M BER — &4 &
(0.5~7.5 g/ L)X 760 58 2F 70 KT 1 175 7 00094 52 0 A 5 e
TR WA

1.3.3  mi i T A Ak

(1) Plackett-Burman 2 %5 : %6 B8 i M #1 %2 2F #1 4T
VR TR 7 N3 B A8 &, & T R v O T B i A
M N =12 1 Plackett-Burman & it. & N £ & W5
(1D AR (— D PSR 0 35 5835 5% 0 R -

(2) & BE € 3 ik 3 1 Box-Behnken iX 3. i@ i
Plackett-Burman i 5 45 3 v 24~ . 2w K 1) R 80E
W e 25K T g5 1), LR R R MO S 1E A8 3 IR K OF, U (E
TEBAR 7K -, LA T8 8045 R 1 B KA 1E 5 Box-Behnken
I 1R H O A5, DA Plackett-Burman 2 56 §if 2& H A9 2
E PR A ARG, KV T O F6 08T 2 TRRT 1A T TR AR
Wil 7 A 3 22 B R 22 K7 i 7 T U 56 L A ST 22 08 IR
o] B0 5 R LG A 5 e A 2 B] A R R, 3R
A5 60 0 2 6 KT P TR A0Y B Ak R RS
1.3.4 ITESCE  JE A o I AR AR Y 3RS deAd R
F A5 3% 18 h AT IO L 15 B Y 1] 7 67 2 160 FF TR 0 18 250
A 5 S B KA AT OB, B e T A AT SR
1.4 HIEHH

fdi 1] IBM SPSS 22.0 813 47 1 % 1 43 9 F0 J7 22 43
B+ 2K F Design-Expert 10 %K 4 i3 47 i B 1801 4 A7 » R
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2.2 BERRKRK

2.2.1 RV R 2 WY, DAZE SERE N B VR S L 00 0 0 2
LA B % R B 3 o T A R VR 9 (P <C0.05) . M2
FRES IR 0~10.0 g/ L i, 1 B 45 Bl 22 28 05 78 o <= B4 38
TNz 255N, 24 2 ZEMER N & R 10.0~18.0 g/L i, fill 1
S S HUAT BRI P BOGZ T R T RE T A S R O R M
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PR X SR g R — 8, R e B R R
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Figure 2 Determination of the best carbon source species and the amount of addition
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Determination of the best nitrogen source species and the amount of addition
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N 8.0~10.0 g/L W B £ K, (5 G 0 35 M 22 5 Bl
J I T BOT U6 T B SRR AR B 2 R AR L. X T
SR MY R R BRIR R VERRE TS
IR YT AT LA O A0 2F AT R A KB ZR b
P 8.0 g/ L i H RIS N4

2.2.3  ToHlEh  H 4 T SRARER SIS | B R BE A
SELAG B AT e 1A ) 600 2 AT T A AR K A HL R S AR A

407
— a
T_é_ 35¢F
: 30F b b
S 25F 7
ok 20
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"‘E 15F
S 1ot
E 05)
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s sk BREREE Ak
TotllE:
Inorganic salt

(a) wAETHLH

WEEFMITIhENMEREZRANBEFAFESRATAREFEY

AR HE AR R o 3 R AL BE IR T T 76.88%0 (P <
0.05) . Bl A7 S5 7% 0 &5k (9 384 0 00 60 0 2 SR AT T 345 1 4
WERN . HEALES RN 0.17 g/ L i, HO Il A 0 2
FEFF A0 T 8000 I HE SR o £ 5 2R AT I I ST 45 2R
—B., HIEHTTRES Ca®" #4775 208 O A 4 2 F AT 1 #Y
40 T 3 375 1 90 Y 0 T P R TR S e TR L N 9B OB TR
A, PR 0.17 o/ L &ALES A R ALER IR I

Sr b Z be c c
ANy
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(98]
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Figure 4 Determination of optimal inorganic salt species and the amount of addition
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FRF 000 60 6 24 LT B TR B0 L T, 5 00 9 2 AT B
MRS T Ak AERZB MG A, GEREE N
34~39 “CHF M6 J 2 FL AT B8 15 08 B80G2 W T B TTRE I FH
T 960057 2F T T AR PN A O R P R AR, S B 32
BHL . 700 78 40E 25 P07 i B0 00 4 28 F AT B 1 e B SRR
30~35 °C. P, PR RERE N 34.5 C.

2.2.5 AR RE 6 ML, B EMER 1.0%~6.0%
B 01960 J 23 6 A BT T R 50 I 2 A ek i i o T R o, 24 4
et > 6.0 Y6 M, M0 7 2 0 AT 7 T P AR R T 3K 3.73 X
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T a
.E c 7 7
o
= d 7 d
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Figure 5 Determination of the optimal fermentation

temperature

10° CFU/mL, 24§ fl & > 6.0% i, % BF ¥ 90 4R B 1K
i v IR T RE L PR T TR A R R Y 1 i b
b SRR g R B, B, B 6.0% M ik
RS R R

2.2.6 Wt pH WE 70, F RIS pH Al AR 2k
FLZFARATE TS B, 4 pH Jy 7.5 I, ) 5 4 2 FE AT
PO AR K. T AR R B P (pH 9.5 ~10..5) Fl e R
(pH 3.5~4.5) 24 F , 4 4 2F #FF B 16 1 A0 Ak K %
B B 2 S . X3 I A5 T2 A TR A6 e 2 T R A B A
pH 46.0~8.0, itk Hm AR BEYIIG pH N 7.5,

2.2.7 BERR A mESAIA, Mk — S8R &
457
= 400 7
?3.5’ d ; ; c
E 3.0f . 7 Z
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XS f
E% 20F o 7 g
E st g g
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Figure 6 Determination of the optimal inoculum
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Figure 7 Determination of the optimal initial pH
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JmiE Ry 3.5 g/L B, O A6 A 2F 6L AT B0 T H0K B K ME
(2.27X10° CFU/mL), B R AL HT 48 % T 12.38% (P <
0.05), MEME>3.5 g/L B, 0 J5 5 A4 5 75 1 s
Ao WETR AR AE R S8 v W I, TE SOAE W R TR A R opox
KW pH S 22 b AR L R 00 4 40 2 AR B 0 AR K
B, 5N ZEIEAEDT A 4 SR R R A R i R OR [R] T fE 5
AN TR G R TR G B R X e T R B O B R T SRR B
A MBI OC, B, BB 3.5 g/L N B IR — A4
I ZER/NIlIN=

2.3 WM EMAL

2.3.1 Plackett-Burman i3 ARIE A Y & K g8 55

%1
Table 1
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2.5 a
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Figure 8 Determination of the optimal amount

of KH, PO,

R T N AR (1 NS B o g B
B AR ARS8 R A e R kR R
TR B m AR b pH /B IR R . SR RR 24
KDL 1R R4 R 2,

HI 3 AL X (X X A X 2 A B Y A 5 B i)
& (P<0.05), FILEHF X, . Xs X A1 X BE— 25 #4740
I 5
2.3.2 JEHIKE N T X X X A X B F K
X AR 2 3 BT IC i 90 O R IR R 45 SR WL 3R 4 TR,
FERRS 3 S50 L 0 3 S 28 9060 AT B I B AR e R 8.13 X
10% CFU/mL, [ It e 08 3 S A1 Rk 36 rp ot a5

me Rz T R 38 B R 5 K

Response surface test factors and levels

K XoZHHRmE/ XoBAKBmE/ Xo&@mama/ Xy kBEE/ XM/ Xe®llth Xoohm &g/
(g+ LY (g« L1 (g« L1 C % pH (g« L b
—1 6 6 0.05 33 4 6.5 1.5
1 12 12 0.22 36 7 8.5 4.5
& 2 Plackett-Burman iIKIiZit R E R
Table 2 Design and result of Plackett-Burman experiments
W Xy X, X; Xy X; Xs X;  WEBH/ (X108 CFU - mL D
1 1 1 —1 1 1 1 —1 5.69
2 —1 1 1 —1 1 1 1 5.10
3 1 —1 1 1 —1 1 1 5.63
4 —1 1 —1 1 1 —1 1 5.02
5 —1 —1 1 —1 1 1 —1 4.49
6 —1 —1 —1 1 —1 1 1 5.12
7 1 —1 —1 —1 1 —1 1 5.28
8 1 1 —1 —1 —1 1 —1 5.64
9 1 1 1 —1 —1 —1 1 5.14
10 —1 1 1 1 —1 —1 —1 4.15
11 1 —1 1 1 1 —1 —1 4.05
12 —1 —1 —1 —1 —1 —1 —1 4.58
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% 3 Plackett-Burman iR B Z S’

Table 3  Significance analysis of Plackett-Burman experiments

KR PR BB ¥or F {4 P1{d
iy 3.24 7 0.46 8.20  0.029 9"
X, 0.19 1 0.19 14.10  0.022 6"
X, 0.02 1 0.02 1.52 0.1255
X 0.13 1 0.13 9.92  0.028 1%
X, 0.22 1 0.22 16.87  0.526 6
Xs 0.00 1 0.00 0.02  0.486 6
X 0.01 1 0.01 0.61  0.013 8
X7 0.40 1 0.40 30.45  0.030 8~

o« FREFEHE(P<0.05); * » FyREFMEEP<0.0D),

WEEFMITIhENMEREZRANBEFAFESRATAREFEY

2.3.3 Box-Behnken 5 F#iE X, . Xy . Xs A X7 93
HAE BEAT DU R ZR =KV )z T 3 3 3 PR R K L
F 5 R BIT R RIFE 6,

K F Design-Expert 10 {4 3 47 Wi 17 187 [ 05 55 72 4
8 43 AT o 38 ST o T A A R, A5 3] R £ 1002 RS
FRE

Y=8.16—0.46X, —0.063X5+0.013X, +0.044 X, —
0.93X, X, — 1.10X, X; +0.19X, X; — 1. 40X, X; +
0.013X5X:—0.61X4X;—0.75X? —0.66X? —0.79X} —
0.37X%, (D

HE2 7 Al , BB P {H 24 0.000 1, & #0350 P {H K

x4 RERBER

Table 4 Results of the climbing experiments

e XOEZERRAIIEL/ Xs EALES AL/ X W1 lR Xo BER — S8R it/ T A/
s (g+ L1 (g+ LD pH (g+ LD (X108 CFU » mL™)
1 6.0 0.22 6.5 2.5 5.16
2 7.5 0.18 7.0 3.0 6.93
3 9.0 0.14 7.5 3.5 8.13
4 10.5 0.10 8.0 4.0 7.69
5 12.0 0.05 8.5 4.5 7.08

#£ 5 Box-Behnken iX 38 F & 7k F

0.979 6, Ui B 1% #5510 4% LR B 3, R* = 0.996 6. Riy

Table 5 Box-Behnken test factor level (0.993 2) il R}..(0.989 &)y 25 H <<0.2, R R IU A K
X MR X AALE RN XoW)  XoBEm MR A Box-Behnken SERLAT 5 B RIS 8 15 B L OB X
¥ /(gL #/(g+ LY pH /(gL XX o X X o Xy X o X X o X X W XFUXELUXEFN XE(P <
—1 7.5 0.10 7.0 3.0 0.001) 52 Wi 1 ol 35
0 9.0 0.14 7.5 3.5 2.4 WREZERSH
L 019 &0 L0 P10 T A1, G010 5 55 Bl e — 0 2 ] 5 A
*& 6 BoxBehnken IKIiZit RER
Table 6 Design and result of Box-Behnken experiments
s X Xs Xs 7 :(ﬁ‘%ﬁ/ | JEms X, X X 7 ?ﬁ‘rﬁi&/ _
(X10% CFU « mL™ 1) (X108 CFU » mL— 1)
1 —1 —1 0 0 6.35 16 0 1 1 0 5.24
2 1 —1 0 0 7.22 17 —1 0 —1 0 5.91
3 —1 1 0 0 8.10 18 1 0 —1 0 7.26
4 1 1 0 0 5.23 19 —1 0 1 0 8.21
5 0 0 —1 —1 6.33 20 1 0 1 0 5.18
6 0 0 1 —1 7.52 21 0 —1 0 —1 7.19
7 0 0 1 1 7.65 22 0 1 0 —1 7.02
8 0 0 1 1 6.41 23 0 1 0 1 7.25
9 1 0 0 —1 7.65 24 0 1 0 1 7.13
10 1 0 0 —1 6.32 25 0 0 0 0 8.25
11 —1 0 0 1 7.34 26 0 0 0 0 8.23
12 1 0 0 1 6.78 27 0 0 0 0 8.20
13 0 —1 —1 0 5.36 28 0 0 0 0 7.94
14 0 1 —1 0 8.04 29 0 0 0 0 8.16
15 0 —1 1 0 8.15
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®7T MEEERNFTENH

Table 7 Variance analysis results of response surface
e EorA HBRE By F 18 P1{H
R 28.10 14 2.01 293.38  <C0.000 1**
X 2.59 1 2.59 377.85  <C0.000 1*
Xs 0.05 1 0.05 7.03 0.018 9
Xs 0.00 1 0.00 0.31 0.585 4
X 0.02 1 0.02 3.42 0.085 6
X1 X3 3.50 1 3.50 511.06  <C0.000 1
X X 4.80 1 4.80 700.93  <C0.000 1
X X7 0.15 1 0.15 21.66 0.000 4
X; X 7.81 1 7.81 1141.69 <C0.000 1
X;X; 0.00 1 0.00 0.09 0.766 9
XX 1.48 1 1.48 215.74  <C0.000 1
X3 3.67 1 3.67 536.91  <C0.000 1
X3 2.84 1 2.84 414,61  <C0.000 1
X3 4.04 1 4.04 589.88  <C0.000 1
X3 0.90 1 0.90 131.60  <20.000 1

wE 010 14 000
et 0.03 10 0.00 0.21 0.979 6
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Figure 9 Response surface diagram of the interaction of various factors
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