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Abstract

The aim of this study was to investigate the optimal conditions for increasing the growth yield of Bacillus subtilis
SRCM102046, a strain possessing potential biopreservative properties. B. subtilis SRCM102046 showed remarkable
antibacterial activity against a wide range of bacterial foodbome pathogens that cause serious food spoilage, as
well as high antioxidant capacity. Response-surface methodology (RSM) was used to optimize medium composition
to enhance B. subtilis SRCM102046 biomass. The effects of 14 different components on biomass production were
investigated and three significant positive factors, molasses, sucrose, and peptone, were selected as the main factors
for improving biomass based on a Plackett-Burman design (PBD). Next, we optimized the concentrations of these
three factors using a central composite design. The predicted optimized concentrations were 7 g/L. molasses, 7
g/L sucrose, and 2 g/L peptone. The coefficient of determination (R, 0.9755) for the model and probability value
showed that our model was highly significant. Finally, an overall approximate 9-fold increase in dry cell weight
yield (22.03 g/L) was achieved using the optimized medium compared with the non-optimized medium (2.47 g/L).
Furthermore, we confirmed that the antibacterial activity and antioxidant activity also increased by 140% and 100.41%,
respectively. These research is expected to be useful data for the production of food preservatives by establishing
optimal conditions for increasing the growth yield of microorganisms possessing excellent antimicrobial activity.
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Table 1. Range of different variables for the Plackett-Burman design (PBD) and results for response value (dry cell weight)

Medium optimization of Bacillus subtilis SRCM102046 having antagonistic activity

615

Factor S(ﬁlilg)l 1 C(xi)ed values _
Glucose X (gl
Sucrose X (gL)
Fructose X; (gL) 1.0 30 50
Gos’ X (gL)
Molasses Xs (g/L)
Yeast extract Xs (gL)
Beef extract X7 (gL)
Tryptone X (gL) 0.5 20 35
Peptone Xy (gh)
Sodium chloride X (gL)
Potassium phosphate X (gh)
Dipotassium phosphate Xi (gL 02 0.6 1.0
Magnesium sulfate X3 (gL)
Potassium chloride X4 (gL)

Run X X, X Xy Xs Xs Xy X3 Xy Xio X Xi Xi3 . Y? (gL)
1 +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 +l -1 +1 8.177
2 -1 -1 +1 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 -1 8.840
3 +1 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 21.190
4 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 +1 10.193
5 -1 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 -1 20.880
6 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 7.197
7 -1 +1 + -1 -1 +l +1 +1 +] -1 +1 -1 +1 -1 9.680
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14.503
9 -1 +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 29.850
10 +1 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 25.130
11 +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 +1 8.280
12 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 -1 -1 6.747
13 +] -1 -1 -1 -1 +1 +1 -1 +] +] -1 -1 +1 +1 7.567
14 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 -1 18.607
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14.523
16 -1 -1 -1 +1 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 24.607
17 -1 -1 +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 19.863
18 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 17.390
19 +1 +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 +] -1 20.627
20 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 -1 -1 +1 18.110
21 -1 +1 +1 -1 +1 +1 -1 -1 +] +] +1 +1 -1 +1 21430
2 -1 -1 -1 -1 +1 +1 -1 +1 +1 -1 -1 +1 +1 +1 26937

All experiments were performed in triplicate.

YGOS, galacto-oligosaccharide.

%Y, response value, dry cell weight of B subrilis SRCM102046.
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Table 2. Strains used in this study as indicator for antimicrobial activity

Indicator organisms Media” Temperature (C)

Bacillus cereus KCTC3624 LB 30

Bacillus cereus KCCMA40935 LB 30

Staphylococcus aureus KCCM11335 TSB 37

Gram Staphylococcus aureus KCCM40050 LB 37
positivie Enterococcus faecalis KCCM11814 LB 37
Listeria monocytogenes KCCM43155 BHI 37

Listeria fvanovii KCTC3444 BHI 37

Micrococeus luteus KCCM11211 NB 30

Shigella flexneri KCTC2517 LB 37

Shigella sonnei KCTC2518 LB 37

Gram Klebsiella pneumoniae KCCM40890 NB 37
negative Vibrio parahaemolyticus KCCM11965 TSB with 2.5% NaCl 37
Escherichia colf KCCM12177 LB 37

Salmonella typhimurium KCTC1926 LB 37

Mald Aspergillus flavus KCCM11910 PDB 30
Aspergillus flavus var. flavus KCCM60330 PDB 30

LB, Luria-Bertani broth; TSB, tryptone soy broth; BHI, brain heart infusion broth; NB, nutrient broth; TSB with 2.5% NaCl, tryptone soy broth with 2.5% NaCl, PDB, potato

dextrose broth.



Medium optimization of Bacillus subtilis SRCM102046 having antagonistic activity 617

A 20| A 3087 9] 3+ 2.1, microplate reader(SPARK, 2k 99.8%2] =& 5412 ZEA| W DNA-DNA reassociation
TECAN, Grodig, Salzburg, Austria)S AF&-31o] 517 nmel] A analysis Z3} DNA relatedness”} 58-69% % WEh} 2-&
FHEE Stk tsl AL vk 2o we Wit Tolgte 78t 5o e F UoB=E o met

S)E TAAGOH TFE BF B AT U2 A 28] Al TF nhel AeSE Y 7Y
F2 Ags of W F/hHe A7t B Ao B

HiFAlZtol & 7Fo| M =A

. . .. Al)s‘ S IcC sample
DPPH free radical scavenging ac’[lVlt}’(%)%l—M)xlm SRCM1020462] Bl S| 7ol w2 RS 2A}sl7] <))
A

Absabsorbmoe of control

]
U

500 mL LB(Difco) i) <f L—%— HEst 60413 &
ST 30°C, 150 rpmel|A] Hlj oFatS] om, 44| 7F T = vl kY
27 ol T o] &FES X dAFE SH3ATh SRCM102046~
E'L'l- = L= = = L

42007 EF7F 743 Adehs tlarlE B

. % 20013 I A8 454 o1 204 1 400
21 o] A A0 o)

SRCM102046] 165 RNA 474 74 7z o) ==k SRCM1020469) ATl g g 2443101910

(1,521bp) & ©]-&-3}°] NCBI nucleotide BLAST(basic local M, ol £33 1.6896(0D at 600 nm), 13 TEA] F
alignment search tool) search® 43391t} GenBankl & 247 g/LE WJEHF SRCMI1020469] 878 2| wjbA|h=
=8 ge #5759 AL vng A3 B subatis  2V1EeE AR EAHER 2). o5 @ A v Tl
strain DSM 10, B subrilis strain BCRC 10255, B subtilis ~ =01 B subtilis MIP1(6)3 2§85t A weld B
strain TAM 12188 725} 717} 99.79%, 99.73%, 99.73%¢]  subtilis SCI1(16)°] LB(Difco) M= l4] wfl 4] 20413F -
HEAS Hol B subtilis SRCMI020460.2 Bsleiey, 7715 Avh 28A3F ojfje] FA7]9) o] 2the Hal
2AE 9714DL HEO 2 phylogenetic treeS 2Hahy] T BEE HERES S<les]

213l evolutionary distance F~&- neighbor-joining method
g Agagon, Agse AxEg Bus] 9
bootstrap 432 1,0008] A3} th(Fig. 1). Earl 5(19)<]
AE 310 2| B subtilis®] 16S tRNA F-4AF HE &

oA ZS /S six[=M MY
A A7 dle AEAL S TR Ak ol
A83)7] 98] | gA oz Al v 2A S o] 83 B2

Bacillus subtilis strain DSM 10 (NR 027552.1)
Bacillus subtilis strain BCRC 10255 (NR 116017.1)
SRCM102046
Bacillus subtilis strain TAM 12118 (NR 112116.2)
Bacillus subtilis strain NBRC 13719 (NR 112629.1)
Bacillus subtilis strain JCM 1465 (NR 113265.1)
Bacillus subtilis subsp. inaquosorum strain BGSC (NR 104873.1)
[ Bacillus subtilis subsp. spizizenii strain NBRC 101239 (NR 112686.1)
Bacillus halotolerans strain DSM 8802 (NR 115063.1)
Bacillus axarquiensis strain LMG 22476 (NR 115929.1)
Bacillus mojavensis strain IFO15718 (NR 024693.1)
Bacillus mojavensis strain NBRC 15718 (NR 112725.1)
Bacillus subtilis subsp. subtilis strain 168 (NR 102783.2)
Bacillus velezensis strain FZB42 (NR 075005.2)
Bacillus vallismortis strain DSM 11031 (NR 024696.1)
«{ Bacillus vallismortis strain NBRC 101236 (NR 113994.1)
Bacillus nematocida strain B-16 (NR 115325.1)
Bacillus nakamurai strain NRRL B-41091 (NR 151897.1)
Bacillus amyloliquefaciens strain NBRC 15535 (NR 112685.1)

Bacillus amyloliquefaciens strain NBRC 15535 (NR 041455.1)
Bacillus amyloliquefaciens strain BCRC 11601 (NR 116022.1)

—
0.00050

OFig. 1. Neighbor-joining phylogenetic tree based on 16S rTRNA gene sequence (1,522 bp) analysis of Bacillus subtilis affiliation of strain
SRCM102046.

The evolutionary distance were calculated by the maximum composite likelihood method based on 1,000 bootstrap replication. Scale bar represents the 0.5% nucleotide substitution.
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Fig. 2. Time course profile of cell growth by cells of B subtilis
SRCM102046 in flask culture with 150 rpm and 30C.
@, OD at 600 nm; O, dry cell weight (g/L).
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Table 3. Variables and their effects values from a quadratic regression equation results of Plackett-Burman design

Variable (X;) E(féxe;t Coe(flﬁgsient Sum of squares F-value p-value Confidence level (%)
Glucose 435 217 9455 15.11 00081 99.20
Sucrose 3.54 177 62.68 10.01 00195 98.05
Fructose 2.55 -128 351 5.19 0.0629 9371
Gos" 17552 0.88 1541 246 0.1677 83.23
Molasses 11.99 6.00 719.52 114.95 <0.0001 99.99

Yeast extract 3,02 -151 4548 727 0.0358 96.42

Beef extract 072 036 2.62 042 05415 4585
Tryptone 1.02 051 517 083 03983 60.17
Peptone 227 1.14 25.86 413 0.0884 91.16

NaCl 099 049 489 0.78 04109 5891
KH,PO, -1.39 -0.69 9.61 154 0.2615 73.85
K-HPO, 0.79 040 3.16 051 0.5039 4961
MgS0, 0.86 043 368 0.59 04726 52.74

KClI 138 0.69 949 152 0.2642 73.58

YGOS, galacto-oligosaccharide.
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Fig. 3. Effects of media components depending on various level for biomass production.
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Table 4. Central composite design (CCD) and experimental results

Factor Symbol Code values

(unit) 2 -1 0 +1 +2
Molasses X, (gL 10 30 50 70 9.0
Sucrose X, (gL) 10 30 50 70 9.0
Peptone X; (g 05 20 35 50 6.5
Runs X X X YY, DCW (gL)

1 -1 +1 +1 11.443

2 +1 -1 -1 14.737

3 +1 +1 -1 23,667

4 0 0 0 12.067

5 +1 -1 +1 16267

6 -1 -1 -1 744

7 2 0 0 11.807

8 0 0 2 9.813

9 -1 -1 +1 11.533

10 +1 +1 +1 21.087

11 +2 0 0 25.020

12 -1 +1 -1 8.537

13 0 2 0 9.350

14 0 0 0 11.890

15 0 0 2 14470

16 0 +2 0 15.703

All experiments were performed in triplicate.
VY, response value, dry cell weight of B subtilis SRCM102046.

I~
=

Dry cell weight (g/L)
Dry cell weight (g/L)
Dry cell weight (g/L)

1<\\7! — = A
05 T s = —
B: Sucrose (%) ! Ao.s\\//-o.s ! A: Molasses (%) » )~ 0 e 5
14 C:Peptone (%) .05 \11/ 05 A:Molasses (%) C: Peptone (%) 0 0?\\/;/05 N -

11

Fig. 4. Three-dimensional response surface plot of dry cell weight by B subtilis SRCM102046.

A, dry cell weight production by molasses (X;) and sucrose (Xy); B, dry cell weight production by molasses (X;) and peptone (X3); C, dry cell weight production by sucrose
(X;) and peptone (X3).

BEAEA Al A4 2dQ] FvalueZ} 26.502-2 UER} Hatgkell ek oA A F e Alg2E Uehlle HEAST
79 A3 mdo] A3lels Qs o, pvalue”t (CV, coefficient of variation): 9230 & WSS 7Ho] A5
00004% SAZX 2 w5 o] gk ool EAsksirh. gk 27 ZHAQ1 ko] v #=A A8ska e HUER
ARATFRY)E 0975524 A A8 2o o3 o THTable 5). A8 7} ST 02 Sy nAs
29 gol A2 UAFE Q1T ¢ ARov], BEwse] I UG Adl Vel N % ohtel BPueE
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Table 5. Summarized data of analysis of variance (ANOVA) for enhancing biomass production according to response surface methodology

RSM)
Sources Coefficient estimate  Sum of squares Degree of freedom ~ Mean square Standard error F-value p-value, Prob>F
Model 1227 401.42 9 44.60 0.86 26.50 0.0004"
X" 395 249.88 1 249.88 032 148.44 <0.0001"
X 172 47.14 1 47.14 032 28.00 0.0018™
X 095 14.56 1 14.56 032 8.63 0.0259™
XX, 1.59 20.30 1 2030 046 12.06 00133"
XiXs -1.01 8.10 1 8.10 046 481 0.0707°
XoX;3 -0.66 351 1 351 0.46 208 0.1990
X 1.61 4141 1 4141 032 24.60 0.0026™
X 0.14 030 1 0.30 0.32 0.18 0.6873
Xi 0.041 0.027 1 0.027 0.32 0.016 0.9039
Residual 10.10 6 1.68
Lack of fit 10.08 5 2.02
Pure error 0.016 1 0.016
Cor Total 411.52 15
Standard deviation 1.30 Press 84.70
Mean 14.05 R-squared 0.9755
Coefficient of variation (%) 9.23 Adjusted R-squared 0.9386
DX, molasses.
X, sucrose.
IX;, peptone.
o7 indicate significance at p<0.1, 0.05, 0.01, 0.001 respectively.
Aol s A 270e] WFE o] 83 3344 B 25
vHo R wEAE-S vehd 23 A% 79 HelA T4
. 2 BB molasses, sucrose, peptone] FE7} olE 4 S 20
= dAFe] SV RlsiithFg. 4). HFH =2 CCD E
E 7|uke 2 SRCMI20469] 4] S0 4= T T8 Z 15
19| FEE A5t Bl o) o|SE SRCM102046 g
o Ho dAZFS Aisk] A AP vEe = 10t
molasses 7 g/L, sucrose 7 gL, peptone 2 g/LZ LEFSE O, E
olwjo] Huoj FA L 22.03+1.30 g/LE < ZH Ut} a8 s}
dmdo| HE 0

SAAAE T el oS HA  ujR|of|A] 9
& AZet7] Hal Adrdd
o3& dEH A wR|o] FFdt] Ax dAFS S8
o g o] Ax dAFS SG e AF 22024035 gLE
SHERoH, AR o) o S¥ k<l 22.03+1.30
g/Le] APHS] Yo EAlste] Adndd oz o Sd
#h Aol o3t gro] BLES st on, o= Uz
T2 AH8-¥ LB(Difco) HA|ol| A e] A= 2.47+0.03 g/Lel]
H)3) <F oulje] FAF Sl dlDshe o2 UERTH
(Fig. 5). ©]H9] A12A3K6,14,16)l eV B subtilis?)
A i wix] Eoly F&, WAt 5 584

control RSM
Fig. 5. Dry cell weight comparison between control (LB,
non-optimized basal medium) and optimized medium.

Experiments were carried out in triplicate (Duncan’s multiple range test at p<0.03).
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of me} Al t vl AlEel g /g F 2ol A9
&80 Fagk AFEo] o|FofAaL UrH25). 59,
Bacillus %2] 52 iturin, surfactin, fengycin, plipastatin
2 22 lipopeptide & AAFHE A2 dEA o] A=
A WA o] Aol A T E AD AEAL R 4
A Slth2e6). & ATl 85| gram T 65
ST, 252 Aspergillus flavusS T)% -2 SRCM102046
of ot A Ffalin|BES] Al of F-o} A u)] ol A<
24 F7He Alete] AFEEA A 8 sl vigt
ATE P35I THTable 6). AHEH AT 5 Escherichia
coli KCCM12177%} Salmonella typhimurium KCTC1926,
Aspergillus flavus var. flavus KCCM60330E A 9|3t &
AATE ek A D35 Bom, 223 Fu)A] oA
iz Y] gram o] Uik A 17.64-
64.29%, gram ol thet 3t EA & 90-140% <71t
%Atk SRCM102046-2 gram /3w Eth /gt tigh A
8l |9I7F W2 2o yehgon, 53] Auued, E3,
SERA=S doJe Aoz 4R Enterococcus

Table 6. Antimicrobial spectra of the B. subtilis SRCM102046

Inhibition zone (mm)

Indicator organism [y Optimized
medium
Bacillus cereus KCTC3624 10 2
Bacillus cereus KCCM40935 10 20
Staphylococcus aureus KCCM11335 14 17
Gram  Staphylococcus aureus KCCM40050 11 13
Positive - Enverococcus fiecalis KCCM11814 17 20
Listeria monocytogenes KCCM43155 20 24
Listeria fvanovii KCTC3444 15 21
Micrococeus luteus KCCM11211 14 23
Shigella Aexneri KCTC2517 11 24
Shigella sonnei KCTC2518 10 19
Gram Klebsiella pneurnoniae KCCM40890 10 24
negative  Viprio parahaemolyticus KCCM11965 8 16
Escherichia coli KCCM12177 2
Salmonella typhimurium KCTC1926
Aspergillus flavus KCCM11910 9 9

Mold
Aspergillus flavus var. flavus KCCM60330

LB, non-optimized basal medium as control.
2., no inhibition.

faccalis KCCM11814¢F A9, ¥4, AH &2 €<l
o 2 &R Listeria monocytogenes KCCM43155¢1 T
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St gt eAd -2 v v Sk Tt gram T, 53|, Listeria©l
242 YAt o] AT42528)¢ frAlst
™, B subilis®] A TEFS 9% wiA] HAH A
Bacillus cereus, Listeria moconcytogenes -l T g+ 32
o] 40-50% 71t AT AR (1)<} LA Tl F
S7F8 B3] SRCM102046°] 3t &g wEd 712
glatsit.
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Ay
A

o &
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lo ot

v

x2

Sgastay 53

AFEHEA AL A oo e AFUH T Foke]
48-S Seide Fatst &Y =g v a3 FES
ARA|SRAL QT SRR A% AFSHE qAAT]E @atst &

ox
o

7H mAAES A ATA D Aspergillus oryzae
W= Saccharomyces cerevisiaeS} S FFolet &R,
Lactobacillus bulgaricus M| 3 W FY oA 4ksl g 37}
Ae Aoz Hu29)d v slouy, vt TaAF
LRl Ho| #odts AR 4ol Racillusss 2
o] ksl 24 A #et AT Wol g YA KLtk
SRCM102046 Hlj Fel o] ah4tsl 242 DPPHE o o gk A
Agdsor =33 AINFig 6) HERTE ALed
LB(Difco) B 2| ol A] ] FA] 24.46+0.9% = LFEFY Lee &
(30)°ll 9J&l RLE Bacillus sp. B-59 52 At &4l
17%E 0} WA -8k 2102 YEpsith ek A ufz]

60

50 r T

40 r

30 -

20 -

DPPH scavenging activity (%)
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Fig. 6. The comparison of antioxidant activity between control (LB,
non-optimized basal medium) and optimized medium.

Experiments were carried out in triplicate (Duncan’s multiple range test at p<0.05).
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o e gHaks}l BAL 49.02+0.99% E o] EAlo] oF 2u)
Z7V8k -5=01m, B subtilis SCI42] 34tslso] vz 22
3} A 7.59% A 23.16% = <F 3u)] ZtelHthie AT
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J 3
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