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ABSTRACT: The aims of this study were to isolate spore-forming Bacillus strains that exhibit high digestibility and anti-pathogenic
bacteria toward feed for calves. Total 136 spore-forming strains were isolated from finished feeds and their ingredients. Among them, 93
strains were identified as Bacillus species when analyzed by 165 rRNA sequencing. For industrial use, three strains named as Bacillus
licheniformis SHS14, B. subtilis LCB7, B. amyloliguefaciens LCB10 were selected after evaluating the industrial standards that are
related with heat and acid resistance, enzyme activities, and anti-pathogenic activities against Samonella dublin ATCC15480 and £. col/
K99. After each culture, 3 selected strains were mixed together at 1:1:1 [v/A/V) ratio and then prepared as the mixed starter culture for
feeding. The changes in microbial community were analyzed via 165 rRNA metagenomics. The initial community ratio among three
strains was maintained even after manufacturing into final products. Also, in vitro, enzymatic and anti-pathogenic activities were almost
same as those when cultured in single culture, and results of anti-pathogenic activities conducted with calves showed 90% activities
against lincomycin, which would be indicative of a promising feed starter.
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A A|-@1 Bacillus < 5-0] A th(Paik et al., 2002). A& o2
o] &5 = IR XH-O 2 Lactobacillus sporogenes, B. clausii,
B. cereus, B. pumulis, Brevibacillus laterosporus, B. subtilis,
Enterococcus faecium, B. polymyxa 5-0] &4 3L, AAE0S
2 A|zEo] PolE L ek ARARE] BAS AT
A2 H7VEE= Bacillus+= 2F 77%0] 424 1tH(Sanders et
al., 2003).

B. subtilis, B. licheniformis, B. amyloliquefaciens~ QPS
(Qualified Presumed Saftey) ol 52} =] 2131 EFSA (2010)]]
40l gle Ao s B R Stk v Bacillus %2 /3%
270, bR o 88 27 B BEALRS] AFA R LA ok
(Larsen et al., 2014).

At A= FEAE A8 f1sh 7 =, Aol 4
2] kL, A nAdES WS oA ko, 7H59
e M7= a7t ole Ao s A ItHKim
and Song, 2013; Shin, 2014). A A= A of| A S4181=
she] 54 Ei H2ke AR 1 ARle] Akt E
) @] Akl B 1 oMbl A Sl
of ofs) WAL FA Fa Fo] fel2AS FESAA
IS AR = Ao 2 4 A 9JthKim and Song, 2013).
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agar (TSB)E ] 2510 ODZF04-0.5 2 vhoFE) S ofu| 482
913} top agar 2 3} bottom agaro]] Z}25 ml 253}tk
55l 8] E e 100 & Eofl =Y skaL 37°Coll
A1 12 h v ket & B ko] 2145 S48k Abmoll 7t
7Fse 7168 R AT 7HA 7] flsiA = AR A
Z 7oA 422l A 2] FEof tiafA gEsfof gt
Autoclave = 100°Coj|A] 3027 A5} o] A= 10% ©]AH2]
w5 stz sl At ZIRE AR S FolA] 9
4HpH 1-2)of At o] F71A] msA] A44Ql 7)== 3
3k 4= Qlojof 3t} NaCl 0.4 g + HCI 1.4 ml =200 ml volumetric
flask 3415 SH Q1591 Aol e FH S @ AL 4 A1 7F ik

ik Tt 0] S A4S A% Sk e
242 TSB H Aol OXGALLE0,0.5,1.5,2.5,3.5%%2 0h, 6
h, 12 h, 24 h 27] 2 B 7}5k0] 600 nm ol 4] ODZHS 2451
t}. o8- =2 AI3lskA =4 kite] APIS0 CH kit (bioMérieux)
=

o] g5to] HAIITt.

B7HE Esto] 2F4 o= A Bacillust7= 3501 sk
o] B}t Askst 542 3l gyrA, rpoB primer (De Clerck et
al., 2004)E- A-31 multi-locus phylogenetic analysisE- 31
Sk PCR-E 95°Cof|A] 1 initial denaturationS- 4343+ F,
95°Co]| Al 30%, 53°Cof| 4] 30, 72°Coj|A] 18 7t & 35 Alo]
= e =35Itk PCR £h& 5 1% TBE agrose gel o 4] #1
7] 9% 5lod HH=E g¢l 8199 1, gel purification kit (Bioneer)
£ Agste] AAIsEAT 714 E EA-2 Macrogen Inc. |
ol =5t

Raw data==DNASTAR (DNASTAR Inc.) XX 2 T35 A&
3}o] assemble =72 519137, =4 % sequence+= ClustalW2
(EBI) =238 A3} reference strain¥} FHAF T
Genetic distance+= Kimura’s two-parameter model-2 A5}
o] 3}¢13}9 17, neighbor-joining phylogenetic trees'=MEGAS
(Tamura ef al., 2011) 2 13- A8-3F4

£8 £7 Ts T

2% AN Bacillus % 358 1111 1] &2 BT £ TS
Azsh e, AT £ Sl et BT EEA
2 grksha, BEF AN AEE 9 HET @71 4G 2

9] next generation sequencing2 ARE5}o] 16S rRNA
metagenomics 5412 A X|5}9I T} DNA library+=Ion 16S™

Metagenomics Kit (Life Technologies) & AR-3}o] A|&2] A}

& Arg Aol wet EHl sk

DNA fragment sample©]] Platinum® PCR SuperMix High
Fidelity 2} Library Amplification Primer Mix& &§}5}0 95°C
of|A 58 initial denaturationS =3t F, 95°Col|A] 15%,
58°CollA] 152, 70°Cofl Al 14 7+ 5 18 Alo] & HHs =3519]
t} Z$2Z % DNA fragment sample-2 AMPure bead (Beckman
Coulter) & A8k A =] 1.

ZZ% DNA fragment sample-2 Ion Library Quantitation
Kit (Life technologies™) 2] A& x}-& Al v A]of| w-e} serially
dilution . 2 Z1]%] 9] 17 control £ E. coli DH10B Control 400
Library (Ion Torrent, Life technologies™)o] A}-2-5| ¢l c}. 4]
%l sample-2 7500 Fast System Real-time PCR machine (ABI)
S A1g5tol ey

Emulsion PCR-2 qPCR 2 A 23} sample DNA ]| lon PGM™
Template OT2 400 Reagent MixE &3t § Ion Sphere
Particles (ISPs)E Z7}sto] FH|=|¢lt}h. Emulsion PCR
OneTouch™2 (Life Technologies)2 4=3)%]¢)t}. Emulsion
PCR €&t& % 3]4=F% ISPs Pellet-2 Dynabeads MyOne Strep-
tavidin C1 beads (Life technologies™)& AM-3) AA| = 211,
Qubit® 2.0 FlurometerS A&} ISP == 321519 th

Sequencing2- Ion PGM™ Sequencing Reagent 400 kitS
0|83 Fn8]%|ck ISP sampleo] control ISPE &35}
15,500 x gofl A 427+ 42 aFlaL, =75 ISP pellet>
sequencing primer2} &§}15}o] 95°Cof| 4| 28, 37°Cof|A] 2
ZF incubation 3}$IT}. Sequencing sample-2- Ion 316™ Chip
Kit V2 (Life technologies ™)o]| loading %] %] 17, sequencing<
Ton PGM™ (Life Technologies) ZH] & AM3}o] 423 | 9l T}
Sequencing 2+& 3 raw data=Ion PGM™& E5}o Torrent
Suite Server (ver. 4.6)°] A&+ & 3111, 1 X} 21 sequencing -
Xlo] Z18Y Z| It Torrent Suite Servero]| A raw dataZ- export
3}o] Ton Reporter™ (Life Technologies, ver. 4.6) program-<-
A8-5}Fo] 16S rRNA metagenomics 5412 =345+ T

SOIX|oiM2| S Eot

3Y3}th Group 1-2 t) 23 ute]), group 2= &3 F4- &
oj(3ute]), group 3> &3 Ttk Ardlet Hol(3ukE),
group 4= lincomycin¥} A dl 2} o (3utd]), group 5= 4F
mlabt Fol3nkel) shick F H7He 2020k Sastelo
o, Abdlakar o 10° CFU/ml 5.2 200 mlS A3 7 A] 32,
6%, 944 Fo5}3 e} Lincomycin& A= 10 kg 1€ 0.2 ¢
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RT-PCR (real-time PCR)-& £-3f] &<l
= dH o] At o] #2E sl
(PMA, Biotium)< 30 uM 5= &
1 PMA-Lite™ LED photolysis device (E9002, Biotium)Z o]
85104 465-475 nm 2] LED F--& 1527+ ZAFsHS thBani-
hashemi ez al., 2012). A A2+ 2] DNAFE-2 AccuPrep®
Stool Genomic DNA Extraction Kit (Bioneer)S AM-5F L
A dlgkt o] AeF A A= PowerChek Salmonella Real-time
PCR Kit (Kogene Biotech)E 0]-&3}Ith ZA4 542 SPSS
Win 12.0 T2 188 o] 25}0] G-0]4=2 959%0)| A A5}
oh &4 AR A A el B F e el
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‘ Fermented feed and materials

!

‘ Screening, isolation and identification (16S-rRNA) ‘
!

‘ Enzymatic activity / anti-pathogenic activity ‘
!

‘ Heat-resistance, acid-resistance, antibiotics-resistance ‘
!

‘ Identification (16S-rRNA) of selected strains ‘
!

‘ Manufacture of mixed starter culture and activity evaluation ‘
|

‘ Storage stability

Fig. 1. Scheme for isolation and identification of Bacillus spp. used for
producing fermented feed.

OJ3| =A st A3}, Bacillus < 93%,
142, 7| 155019

Leuconostoc <, Lactococcus 250]) 11,

. QA
At GANFS 2 Lactobacillus 43,
7€} Mot Staphy-
lococcus 43, Alicyclobacillus <, Enterococcus <5, Moraxella
%, Klebsiella %:015]cF. B4 13630 ths}o] T2
AFUAE B7hsto] ALl 0.2 Aol St 1058 A
3l tHTable 1). A9 102 Sof| A Z= Bacillus 4332
Akl en, A7 E 35 s =<l 574 16S rRNA 4
71 A AR|SE AR, B. subtilis, B. licheniformis, B.
amyloliquefaciens 2 ‘5% = 2 thFig. 2).

. Paenibacillus < 14%,

Table 1. Enzymatic and antimicrobial activity of spore forming bacteria 10 strain

Enzymatic activity” (halo size. mm)

Antimicrobial activityb
(halo size. mm)

NO Strain
Amylase Protease

1 B. subtilis SHNAS 13 20
2 B. amyloliquefaciens SHNAI1 16 24
3 B. licheniformis SHNA21 9 15
4 B. licheniformis SHNA22 8 15
5 B.subtilis SHS11 - 24
6  B. licheniformis SHS13 - 10
7 B. licheniformis SHS14 11 -

8  B. subtilis SHS15 - 25
9  B. subtilis LCB7 11 -

10 B. amyloliquefaciens LCB10 15 -

14 11 12 15
13 - 10 15
10 - 10 10
1 - 10 15
14 11 12 9
11 10 8 )
12 10 14 9
15 11 _ )
- 13 10 20
- 12 25 18

*_ not detected

ab Supernatant of cultures were used analysis samples.

e E A As1Y A
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99 [Bacillus subtilis subsp. subtilis EU138592 EU138799
43| |Bacillus subtilis subsp. subtilis EU138658 EU138865

100
97

100

99

LCB7 (gyrA rpoB)
SRCM100160 (gyrA rpoB)
sttn286 (gyrA rpoB)
Bacillus subtilis subsp. spizizenii EU138602 EU138809
99 Bacillus subtilis subsp. inaquosorum_EU138605 EU138809
-Bacillus tequilensis EU138625 EU138832
Bacillus vallismortis EU138601 EU138808

Bacillus mojavensis_EU138598 EU138805
of L
100

Bacillus atrophaeus EU138654 EU138861

—— LCBI10 (gyrA rpoB)

100 —— Bacillus amyloliquefaciens EU138596 EU138803

Bacillus sonorensis EU138611 EU138818

100 ISHS 14 (gyrA mpoB)
100 1Bacillus licheniformis_AF272017 AE017333

—

0.02

Bacillus pumilus EU138655 EU138862

Fig. 2. Molecular phylogenetic analysis of strain LCB7, LCB10, SHS14 by Maximum likelihood method.

Table 2. Sugar utilization of 3 selected strains and mixed starter culture

NO

0

O 0 N N W R W N =

(NS TN S J N TN NGO YN NG Yy G GG
A WD = O 0 0N R WD~ O

sugar

CONTROL
GLY
ERY

DARA
LARA
RIB
DXYL
LXYL
ADO
MDX
GAL
GLU
FRU

SBE

DUL
INO
MAN
SOR
MDM
MDG
NAG
AMY
ARB

SHS14

LCB7 Leplg  Mixedstarter) )
culture

25

- 32

- 35
+ 36
+ + + 37
+ 38
- 39
- 40
- 41
- + + 42
43
44

Mixed starter

sugar SHS14 LCB7 LCB10

ESC +

SAL +
CEL +

MAL

LAC -
MEL - -
SAC + +
TRE

INU -
MLZ -

+ o+ + + o+ o+ o+ o+

AMD +
GLYG +

GEN +
TUR
LYX - -
TAG + +
DFUC - -
LFUC - -
DARL - -
LARL -
GNT
2KG - - -
5KG - -

+

+
+
+

culture

Korean Journal of Microbiology, Vol. 51, No. 4
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Table 3. Heat resistance of 3 selected strains for producing mixed starter culture

NO. Strain Before heat treatment (CFU/ml)
1 SHS14 1.0 x 10°
2 LCB7 43 %10
3 LCB10 4.5x10°

After heat treatment” (CFU/ml) Survival rate (%)

1.08 x 10’ 10.8
53 % 10° 123
5.1 %10 113

* Condition of heat treatment is at 100°C for 30 min.

Table 4. Acid resistance of 3 selected strains for producing mixed starter culture

NO. Strain Before reaction (CFU/ml)
1 SHS14 1.1x10°
2 LCB7 1.6 x 10°
3 LCBI0 1.1x 10

After reaction” (CFU/ml) Survival rate” (%)
1.1 x 10° -
6.0 x 10° -

2.12 % 10° 19.3

* Reaction solutions (pH 2.01) was made up total volum 200 ml with NaCl 0.4 g and HCI 1.4 ml and reaction was done for 4 h by mixing.

. Very low percentages below 0.5%

Bacillus #%F B8 M

AARSE Bacillus w5 3%0]| thel] ©o]-8 (Table 2), &
X (Table 3), tHAVA(Table 4), 2 V&5 B71E AAlsheick
<1 SHS14, LCB7, LCB10°] thsto] WA 4 B7HE 3, 19%
ool HESE molen, Uik S 15 AT LCBI0R
0] 19.3%2] RZ-g HoF=]ith o|&3t A= B. licheniformis
7} pH 1.4-2.0 A feof| 4] A & AFESEAL pH 3 0] 4ol 4]=80%
oo HEES Hthe ATt FABFATHKIm et al.,
2005). W54 H7F A= B. licheniformis SHS142} B.
subtilis LCBT #2124 h 3 OXGALL 1.5%2] Sz oj| A =
Xlo] gHlshel o, @ 3] B. amyloliquefaciens LCB10 5=
L OXGALL 0.5%¢] - =0]4] Z4o] 2hrsheic

BIAR A2E THo2 AYE 359 Bacillus 45
3} BABAS B,
S+ 339| Bacillus 7555 Zf
= L= 23sto] thA
37°C, 24 h, 180 rpm Z 7| A St v F3}FaL 0.45 wl syringe
filter 2 filtering3}o] & A7} SFF A2 H 7|5 T Table

Table 5. Enzymatic and anti-pathogenic acitivities of mixed starter culture

5). 7L A3} 8 A8A-2 amylase, protease, cellulose, lipase =
of thal ehel Fal vl el 012 Fol7} GER 94
Pt &S B o, GBS AlSollA o2 AN E =
Q] FAYA| ] lincomycinS 22 3} E. coli K99

S. dublin ATCC15480°] thal] H7}3t Ax}, th=19F -GAF
T BT Table 5). HFH 02 A2T T3 52
HEMA S EIsh] ol &3¢t S+t= s AR H=
Rz o] Z3 5] 05 279] WI5HE pyrosequencing
R o =2 BRelskRItKFig. 3). 7L A}, St Aofl= AlslA o=
3 %2 1:1:1 (B. sutilis : B. licheniformis : B. amyloliquefaciens)
2 Eahaho A 350 @57} 7 2] kel Hl8(21%: 28%:
23%) 2 23R oL, Fot Foll= B. subtilis 2] H]-E-0] 37%
2 A3193L, B amyloliquefaciens 2} B. licheniformis+= Z+

22%2 Rk ATk e v St A5 Bacillus w53

et 25 Fatol 3 GRS SobolH Bl
Al
[e)

Ee o) A dlel H &S 915 PMA-Lite™

Enzymatic activity (mm)b

Antimicrobial activity (mm)

Sample®
Amylase Protease
Mixed starter culture 13 20
Lincomycin - -

; . S. dublin
Cellulase Lipase E. coli K99 ATCC15480
14 11 16 18
) _ 17 20

* Lincomycin was not tested about enzymatic activity and supernatant of cultures were used analysis samples.

b -, not tested

&3 el Al Als1d Al4%



AZ2HIIML Bacillusspp.2| 22| - 425

(A)

(B) unmapped

Fig. 3. NGS analysis and distribution of microbes. (A) before culture of 1:1:1 mixed starter culture; (B) after culture for 24 h.

Table 6. Detection of Salmonella dublin from calves’ feces

Group Treatment” “
Day 7 Day 10 Day 20
1 NC 40.28+2.96 39.84+1.99 39.43+1.22 39.80+1.21
2 Mixed starter culture 39.83+2.10 40.43+1.07 39.77+2.14 39.53+0.79
3 Mixed starter culture + Salmonella 31.24+1.90 29.56+0.89 27.4440.51 36.29+0.92
4 Lincomycin + Salmonella 32.26+1.99 29.20+0.84 29.97+1.02 36.11+0.65
5 Salmonella 17.58+2.17 18.34+1.99 14.68+1.77 26.39+1.62

* Salmonella was fed by 200 ml (109 CFU/ml) on 3, 6, and 9 day from the start of test.

The data represent the mean+SD of at least three independent experiments.

LED Photolysis Device (Biotium Inc.)E Z*] 2|3} 1L real-
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