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Purpose&
Contents

1. Complex probiotic development and industrialization for the reduction of

livestock odorous gas

1) Selecting effective microbial strains and materials for the purpose of
reducing odorous gas

2) Selecting the most optimal combination through in vitro and in vivo
experimentation

3) Micro-organism verification through a livestock feeding test

4) Prototype production developed by company partnership

2. Screening of probiotic bacteria for alternative antibiotics with high

adhesion in the intestine and the development of genetic markers for

effective probiotic selection

1) Selection of probiotics for feed additives with high intestinal adhesive
properties

2) Identification and development of genetic markers related to intestinal
adhesive ability

3) Validation of probiotic bacteria by in vivo experiment

Results

1. Complex probiotic development and industrialization for the reduction of

livestock odorous gas

1) Setting up the protocol for odorous evaluation in vitro

2) Evaluation of the 13 types of probiotic, 4 types prebiotic, and
commerical product effect on decreasing odorous gas

3) Selection of a probiotic combination with an odorous gas decreasing
effect

4) Selection of a prebiotic with an odorous gas decreasing effect

5) Duplicated farm-based field test for examining the combined
probiotics effect on odor control

6) Large scale field test following the farm-based field test (Result #5)

7) Confirmation of superior odor control ability of probiotic combination
over positive control and commercial product

&) Transfer of microbial strain and “know-how” to CJ Cheiljedang

9) Manufactured Prototype deveoped by CJ Cheiljedang

2. Screening of probiotic bacteria for alternative antibiotics with high

adhesion in the intestine and the development of genetic markers for

effective probiotic selection

1) Isolation of 48 lactic acid bacteria species from porcine feces

2) Screening of 6 lactic acid bacteria species by porcine mucus and




intestinal epithelial cell adhesion ability

3) Confirmation of probiotic exclusion ability against porcine
diarrhea-causing pathogenic bacteria
4) Sequencing of 6 “high“ intestinally adhesive and 6 "low” intestinally

adhesive bacteria

5) Comparative genomic analysis between two groups

6) Development and validation of 4 genetic markers for the selection of
probiotics

7) In vivo experiment using 3 probiotic strains

8) Growth rate

probiotics group

increases and decreases in diarrhea incidence in

9) Increase of beneficial bacteria and decrease of harmful bacteria in

probiotics group

1) Environmentally—friendly probiotic complexes for the reduction of
livestock odor gas will be commercialized by CJ Cheiljedang

2) Commercialization of probiotics combination(probiotics for reduction of
livestock odor gas + high intestinal adhesive property)

3) Induction of industrial farm’s productivity and economic profit by not
only the reduction of livestock manure but also enhancing digestibility

sustainable livestock industry with

4) Representative example of

environmentally —friendly probiotics

E ted . . ..
XD?C e. 5) Acquisition of an accurate and easy method for selecting probiotics
Contribution _
by use of genetic markers
6) Realization of animal welfare with the help of
environmentally—friendly probiotics
7) Satisfaction of needs related to well-being culture and food security
&) Positive expectations for using high quality fermented liquid manure
with the absence of antibiotics
9) Improvement of public health and reduction of environment pollution
through antibiotic alternatives
Environment | livestock odor antibiotic . o
Keywords ) ) ) feed additives| probiotics
—friendly reduction alternatives
of 25l Al O] Environment | livestock odor antibiotic o o
) ) ) feed additives| probiotics
(574 olLH) ~friendly reduction alternatives
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1. AA F8 AEH7MA A% A4 & (BCC Research, 2012)

A F T 201013 ($ millions) 2017'd ($ millions)
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n | A A 2,000 3,000
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A 540 720
s g AAaT A77 559
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E 4 U ATA BIAF (S8 =) (S AEH 3, 2015)

T 20104 20114 2012 20134 20144

At A 28,406 28,933 31,196 31,576 31,950
O Azl ARAC] ZelntoleYsT ngste] BRe FUMABES AgHoz JIA
713 Aol 98 (synbiotic) el AFol ARH ATk B vpobrt SR FEHH W
9 FPATID dholez FAL dAlst, ATAY AU AFES B8 FAAA ARk
2 AMsE T3 5 OFE Jl5ol FhE Autol o8 AFo] AWHAA Ako] 2 €l
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Vancomycin WA X5 7154
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Spiramycin AA ALE FAA ] e wAA $-
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4
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RUAN o) of el A -

Avoparcin FHEo| = AFRo 2 Qs YA WA o)
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Week 2 post-weaning Week 8 post-weaning
100 o prevoatelln 100
g | = = wlaecalbacterium — . o S
a0 N = faecalbacterium
w0 “ turicibacter " z :'"'"‘ "
 streptococcus
70 w clostridhim 70 Siratoemoms
i # ruminococous '! N
g &0 w lachnospira ¥ &0  ginkp g
! = lactobacilius } S iachisipin
5 % osdiie 3 % ® lactobaciliun
E & uvelllonella E & W iagbery
escherichia S veonlle
0 20 = escherichia
20 0
10 10
0 o
High Low A At High Low A As
Diet quality (High or Low) and antibloticinclusion [A- or A+] Dt quality (High or Low] and antiblotic inchusion (A- of &)

a9 7. ol F 2F A 4F A A=A Y xR S
AR E F9% 2FH xRl H2 AR E F49% 15,
FAA A TG AT g Fd vAE 7F v
(Levesque C. L.%, 2014)

=1
T =
At w3k XFrlo= #HA e AW uAEo] Lactobaciilus®t Streptococcus®t 3

PN

T fhs

H ARl v, o] f Fell= coliformseb 22 1 A o] A H= FEe @
iy o

B Germ-free animals adopt phenotype of microbiota donor
Donor weight Normal —————— Obese ————————— Underweight
Microbiota = E: B .

Transfer t

Adoption of ] n\J
phenotype 4

a3 8. Germ free mouse®] Al donor (normal, obese, underweight) 2]
AU A AES Aol #{& @ UelE phenotype©l donord A ¥
SAFA IS &<l (Sarah Dash %, 2015)

O 19 99 AFolA = Fuldd oju g nAEEe] EAs=A], & Ay wol EAE=A
s Aol EAlste mAESY TFol Wt 559 phenotypeol @S mIA AL, 1 FFFol
kst FEl2 Yeide S 89 3 vk F, S5 A 2 dAe o2 aHE
Asste AdEAL] 715S Fdststy] fslAE 7€ A5 #AS FAWE I, =
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2] AR A7

B3 LR + ETEC
ER (-2 h) LR + ETEC

N ETEC

{01 =) N40 paJaypy

B ETEC

Bl LR+ ETEC

E& (-2h) LR+ ETEC

B Muc + ETEC

[ Muc + LR + ETEC

B3 Muc+ (-2 h) LR + ETEC

T T T T
=1 =] [=] (=]

m @ @ - o~

(g0b *) NJD pRisypy

a8 9. A 2AAIAE (A)S mucine] ZHH plate (B)olA ZF 254

A& 9 Enterotoxigenic E. coli (ETEC)¢ CFU (colony forming unit) X

(Zhang &, 2015)
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O AW AASAL B VAR AFA AT BF] A4S, TN 528 S =R

A AR5 2 B VAT AFAS AL L AT At S Aok gelA AFa

Qxol F2 /154 B 972 A7 wﬂoa%u}

O W AT Eo} TelolAE AU AUFIS o] S5 AATS Aol BUA )
o s gelgonE WAy MR 49e Pold +

O 20159 PLoS Oneell AAE 3t =FodAe= HA 2T M E mucine] ZEHE plate
o] ETEC (enterotoxigenic E. col)®?te A 2d 1, Lactobacillus rhamnosus (LR)<t
ETECE #ol A3 1%, LRS Ag F F At Hol ETECE A3 Al /el LmolA
drtt ETEC7F A #ste] d=7FE 7kt

O 1 A% LRE A Al $ ETECE Agg aFolA A L3I AEE =8 mucin®
FYH platee]] H23 ETECY CFU (colony forming unit)#te] ETEC %H& g3t 15
ol e] CFU #¥ vlustsls o fFoldom ast 2a 49 & 5 o, 273404
o mucing ¥ & @l ETECE AHzlste] 23§ ETEC CFU #o] &%
ETECE Ad¥ 259 CFU #rEue fFoldoz Fasts A & + sk

O o] Sl AFAZA Add vigEel 2FYANALA AH L mucin B9 F7 3kl
N84 AG MBS AP AT RHARE AS BN odAste] HAES o
T oSS AFH AT At

O olB% AU ANARFH UF VAT YA A% ATE WAAREY G A4 5
92 st A olslolE, WAd MAEEe] dd B4 2d Pole AL Qo] 1
ezt A (19 10)

O ol ¥ ATAANAL MAEE B Akt LT A& FAT B
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Intestinal lumen

(D Normal condition (& Weak condition ® Pathogeninfection
Lactic acid % (@ @ @ A
] Bacteriocine T & - W™ DAL @ '{ @)
- ".:"I. ) A
o [— (R e é
=2 [ ] ‘{ Displacement cnmpetitip
o= { ‘ 4 ““\‘ { _—
4 |= '\.‘ 9 I,' Inhibition
:'. v 4 ¢ “ﬂ | /\
Immunomodulation P b v
afe -'-
M cell Gel forming mucin | - Block pathogen adhesion or invasion
Barrier integrity T
Antimicrobial factors T
Peyer’s patch L",'f -
 Commensalbacteria § Lae b Antimicrobial factors Q‘i Enterotoxin E. colf
29 10, F0 FRAAEL0] S48 AR AFAY A5 L 4
vl Z g ulo] @ ¥l 2~ (Prebiotics)
(1) Z2uel o8zl o) B ATe] Bak
O ZajrloleE st AREA AE, b, FA B U woplA Az
A= AESHA AAZA 199599 Gibsond} Roberfroidel oJs] A5 #|Qkd 7id o]t} EZafn}
oo gt ErAY s, v EvtHelolsh e AU & WARe] s o gxol vy
o AFoly A4S FHFo=ZHN w5 A F& &35 YEUA gt vlAastd AFE
Z, meuloleg At A folwe JIHow ol gt AR & & Atk
O 54 AFALo] Zgntolegxe] =S zk37] e Ao AFolA &3 &
= FEA ook ahn Al VAR F wvEutHeele e fEwS NuAon By
spA7IH W S freflde AT = dojok Fuh oY A& ZF= Zguto]le
FogA FE HAIA 819 (NDO, non-digestible

O ZEufolegro] WgAQl 7o AU fFrodvtel ¢4 2 &4 F3, Fafte 44
Al, 3 wE S uhE wAAAr A4, A W 222 2 3, A s St
S T3 AW MAE HFe HEe fEsta AuAE FAsE Aot (& 10)
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guto] o829 F oA &7 (Lee9t Salient, 2009)
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17556

Volume [HKilo Tons)

S0 W11 2012 2013 204 2015 2016 2017 2018

—olumes  —a—Revenues

a9 11, v Fo A ZZulo] Qg A9 A FR P 19
w2 429} (Transparency Market Research, 2013)

1200 -

-

0.0 -
0.0 -
0.0 4
20

Market volume (kilo tons)

o
[=]

012 013 24 S 006 2017 28 219 2020

= Frudo-Oligosaccharide (FOS)  wlnulin
= Galacto-olgosaccharides (GOS) = Mannan Oligosacchanide (MOS)
u Others

Y 12, ZEuto] YA AAEY AFTE
(Grand View Research, 2014)
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(2) Tejutol ol AT B @ Ay

gk oEopel A o el Al lof thFR adtel wid A7k 3
AT-e] o= ofefol Erh

Food additive
and
starter culiure

a9 13 Zutojegre FAY &8 S
(Patel® Goyal, 2012)

BYNE doIAY Ze FUYnAEe] AAS
o H S 2 4 A}t E3], B-14-mannobiose (MNB):= %
o] A4t ZE&& TV, WKLo d5-AQ FHAES S7HA I

o

carcinogen= 2|3 #E= 2]

N

TE A ATAIH

Q@ =FA2HES s 95 AL fAdde FaAYs Hak
T S

sorbitolS P. acidilactici LAB 5¢ 37| Swiss albino miceo] @39S vl &5 9 24

E o] Adadts Bl vk

O muloleE st A AFAR THFF Rl U@ ATk AW FY Wk ope, A
BAAA Az Fopl YINE ATV AW Folh 53 AQH PABZYE Qe xy
dlolo gl se] Bge AAA, BAAORE 2 ousl rk @ o2 TR AL P Y

#3E NDOE ##8tm Qi ol WANAe 7714 548 F 9482 st =

(3) Alufo] @ El ~ (Synbiotics)

o] Alu}o] @ E] A~ (synbiotics)o]th. Alnfo] 9 g~
S Egste] ddAAZ o] &

wol

Zeutol 980 Tubol 0E 2 AP T AOE o]
A Ul frgite] & ARl 1 BRI WA BAMOR e Row 7y
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—

| PROBIOTICS [——{ PREBIOTICS |

Lactobaciliuz Cligosaccharnides
Bifidobactanum Dietary fibers
IR

| Intestinal Microflora |

Pathogen mhibition,
Immune modulabion,

Mineral absorption, alc

a9 14, Aulo] el 29 Jid RAE

(Gibson¥# Roberfroid, 1995)

Akol 9 820 e wmeiste] o
s = E

o] YA ERE HAE
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MY AT "HIO| LALZ H7HHIALY T (2010-2013)"TbH| 7R Xp & TH7| AFNE LYt F=T

MY E Eoff 7[HEE TSFEH R+ FUT POOL/ HEE MM ZRETE
o1 =2 7| ghst F30| et U HAY 94 048 A2
T = 2 o M7 59 B} Mat gl o3 w2
S 2 S

C7|sd #1%7 SYNBIOTICS A ZH| 71

= 7lg MEHA HE 24 fibd Y
+ SitE MAEE A/H SYNBIOTICS =8 E=

o g s

CH7|S4] %127 SYNBIOTICS AHZH| i3}

© AT MAHA DY U MAE YT
© AR g £3 42H BF 2F
A2 0|48 B

|4E #E [zt O 28 7|5 HH
Ao HE e R HE=

29 15 2 47349 F2 AT & 2 2 29

0 NERF FHFAAZ] THAA AR L AABA AR TN 5245 100
Mol MR BUFAAER FHOD 20109 ~ 20139 FAE APIA &4 37 A}
g “whol AR AANLAG T (Bg AT HeA W) HAl AR AR ol g

in vitro system 7|WFe] &3} A

W

O AIEZF HAES 7|Pez e FAGFAAREY Y =2 AL St A7l
FHAR] HAEdE 2 nAES o] 8ste] HA A 5o vAE AdAl 24 &Y 2 dF

WAAA 2

O AW AFsHo| 3 FAA ALY vBE AFA ML AAAL in vitro system

2 FEshe] A Aol S GAA DAG VAR QA A

22 57k @3 AN R 18P F¥ TE:
B3 F4 57 B Aus A A ge

_33_



2. FAE A+ W&

Mo

A

7F A F-3}A)

olo

g
o

o] Eslyl AA

=
=

AALI R 724

- Aa) blo] QA& A 7HA|

o

o

i)
o0
<
Bk
Nlo
T

7
od

ol

3. axd A7 2% 2§

%o il =
HE atas mm‘h
;oT ﬁo w_q..wo MWE . ,Nﬂ ﬁU
T oo | NN 2
ol Jo EM:. = R~ od
ﬂAI ~
Q " = !
Bl T % X =
R ol Bl R
.
mm ® T 2| E N . TEPE
T 2 EK o
= ° wK =0 g F - i .Wr 2
eI 7 FeT 2O oaX
2D R R I
=T hw|T T T | £ oF
= 5 o~ = = | % o S
o) o° o | B T T | R 2 5
Bl ® | N NN IR -
T axPle Lo IFawm 57
HOW o= | B T T | do <
o —
I I I B R e
= T |< T T | N | T
ok WE PR oF %
FTUIE geEERER -
Gl Al
TS =SS e T T
oo oo 0 ojo © 0l ©0
=
o =1 R o No Mww !
e o T N9 A
BT R o ﬂm;ﬁ a4 ow B
Al el v | T | R
E2F Bz [Ela|zes
i "ol g M = ;om o %. aﬁ =
i A 3 i
21T x5 x_@;u oo I | & — %
eS| 2L | R R
J = < =0 ~ = Iz i
S I A Cwe |z S
— X s h
= Tom X0
T
H m m
B N o
! H
i e e
+ % 5
= (@]

_34_



H 23 Ul 7= o1

Ald =l ZleAs 8%

O hAAG EFHE w7 AAAE oY A AE AFA FAA FAAGE] wrt
g Aow Fed FES 2GS AGHY Tt F Aow Budth A £F 4
FAE M%E guiol 2 FaEs WAL zji AGomm A&BZ AN ZAL U
Aom delA vk o £F AFAL HHFAWE oY AF 7 U AR BE TH
= Al grlel W 7k Qe wdelet AZHAT (Ra 5, 2004).

O Lactobacillus sp= “# 7HA 71#H= EéH el AAge=A W W 4

g 2 T TS JERERE AE BEA 2 A

REootyE SAatetH fAAE Y A== *ﬁﬂlﬂomﬂ} o]

of A w3 9 FUsts WAy gl

= el frafatel Ags AXATIH, olE Fd Tl dEe AGs
AA SAEI Ad 2 AR o] 8ES 5% AlATY (Yang® Chang, 2008).

3L

= i

Ae &Fol Y@ AEw 77
=R A

no

O Bacillus sp. & a—amylase$} protease 4bs =

© FH=ds A Fallds At fede] F
=z
RuS

of AEg&o] -Fotth (Lee, 2002).

o Bk oly g} dipicolinic acid#h
o =

280, 53 TAE 4%

O Clostridium sp. = 3l C. butyricume ©| &4 & 4 50| butyric acidE B Aks}
bs! = 3
= L

i, 7bE B3 opn e 4hS prebiotics® o] &3te] AEA O RE MALE fEste Falde F
“ | A 54 FaATEe e

4% oAste] 2tk 58 4w 97 249 Wi Ao
ol = felAel EakE thehdol delA ATk (43 4, 2000).

ZAF U 887 (PRyol 9 847 A

O B. subtilis= € Wl 2474 A4E FLAFo2A £ e dryol HAEdES o
AlZ1aL, AAE W FE Yol ZhAs A S FaAIZH o= A & =
7EA 7= e BAZE o (A S, 2002).

O B. licheniformise= ¥4 7hEda] Adds 7HA L
e =dd w7t &84S FAste] AdAE

Yzl B. polyfermenticuse= 3

fraferel 4gs JgATE & Aok (4, 2009).
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O WMAE uvt Setretel (Candida glabrata KACCI3112P)7}F Ak
27 Al S A3E JHde 597 Aok o] AdE Holste A
SRR ofF A g ks ASS s de g odeH, 2
7N 8t 3“% of o3k 7k=3t Q17ke] oA Ql e HAAE & U= B

: 1020100129719).
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rob

S Lactobacillus sakei %=+ Lactobacillus plantarum 53
o ggel Hgstel AT i okH AA %ol 5 ATA/
S Qel, A8 AEA TRl bestu, HARN GHE wRHo
o [e)

TAaAZA e BRUF v (YRS 1 10-2015-0172961, =9 €A} 1 2015.12.07.).

N rlo
2
N
N

O vy 2 oA AN AYE-1 (Bacillus amyloliquefaciens AEY-1, 7]¥f
KCTCIS314P) #3, 7] #39] wope. 47 worze 528 9 AzZoAq sdw |
olAb;, W owmpAy A ReElgl®d e~ AEY-2 (Bacillus butanolivorans AEY-2, 7]€H
KCTCIS3I5P) %, A7) #3o] wjebm As] mjepmo) 2% 2 Axsod Ndg 1=
ols FrRATLE EFsh=, dRYol 0—}3437&% = H]‘ﬂglﬂlﬂ g o]o] Az o
w3 587F glom], hryol ofHE A&dsta A& or Ajpste] FAtEA e 7]
g F vk AAE wpdg s OP”E]EE]-ﬂﬂV‘]OJZ: AYE-1 (Bacillus amyloliquefaiciens
AEY-1) % v~ REeElwed B~ AEY-2 (Bacillus butanolivorans AEY-2) w5 W] A
EAAE o€ A5, nAEAA 1.0 wto AEol| wE 13] A2 F 24A 3 A3 & <
Byol 7kA2E oF 90% AA7= E23E vElY (E9WHS 1 10-2016-0146045, & = L=}
0 2017.11.15.).

ofN ol ofN [oh

F

L BAA QAL BTA

O HT = =2kl 20113 7€ wigAls W AR 18 A AFE A o] 71E]
A S DAY e 98 dAAE AT F Jdes ATAE &5 s A =Tt
olojz] a1 9lth

O FAAE YAstE PAE AFAE 555 F93 a33 a3 gEo] nHAA

ol Eado] glojob@tl. Wuk opel Aobali #F @A L s} wookahd, W pHe
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7dll
E‘r—t— AR

rr
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tt
ol
N,
Y
offt
I-'O
rO
ol
%

o3
—_
ol
-

o]
A

.

ro(t rﬂ‘

oAb

5= A A F

o )

o =

# &
W A5 o] A u ofof
O FAA WA ATAZ A= HAEE Autolod, o Autel o, CIAE, FH, Hhole

A
&adHE, vead, i Fo] low, hAlAl == vhH g e vubH], AatA], @] BAL
T oeol Aok @A FAA oA AiAs 9] BEARR E277F Hol AFE tolHE

O HzEAts T AAl A2 30d A =l Al 488 olv= FEd A il
il

olfFojzgrom 2011 FAA AREo] MW FAE o|Fo FAT HAFES EHA (&
11). UN ZAbe] w2 f-efupebs sEdd ojo] = WA= F4A Aol Bokd w7t=
SabEel i 9 A ¥ Y] B8 2dHeR ddsky] g9 wtew At

2]
A7F Zbge wom I AlFe] e o AR Aor die

1L S ATA 23 F (@9 2) (FrALEF 3, 2015)

TE 20104 20114 2012 20134 2014
Ayt A 28,406 28,933 31,196 31,576 31,950

U fr71ckel Fa 4 AR AAE (lactic acid) B8-S FXA]
o Hgwt, drde 5 ¥y T FAS A, #7]
5

=
5 ele] AH4 B

)
o
iy
ofo
=
o
=

2 S Ao B WGy FFE
el 9] Wi Ge Aelstels mABEe] AET F Qov, Wd FrE £
S S AR WA w2 A les WA e, 1& A FEEY AR HF

o] %7 ; 5 CEDENCE!

A2d e TN dF%

1.

EHtAALE ATA

O t}3h strain (multistrain)@] A AS AFEsHE SA9 & HA) 49
& 9 AFE 9 A= W&o A7 Au ol AFAN = Lactobacillus
5 L&

FA FoFon, e ARy

= H =
SHA FUdE F

acidophilus, Bacillus subtilis, Clostridium butyricunrs
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A iz o] Ryl Azkso] FFEAY (Zhang 5, 2014).

O oFHAAZS Al Al Qo e o g ofd = vk 1 F Syt EWel A
Hq AT AY shetekEs Aglshe WlHelt 1 43S = Sebastian Borowskis At Al <b
nylZS o] A8l Perlite-bentonite?t $HA] A1 Al S encapsulationdS W bR
of A7go]l 90% A omH, o3t FH= F2dA SMEEd REHE =S stabilityE UE
Wt (Borowski %5, 2016).

O Bacillus subtilis 2084 (NRRL B-50013), B. subtilis 27 (NRRL B-50105) B.
licheniformis 21 (NRRL B-50134) B. licheniformis 21 (NRRL B-50134)°l ti3s}e] & =9
wasteoll A2l Al WA} Zaske 537F ddow, AR WE&E o5 A4S EIs. vb
ol FetE ] e Hol vt (YW E ¢ US 13/782,470, =L @ 2013.3.1.).

O Bacillus amyloliqueficiens®l= ¥t A| strain®] A9 W WA AA 2 AHFE A
T S WsAZITE W&o A7 Aok o] AFAAM = B amyloliqueficienss &
SAC] "ol olF AEE Agow, Uz d¥] 5L bro] $Fe FoHe
(P<0.001) #&AHo™, & AR A A4ZQA HHo=w F7MAAT=H 997 9l
(Ahmed &, 2014).

=

RN U < ET

O A F7HA AAADGH, prebioticsE o] &3k of
dietary oligosaccharide®] 717} S741¢] 3% nitrogen %= 7+

Fole A4 ¥ MAs A (Yang 5, 2016)

A3}, Yang 52
Al71H, 71eF & A3 A

i)

o o
B>

re

B
k

L ZARAA QAE BAEA

O AA wAE AFFEHZIA] A9 7FRE 20119 1.9% o], 2018dd+= 3% ol o=
Aog diaya o AT HAAEL 6.7%7F @ Aoz o=3sta v} (Transparency
Market Research, 2013). At 718 &dAA 2 ALE FAZ 23] vAE AR HI7HA] Al o]

W gt gluk,

AHE weln vk o
W, 9] 20089 o] FEE 53 F4o]
Al Aol A, 3

= %
7] Mol 538 2980l B9 (FHFANTASESEE Y, 2014).

O AA ATA A
= oof 2339 W TR AW 35%Me] AFALES meli Utk (LH16).
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MEgn2 T
i (ot 22ap) o —
2006 13556.0 et -
2007 202432 e —
2002 209601 o BE
2000 217082 £
2010 224847 R I
2011 232695 B
oA A|EATE 3.5% 1% 0 £ 34 1

Z#& : Icon Group Intermaftional, Inc.(2010f)

ag 16. AA ATA A%

O dfe] EAel nAEAIRE AxPAZE UEgH#=2 DSM, 592 BASF Corporation,
=5 Alltech 0] &4 AFEHZIA dFZAFS 7HAL o, AdASE FHo2 WA¢
= J|ge g+ ®winp=o] Chr Hansen A/S, Z#~9] LeSaffre, BioArmor Development
SARL o] 3

O FHATNME 7F=d S 78993 (SCAN)NA Bacillus toyoi AAS A& HESA
FAEDD v 23 AFARIEE Y8t A& & SCAN MAE &

. EUS 7l &= & =3 & &)

ol FEFL AT FEL 139 AHAE JdTstn Jon, gERE a8 vy f

bt o] ™ Bioplus 2B% 29 widel~E ¥&stal ok 49 4%, 53] AR ME
2 7 AdA o g

FAA AHEE LAAFEH Fekal AN
7

FAE dgelr] mEel NG

O " Hojd AAAAES] Fodd 7HhE 9142 dFY ojdle] & o MAE dFE i3]
g3t AYE dFFe 7FS AR AFEFAY A9 JFS vA sFFEI 53
£S5 gt AdA FAE T A olf d HANEO] 42% FAasgon REC {2 )
A=A}t (Jorgenean 5, 2006).
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1 ZAtAARE MAE 2 AARDY YR &4AA
. APAR ERH AEA L AAED Fr 47
() AAATE Boll wfah e 71 D AAE ol f

= ATAANA APATF “vlol e ALEHTA EAIA RS Fole] SRS 2T F
Bacillus subtilis SNU1, B. licheniformis SNU2E <3 A7 SHAFTZ AASIAT A2 A
Az g&° £, A =21 2 TGFA4 2o WAool o] FUdA 2T ¢ e 21E

FAoH, slurryst 22 dxoME AEFHo] 53817] "o HHARES A FHT
=

st (29 17).

1 3 n
- 6
a 4
M\
o \\
:’__‘,: -: '\\I' L
s A\ —— T2
g1k \ sisil
&) 0 \\\ " —8— 3272
8 . . a =T
@ L e n =32
[<]
<

End Ol
2

I¥g 17. A9 A+& T3 &R Bacillus
licheniformis ¢ EAF W 42 Yo} 74 &3,
= AL A A v &3, A ThARR
drYol g AAAE 02 % 3 =T 1,
29k A+ 1, 2& A7 L4 A E stAd=

o] &of tFAZE EHIF = wF FAE WS F
FREYH BEHe 539 A, 9, & 3FgE oA o
Ve, Ak ol g 58 aEske] A4St i
7FA WAL G @ol A genome  shuffling 7] H <

=
[e)
Pediococcus acidilactici= X2 F7}stAth. ols

FANAE 2 A st A
TS FUbeka, o=l AlES

AdAT “vlo] o AFE A
ol N3t Lactobacillus plantarum,
52 7t WY sl s e
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o] $4g FrolmE, 2@ FREHe vgow A oA Eel fiol, 2w oA of
F shtel AW VAR #E B e+ 9 AR wusel FRE Fgn (1
% 18)
|= .

-

E.coliK99log CFUmi)
@

I I | I
5 I
WT

UV mutant GSmutant Control

19 18. Genome shuffling 71 & 53

NEE L. plantarum® BL T E. coli

K994l dist s+ 3. Wild typeel 1|3l
Aoz HAdS AT

(2) A A5 T3 TR wAE (probiotics) B HAEZ  (prebiotics)S 83}
SYNBIOTICS 4] A& Wl 2 2315 &4

Prebiotics =4 FHES AAAT “WEA 754 A7 AdE T3 49 A5S
of Ak gl At (A7 AdA - ATty HEA w)” Al FHE. T 52
A Aud A FH HFFES sHo JIFS FEA Gt prebioticsEA EHE A
Zotazk stof I EA = vtEiAbE, g EAREd dldl] prebiotics® ARESEH] 9% 71E X
A AdATE Tt Flsiglon ol FHE E

in vitro B7F A A& st (2

[e]
= =
19). 712 o2 hE A ¢l prebiotics?] olEdUE TH A2 FIEe] AFHS APkt
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(A)

Plate Count Agar Plate Count Agar
2500 o 3500 -~
t
., 20.00 AB 2000 | T
s AB B E -
E 15.00 E 15.00 }
' 1000 | B 1000 |
= 500 * s00 }
0.00 0.00
C T1 12 13 C T4
(B) (C)
Mac Conkey MRS Agar
25.00 20000 ~
A "
5 00 | = 15000 | :
= = B s AB
= 1500 B B =
3 i S 10000 |
2 1000 | z
5 L
* so00 } % 3000
0.00 0.00
C T1 12 T3 C T1 T2 T3

a9 19. FAEHY F9 A ASdAY FY HAE FF W)
FA. U AE (A), E. coli (B), 2kt (C). C @ dl&=F +
A4 0.2%, T1 @ gz + 1% 3t 73 0.2% (0.002%/feed), T2 :
= + 2% A 73 0.2% (0.004%/feed), T3 @ W=7 + 4% =t
T2 0.2% (0.008%/feed), T4 : HJZ=+ + 1% vtEF4HE 0.2%
(0.002%/feed), T5 : HZET + 100% "] GHF-AHE 2% (2%/feed).
FAES Hit + AFLAE ZVHAS (n = 10). Mys.

) = (p<0.05 by Tukey HSD), *vs. thZF (p<0.05 by Student’s
t-test).

7} & prebiotics X 2 inuling A A3} th Prebiotics®A inulin®] &3} 7]5& olu] H]
A gy 4 doen A gdglope) e AEo @ol shfEo] gt FEA WA F
sk, = 59 A, FHaA Falare] Helzho] ol Bifidobacteria®t 2 < o
7} o] probiotics®] A4S =9 Ful FAMA L AMY Ut 297 JdveE =8
olu] 3o} 9l prebiotico] th.

¢

g, AwA FREn 4423y A7 58 B}

T 1 % go' 5 —H 5 y
T4 ATl BAPS B4 FE WAS BRI Aoty Yok FHPAY o
= AgetAEd UES Agste] Bty Yok (F 12)
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2. "AHARAY ] A ARG HER

ol &5 8] & A% w358
T {ppm) 7152 H 8 (ppm) A AL 7]
349 71e A9 =434
ShEL o} 2 o]} 1 o]} 1-~2
u & of 2 7Hst 0,004 e8| 0.002 o}t 0.002 ~ 0.004
TR R 0.06 ©|5} 0.02 o|a 0.02 ~ 0,06
ctoju g dujo| = 05 o]af 0,01 o|sf 0,01 ~ 0,05
cte|vEcte] dafe| = 0.03 o] &} 0,009 o]} 0,009 ~ 0,03
Ezjelvfdetyl 0.02 o]} 0,005 olak 0,006 ~ 0.02 20054
op| Etdslo] = 0.1 o|3} 0.05 o|t 0.05 ~ 0.1 28 1095H
AElo|dl 0.8 o}a} 0.4 olal 04 ~ 0.8
2y 2ofsie| = 0.1 o]&} 0,05 o|&} 0.05 ~ 0.1
Hulokg|glo] = 0.1 o]&} 0,029 o]&} 0.029 ~ 0.1

n-yrd 2otdistel= | 0.02 old | 0.009 o)} 0.009 ~ 0.02
i-gre 2ddste]l= | 0,006 o]st | 0,003 o]} 0,008 ~ 0,006

574 30 o]&} 10 o]a} 10 ~ 30

Aol @l 2 o]3} 1 o|3} 1ir=D
v elof &l 7| = a5 o|3} 13 o]&} 13.~ 85 1,;‘31‘13‘3_&]

wEloto] AN e A= 3 o|a} 1 of3} 1~3 S

b e | R 4 o]s} 1 o]a} 1 ~4

o 0,07 ©]8 0.03 o]t 0.03 ~ 0.07

n-Helst 0.002 o|ak | 0.001 o]3} 0.001 ~ 0,002 o
n-t 24 0,002 oI8} | 0.0009 ol3 | 0.0009~0.002 | o o)n
iy 24k 0,004 o|8t | 0.001 o3 | 0.001 ~ 0,004 T
i—HEelerse 4.0 o)} 0.9 o} 0.9 ~ 4.0

HAE F3t] Agstazt st E=AF Ul target FHELDLS FE = FAlHA Foll A
= FAY AFA FEA8 71AR] dRYolE AEEdith hRYols Aol Fof v vk
ANME A STF7 FIFE T, FAF F7HER ofye} Sl WA B JHilE F 2
7] wolth E tE targeto® FIFAE MYt dslras 54 BEE FURG
FAY =4 W JE (pit)ell AFEH e B slury B 2 FFo2 9)A s, AL
Al Al F598E HAEY AFS5E, 557 o, Astd HAbel o2& FsE F7] o

o A7 targeto = AA ST}

(1) In vitro 71¥Fe] AA TR AAEDY oH AL 58 H7}

FAAL Aol WS DE B vABALY AL o], Fu BASe AN 5
2 AWHoR BHY F dt s|Fe] Baste], o] AF W wEL wPo WE A9

& #H7bsto &
st s wet Mg frAReE 3 Aoz, =AF el 7Hd & o EA
o] H& slurryE ol&3ste] A A :

EA} el A slurry s A& (22 =%, 914, Zol, 7384 Ag)ste] =A7]E o] &3
Astst 5§ AT HEZ 5vEA Aedyd 23k ol d7(3st4 HIPAAHE, 7]
(?:}E'_L] of B} AejE ZFz} & X probiotics % prebioticsES 2] & shaking incubatorel

120 rpm, 39 C, 24 hr &<k Wi $ 27d¥ 7[AE 7I1AS547] Multi-RAE & ©] &3t 54
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EA Y =39 E=d Mixing g BIARN 222 HA Mg 400ml Y BF
+0.1% 2F Y Hot

Tediar bag &%] i J ER(EeA %)
~ FHASY (Mot RAD

¥ 20. In vitro 718t GHERD AF &3 HI7F B9

THAF @ AR s i FHAR BIHE Hrbete] vl 9 A FstE ghol 2
83ttt A ofet= AlEo] BE BARE A ARvEIOYIE ol &sly] Hue $EHE =
o]7] &t A AAH SR AEHE= AZHA, B84 g8&o°] =2 portable chemical detector
l Multi-RAE (Rae-systemsAl) 71AE o] &3t A3t dEYol, Fst4-iAE AT
T Us AME F7Feto] ppmT 92 SA s

THAEF G A dE AAZ v WU Ades vsd 2 WA FA8 gz A3
= et ‘16 119 g F3]ollA RS oFH AR 3 FEd dg

Ve vt o R B FAolA MBS in vitro WHE A&t AFE )
AE"ol a3p7p b 9-Fste] FANETFE AR “AAE"S Bacillus subtilis 1 x 10"
cfwkg ° B nAE, vigz= e

SRS

ot

Mg, gvE, o

=T, &
AAFEZ (Muby AN EFEAF) &3 g Fo] &3E AFolt

APRAE 5o Frd F59 SAMAYE 2o ry FoF e 9Fo nAEd ] o
AAL 598 dxo2 Hrisk Ay sU]0H oG Al (GERYoF #Ax) 7 F 3F o] vbE
How drUol At aE Wi, FUFE G Al (BFEra DY) 75 1F0] NhHE
oz &34 A a3E yelgod (& 13)
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£ 13. dAAZ vAE TR AHYFE dxT A dHAATE(%)

12 (57]) 22k (&7]) 32k (7)) 424 (871)
species 93 aTa [ e | gmuel | gaas | guoel | @acs | duder | gHes

Bacillus subtilis 1% 34.7% -88.2% 21.7% -60.0% 17.5% 21.6% -39.7% 3.7%

Bacillus cereus 1% -38.6% 49.0% 81.8% -134.3% 44.3% 17.7% 37.9% 29.2%
Bacillus cereus 1% -54.5% 52.9% -319.6% 100.0% 15.5% -123.5%

Bacillus vallismortis 1% -62.4% 64.7% -45.5% 71.4% 56.7% 58.7% 29.3% 64.8%
Bacillus thuringiensis 1% -62.4% 100.0% -252.4% | -197.1% 38.1% -72.7%
Acinetobacter junii 1% -62.4% 56.9% -235.7% 100.0% 48.5% -296.7%

Enterococcus hirae 1% 38.6% -103.9% 37.1% -20.0% 52.6% -46.5% 36.2% 65.2%

Bacillus subtilis 1% 32.7% -151.0% 14.7% 71.4% 48.5% -26.5% 37.9% 60.9%
Bacillus subtilis 1% -82.2% 72.5% -263.6% 100.0% 46.4% -75.3%

- Aggel S48 #F YT HeMow ¥

Prebiotics $H &% ©|&3F in vitro B7F A3, visFte3 v fabe2 oAz Axrt
7om, FEXNE=9 AL A7 EHE wEHom R oL wEAY Ax ¥ U
of MAEEe a7 FHE EYolet st Asstes ARE BHo o HAZ AA)
T RAA AL ATHEE 14).
E 14. Prebiotics M2 748 27 thy] FH AT E(%)
. - 12 (&7]) 22 (571)
Prebiotics & SETS) PEEYN SEEP) EEPYY
= A 1% -291.3% 33.3% -75.5% -80.7%
JEX= 19% 53.6% 50.0% 217.3% 91.6%
u] o HAE 1% -334.3% 25.0%% -61.7% -58.1%

sto] $H A ERT videAFEe] 2 F55 &
2 < o]&ste] HEdTE FHAN EaRE HrtskAh
olm ol Aaxzt 71 (Y B. subtilis CJ13 3t A 7o a37F 74 349 B
subtilis CJ2, B. subtilis SNU1, B. licheniformis SNU2Z A A& R om otryol A7 1
T+ sl d ARTEF 159 2R F A @S AA 5T ool tia] AFEA]
3 A jn vitro 2 AFEIE B3 sHE E]r/\] sk gl AFekAd (3 15, 19 21).

!

2
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# 16. A= =27 Ag7E 2T dHH A A& (%)

WEY g v of P52
T1 (B.S CJ1 0.2% + B.S CJ2 0.2%) 37.8% 13.0%
T2 B.S CJ1 02% + B.S SNU1 0.2%) 53.3% 57.6%
T3 (B.S CJ1 0.2% + B.S SNU2 0.2%) 20.0% 17.6%

B.S CJ1 : Bacillus subtilis CJ1, B.S CJ2 : Bacillus subtilis CJ]2,
B.S SNU1 : Bacillus subtilis SNU1, B.S SNU2 : Bacillus licheniformis SNU2

NH: Conc. H:S
25+ 150-

P

& ar <V 43 & 4N <V 43

a9 21 M= 2 AETE AT di¥ AL (%)

In vitro H7}Ve &E3stol HAARA a9t A+ ﬁzl% IHAE A, AHASsEA AL,
prebiotics¢}e] AUA| &35 H7] feto] oFH A% %% % 3 7}A ol prebioticsE A
st a5 H7F ST olwdE AL R preblotlcs o] & fv] IHEA (Y
of, 3lrd) FAERE BHon, I FoAE FJEAE 53 AT 7MY =2 Ry ol
Falra ARES BITHE 16, 19 22).

# 16. M|AE ZF + Prebiotics A7 T thH] oA AFE(%)

=T ERE N T
T1(B.S CJ1 0.2% + B.L SNU2 0.2%) 13.8% 1.2%
T2(B.S CJ1 0.2% + B.L SNU2 0.2%) + JEX = 69.5% 99.0%
T3(B.S CJ1 0.2% + B.L SNU2 0.2%) + vl= 17.2% 19.2%
T4(B.S CJ1 0.2% + B.L SNU2 0.2%) + 7] ] 20.7% 23.7%

T5(B.S CJ1 0.2% + B.L SNU2 0.2%) + °]=d 17.2% -103.0%

B.S CJ1 : Bacillus subtilis CJ1, B.L. SNU2 : Bacillus lichenitormis SNU2
- X 7Fgo] e BF A BoeMow 17
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B0% -

B60% -

o 'R
0% - ! , ; -
T1 T2 T3 T4

-20% -

MNH3

WH25
-409% -

-60% -

-B0% -

-100% -

-1200 -

a9 22. 9| E =& + Prebiotics A2 T+E =+
qul ok ALE%)

o FH X3 E AN 2 AdFH 54 HU)
(1) In vitro 71¥ke] Fu Falldx A 55 A

u=to| = Food Drug and Cosmetic (FD&C) Actell 2Js] 2% Alg5
‘Probiotic substances as ingredient in food'®Z A 93} 2F H7/ME= EF/3)
t}. &3 GRAS (generally recognized as safe)® 1A E = H|AES 2Zo AL
st o B AEANA [n vitro H7F @5 HAE dFE B2

2 AEE ATAR AMEHE dFES £t v 1%

gk = e Ao dAddn

(2) orAA Hrb7F ol T %

]

of thak AHelH BA A

GRAS #FZ vlgo g 89 Aoy jn vitro A8 A3 471A] #Fo] thafd = W
AAS HrVet 9l al, Bacillus B4 EIAE dAs] 50 ColE AESES Bt £ d4
S &5to], WEA, pHUAA S 7HA 3L o] Akt Eol Hlste] oFF A8 A5 74 5=
A

4 g,

1

g AGARe BF A%E FAAY FHIAF 59 B}

In vitro B38& &3t HAAY a7t AdsH

AT}y In vitro 87 o) 5]

AN ans AZstax QAdstgon, TH7L gz o]
o

1
Q0 F FHAT FFAEN AAF S Frhskel Frjulw ssiet.
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(1) AbFAIE TAd

CJALAT Ag-sHolr F 55 AA olfae ddo® AMAAS A8ttt AT
471, pend 472 FROFZE AFwol JE=Z APstAnt (£ 17).

AFFA S ol A= 2 g3 o] f= ol fAkE A7l SA4/MS= A7)l Hlgte] EW S
o] Aol ofFAHE iAoz Ao} Folshi= AR 9 crude protein ol §A4/8]5
ANRY E& PAR BHoR wESE 237 U4 2 dAa dddo] ¢ ¥7] wiold
H7b e v AYFEE AAS 3 28 AEYStY, IA7E o] &ste] TS A
< qamoﬂ A9y dAM MES in vitro B7F WH o =), o]

Rl 2 incubatore] 120 rpm, 39 C, 24 hr &<t v & A< U 7|AlE& X35k 7]
Z47] Multi-RAEE A5ttt Yo}, st ]
= vt AT

N

N o
i

Jl

E 17 AAEAE AT 89

Group Pen F/Pen F T 7I1HF) Treatment
Con 4 4 16 6
PC 4 4 16 6 AAE 0.1%
T1 4 4 16 6 BSCJ1 0.2% +BSCJ2 0.2%
T2 4 4 16 6 BSCJ1 0.2% +BSSNU1 0.2%
T3 4 4 16 6 BSCJ1 0.2% +BLSNU2 0.2%
Total 20 20 80

- B.S CJ1 : Bacillus subtilis CJ1, B.S CJ2 : Bacillus subtilis CJ]2,

B.S SNU1 : Bacillus subtilis SNU1, B.S SNU2 : Bacillus licheniformis SNU2, Zt7} 1.0 x 10°8/g &+
- AAE : Bacillus subtilis 1.0 x 10711 cfu/kg, ESHAE v s W5y, &) B2z 3255

S FAE, AAFEE EF LY
(2) oF WA 29 Paid PP

AR A #F £FS 5FANA Fold A3, duel, FRFLs Agaze 3
AE Aol e AAE 5EANAE RO L FHURTEC) Byl FolHe)
1% ERISITH (p<00B). ol SHIA TR AWl SAsAA Aol A
a3t FARA A% T B AeE ARFGCE 18 E 19, 1Y 23)

]

S 28 X

ol i (o)
Eppi; Floooxn 377} JEe 5% 7 (ji | j igj
C 32 32P 18° 35
PC 50 26"(20%) 37 36° -
T1 47 65 20° 28%(22%) -
T2 54 22°(31%) 14¢(22%) 19°(46%) 32.8%
T3 23 (28%) 31°(4%) 27" 17°(53%) 28.2%
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B RPN = = = = q AE
2 A 3T 42 5% ° H
(ppm) A A i A (23]0]7 &3}
C 339 473° 467 222 -
PC 608 426°(10%) 680°? 3142 -
T1 532 1076° 275(41%) 115%4(48%) 44 .60%
T2 532 208°(56%) 194°(58%) 81°4(63%) 59.30%
T3 150 (56%) | 393"(17%) 4762 394(82%) 51.70%
- oHAARE S5 AT Bedow ¥
70 1200
S0 " 1000 AN
' K
50 / \\
— ——C ., =0 V4 \ ——C
EW = pC E : —s—pc
%30 -—T1 _Gn e ——T1
% " ——T2 T 400 —=T2
e T 3 T3
10 200
0 0
275R} 33t LS SR 257} EESY PESS SER
a9 23. AT FHAL =2 A dEYol (FF) ¥ Fe5A (95) A A7
Fo AxE FFHE u T2, T3 Aa 7 dHAAL ¢4+ 23 A2 A=y (FEyo}
A& T2 oF 30%, T3 9F 28% 5=, &3lrs Ae T2 9 59%, T3 oF 50% =), <37}
2 A7 G T2 2% 29 9 3% Zoz dud,
AN o] AP FERRE e ANE BEuE ngEo] 2 AR £ Qe FoA ajek
3 & x 3 7]AE Multi-RAEES o] &3to] A3 glolma Aa| A Wil a3 7
Zo] B3 Aow HAL 23 AL E in wvo HHE ALUA TS E3] doE #+FEIS A
A< 3kal, prebioticsell Wk HFiE% o] Hrlstaizk sk}
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2. AW HFAsHo| ¢ VA= AL

7v. In vitro A &=% 7]¥ke] n|AE AFA AL FH A A

71 ol V) Tol 2HE wEH i nAE AFAEL st A Fol A, AU A
AeHo] BFsle] 1 VTS AE B3]EA E= AU du B AFoME vEe A
of Fz % AEFo] 53 vAE ArA VS LISA T 5 U= HAFoE AELE
Y AASHE 7o 2 nAE AFAS Atz 2o g Aw wre S H A3 shaat
shoh, ek Al HF o] 43 AR AA|ZA ARSI ESEH w2 pHelAl AEE ]
=0l AstAlAAME F27Hs 2 pediocin R Tl o] AAE S fFEsie HYAd vAE9
7tAaS gHRH oz AT F U= Pediococcus acidilacticis H2 EA4ste]l Ay A2y
AEES 44S Frkstdh

(1) G AHs=ge] ¢ vds Ad F7F grle] AA s

7hEe] g Aol e vAE ATAE Adstr] Ya @AY 2GS HEse] &
A duks =13 PBS washing 2 antibiotics #8] & 3lo] extractionS 339t} o] & A
T3 2 AANE 1 mg/mLFFLE 96 well plateo] coatingdte] T+ d3dt Z7sto] 9 Hut
Azsg o vAAES At (717 24).

treatment »

PBS washing

UL x3
o | falslslelelole] " i \
Intestine L ] ‘Small intestine 4 sises
extraction & leum) : =
PBS washing - : Mucus (1mg/mL)
Bacteria treatment & incubation Scrpaing and suspending coated DA
in Hanks-HEPES buffer (100 uliwell)

for 4h

Y 24, HA H94S o] &3 coated plate A F WY

el A Auet opeh Bixel 2% AHAE IPECJ2 cell line o] &-ako] 4344
ool {7 s Werlz Adeart (29 25).

Bacteria (about 3x10° cfu)
incubaion for 3 hat 37 °C

S &

PBS washing (x3)

Colony counting
Disattachment (After adhesion)
IPEC-J2 cell (0.3x10° cell) by 0.25% trypsin

ag 25 HA &£27F ZHAE (IPEC-J2 celDS o] &% PAEY HASE F7 U
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% pathogenol Wt A a3rp A=A HA A R HA 2 FIAEE o83t

pathogen exclusion assayS AlZ3tA ot (1™ 26).

5"

Porcine mucus coated
plate {(1mg/mi)

and
IPEC-J2 cell
(3x10°9 celliwell) <Inhibition> <Competition>

Trypsinizaion PBS washing Serial dilution

Pathogen counting

Cell scraping 0.1% Triton-X100

g 26. A A A £ Y HNEE o] 83 pathogen exclusion
assay

olu] pathogen®] ¥ Ao Wz} exclusion &3-S inhibition, competition, displacement®
T3F ) Inhibition assay+ A AlS 3A1ZF H<F A A2l & pathogens A 2ldlS wl A
Aol 9%t pathogene] H-2F A& HE EQlsl= AHAS ulstty, T3k competition assay ™
At A et pathogens FAlel Agsde o AaEAlel o3 pathogen® F2 AAEZIE,
displacement assay+ pathogens 3A1ZF A Al & AdAE AgstAS wf AdAd o
pathogen®] F-Z oA &35 &<l Woln

(2) AEso] w2 AE AT Frt ARl AlA S

FU Hzegial olyer Aol nAES AEElaA growth curved optical density
600nm (ODgy) 7S ©]83te] =4 3 doubling times AALse] mE &Sz A 2 AT
szt vAES Ast e £ 5% AEEE FUA e 5 A=A

pH 2.09] SGF<} pH 6.82] SIFE o]&3to WAikd 3 WS4 S H7Eskd o (29 27).
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Serial dilution

> &

Colony counting

8GF SIF

(pH 2.0) (PH 6.8)
v Survivality

SGF: Simulated gastric fluid SIF: Simulated intestinal fluid

a9 27. AR € UgEEA H371
Y. In vitro A% 7199 FUAF5E HI}

(1) Multiplex PCR 7I1¥& ©|-&3% P. acidilactici ¥2] &7

Ao A Au Ao e §AA HuEALS A3E7) 98] FU E (species) O Z 9]
do] HQ3slt o] pediocinol#teE FHEA S Bu|g 5= 9o A3 U colonization &

ATt LdH P, acidilactici= A3t AT 3 P. acidilacticidll €13l pathogeno] 2} il
A Shigella, Salmonella, Clostridium difficile, Escherichia coli*l W3+ A7 W 744
Ao dRAT= B AT ’\}34]7} Aol FAA AR BEAE=A THsAd ol
olslth A, X EHo7RE FAF Agujxel MRS agar plateE o] &3] 6200 7 ¢
colony% 8 AT} ol P. acidilactici E°) 4 0.2 A-53+= primers ¢85t PCRZ <
o1&kt olu) tE speciese] W3 primer setsE 7 o] €3t multiplex PCRZ

ok w2 A ofn

e
o
£
o
(o
o

MLa Ls175 GS11 2 3 4 §

M: 1kb DMA marker
Referemce:

- Lactobacilius  acidophilus (La)
- lactobaciius salivarus (Lsh

- & Feidizctici 175

- P acidiacticl GE1

1~5 lanes unknown LAB

a9 28 A3} 72 band HEE 2= colonyE A % 16S rRNA sequencings 7 8 3lof
(@)
2o

P. acidilactici®} & &3ttt FEH o2 620702 colony & 48702 colony”} P. acidilactici
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olS Folatgdrt. oA st 4870 P. acidilactici®t ¥ AFAolA HFEta Y= P
acidilactici 175 ¢} P. acidilactici GS1E 37 screening©l ©]-& 3} t}.

(2) Autoaggregation ability ™ 7}

n Ay Eo] 7}& Ao fdEol H2 L colonization BEE in wvitro oA F=37] )
157129 aggregation ability T ¥-& B7Fstlth. PBS ‘el suspension® VA& ODey
# (Ap)¥ RT (room temperature)oll A 4X]7F incubation ¥ AF=919] ODgyp (A)S ©] &3}
autoaggregation percentage® A %3} 3t (¥ 29).

Sampling Incubation —
& washing RT for 4h
O/N culture
Re-suspended in 4ml of PBS Sampling the upper
& vortexing for 10 s suspension
Absorbance Absorbance
at 600nm (Ao) at 600nm (At)
Autoaggreation percentage was expressed as: At
11— 1 ] %100
Ao

19 29. Autoaggregation assay ¥

[ rrrrrTTe—

Autaaggrogation %

M
R

VN v L r i d r o AP F TS FFEFEFFES
A e

ACHID

ACHEN Iy

ACEYr T
ACE4
ACHA4
ACHAT
ACB4E
7%
a5

ACHXT

19 30. Autoaggregation assay 43
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5utHoz 9 A¥S AR AT 19 3090

A
}o] autoaggregation ability® & AL g 5 9)\911:}

o
IS
Q
X
o©
O>"

(3) Mucin proteinl A1 ¢] # A== 77}

Microplate reader’] S ©]-83}o] 50709 P. acidilacticiE crystal violeto. = A2 & g% #
o] coating® plateo] thal HZeHo] 3 vAE e FFE For S8 H FEst
2 AgstArt (29 31). AFES 4 ytEow B A Aoa] B 2L g A3 50709 P
acidilactici®} NZ 2 B P. acidilactici DMS20284 straing KCTCol A Fulste] & 51
Mol & FAlel F7F st

Binding & washing Fixation & staining Dissolving Detection
‘ l P PBS washing (x3) PBS washing (x5)
» » »
Bacteria (200 ul/well, 1x10° cfu) Crystal violet (1mg/ml) treat 50mM citrate buffer (pH4) treat Transfer the new plate and
incubaion for O/N at 4°C and incuation for 45min at RT and incuation for 1 hour at RT  detection by microplate reader

29 31. Microplate reader”’] € ©] &3 = X A9 binding assay ¥

LELE

0B -

Absorbance at 5T0nm

=
£

0.o2

f#‘i&ﬁ@’ﬁ#@% ‘3’ 3& e ?%*%@%ﬁﬁ@%%%?ﬁﬁ‘ﬁff *W

a3 32. Microplate reader’7] & ©] &3 5% A9 binding assay 23
(Red line: & #] A9 binding 27} %2 < cut line, PK: tZ+)

G
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o, I oM

s Bmidd (29
BeEe A8

Ael A3 gfx4< PK BY RE 759 2 binding A& Holal ¢
0 7‘_:,3_*7

ACB5, ACBI18, ACB26, ACB27, ACB44, ACB47, ACB480] £3] =&

32). ol% A%F £AS BAes] 9ste] #WA WAool coating® plated] T

A3 adhesion 9] "AES countingdle] % adhesion #toZ A w3}sl= relative mucus

adhesion assay Al33tath (29 33).

A
1
Q& j —
4 PBS washing (x3) =t

Colony counting
(After adhesion)

Colony counting

Before adhesion '
( ) Bacteria (200 ul/well, 1x10° cfu) Disattachment
incubaion for O/N at 4 °C by 0.5% (v/v) Triton X-100

. CFU/ml after adhesion
% Adhesion — % 100
CFU/ml before adhesion

23 33. Relative mucus adhesion assay W%

Microplate reader”] & ©] 83+ =1%x] A= binding assay 2o £Ase] AR5 o] 43

ACB5, ACB13, ACBI16, ACBI8, ACB23, ACB26, ACB27, ACB40, ACB44, ACB45, ACB47,
ACB48 & 12719 w3 H#s=o] Ax3% ACB4, ACBl11, ACB19, ACB20, ACB22, ACB25,

ACB28, ACB42, ACB46, 175, GS1, DSM20284 & 1271¢] & sAldl 3 7tstSo
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Mue + Protease K

WoNE o o a -
of TR i %° 3 3
W ., o~ B & E:
o X = e
e - S S
Nd ) i 5
e ¥ S & £
5 mo T B = E
R b i
1] [=)]
o Ho g W o 3 = 5
g o o5 o w
o _ |
.. . HoN g =
o * g0 R =
N .. O ™ 2
B3 8 - o Ne S
RZSS w4 @ o gooeryooOY 8
Yt<0 Sowout DOODO00DO00 ==
2 v 7 o g QOCLOLLOUOLORYLD
52 S gk oIk 2 <IIIIIIIIF00
©n S s 6 P
o0 Q = ] a
¢-L- #®%.l  QEODEODEDBNED
g 0 A8 W T o = <
Qo 4 m i) = ﬂ.‘m = ,ﬂl 2 EEENSEEENEEEEE
S g 5w 5, F K
1% = m n KH ) w ‘Dr.._ e [ ]
170} Tu o % m 2 — “H_Em St
=] 5 x ° T o
SEES 5 Sn U
~ to}
g B g _: ) WM @A& o)
v < 23 S B
B E S %ﬂ%@ww
+ - o
E2EY °geww
o't < H oW Ee m K KH
MH“ ﬂ am\bu o S 4
A.“ W “m .m\.u o OT .#Iﬁ,ulL ‘_Iﬁ_ul L % e B D B
—_— Q )
PEF22 FTORIT S
oo g E o ro &
N g =
C g @ g N w T
M knay Iz o] °F o
uoISaUPY % 2 o @ WO
S E o w
g ok NS
/m Qo
- 3 B %
,_Iﬂ_yl o ™ % ,Qv
W ogr S
Jo o ¥ < o
o 8 S
< T R uoIssypy %

&R

A Al

adhesion assay 23

e

b s =)

Muc + Trypsin
A=
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k)
Fo] protease?] protease K, trypsin

°©

¥ 35. Protease & o] d

Muc + BSA

I} thE¢l BSA H

14

&
=

3

=



FE0o] BSA A3 Ax #FHE2 % adhesion FHE Hol= AL e}, ol wat
9 P. acidilactici7} B3k A 49t adhesion's =S mucin®l 4] protein G oA F=2 A
e 2AE 45 & 5 Ao (2" 35).

b

(4) sHA S 27 A FA ] G R Bt

X Hubo A H&=FHo] 943 ACB26, ACB5, ACBI18, ACB44, ACB27, ACB23¥ A x3%t
PC, PGE &4 A &3 A9 AL IPEC-]2 cellS cofluentdtAl ¥l%3k 6 well plateE o] &
o] A2 E S Hrisknh 4% A3, ACB26, ACB5, ACB44, ACB27, ACB23°] 40%°]%
adhesion ability® 40% U] 7+e] adhesion abilityE 7F# 1759 GS1H Ut =2 adhesion F#|
Holx= AL st (29 36). Z Z+e] A A ¥EoA2] adhesion ability7} THEA|
A DG HAsE o] Al Al AT olBRE olF A 9 dFE K

A3l

41 2o lo

100+ EHE

B0 *
*E

% Adhesion

PRI,
DA,
SERRRRRRRAARER

Q, B

29 36. IPEC-]J2 adhesion assay
A I} (One-way ANOVA with Tukey’s
post hoc test; *: significantly different
from PC, +: significantly different from

PG; one symbol: P < 0.05, two
symbols: P < 0.01, three symbols: P
< 0.001)

olelet AWe Bz, P AAsol 3% ACB5 ACBIS, ACB26, ACB27, ACB44,
ACB48 W= ol &ste] = A] Auta IPEC-J201 A 9] pathogen®| exclusion &5 2ls}arzf
23S 859 Pathogen® 2= H %o 2o A F4, FIS fimbriaZ o] &8lo] 4w Eo]
F-ateke] AAE S 2 A7) Enterotoxigenic E. coli (ETEC) K88, Enterohemorrhagic F.
coli (EHEC) O157:H7 straing A}83}%]
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Enterotoxigenic £ coli (ETEC) K88

(A) Inhibition (B) Competition (C) Displacement

o
= 12

h
s

B3 Porcing mucus
Bl IPEC-JZ cel

BB Porcine mucus
EA IPEC-J2 cel

BB Poreine mucus
B8 IPEC-J2 celf

on ra

-
o
e L b E-4 o -~

b
-

0.4

Relative pathogen adhesion ratio
b3
Relatlve pathogen adhesion ratio

Relative pathogen adhesi
e 2 o e 2 -

S o S, TR, S N P SR RN Y, R, R,
&S FLL S LTSS

a9 37. 3 AFZSHo] 53 P. acidilacticiZ ©) &3 ETEC K88 exclusion assay
A 3} (PBS: instead of Pa, PBS treated; one-way ANOVA with Tukey’s post hoc test; *:
significantly different from PBS, +: significantly different from PK; one symbol: P < 0.05,
two symbols: P < 0.01, three symbols: P < 0.001)

ETEC K8E o]&3t As Ay ACBIS, ACB26, ACB27, ACB44°l|4 PBS<} tzx+1<l
DSM20284H.t} fFodoz % 9y PEC-J2 celldld ETEC K88<% inhibition,
competition, displacement3d}¢] exclusion &7} HojFS &2kt (19 37).

Enterohemorrhagic £ coff (EHEC) O157:H7

(A) Inhibition (B) Competition (C) Displacement
-.-3 12 E@ Porcing mucus
B8 IPEC-J2 cail

EEE Porcine mucus
B8 IPEG-J2 call

=
a

2

EE Porcne mucus
EB IPEC-J2 cell

2
s

s
@
=

o
gen adhesion ratio
e 2 = =

o

=

Relative pathogen adheslon ratio

e s & o a
=

o

Relative pathagen adhesion

WARIPA N

0
P Y, S, (R P T . T R ]
THFFL L EFFS & o ?&" LS “&w?&@v&fﬂ‘?& &

' &

a9 38. AW H&ATHo| $43 P. acidilacticiZ ©] €3 EHEC 0157:H7 exclusion
assay Z23(PBS: instead of ACB, PBS treated; one-way ANOVA with Tukey’s post hoc
test; . significantly different from PBS, +: significantly different from PK; one symbol: P
< 0.05, two symbols: P < 0.01, three symbols: P < 0.001)

EHEC O157:H7¢] digt A3 ZA¥, ACB5 ACB26, ACB27, ACB44°]4 PBS¢} dfx<l

DSM20284E.tF Fod o=z wHx Huzt IPEC-J2 celldld EHEC O157:H7< inhibition,
competition, displacement3d}¢] exclusion E¥7F HojdS sttt (19 38).
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Salmonella typhimurium

(A) Inhibition (B) Competition (C) Displacement

BE Porcine mucus

- EE Parcine mucus
ER IPEC-JZ ced

ER IPEC-JZ el

ER Porcing muc CLES
ER IPEC-JZ ced

ks

.2

(5]

o

s
@

o
=

ot
R

Relative pathogen adhesion ratio
2 8 2 B 8 = =
s

Relative pathogen adhesion ratio
8 B B B B o= oo

Relative pathogen adhesion ratlo

WO - L

g
=

&P

o B D 5 & P o8 b D » i '
Qﬁw FgEEEeEe q‘;@m . QN g 9&9‘»‘3’ & o}@“‘?v_&g & ‘_&'ﬁ & v&g &
AV

a3 39. AW AF5Hol 53 P. acidilacticiE ©| &3 Salmonella typhimurium
exclusion assay 23 (PBS: instead of ACB, PBS treated; one-way ANOVA with Tukey’s
post hoc test; *: significantly different from PBS, +: significantly different from PK; one
symbol: P < 0.05, two symbols: P < 0.01, three symbols: P < 0.001)

F7HH o2 HAAA AN F8 WYAT T U Salmonella Typhimuriums  ©]-83
exclusion 2% A3, ACBb5, ACB26, ACB27, ACB449A PBS$} x4 DSM20284K.t}
oK ow #HA Hwa IPEC-J2 cellol A inhibition, competition, displacementd}¢] exclusion
27F Hold s et (g 39). AeHez AU HsHol $43% ACB26, ACB27,
ACB44ol| A == 2%o] kA5 o] glE pathogen (ETEC K83, EHEC O157:H7, Salmonella
typhimurium)®| Wk exclusion &2 o] Hoju} AAMY difol= g¥7F QS Ao 7|gdt),

t}. In vitro AN 2¥ 7]8+9] survival rate 37}

() A AHsele] 958 vAze] 43y

ot

7

A HFeego]l 9938t pathogeno] W3 exclusion Z 3= Holw ACB26, ACB27,
ACB44E O/No.Z MRS brothel incubation %, 0.1% 2% 50 ml fresh MRS brothel #
T T 2 A A2 AT E SASAY (2™ 40).

10- -+ DSM20284
-+ ACB26
a5 - ACB27 Sample Doubling time (min)
E gl -+ ACB44
E ACB26 55.25
g? 8- ACB27 55.82
=
ACB44 57.03
? L] 1]

0 2 4 6 8 10 1'2”24
Time (hour)

a9 40, AW AHSHe] +5% VYR 4934 B A%

(CFU: colony forming unit)
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ZF (duration)S ©]-§3Fo] sampleol
2 ACB26, ACB27, ACB44 o %
o F7HA Ay Hrte 3

Log phase®l 278A|ZF Aol A+ (concentration)®} A
g doubling times AAFsIATh A3 Ay, 51757 Abe
doubling time®] #ou 3k zpol7t A2 S-S &3

a2 ek ket

=
T

Ay A A5 o] 948t pathogenol tal exclusion& ¥} %= ol ACB26, ACB27, ACB44
= O/Ne&Z MRS brotho] incubation &, 1% o= pH 2.0¢ SGF (simulated gastric
fluid)¢t pH 6.8°] 1.2%¢] bile salts’} 9%t SIF (31mulated intestinal fluid)oll % &3}

incubation & Z} 7} 304, 1A1ZF (Ao =2 O TS &9l st (19 41).
A. SGF (pH 2.0) B. SIF (pH 6.8, bile salts 1.2 %)
-+ Pa26 -+ Pa26
9- - Pa27 9- -= Pa27
-~ Pad4 -+ Pad4
- PK - PK

Logqg (CFU/mI)
b

Logyg (CFUImI)
2

30 60 % 120 0o 1 2 3 4 5 6 7 8
Time (min) Time (hour)

29 41 AW AFsHe] 5 nAEY WAE, WEEAH 37 249

o-

Z A | Wabd, digsdel oy 23]y SIFl
7 = S gdstdth oo ACB26, ACB27, ACB44& = #] ol Al
[e] 4%)_

Fol A, A UkA e Q= A 8l colonization®] ©]Fo]A #8& &4
18] 2 pathogen exclusione &3 Aol Al Fst axE H3T AS 7| &= A& A
o7 Bt
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A2d 223 = A+ e 2 25

B¢ MQ% AFA 243 2 AFAY v AA 59 A5
7} ZatAALE] HABE L WA Ao BY AR AFA 343
(1) Ad=4 2 vAE 4 53 =4 g9
12Pd % In vivo, In vitro 23 A3} B. subtilis CJ1, B. subtilis CJ2, B. subtilis SNU1, B.
7

licheniformis SNU2 #55< HAAL &9 5 52 Adds st 1xd= A8 A
prebiotics X Z 7F¢ f37F U9 AL IEA =Y HAE

RN E
S Ay A H w ARWrSo] AL, prebiotics FHELS BF FENOE AEIA A
g W7ol HQaste] AAAdo]l Hojx= dH-e] T A a3E gl vAE dFE2TS

YO E In vivo NS AHEA TS 13
YEXE=E v FE3 t}E PrebioticE % £73}7] HOHHL A8 ot} masking 22 F7FAQ0 ¥

Fol do¥ AogE H

e

G4 AN R Jle BE MAE ATEA &% AF

=AE Woll Atz 2 A FHA& ovbe o] B, w AEE F HAUIE ol &8 FHEst
stttk el HE SUEEA (AR S ) A 3lal. 39 C incubatorel] 12hr,
18hr, 36hr, 42hr &<t wFstHA (A ZF S5 we BAF A=) 2H1E 7IAE 7 ASFA7)
Multi-RAE & ©]83o] =43} t}. shakingS 3FA &a1, 24 =49k 2
B2 &%=y gt Hds astdet (29 42).

zhzbol M&Ewd ) A HolBE Hitste] FAPEE data FHREG oM, AE g F
b8 AA datas wA AT 2 FAE tixTte A1t data vl

=
AAAH il FRAF data v B S

re 29l 4 3

E o

e mijﬁ
>
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25 (M2 Sure)

FE(RRA B]4) — ZIASH (Multi RAE)

39°Coj| M 12,
18, 36, 42hr HY

39 42, Bx Fd SHER In vitro 28 Y

AR A4 ARS HA F 28 PR FAFUA 27 &3} F R &5
& B ARE WA 9% Adon, A FEAFL Fd we e ol
NH, Ne| @3& 24317 $la) CIALAS 24 ogste] T2 daa Flshgiet.
FARoR Baud Pol ol AR AAE A, A7E paAE FEE A7) e
CIAQAY BAGA st A%, 2718, p-AdEe B4Y 44 By FTE ol
o} g WA YEH AABA ST}

() AFEAE YA

CJALA G ¢t
b F dHEA (SR Yo} aea) vk, BEwgd o3 Az A (NH3-N, =7, 3
EF) vE =4 MAAAE, 3F, 55+ 1H4

o
Attt Control13w % 5719 treatment 1# 0.2 SA/M|SE= F 9675 o83t 5570 A= 1
B

s Tt

AP AFFAIR A5 Wb Astete] AdAd A5 2 dEYol AzE SUHE

A TS wiAsA oW, positive controlZ 1A= AES AlLlsty N2 o AFow
ARt 129 % In vitro A EA (prebiotics) & 74 &37} =
T4 AR A BAR HHAR BAUF FRlE dFxds Y
sk oh (3 20).
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£ 20. AHFEE AT 89

Group Pen +/Pen F 55 71 (D) Treatment

Con 4 4 16 35

T1 4 4 16 35 BS CJ1 0.2% + BS SNU1 0.2%
T2 4 4 16 35 BS CJ1 0.2% + BL SNU2 0.2%
T3 4 4 16 35 BS CJ1 04% + BS SNU1 0.2%
T4 4 4 16 35 BS CJ1 0.4% + BL SNU2 0.2%
T5 4 4 16 35 BA % 0.2%

Total 24 24 96

- B.SCJ1 : Bacillus subtilis CJ1, B.SCJ2 : Bacillus subtilis CJ2,
B.SSNUL1 : Bacillus subtilis SNU1, B.SSNU2 : Bacillus licheniformis SNU2, A5 1 x 1079 cfu/g &5
- BA|#: Diit: #|3&, Total microbial count 1.2 x 10°11 cfu/kg, corn-soybean meal-based diets 2}3]# 7+

(th ot #aga A=st A3

Bl ¥ gEel pHE 333 2n, Favh 4395E pHt 718 4% navk
YET ol plst A% HoR gaste AYTE gAot T3 T5 4d7E AN AF o
W] Alzkel Aol mheh pHF R4 R gaEE 33 Ryt (E 20,

pH 0=F 152} 252k 352k 45 2F 552k
C 6.29 6.16 6.28 6.31 6.34 6.41
T1 6.45 6.20 6.34 6.46 6.37 6.71
T2 5.91 5.95 5.92 6.14 6.12 6.54
T3 6.11 6.40 6.28 6.15 6.52 6.19
T4 6.42 6.24 6.10 6.33 6.23 6.61
TS5 6.58 6.19 6.04 6.23 6.62 6.39

of A7t &7t vERS:

FAE Hod dEYol ARE wmAF T3(342%) > TI1(23.3%) > TH(202%) >
T2(11.2%) > T4(5.3%) =22 tRYol Aad7F AAT (£ 22, 17 43).

AMA A gy Z2e vne N zAF T3 HgFw gztRe 2agoe] =gu) (hxt
64% A7t T3 72% AZ})

FAMKE 7o) olfAE Aol Mste] RO AFHE AR zaud ol
Se AR ghEUel MRl B4 o}, 42h7hA MASUA B FE LA

o] Multi-RAEZ o] &3}l A7t W2 =439}
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F 22 FAE Exfd ¢EYo vE T
ppm 0=} 152F 27 AF 3=} 45 =} 552k A&
C 21.0" 9.8 10.6™ 6.8 13.0° 7.6™
T1 18.8° 11.0°4 | 7.4°30%) | 6.4™(6%) | 8.6"(34%) 9.8" 23.3%
T2 25.8 12.0° 12.4% 5.7°(16%) | 12.2(6%) 14.2° 11.2%
T3 18.0° 23.8° 12.0° 6.8 14.4° 5.0°(34%) 34.2%
T4 17.6" 12.6" 12.0° 8.0° 14.8 7.2"(5%) 5.3%
T5 12.2° 14.8" | 8.6™(19%) 8.0 13.0 6.0(21%) 20.2%
300- &3 C
&3 T1
9 — T b
= 200- am T3
5 T4
4 T5
S 1004p | i 1
FEE DR R
o JHHERIIR] ERIER RIH IRE &1 HEERIER] ERIEY AL
£ & £ & & F
=(Weeks)
a9 43, FAE B+x 7 dEYo WiE §=

@ FAE B+w
FAdE HTd 5L ARE vunZAZFG T5(57.8%) > T3(43.8%) > TI1(364%) >
T2(28.7%) > T4(241%) =22 342 AL 37t AU Tl gslea AgaE
7} SFEtthrl 432 E E3tE wbE) T3E 453 o] HolEWA A &It 23
o} ol& dE Yol 7pa FACE vzt AES BT (3 23, 19 44).

MAA e ZA&&S vmAdd T3, T5 A5k gE27rmel FAhgo] Edvh iz 6%
S7h T3 -1% A7, T5 -05% A7), Fshsa 7t~= A& %7F 100~400ppm

2 F7] el ATzl el zel7k £H ] et

oF 1 72 (3815 2)

=4}

it e

e =z
Tl
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¥ 23. FAE E+x Fd 354 AlE 5=
ppm 05} 152 252} 3F A} 45 3¢ 5%} A&
C 397° 180°¢ 304 217 242P 423
T1 2887 198 131¢(57%) 107¢(51%) 240P 415%(1.9%) 36.4%
T2 434 217> 3467 155¢(29%) 3432 467 28.7%
T3 221b¢ 422? 208™(32%) 2231 117°(52%) | 219°(48%) 43.8%
T4 190> 266" 253(17%) | 158™(27%) 224P(7%) 232°(45%) 24.1%
T5 126° 316° 150°(51%) 112(49%) 92°(62%) 125°(70%) 57.8%
250 - Eac
en T
e 200 = 12
= i o T3
5 1604 7l - T4
) 2l 48 .
2 100- : P %E S
o 50 I
zllt -E ;% £ it 5:'--5 H E
p-LEEEY L (2l % 8 £l & 0|3 1%/8
% 5 5 o o 5
& & & & & &
(Weeks)
a9 44, FAE B+x FH S54L HE 7=
@ T FHEAE WAAd JAHNH3z-N)
ofH A mAES AHF F 43t Fde FHetUAM T 23 T osvE &3kE A
S5 Hrtelr] fsk Ago g B dol = NHz-No g#S =487 98 CJALA
T EAE YFETh 28 WYA UEYE vAEe] A g9V old AHHAE &
ot SEAUANA L 43S /A E9E WA F%T
Al EHY SHE NH3-N9 525 243 2y 452358 A F31e] 94 A
17F YEld7] A Fgon T5(33.1%) > T3(258%) > T4(181%) > TI1(17.8%) >

T2(17.0%) =22 NH;
A A thH] NHs3-N #2485 w884,

N 527 e,

CES

52.3% <7}t

Hbd T3¢9 TS5 A&+
S Hyoew T3, T5 A #F¢ &%= gjx+ oiv] ] NH;-N &

A EE AES
shgo] Eoldas & & £ Avk (B 24).
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¥ 24 =9 29 Y YoldE NH;-N 5%

ppm 0=} 152F 27} 352k 45 =} 55X} A&
C 331° 352° 324 197 429° 504°
Tl 353" 338" 316° 267" | 318™(25.9%) | 456°(9.7%) 17.8%
T2 251° 348° 416a 200° 347°(19.2%) | 430°(14.8%) 17.0%
T3 359" 453° 356" 281° 419° 256°(49.3%) 25.8%
T4 282° 319° 342° 259 401° 354°(29.7%) 18.1%
T5 468 337" 368" 219" 310°(27.7%) | 310%(38.5%) 33.1%
@ Fad ERgd WAAd QAHRIEF&IH EF
=7, Hesie 4T AR oF 542 ofyAnt, oA A =48 5
2 ddA . oHAZT MAES A4 T 29 F iR &Asts NABEE g2l
A Ao=m FHel wol &= QAE, 27k, p-AUE FFS SAHE7] S8 CJAILA
T A" o F sk
Al 23 U g5 QEF(skatole, indole)9} ¥ (p-cresole) F =5 A5 ¢
Abetel T A vaskAt (3 25).
Iz diH] ¥l Al T3(23.6%) > T1(20.6%) > T4(19.0%) > T5(16.8%) > T2(15.4%)
To® AREIE I F 5 dAew, AFE AAAFE dH 5F XV“Q H] 1L
AS v E2TE TE7F 50% S7Fe vk, T3¢9 T5 A= fdadhe 43S RYth
E 25 FAE EHFY A=F&ASFHF 7=
ppm | 0F% 2 252} 352 452} 552 A=
C 137° 153 139° 137 191° 206°
Tl 132° 152 139° 99°27.9%) | 139°(27.2%) | 192%(6.8%) | 20.6%
T2 144° 135° 1637 95%(30.3%) | 169°(11.5%) | 197%(4.3%) | 15.4%
T3 137 191° 152° 143° 165°(13.4%) | 137°(33.7%) | 23.6%
T4 115° 161° 138° 115"(15.7%) | 155"(18.6%) | 159°(22.7%) | 19.0%
T5 177° 154" | 12798.4%) | 132™(3.6%) | 135°(29.1%) | 153"(25.8%) | 16.8%
(2) gk Aol ALd A Eeed
AN AL, 3%‘—, 57 AR Zhzte] JRAE AlFS FASHAIL, pen AFRAHAZFS g5k

on), GAAL FF

23}y body weight (BW), average daily
intake (ADFD, feed conversion ratio (FCR) &
0, 3, o7z Als L Alx HAZFS

Ao yrerat

gain (ADG), average daily feed
A A RE ol 5y

SAS A3, A FYA Ao+
Tl o3 7] 54 9] negative effect= 1=

A
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2 AlsEn (£ 26).

¥ 26. A8 44 A3, ADG, ADFI, FCR

Treatment
Ttem T1 T2 T3 T4 TS5
Con (BSCJ1 0.2% (BSCJ1 0.2% (BSCJ1 0.4% (BSCJ1 0.4% (MicosourceS
+BSSNU1 0.2%) | +BLSNU2 0.2%) | +BSSNU1 0.2%) | +BLSNU2 0.2%) 0.2%)
BW, kg
0+ 73.59 73.04 73.40 73.44 73.40 73.54
3T 95.62 93.86 94.81 94.89 93.38 96.11
B 109.72 106.88 107.90 109.10 107.74 111.04
0 to 35+
ADG, kg 1.05 0.99 1.02 1.02 0.95 1.07
ADFI, kg 2.94 3.01 2.85 291 2.96 3.05
FCR 2.81 3.05 2.79 2.86 3.11 2.85
3 to 5
ADG, kg 1.010 0.930 0.920 1.020 1.030 1.070
ADFI, kg 2.980 2.970 2.830 3.080 3.300 3.310
FCR 297 3.19 3.09 3.05 3.23 3.11
0 to 5
ADG, kg 1.030 0.970 0.980 1.020 0.980 1.070
ADFI, kg 2.960 2.995 2.840 2.980 3.090 3.150
FCR 2.87 3.10 2.90 2.93 3.16 2.95
FAMETE AGNY FFAbe e 2ok Fo 29 SRR W, T3 AT o
e B ok YAH QA AZER} M S5 Ao wwEe, AP AFED B

O

R T3S W5 AGEAE wol: A0E HARGLh vhe, BAES drhugol g
= *

(FE AFF AGAD), Tt E49 T3 AT 7 A2 50 AT, 3F
S 9% /14 AA4™e wgdud, T1 A7 BS SNUL + BS CJ1 &ﬂo} e
o oo Tl #EZHoE iy @4 57 AGAES ddstng s

O AMGAE 7Ivke] 59 i AE AdA 2 AT

(1) B% cele 4239 2 94H 24 29 Fx

7

o
ol
b

ot

WA FAMFEAA ZEHE BAd #FE AR Clesd w8A 7?:@ SA/M S
= Ao E iR AGAES st = B 257 8197, 868F)E F 168791 F U
TE Ao A% w7 7o Hew aHE ASstna &sidth /\} Wy SR
Gt 2= 2 FASAA, AEstE g7] Alade o8 2ok k& = 24 HAN (&
27).

AN Ao B S E o Al sksled, JRAL - odid 2 94, S A6



|

Ol

H 9 13H penst 7F&H]), 50cmizolol 4] Multi-RAEZ =A3le] o Wz izt &estal

.

¥ 27. AAEAE AT 89

Group 5T 717+ Treatment

Con 819 7

T1 368 7 BS CJ1 0.2% + BS SNU1 0.2%
Total 1,687

- BSCJ1 : Bacillus subtilis CJ1, BSSNU1 : Bacillus subtilis SNU1, z}Z} 1 x 1079 cfu/g 5
() obH ezt JFs A

@O dAE EZAR S H 7P (SR Yol FE sk
3FAA = AR dEget AT vk =i
o] AeTe] §hEUol wievt X HHOoR e H Y
°F 60F7F B W)

At Wl kAR A E] AW AFete] E3E UElTIZAA 3FAHES] ARto] 42
AL(SEA AFFAI ROl = 3R ol F a3t vk, ol mEk EAF W o RS AR 5t
T AFEREE Hol7] AREtE Aow AludHt (1Y 45).

Fol AF AT} 4% HolE
S LG R ES T

: ..+ Control
—a— Treat 1

NH3 (ppm)

o T
THAE

@ g
Folpat GRE
%ol e mAhE el
Azt Fo] A 46).

_68_



256 1

2.0
E -«<s-. Control
% 45 = —— Treat 1
7]
T %0 -
o *..

{6 -

0.0 T T T : : ; ;

AR 1R 2R 3FTR ATR SFER BFA O TER

a9 46. A AR HEHRE v W3

WitE AGAE FHASE vent gk o) F sk Agan 4F

WET I, Rl 16.8%, YT 658% A7 HJTh mE T 4%011%1—3— oz,

AT EAREY GAGE Aol mAXAE gkrholn] Age] =4 F Ax HAA AA%E

% oo Fmoly] WEd mE AAHE WAL A A0E ART).

ShA ¥, Multi-RAE /1 AE ol &dte]l AN Ag Gabt A&gow gous, A

A AA Aol wgol B Aoz wued

FrhH o EW ghel ASAMES] o R 453 txTl Felel %ol Woh AT oyl

37 WA Sees aRon(lA A T E Y BE St SeleE wsam AL, e
Wol o 60 °1% o B&),_EAN AN Ael T Ewol & wrbgol datdrty AL

=
Foth 73 F504 Z140] AT AA AT EAe] oF 8% A% Wk oA Fuh

2t HBFAS A" 75 2 AAE

() A7 A% FAA DA B VAT AFA F AW s TE

CIALAZE @5 A w38 A8stel, 9% A FF OF YA A2y TH 98
shedrh. #FME Yas 579 @l ¥H AT S A=E AYs s

AGNE S Btel TIE AT FAGAALE VAR ATA 25 e AAFL AN
slgor (29 47), CJ AQAD W AES 14 BER o3 vk 94 Uy A8 e
of A AAEE BRI F 9% BulE AF YA AYsn ok

20183 F7k AFANGA B AASEe] S5 MAATER BFAEL Bl HaerHA
TR YA BAS DBY B AR ARAS AT dag st



I9 47, SAAHALE WAE ATA AAF 27

o

2. AW AFsHo| ¢ vAE ALS AT 7+4A vA AL

7F. 0 AE FAA Y& 93 gDNA library 73

71EY AYA Folle & A H2ds ¢ dF 55 Ax FF 559 Wl sequencing F
q& Ao, & AFdAE 1R Ast 3 du J25 5 o7 659 Ax o
T 6FOE F 12F9 P. acidilactici®]l gDNAS FZ33 ). o]
Az o] FolH=A Aatr] $138te] control o)At |
ot H7he DSM20284 v w3k sk sttt 12

H

A Eo] 3t gDNA libraryS 1@ 487 & v+

o 400 v .
Shen (500~650bp)

, sequencing ¥ assembly 7}
oA g AU ARse] Axs

°] %% gDNAE o|&3te 7t 7|

—_— = g
pa— a4 @ -
gDNA — e— miﬁrﬁm
fragmentation WL Incex
S SE—— Bioanalyzer ’ :
— — S ONA High SMWW chip
= Size I" |
Adaptor —— . Library QC = concentration
ligation

a9 48. "B E gDNA F% 9 library 75 B4 &=
HFTHorg F A H2ds 5 o7 6F D AX dF 652 X3 P acidilactici 12F 2]
gDNA libraryE ‘553390, 12709 ¢gDNA+ BioanalyzerS E3l size, concentration, <

B g5l o4 92 HARAL
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Y. n A E {FAA sequencing € genome assembly

n s Aol fAA EAS 98] high-throughput segeuncing 1<l Illumina Hiseq
2500 sequencer (Macrogen, South Korea)S @&3lo] 12F9 P. acidilactici®l genome
sequencingS A3 FastQCE E3 12709 raw dataol W3l sequencing qualityS &<l
SEAtE 127 2 olAto] ¢SS #elslal, adapter sequenceE A AFTFIOW, I o]F 2
FastQCZ quality7} HAHASS &3t SPAdes assemblerE ©]-8319 sequencing®
o8] LS contig FFOE assemblyE F &, 500bp ©]Ae] contigWt A Hsle] fasta
file® AAstAth. HE4 2% sequencing % assembly® Z 3= total length (bp, base pair),
Number of contig (Contig No.), N50, number of coding sequences (No. CDSs), GC content
9, average nucleotide identity based on Blast to the reference strain DSM20284 (ANIb) &
o] A EE o] &3}l°] genome qualitys &l Tt

Orgo

—_

¥ 28. "|AE FAA sequencing Z assembly A3

i Total Conti No. of GC content ANIb

Group Strain length N50
(bp) g No. CDSs (%) (%)
. ACB05 | 2,022,066 | 12 | 432,362 1,921 4213 97.04
High  ™ACBIS | 2037862 | 25 | 275530 | 1936 421 97.04
adhesion |  ACB23 | 2,022543 | 14 | 432,363 1,923 42.13 97.05
group ACB26 | 2,024,830 | 20 | 188569 1,929 42.16 97.03
(HG) ACB27 | 2023983 | 20 | 213,393 1,928 4213 97.02
ACB44 | 2,086,097 | 25 | 432,307 1,995 41.98 97.05
ACBO4 | 2,083,601 | 45 | 410,520 1,985 42.03 97.01
Low ACB25 | 2,059,420 | 11 | 525484 1,966 42.04 97.05
adhesion |  ACB28 | 2,024590 | 21 | 324,832 1,928 42.13 97.04
group 175 2198770 | 75 | 147,835 2,145 41.64 99.25
1LG) GS1 2008379 | 30 | 157,835 1,958 41.96 93.66
DSM20284 | 2,176584 | 70 | 255,161 2,120 41.63 99.97

12%F X control strain DSM20284 w59} H]23F 4+ 2% sequencing ® assembly”7} ©]
ozl A& g & F AMT (R 28). FHAA EHel 12F EF &8 T F AS Flst
o

-
RIRTAS

o}, HAE {FAA o] & phylogenetic tree FA

Hoops g Auty & A H25 ¢ 7F 65 2L AF 7F 65 ¥k ofygl, NCBI
ol SAE Pediococcus acidilactici 195 3t F4AA HAE (fasta file)S FH L vlal FA

of st
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(1) Multilocus sequence typing (MLST) 4]

& P. aicidilactici W housekeeping gene®. & 47 7749 FH
¥} o] A3l Housekeeping gene?l atpD, groEL, IdhD,
IdhL, metS, pheS, rpoD A= gk MERkS ZF Sl A ddsto] fasta file® A
Aazte] AolE A A stgdth. MLSTEA Zz @ o2 Molecular Evolutionary
Genetics Analysis Version 7.0 (MEGA7)S o]&3t¥om Hu #4 Al A3 Wi
UPGMA 7] olt} (1Y 49).

2 Jo O do
o L o

¢

ACB18 [ | |
ACBO5S [ | |
ACB23 [ | |
Grouping in this study Geographicalorigin 2% [l
NCBI genome B Korea Acezs I
) ACB27 [ | |
M He M china wez
| ES Japan ACBO4 [ | |
usa ACB25 | | ]
W india oo
Canada psmies27 i
) BCC1 i
D3
AGRZ20
srem101139 Il
sremi00424 [}
sremiooazo il
K3 =
GS1 | | |
175 [ | |
74 i
NRCC1 ||
s1 ]
11A18 5M |
DSM 20284 =
AS1269% .
r NRCC3 |
L nGri 05100
NRCC2 [ ]

srem100313 i

00 0.40 03 020 010 0.00

29 49. Unweighted pair group method
with arithmetic mean (UPGMA) 7] yt¢]
phylogenetic tree 23}

7719 housekeeping geneTrS W wstA S w & A A5 ¢ 74 AF 577 A
Zpol x| kot 3170e] F Abolol A grouping H&= AS &<l & g QAT (2" 49). HA
FAAZE ofd T FHATeZ vl BASE A SAIZF o] HA FHAA MAEES vl

St WY o 2 clusteringS &l s)Si )
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(2) RAST 7]4Fe] hierarchical clustering 49

A2 AAES o]83F+= RAST (Rapid Annotation using Subsystem Technology) web
toolS o]& 31%F9 AA FHdFHl thal annotation H33ATE 31Fe] HAA FHAARE
annotation”| ¥F© & subsystem @ = TE3te] 1 ¥ X}o] & hierarchical clusteringS 7 3}
skt (19 50).

Cluster Dendrogram R ) -
Grouping in this study Geographical origin

80

NCEI genome B Korea
B He B china
3 B Japan
2 g usa
B india
‘ Canada
z B g = | ‘ | s  — ‘
w = 4‘—‘
s BT
g g R ] b | ‘ | =
. Eagi® —— 1810 J
g I ] 3 L | rill
2 8 § © 0 m @ o~ é é ﬁ g % = 8 ; :S é o 8
2 888588 22 =z g § £
€4 <« < =2 < g % % % 2 z =
EEEEEEENR HEN
0 HE EEEEEEEEEEEEEERE HENE | N | H B
19 50. RAST annotation 7]%t9] hierarchical clustering ¥4 23
4 A 42 ¢ #F ACB05, ACB18, ACB23, ACB26, ACB27 % 7]¥] grouping %+ #
S stk vt A A A3 Ax = 175, GS1, DSM202847) 2] v+ grouping =& #
S At ol FHAF vl FA] *] % 7&”# Az 4 dFek Az fdFe W3 group
o)t A oR 92 Folgt Buste] o] F BA AYserh

AR NDY FAY HE 24

Whole genome®| <& % Pediococcus acidilactici ZPA017-S reference® ©]-83F%] genome
alignment= OH ¢ A ARAE 7 FF 65 Ax FF 6FY AR ALY FAAE H
. BA skt A ZE a9 o7 BLAST ring image generator (BRIG)S o] &3] #x#}
A 100, 50, 30 %E 7l=o = FsAt (17 51).
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" 2100kbp
2000 kb 0kee

IPADTT
2131381 bp

1200 kbo i
1700 kby 1000 kbp

a9 51. Reference ZPA017¢} 12% 9] genome
alignment Z2 3}

A Auk A=A Az 7FF 175, GS1, DSM202847} reference ZPA017 ¥uk oje} 2 AFE
Sl A e A 9% gl = Aolrt AA U AS A & 4 AT A A AF
d S TSt Az wFe] AolE olslet] fd target FHAY] fF el Al vl &
A dasle] F§ B4 Y5

(1) RAST subsystem 7]8Fe] 2] vja 224

RAST subsystemo. 2 EH¥ §H29] /M4 HolE o83l & Aut 425 94 #F 6
23 A% #F 6% Y F 1EF7Y ol vt (19 52).
Number of genes
ACE ACB ACE ACB ACE ACB ACE ACE ACE DSM2
a5 18 33 26 27 44 o2 35 am 175 GS1 0284 P-valus o e

Ribosome LSU bacterial 2.01E-08

Rhamnose containing glycans 2.82E-08

dTDP-rhamnose synthesis 2.39E-04

Phage tail proteins 2| 7.32E-03

Celicin V and Bacteriocin Production Cluster| 0.01097
Phage tail proteing| 0.06085

Sialic acid Metabolism 0.5756

Bacterial cytoskeleton| 07031

Exopaolysaccharide Biosynthasis 07791

L

18 52. RAST subsystem 7]%+9] fAA v B4 Z

o
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4 v AR AZ @ 175, GS1, DSM20284 #57F g 2 Aolsh U AL Bele
At =3k 7PF AolE HolE FAHAE ribosome LSU bacterial, Rhamnose containing
glycans, dTDP-rhamnose synthesis, phage tail protein 2, colicin V andd bacteriocin

production cluster So] Fol# oz Ao)7} Y= AL Felsrgdr.

EY

(2) Ortholog 7]8Fe] G2 vl HA
Ortholog= 3 ZAolA] 73te 2o 7159 GaAxt=Z 12 %o SHAAS o] &3¢ ortholog
& Aweta 7 ortholog®l 7% ¢lZ3kgith 2 orthologl idet 7154 54< o] g3tel, 3
2 ortholog® G52 % 127ke] zo]l2 HwatATh (18 53).

=

AR E A D a3 A D DB g o PR Gieg i
Hypothetical protein Ortholog_1305
Hypothetical protein Ortholog_2583

Hypothetical protein Ortholog_3041

Hypothetical protein Ortholog_3261
Halin, toxin secretion/phage lysis) Ortholog_3740
szé?rfdﬁ\g%;;?gl?%ﬁé Orifiolog_1002
Uroporphyrin-lll c-methyltransferase Ortholog_3729
Branched-chain amino acid transport protein| Ortholog_2940

29 53. Ortholog 7]¥+e] FAA vxw 4 A3

g AT ARy 95 FFE AR BF, F 2§ Aot BAF v A4S FAsg
= hypothetical protein, holin, toxin secretion, phage lysis, zinc ABC transporter,

ATP-binding protein ZnuC, uroporphyrin-III c-methyltransferase, Branched—-chain amino

acid transport protein 5 °] Z1&F3F zto]7t SASA Y= AHE FR ST
v, A AES 9 FHX A AT 2 AA
(1) A AES $8k §4AF vpA A

L ¢}
3l 19 53elAM et & A HHAL 5

specificstAl SF A1 A4 A= primer se

4 A ARge BE AR 74
7%

(.,
ft
B
)
_0|L
o
U
ﬁ
L
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¥ 29. AFA AgE A% 4-AA vlAE primers

) GC
Ortholog Primer Sequence Length | Tm (% Product
b 9 o, 0 .
No. name (5'-3) (bp) | (TC) ) size (bp)
1305_F | GGTTAAGCAATTGGTCCCTAATT 23 55.7 39
Ortholog_1305 134
1305_R | GCAAAAAACGCCTTGATTTTGC 22 55.9 40
2583_F | AAATACCGGCTCAATCGCC 19 58.8 52
Ortholog_2583 111
2583_R | TTAACCGGAGAGAGCTGGG 19 59.6 57
3041_F | GGCTCTATTGAAGACAAAACACC 23 57.2 43
Ortholog_3041 131
3041_R | CAATCTCTGTTGATTTTTGGCTG 23 55.6 39
32601_F | TTGGCACACGTTTTGGCT 18 58.2 50
Ortholog_3261 105
32601_R | CATTGAAGTTAAAGTGAAGTTCAGCG 26 58 38

A Zek F- 42 vt € primers =5 Tm#k 56760 CAlol 2 F% %= product size: 1057134
bpE Hl=gh A7|2 AASA. 42 v AE primert 543 dSFUE & AEeesA] 2

Aol g F He »A2 S #5659 Ax dF 650 d&l A5 A7 ey

{0

O

(2) AtA A 918 742 v A

T A J2AAY ¢ o7 AEE A A abAE primerst F AU 5 FF 65 2
A% #F 629 colonyE o] &3te] olefe] Ao ® PCRE STt (19 54).

30 cycle

—

5min 20599 10sec 20sec 5min

|
|
94°C
72°C
53°C
o0
Denaturation Annealing Extention A°C
9 54. Colony PCR X3 =7
Higher Lower
1 2 3 4 5 6 M 7 8 9 10 1 12
(bp)
200
Ortholog_1305 (134bD) s st Sewt Suml S S
100
Ortholog_2583 (111 bp) &
. GED WS W S 00 P . u
Ortholog_3041 (131 bp) w208
i
200
Ortholog_3261 (105 bp) M M SN S—— - -

olr
bV
ol
(i)
B

a¥ 55. A wA 7]
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PCR x3 %, 15 % agarose gel& o€ #7195 (80 V, 40 min) &= band’} B=4], 1 =
]7} oAWA FHAp vpA RN Ths e A E} (L9 55). 1 23, & A A

T 6%l thaiAnt A& mA 7L specificstAl & AHsets AS gQlEdnh 2 Aol A
7]1‘:'“‘L FAA MAE ol§, AEAQ AR A AR 8 Ve "V s & Aew T
o g

3AYAES B ALE AW HAFS5Ho] % WA= 2Y AT

e
ol(‘

7} 4FE AT 4T AFAY TR

479 =S o] &ete] 473 Fo] W 2F (HFoR EF
19530 56). gk wid AMSAPE A AL HHE

A ENE AESHA A 4P Bt CJ%—E%OHH AE (287309%) ©] §5

Y penAtE o] &stdth (¥ 57). AR Al HEeHo]l 43 WA= ACB26, ACB27,

ACB44% pathogen ETEC K88, EHEC 0157.H7, Salmonella typhimurium®] W3] exclusion

97 Hojy o]= 10% skim milkol suspensiond}e] deep freezerel O/N incubation %

freezing dry (FD)E %33t +=H]5FA

>
>
>0 -

Sampling L) "t

# . Blood sampling * : Feces sampling,
Weight measurement

39 56. 4578 AES o] E&T AIGAEFE 2AE

o
o
™
O?é",
ot
(@]
[
o
N
>
n {
off
o
(i
(i
i)
=
o
=
o]
D
=B
>
>

I8 57. AAgA3

_77_



45738 AE 7255 o838t 477 Al 1 kgW 1 g (2x10° CFU/g)9 § 29 2259 el
$-% 5 ACB26, ACB27, ACB445 7+ 7} T1, T2, T3 1§ S = groupingdte]l 159
3pen (pend 6F)2 F 18F <] A=S o] &t (3 30).

=
-
2=
T

# 30. AHFAE AT 29

N Al 7]k
Group Pen %+/Pen F FF (a) Treatment
Con 3 6 18 28 Non
T1 3 6 18 28 ACB26
T2 3 6 18 28 ACB27
T3 3 6 18 28 ACB44
Total 12 24 72 112

g AgAEe B9 AndE VAR A7AY 5 A%

27 AR JfAE wRA A 2 ASAAT et 1 4" S ol &3t body
weight (BW), average daily gain (ADG), average daily feed intake (ADFI), feed conversion
ratio (FCR) 5& &<ls9t (3£ 31). xR+ UH] fFeldo=w S7Md 152 oy, 14727
Abol ACB26S A Elst T1 159 ADG, ADFI #to]l 7Fg =2 A2 glstdn. =3 A8 F
T 279 Ao T1ZEF2 BW7F 7HE =& AL st A%

g EgE 2 Ay AMge mAE A dF7F ZA s Aol d7F flewA oJ=AHx A

F AL Ewol He Ade HTHer & g AT

E 3l A% A& R AR AHAF

Treatment

Item

Con T1 T 2 T 3
BW (kg) 04d 7.06 7.06 7.06 7.07
14 d 1254 12.20 11.62 11.88
27 d 19.83 19.93 19.34 19.45
0tol4d ADG,
0.391 0.367 0.326 0.344
kg
ADFI,
0.418 0.425 0.381 0.392
kg
FCR 1.068 1.158 1.170 1.141
14t027d  ADG,
0.561 0.595 0.594 0.582
kg
ADFI,
0.893 0.963 0.890 0.859
kg
FCR 1592 1.620 1.499 1475
0to27d ADG,
0.473 0.477 0.455 0.459
kg
ADFI,
0.647 0.684 0.626 0.616
kg
FCR 1.368 1.435 1.376 1.343
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U 14721Y Alol 9} 45

ok (% 32¢F 33). =3

th E3] 0779, 14721¥
[e)

477ke] AALSE AW WAL 0779 Aol BE 1§l g Bgo
AL T1 1§l 0 %2 744 @& AAe dw PEES n
of Ws| AelT BE AW s olAE A

= E il
= 25 AR FA SAN Y AEd doerA 294 REYARE IE *—é*}g‘r A W o]
Fobxl Ao FHHE ofd =Eld AEHAA AdAbel Al i TAE il Add
s Az 2aE Bolow, 53 Tlawdl A3 ACB26°] 7HE aa7F €2 e &
A& UMY

£ 32. A 2AE (%)

Con T1 T2 T3
0Oto7d 8.7 11.1 9.5 151
7told4d 0.8 0.0 0.8 0.0
14 to 21 d 0.0 3.2 16 16
21 to 28 d 0.8 0.0 16 0.8

# 33 94¥ ZAE (%)

Con T1 T2 T3
0Oto7d 4.3 24 8.7 3.2
7to14d 0.0 0.0 3.2 0.8
14 to 21 d 4.8 4.8 16 5.6
21 to 28 d 2.4 0.0 0.8 3.2

Al gk v S AdAE G v Sl = owe d3s FAEA dotr ] fste, 25 1HF
=2 E WO ZRE gDNAS FEsto] AUl 548 vAd=9 #EX5 qRT-PCR 7IH<=
ol &3t sttt A, WM P. acidilactici®] A FS WuEATt (L9 58).
Control tH] el oz 25 T19 P. acidilactici7V 7V A vskon 452 % Tlo]
=& AL 3l =3 target pathogen¢! enterotoxigenic £. coli®l W% adhesin?! F4,
F18, Intimino] WalA = 2, 452 control®. th Tlo] A A -2 AL &<l & 4 A}

rob
HE
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(a) P. acidilactici (b} F4 adhesin
=

& B3 Con
BERTi
5 &2 (=R
| 5 m 13
S 5
= z
Q2 21
1
[ il ]
o 2 o 2 4
Time [week) Time (week)
(c) F18 adhesin (d) Imtimin
Z 5
7 &3 Con
B 4 B3 T
%ﬁ & = T2
] 853 om T3
o4 5
D3 g 2z
@3 w
1
o

Time [week)
a9 58. qRT-PCRE o] &3 B P. acidilactici (a),
enterotoxigenic E. coli s+ @ F4 fimbrea (b), F18 fimbrea
(c), intimin adhesin (d) 9 A &g & F9l

(a) Bifidobacterium spp. (b) Lactobacillus spp.
& : B Con
o 5 A B= Ti
o 3 (=M
=0
E z
g2 £,
11 1
0

Time (week)

29 59. qRT-PCRE o] &3 ¥¥WJU Bifidobacterium spp.
(a)¢t Lactobacillus spp. (b)e] AtiA <l % ol

wak B fdirow IR Bifidobacterium spp.$t Lactobacillus spp.oll W3] &<213F
o} (¥ 59). A3} control ¥ P. acidilacticiZ &3+ testLH R FolA Bifidobacterium
spp.et Lactobacillus spp.7} S7vstith Aax o= 1 Aqtolx dd3d ACB26S ©]-&35ho]

(478FY) o] fA =] MA MHES 3, §37 S enterogenic E. colid) A oA AL
le) o
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A3E AT B
L =2 AA 43 @ SCI 47

O 2017, Comparative genomics of Lactobacillus salivarius strains focusing on their host
adaptation, JY Lee et al, Microbiological Research, 205, =r<], SCI, ISSN 0944-5013

O 2017, Prohibition of antibiotic growth promoters has affected the genomic profiles of
Lactobacillus salivarius inhabiting the swine intestine, JY Lee et al, PloS one, 12(10),
=r2], SCI, ISSN 1932-6203

O 2017, Comparative analysis of the microbial communities in raw milk produced in
different regions of Korea, IS Kim ef a/, Asian—-Australasian Journal of Animal
Sciences, 30(11), =4, SCI, ISSN 1011-2367

O 2017, Improved antimicrobial activity of Pediococcus acidilactici against Salmonella
Gallinarum by UV mutagenesis and genome shuffling, GG Han et al, Applied
Microbiology and Biotechnology, 101, = <], SCI, ISSN 0175-7598

o] &3 HA HALT A Ee ARG =24

WS 10-2017-0158436

O 2018, v el Ard
2%, Aetstaitery

< 10-2018-0006619

FEE FRATOR EPSHE % AR AHALE A
1)

=
F(F)BLOSSOM PARK, tj#al=, %45 =u

3. 7€ AR
O 2017, "|AE (713 Bacillus subtilis T4) 2 o] gt =] 2] AQ2kHel] tfst 2A] &
of Al dHALS AT wAE FF Y 2 ALE =5, 7
M5 KCTCI18656P, 53& Y% 10-2018-0006619

O 2016, &AA A& FHA2 o] Hojd wAE A Al (Pediococcus acidilactici
ACB26) 53], #5718 3 53&9d, 7gdE  KCTCI8512P, S3l&dHs

10-2017-0158436

4, AEAL(IAE, BEAYS, 719d, 5 - 719 HE)
O 2016, Pediococcus acidilactici ACB26, 2016.11.18, 7] 5(KCTC18512P)
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O 2018, Bacillus subtilis T4, 2018.1.17. 71 EH Z(KCTC18656P)

5 &3 Tx

O Young-Mu Choi et al, 2017, Development and industrialization of
environment—friendly complex probiotics for the reduction of livestock odor, ¥+=r<=4F3s}

3 s s, A, 5

O Geon Goo Han et al, 2017, Changes of the intestinal microbiota with growth stage in

commercial pigs, g 54Eet3] S 3], ddoista, B+

O In-Seon Kim et al, 2017, Evaluation of potential probiotic Pediococcus acidilactici

with adhesive ability to intestinal mucus in weaning pig, dr==4tet3] s<ulx 3] Ay

th e, g5

O Whee-Soo Kim et al, 2017, Internalized prebiotic nanoparticles enhanced antimicrobial
property of probiotics against pathogens by altering bacterial metabolism, &= 3413}3]

s, Agista, 3

O Seo—-Ho Oh et al, 2017, Refolding of truncated spike protein of porcine epidemic
diarrhea virus from inclusion bodies in Escherichia coli using various mild solubilization,

RFHSE SuEs), Ao, 33

O Liang Hong et al, 2017, Studies of synbiotics combination for maintaining gut
immune homeostasis through enhancing gut barrier function, ¥+=r=4F3%}3] Shadb3t 3]

At e,

O Sang-mok Lee et al, 2017, Growth performance and gut microbiota compositions in
broilers when fed diet with particulated inulin as a prebiotics, 3+ Z4F8t3] Sh<ubE 3],
SERLERE S

O Ki-June Lee et al, 2017, Mutual synergy effects of co-treating a-lipoic acid and
conjugated linoleic acid on egg production, egg quality and anti-inflammatory stress
index in, ¥+ 54EeH3] Sk s], A st FF
O In-Seon Kim et al, 2016, Characterization and validation of the modified tuf promoter
to develop the efficient recombinant protein expression vertor system for lactococcus
lactis 1L1403, MSK2016, ZFH sl 4y, &5

O In-Seon Kim, 2016, Sereening od a novel Pediococcus acidilactici with potent
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adhesive property in porcine intestine, ¥+ & = A}J 3} 38+3] stk ] A Stgu, A&
6. 44 H

O 2017 gr=r=4tsts| 58 S 74
Ki-June Lee, 2017, &3}t2] 223} CLAS] &3two7F AbdtAle] F§Eg =A% /A
A, @72 ALk v = G

Ki-June Lee, 2016, Investlgatlon of synergistic effects of alpha lipoic acid and

conjugated lonoleic acid on anti-inflammatory modulation in Raw 264.7 cell

O 2016 FHEEAANLE FEUE $54 5
In-Seon Kim, 2016, Screening of novel Pdiococcus acidilactici with potent adhesive

property in porcine intestine

7. ATFEAH

7v71ed A
O = A9 AFH In vitro, In vivo AHEAN TS 3 A3 A WD #F 2] = o
- AFERT -9 dvial dAeE,

Y. BAHAE A Z7lsold 14, AAs 23 A AF)

O & HANAN AFHE Az $FEF el ZEold 11 FR(F71)

O CJAILA

Prebiotics %]

AR AR AR A AREE AR AAEARY, ARRIEE o, d R

s
&, Masking &4 48& 53 A% &4 HE

ol
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} Py g

5

(1) Aksdsl A

o ARG = FE
- Ags AA7HA 091 %]
70 kA =
iz - F5 333 W% 3791 9l
u =
h e ARF A7 'ER
T 37 347 wE 6021 41
. 0
A A7 0%
= =9 : 0%
7H A = 7%
ALl 3 5 21y 7) mil= ’ ©
?j . $F 393 % ot o
[e]
q0 O .
Hir A5 A7 0%
el A E =9 0%
e ™
. 0
g 397 W= e 13%
=9 : 0.8%
AAA A4 AE AANG A =9 -]
B4
2= 0] 3d & A AA A =9 69
(2) AHds AF 2 & 24
a2 A% = =
A sl 20 717H0d) eS|
2o Q A ELT) 10 #Wwky
01]};;]' UH%‘H'E %XH”]’Z] 3113‘?:‘ 51133?‘
(1) 099 37919 6021 ¢
AR =91(%) A A 7EA 39 5d%
Al A
ﬂ;ié ) 0% 7% 13%
=
=9 0% 0% 05%
ﬁ‘fj:__z ?%ﬂft’ﬂzﬂjé - A3t @5 % 2 prebiotics 2%, Masking &4 28-S
SR ads =5, ~ - _ _
DY E B3 AFE uds A g
(9] 99 & 2 395 5%
_?49_:]' Z"_X] 2= = I~ [} [e) [e)
7H}1\j _§_-ﬂ]‘ To\:}‘:ﬁ}ﬂ(lﬁ‘l‘) OQ}]T:]. 159—1'\":]. 230‘1'1":].
4 = 09« 094 189 ¢
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7 AR 2 AQAEA AYA EHAA

= % Hd=4d9 AyA a3HA
=42 FrA4 (100%)

% ositive control® Al T A% H7} &=
- ATA TR dAEH Y oFFHAT

o} 7 598 H7E (100%)
D In vitro 71Wke] WH7F W MY 4R, FR o H Al id o H A% 5 HUE
=3

oA ARSHel 4% ARHIE N AT HEA

(D) RS 25 g A5l S5 vVYE A

Ak
- In vitro A28 7]¥ke] w|AE ArA] A Wl A A4 3 (100 %)
— In vitro A%l 7|¥ke] G d 252 F7F (100 %)

D 620708 AT S o] &35t 6% HEeHo] 4% vAE AW gk

- In vitro A]2~8l 7]4¥ke] survival rate 7} (100 %)
AEE A HFTEo] % nAEY] AAEA, ke, EEAd H3F 9=

10,

7t 5% AlAdE ATA HA3 2 AFAD Ve ARAS 52 AT

A B3 B9 vAE A A HHs 2 AMFAd vInke] AstaAlel aa AS
ol 7 dAed 2 vAs 7wke] 53 v AE AetAlel 43}k (100%)
PR T P B 2 w52, M a9 £2 248 A g8

R

- At 7Iee] Ee mAdE AdA 23 A2 (100%)
CAMGAER S T FE OF 2 29 g9 g8

- HEFAAE A" S R AR S (100%)
U EAY AlAE TS gs Y

R CJAILAR AE e AR AAE A4 948
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}owd 73 Felol 9@ FuGAAG

H sl @l AEAE Fodstd 59 S XA BN ofyet ¥ okH 7}
g e oy dAFEe] HEusa 9tk 20161 Animal Feed Science and
W E Lan 58 Ao o8t o|F A= AR W Lactobacillus acidophilusE
01% H7Fs o, w7kl vlstel A Aol WA= JAL & W Lactobacillus® +7F 5
Zhoh gk B U S3baa) ofMEALY 22 f 5 TR @ Alo] ZHAstdth (¥ 61).

Table 6

Effects of Lactobacillus acidophilus supplementation in different energy and nutrient density diets on fecal noxious gas emissions in weaning pigs’.
Items ND LA SE2 P-value

Low High - + ND LA ND = LA

di14
NH; 12.72 1271 13.02 12.41 0.52 0.989 0.253 0.939
Total mercaptans 378 3.86 398 366 0.11 0411 0.002 0.301
H,S 6.09 6.18 6.49 577 0.14 0.545 <0.0001 0.916
Acetic acid 0.58 0.63 0.68 0.53 0.03 0.141 <0.0001 0.728
d4z2
NH3 12.38 12.33 12.85 11.86 0.40 0.912 0.015 0.784
Total mercaptans 293 293 3.01 2.85 0.09 0.938 0.077 0.912
H,S 521 5.75 5.64 532 0.10 0.001 0.035 0.013
Acetic acid 0.45 0.56 0.63 047 0.02 0.015 <0.0001 0.016

2 Used 140 pigs with an initial BW of 7.51 £0.79 kg. Each mean represents 7 pens with 5 pigs/pen. ND = nutrient density, LA=Lactobacillus acidophilus,
Low = low energy and nutrient density diet, High= high energy and nutrient density diet, and + and —= supplementation with or without 0.1% L. acidophilus.

39 61. Lactobacillus acidophilus 39 W& ol F A=A EH U F571>
WA Wsl (Lan 5, 2016)

20173 Journal of Industrial Microbiology & Biotechnologyol ZX¥ ¥ Hmani 52 ol
2w ol52 a4 AA FHol Hold 24 #FA Bacillus subtilis HB2E 2|89t
HB2 9 29, Wik, WEs4d3 o] Hojuton, Holglo] I Mo F3so]
oyttt HB2 w9 in vivo &35 AAs7] &) 19% 54 WHolglel &4 A4 590 ¥
o't HB2 w9 &4 At s8e] Axd DB430S 27 10° CFU/ml FEoE &5 A
7hstol Abgetlal w5 M HVME dE2TE AR ST 359§, HB2 HUbe iR

% o

H =2 A A4s vElla 37l ARy ol WAZE g (2 62).
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Table 4 Effect of dietary treatment on the performance of broiler
chickens at 35 days age (mean £ SE)

Control group  HB2 groop (B)  DB430 group
(A} ()
Final body 1.909 £+ 0.03 2030 £ 0.08% 1975 £ 0.04%
weight (kg)
Feed intake (kg)  3.510 £ 0.01 3434 £ 001% 3496+ 0.01
Feed conversion  1.83 % 0.0 .68 £ 0.01# .76+ 0.01%
ralio
Mortality (%) 10 £+ 0.463 5+ 0378* B+ 0.463%
Ammonia odor 44+ -+ <+
Litter humidity 44+ + =+

* Significant result (P < 0.05)

39 62. Bacillus subtilis 5 S99 & SA9 AF AF L dRYo}
IA A7 &3 (Hmani 5, 2017)
W 53 ot golo 9 Akt H A%t
H Aol wEd gd o FgoliEnt g HAE ATAE Ats U HFEISE S
o, 7hEe] A S A7 o HE ARARIGE ATEe] BaE i 9t 20161 Journal
of Animal Physiology and Animal Nutrition®] 2% % =Fo|A Lan 5 284 % o] =9
Atz E3 vAlE A A| Synerzyme F10 (Bacillus coagulans, B. licheniformis, B. subtilis,

Clostridium butyricum)S ©3a 5 (0.01%, 0.03%, 0.06%, 0.1%)Ce.2 H7lsle] 71 a3=

Bttt 59 mAE AdAlE g A=) A izl vle 22 A e dE
Aok 53], 53 e AdAE *}E W 0.1% oz H7HEe o, & Wl dEYol, &
3} 4r, mercaptan¥ 2 FE7FAO] A F] tizy tiH] foldow FAAasdu (2™
63).

Table 6 Effects of multistrain probiotics on faecal noxious gas emissions in weaning pigs*, T

p-value
ltems, ppm CON PC1 PC2 PC3 PC4 SE Linear Quadratic Cubic Quartic
NHs 13.44° 12.46°° 12.36%° 12.32%° 11.72° 0.41 0.014 0.601 0.284 0.954
H,S 6.32° 5.1¢ 5.32° 5.34° 4.38° 0.24 0.0002 0.728 0.006 0.677
Total mercaptans 3.48° 2.84° 2.66° 2.66° 2.10° 0.16 0.0001 0.572 0.057 0.732

Means in the same row with different superscripts differ (p < 0.05).

*Used 125 pigs with an initial BW of 7.26 4+ 0.76 kg. Each mean represents 5 pens with 5 pigs/pen.

TCON, basal diet; PC1 diet, control diet + 0.01% multistrain probiotics; PC2 diet, control diet + 0.03% multistrain probiotics; PC3 diet, control
diet + 0.06% multistrain probiotics; PC4 diet, control diet + 0.1% multistrain probiotics.

¥ 63. 5% vAE ATA 59 ¢E ol FAE £H
(Lan &, 2016)
Aol w2

20143 Poultry Science°l] 23 % W Lactobacillus acidophilus, Bacillus subtilis,



Clostridium butyricum®.& A€ 53 mAdE A=
o2 3HBYUF FoAdES o, dizg div] G AdHo
Lactobacillus®] 4+ <S7Vstal E. coli®] &+ 43

ZF Xk (Zhang# Kim, 2014), (719 64).

% %A Atzel 10° CFU/Kg %
solHor =rega WAl A

CEE W gEuole] WS

Table 5. The effect of a multistrain probiotic preparation on cecal counts of Lactobacillus and Esch-
erichia coli as well as the odor emission in exereta of broilers!

Itemn CON ANT P1 P2 SEM?2 Povalue
Lactobacillus, logyp chu/g 7.43P T.5520 7.88% 7.89% 0.214 0.02
Escherichia coli, logig cfu/g 6.40° 6.25%" 5,920 5.80" 0.187 0.03
NHj, mg/m®
d1 38.32 35.2ab 32.4be 31.0° 0.95 <0.01
d3 56.28 55.4% 45.3b 50.50 1.06 0.01
ds5 82,59 78.53b 76.3P 77.4P 1.55 0,04
HaS. 1'11{4_;;‘111:i
d1 1.6 17 1.4 1.6 0.24 0.89
d3 2.3 2.4 2.1 2.2 0.16 0.24
ds 3.5 3.8 3.6 3.3 0.25 0.90

#Neans in the same row with different supersecripts differ { P < 0.05).
'CON = antibiotic-free diet; ANT = CON + 5 mg/kg of avilamyein; P1 = CON + 1 x 10° cfu of multistrain

=4

probiotics /kg of diet; P2 = CON + 2 x 10° cfu of multistrain probioties/kg of diet.

o9 = .
“Each mean represents 15 observations per treatment.

a9 64. B3 vAE ATA F9 wE A B W Lactobacillus, E. coli & W3 <}
238 U 4FH 2 2AF (Zhangd Kim, 2014)

2. FNEH 558 AEA
7 ANARE $459 AFAY 2% L AW 79 A7

MR AFAL FRAA BEF BAAEL 7] ANAE F ANAE T G Gl
AHT 5 de Yol W Faseh o

2]
A7F 7] AT FE&A e G B doAged s dA4
j
o

<+ Frontiers in microbiology®l A Mercier-Bonin

vl

transient microbiota®l] A A=A 258 zk= g9
Ay

At dHrAH o =2 Lactococcus. lactis straine 3

< A9 Aol e zHdMAS ALksty] il w52 Hue] dAA S = colonization®

T I xHel dwmA=R= Hu AE I W] Eo0]%  hydrophobic interactions 3=

aggregation factor Aggl, protease PrtPe} F21 S|zt Eolx oz AdsE= mucus
ol ATk (¥ 65).

12

binding protein (MUBs), pilin containing lectin =™ <]
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Protein (length) Characteristics

L. lactis subsp. lactis BGKP1 (dairy)

Adhesion test

Reference

MbpL Signal peptide In vitro: pig gastric mugin in microtiter plate

(998 aa.) LPxTG motif In vitro: HT29-MTX intestinal epithelial cell line (muco-secreting)

(plasmid) Three MucBP domains

Aggl Signal peptide In vitro: pig gastric mucin in micratiter plate 201
(1767 a.a.) LPxTG motif Ex vivo colanic mucus 2012
(plasmid) Four Collagen_bind domains (PFO5737) In vivo in rat

Six CnaB domains (PFO5738)

L. lactis subsp. lactis TIL448 (NCDO2110) (plant)

Muc Signal peptide In vitro: pig gastric mucin by AFM

(1130 a.a.) LPxTG motif In vitro: pig gastric mucin in shear stress flow chamber
(plasmid) Two Mub domains

Pili Signal peptide In vitra: pig gastric mucin by AFM

(Tip piliny LPxTG maotif In vitro: pig gastric mugin in shear stress flow chamber

(817 a.a.} (plasmici) Lectin_{egB domain

L. lactis subsp. cremoris IBB477 (dairy)

AJ89 07570 Signal peptide In vitro: pig gastric mucin in microtiter plate Radziwil-Bienkowska et al,, 2016
(956 a.a.) One DUF285 domain
(chromosome) One MucBP domain

Four Big_3 domains
PrtP Signal peptide In vitro: pig gastric mucin in microtiter plate Radziwill-Bienkowska et al., 2017
(1960 a.a.) LPxTG motif In vitro: HT29-MTX intestinal epithelial cell line (muco-secreting)
(plasmid) n vivo in mice

a9 65. Llactisoll A A9 H 250 #FAss £ 9l d3 Fubgzt
2597 A4 W (Mercier-Bonin 5, 2017)

Eis

o AZA FNARS FAE 9 A7

HA7HA =24 A2 2 £2A7A 7

>

zZulo] LY A E o] &t AdAY] FHHA TS
2SR}k, Bifidobacterium longums 1+ &€li1de] dE<Q 6 siallylactose<t 7 HT-29
Aol Aggr Az Faso] oF 47w ST, siallactose®} 6 siallactoseg 1:1
g2 37 Aestis w tizxza iy F2so] oF 98w FAH AT (LF 66).

T1 o

171 A7} 2013d@ PLoS Onedll

ab

Fold-change

T T

P95 3'SL

B

3'SL/6'SL LAC/6'SL

a8 66. A 21T FAAE Y w2 B. longume FAIAME
B %5 7} (Kavanaugh %, 2013)

Control

6'SL
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EE R e Tejvteled s Aeld e FUuEAs 1 /AE BALEA W
7] #18ko] microarray 7| < ol &ste] FH Bl thAzEI dEdE EdAAYES A
ATt A Ae] mEy EZeulole g Azt AAe] DNA A dud-Held (DNA
BE), Gro EL (A2 aud) So 9d 3718 f2goms 2uds 3739 FuelA e
colonization®l #]stAl 2H-&3F oz A eT)
3'sL 6'SL 3'4+6'SL
Locus tag Gene Description FC pval FC pval FC pval
Blon_0029 Ferritin, Dps family protein 1.67 0.0002 1.72 0.0002 2.79 0.0002
Blon_0036 FAD-dependent pyridine nucleotide- 1.31 0m?z7 1.26 0036 1.78 0.0001
disulphide oxidoreductase
Blon_0392 Cation efflux protein 1.66 0.006 1.84 0.0001 3.04 0.00001
Blen_0460 Binding-protein-dependent transport 1.32 0.037 138 002 181 0.001
systems inner membrane component
Blon_0617 Glutamate-cysteine ligase, GC52 1.32 o2z 1.63 0.0009 1.37 004
Blon_0758 Glutaredoxin-like protein 1.45 0.004 1.45 0.004 1.99 0.0007
Blon_0759 ABC transporter related 1.42 0029 137 0.05 1.93 0.0007
Blon_0902 Initiation factor 3 1.65 0.005 1.59 0.008 1.43 002
Blon_0947 helix-turn-helix domain protein 1.32 001 1.35 0.007 1.54 0.0002
Blon_0948 hypothetical protein 13 002 1.3 002 15 0.003
Blon_0992 hypothetical protein 1.43 0021 1.98 0.004 247 0.002
Blon_1687 TfoX, C-terminal domain protein 1.56 0.009 1.93 0.0006 2.26 0.001
Blon_1688 transcription activator, effector binding 178 0.0005 235 000002 2.88 0.00006
Blon_1950 hypaothetical protein 1.26 0.0 3 0% 003 1.35 0.007
Blon_1951 UMUC domain protein DNA-repair protein 1.28 0oz 1.22 003 1.41 0.001
Blon_2191 ribose 5-phosphate isomerase 1.23 0.025 1.25 0016 1.58 0.001
Blon_2370 glycerophosphoryl diester 1.7 0.0002 1.83 0.00008 2,09 0.00001
phosphodiesterase
Blon_2371 Glutamate-tRNA ligase 145 0.002 175 0.0001 229 0.000005
Blon_2372 ATPase AAA-2 dormain protein 1.7 0.0002 1.88 0.00004 245 0.000004
dnak chaperone protein Dnak T.44 0.002 1.57 0.0005 1.7 0.00006
groEL chaperonin GroEL 1.33 002 1.37 0015 2n 0.0022
recA recA protein 1.19 0.044 1.26 0014 1.21 0.027
a9 67. Oligosaccharide A9 wgt ¥@FFo] SFH B. longume FAA
¥4 (Microarray) (Kavanaugh %, 2013)

AL A
Biochemical Technology *
nA = S Bk El
Aezw, gdFd olsd BHY
Fdlo]Ec e -3
Lactobacillus gasseri PHM-7TE19]

Bk

68).

=]

i)
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FNAdzsd F83% a4z &gty 20161 Microbial &
AAE =l e Zejufo] g7t Aytale] w4l s
o A}-8-3 A A= Lactobacillus delbrueckii s 5& < = En}
THESYNLGTS Al A FAS w H#HA FH TS
HstE  glatdnt. 1 A¥, olmd  ZEjnlol g ATt
Al A2ss S7HA71= ddd 7193 s & = Y (2



Orafti GR Orafti P95 Orafti Synergy Glucose blank
Lactobacillus delbrueckii subsp. bulgaricus—CCDM 66 285+ 034 192 +0.29* 1512017 3.56 +0.56%| 2204 £ 1.05
Lactobacillus caser subsp. paracase-PE1TB-P 200+0417) 250+ 056" 235+0297] 098 £0.37"| 1290 + 154
Lactobacillus fermentum-RL 25 5.10 £ 0.53%] 8391037 5.76 +0.89%| 11.13 + 0.56%| 3229+ 161
Lactobacillus animalis~CCDM 382 | 2669 +089"] 3525+ 0.87°] 25.45 £ 0.30°) 20.08 £ 0.55%] 5587 £ 134
Lactobacillus gassen-PHM-TE1 8.50 + 1.34% 922 £ 1.46% 522+ 046 | 450 +0.87 | 550 +0.34

Prebiotics: Orafti P95, Orafti GR, Orafti Synergy, glucose; blank, a sample without the addition of prebiotics or sugar; | lower adherence than that of the blank; 1 higher
adherence than that of the blank; * statistically different from the sample without prebiotics (blank). P<0.05.

a9 68. 4l ZRE A ZHOEAdA Y Zguto]eg X A & Lactobacilus®] # &%
Bl 2 (Krausova %, 2016)

o AAY AR BUE AR AT AR AT

ArAe] Al Fase At 55 FAIAE L A9 ko] HolHQl FEAg By
ofyel vl 5ol ARl dEatgol A E AAFHET. w579 Fuel A A7} colonizationE el
ol FgstE B el 2AE st AF7F 20159 PLoS Oneol i St
Woulters 5ol wzw Ao #Adut H25LS hydrophobicity, Zeta potential, interfacial

&

elacity 7+
69).

of A#HAE, 183 interfacial tension?= Fo G¥IHAAE 7T (1™
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A T —— B 0012 : . . : : ; .
52 A 4 Buffer ® [ b rhamnosus GG o
E i e Lb. rhamnosus GG | o Lb. rhamnosus 200217 ._..l'
Z sl o Lb. thamnosus 200217 | R
S T 0.008} - |
= o
S 44F :tf 4o*°
e 4o} 1 5%
e S 0.004 |
g 36 L;g
@
T %2t w
& 0.000 ]
= 28 . : N : ) ; :
0 3 B 9 12 15 18
Time (h)
6 . . ’
C ! P PBS D
5 BSA
i Mue 1|
% * Col |
2 4k | Fibronectin
() e Fibrinogen |
O ;i
c !
o
2 ot
) !
5 1
<
control
0

Lb. rhamnosus GG Lb. rhamnosus 20021"

E Lb. rhamnosus GG Lb. rhamnosus 20021"
Bacterial strain Zeta potential (mV) Hydrophobicity (%)

Lb. rhamnosus GG -45+0.2 855+59

Lb. rhamnosus 200217 -13.8 +0.3 57 +1.6

a8 69. AT A A% BAsE Eg3sHAd 242 (Wouters 5, 2015)

3. MABE AEAE FHA vA

A Aars vAdE ATEAE sASL &S BUtslr] A in vitrool Al ThEEE test
£ st 1 5SS Hrbstolofwt st ol& F s W Ay =sH€S 87de 34
ojth woF Hold 5A4& 7= AdAdA veveE 54 FA1A mpAE dead ghdet
Al PCR #A4& T g nAEe] AHAEZN Hold &35 7HA=A ofdAE A &
@k 4= 95 Folt} 20179 Microbial Ecologyol ¥ AGolA Lee 5 #x]2] oA

104 9 Lactobacillus reuteri w55 wglste] WA E coli K83 Salmonella
Typhimuriumol] w3t o wel &y ¢ 2F (HS)Y &8 Ax 25 (LS) 47 8

TFANE Astdtt, & 230 %3 16 759 genomeS sequencingdlil pan-genome 4

S AYPsP e u, HS 253 LS 25 ol 29 f2A 250 HolE B 53] g
A2l reuterin cobalamin 3143 #ASE pdu-chi-cob-hem gene cluster’} & 15 FFoll
A3t zpolS BTl o] F 6709 FHAE HS 18 specificdtAl £A3Fe] A A A



che Mok

NCBI
genomes
B

Group HS
z
:

Group LS
|
&
g

F AB € DE G HEJLMNG P G WU v O A BCDETPFGHS] A KLMNGO P 4 C B LUSCDT

(1,757 854 1o 1,B08,025)
G 48,372 bp

9 70. Lactobacillus reuteri® 78 S+ I1F (HO)HY &8 A=x
(LS) 7ol AA +3a= (A pdu-chi-cob-hem gene cluster (B) H]
(Lee &, 2017)
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Group HS Group LS

M 1 2 3 4 5 6 7 B8 a9 M M 10 11 12 13 14 15 16 17 18 M (bp)

chiD (445 bp) = - I I ] : = - :g:

ChiO(461bp) | e - D D S G - - T N i

- — -— 500

chiP {416 bp) — ——— — —— — — — 400

— log

sirA (226 bp) - - . D S G S e — ;::

—

hemB (558bp) -~ - s e e S S SN = - — S 500

400

— = 00
— T S e W S S S— — —_— — 500

hernD (565 bp)

a9 71. PCRE %3 Lactobacillus reuteri W pdu-chi-cob-hem gene cluster®] 53
FAR &2 §F &2l o] 6712 A= HS 2FdE EA 2 LS 2FdE EAFA
¥E AR YUY vlo|nAZNY JtsAde] FAE
HS: 379 ¢5 21F. LS: 379 Ax 2F. (Lee T, 2017)

20143 Applied and Environmental Microbiologyoll WEH Aol A= vl afA A8k H
S &3 Enterococcus faecium -7} clinical strain (CL)QI# non-clinical strain (NC)<1=] ]l
et FH12 FEelA S-S T AS T (Kim#F Marco, 2014). o] d7-¢lA4] NC
E. fieciums CL w59 W3] genome size’} #F9kil mobile genetic elements (ME),
virulence factors (VF), antibiotic resistance (AR)9} #HHE FHAE0] Hdt}h o] 5F
=2 AEA 838 E fiecium 57} clinical$t strain®l A non-clinical strain®1#] &3}
o AFEE = Q= vpoleutAR o] &d F S Aoln (L™ 72).
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