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SUMMARY

I. Title
Bio-Feed Additives Research Center (BFARC)

II. Final Goal of Bio-Feed Additives Research Center

The final goal of Bio—feed Additives Research Center (BFARC) is to develop the natural
alternatives of antibiotics to improve the quality and to secure the safety of animal
products. This is important for the prevention of antibiotics abuse, the safety assurance,
and the development of current animal husbandry as a sustainable industry compatible with
the clean environment. Therefore, our research group developed various farm products and
technologies to reduce antibiotics misuse, improving animal productivity and preventing the
animal disease using  probiotic = microorganisms, natural  pathogen—suppressing
phyto—chemicals, and pathogen-specific bacteriophages.

In this research project, BFARC mainly focused on the industrialization of various
technologies and products such as natural alternatives of antibiotics and bio—active agents,

to ensure safety of animal product in livestock industry.

ITII. Research Contents

This project consisted of three research teams/project groups. (1) Project I: Development
of multi-species probiotics as an alternatives of antibiotics, (2) Project II: Development of
bio-active phage products based on bacteriophages to prevent and cure animal infectious
diseases, and (3) Project II: Development of phytochemicals as an alternatives of

antibiotics and the field tests of the developed test products.

IV. Results

Project I, multi—species probiotics team: One of the two main goal of this team is to
develop complex probiotics consisted of multi-species of microorganisms as an antibiotic
alternatives. For this goal, firstly, three different lactic acid bacteria (LAB; L. salivarius
Ls29, P. acidilactici PA175 and L. plantarum 1P177) were went through a strain breeding
protocol consisting of UV mutation/screening and genome shuffling/screening techniques to
increase the bacteriocidal activity of wild type against the major pathogens in livestock
industry. Through this method, the bacteriocidal activities of three LABs were improved

about 10-fold against Salmonella gallinarum, an avian pathogen, 10-fold against



Escherichia coli K99 and 1.5-fold against Escherichia coli O157, respectively. These LABs
were separately cultured and mixed with a yeast and Baci/lus cultures to produce
animal-specific probiotic samples and tested on chicken and cow. It showed that the
mortality of both livestock animals decreased significantly due to the better bactericidal
activity of strain-breeding LABs against coliform bacteria which i1s comparable to the
effect of positive antibiotics control group, avilamycin.

Secondly, the non-toxic, and acid & bile tolerant Bacillus sp. SMZ2 was also selected
based on broad anti-microbial activities against . coli O157, S. enteritidis, Enterococcus
faecalis, Listeria monocytogens, and Staphylococcus aureus. The production media for SM2
was established using response surface methodology consisted of soybean meal and whey.
The fermentation product of SM2Z prepared using agro-residual supplements such as
soybean meals and corn flour, was stable during 60 days storage at 25°C, retaining 709 of
its initial cell numbers. In addition, the acid and bile tolerant Bacillus sp. JSP1 was
selected based on feed—-digesting enzyme production such as protease and amylase. JSP1
protease and amylase were produced using soybean meal and corn flour medium by
solid-state fermentation and their temperature stabilities were investigated. JSP1 protease
was stable during 30 days storage at 25°C, retaining 80% of its initial activity. Amylase of
JSP1 was also stable during 80 days storage at 25 and 37°C, retaining 70% of its initial
activity. Both enzymes showed no cytotoxicity. Therefore, the use of Bacillus strain
exhibiting anti-microbial activity combined with acid and bile tolerant Bacillus strain
secreting extracellular enzymes may be an alternative to antibiotics as a feed additive in
farm animal production.

We also assessed the ability of three LABs to grow in an low-cost industrial production
medium containing food byproducts, molasses as a carbon source and CSL as a nitrogen
source supplemented with minor nutrients. The optimal medium composition were 6% (v/v)
molasses and 6% (v/v) CSL. This medium is very low-cost and highly effective for the
LAB fermentation.

Other goal of this team was to develop the efficient delivery method of probiotics to
livestock. For this goal, alginate/chitosan/alginate(ACA) microcapsules were designed and
the formulation as well as storage conditions were optimized. Encapsulated model lactic
acid bacteria (LAB) was well-protected from 7n vitro stomach and intestine conditions and
released slowly. The wviability of freeze-dried LABs encapsulated in ACA microcapsules
until 8 weeks was above 60% which was two-fold higher than that of non-encapsulated
LABs. Besides, after oral delivery of LABs encapsulated in ACA microcapsules to mice
and chickens, the unique secretory characteristics were maintained and the in vivo viability
was improved. These findings showed that ACA encapsulation of probiotics could increase
the oral delivery efficiency of the probiotics.

Project II, development of bio—active bacteriophages: In this project, 7 prototypes (4 feed
additives, 2 drinking water additives, 1 disinfectant) were developed using bacteriophages

which are responsible for control of bacterial balance in ecosystem. /n wivo safety tests, in

_7_



vivo effectiveness tests including challenging studies, and field trial studies of these
prototypes were conducted. In addition, GLP-compliant long-term administration toxicity
test was also carried out. As results, sufficient safety and effectiveness were evaluated.
Finally, 1 drinking water additive and 4 feed additives were commercialized. As a result of
this project, therapeutic agent for bovine mastitis was developed. The effectiveness in
treatment of bovine mastitis of the developed agent was evaluated.

Project III, development of natural bio—active phyto—chemicals as the feed additives: In
this project, the antibacterial activity of a probiotic and natural sources against pathogenic
bacteria was evaluated using agar diffusion assay. Garlic kernel and a probiotic, Securitor,
showed significantly higher antibacterial activity compared with those of other natural
sources. In vitro study demonstrated that a securitor and probiotic mixtures in isolated cell
fraction from rat large intestine was elevated the cell wviability, promoted TNF alpha
production, regulated TNF alpha production in LPS injection, and indirectly influenced
YAC-1 tumor cell viability.

Then animal trial was conducted to evaluate the effectiveness of this feed additive of
Securitor and probiotic on growth performance and immune responses in Hy-Line chicken.
In the feed efficiency, a mixture of the two materials was lower than that in other groups
for 21 d. Such feeding exhibited to suppress production of plasma IFN gamma in
LPS-induced chicken group, and tend to modulate the number of aerobic E. coli colony
collected from cecal contents compared to 0.1%6 antibiotics—fed chicken group. Taken
together, this product could be useful as an antibiotic alternative and may contribute to

promote the livestock industry.

V. Further Prospect

The novel multi-species probiotics developed in project I showed the effectiveness in
improving animal productivity by lowering mortality probably due to wvarious infectious
disease and by modulating gut microbial balance.

LABs breeded for the better antibacterial activities using a strain—-improvement protocol and
effective encapsulation of probiotics by muco-adhesive polymers greatly improved the
quality of probiotics. A part of probiotic LABs are transferred to a major chicken
production company and are applied for the production of the environment-friendly
no—antibiotic chicken line. Other LABs and multi-species complex probiotics will be

marketed in near future in Korea.

In project II, with bacteriophage—associated products, we are planning to increase our
product sales with the wvarious methods. Especially, we will focus on entering the global
market partnering with the companies in the US, Indonesia, Brazil, Columbia, etc. The
outcome of this project will contribute directly to the implementation of nature—friendly and

safer livestock production. We are planning to expand the application of the developed

_8_



technology of this project in food additives and veterinary drugs as platform technology.

In project III, using the novel mixture of natural phytochemicals (garlic kernel or securitor)
and probiotics, we anticipate both economical and technical effects in providing safer animal
products and preventing animal disease against foreign pathogens. The products developed

in this project was transferred to a company and marketed.
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o] 24 wi. 2005 7], 1492 =9 FAA7E FAkel AFE o]F 65%Who] A bl o
ol At Rel ol FHAY ATHAE. TS AR H7HE A e g oem A% FAAA
4 B S7h (o) MRSA(MIE| A | A =4~) &84 WA Heddte] 7L

F 2-1 =7pE S48 FAA ARS A Wl

2002 2003
= 7 5 T FA A A (kg) 5 T FA A A (kg)
(=t (t) 55 (1t) (1) (t) 55 (1t)
g = 1,662 1,355 0.82 1,776 1,273 0.72
0 = 38,988 9,938 0.26 38,911 9,158 0.24
=240 270 115 0.04 275 11.7 0.04
Rl 597 17.3 0.03 551 16 0.03
= 3,340 430 0.13 - - -
EA4 0 e <HREEA>, AE A, 2006
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AL M2 2005 2004 2003 2002 2001
W FALE A = 625(41.9) 601(43.9) 671(46.7) 742(48.1) 766(48.1)
A7} X &9} o 770(51.6) 666(48.7) 658(45.7) 672(43.6) 712(44.6)
T AL A v 97(6.5) 101(7.4) 109(7.6) 127(8.2) 117(7.3)
Al 1,492 1,368 1,438 1,541 1,595
=2 sk <H7EAE>) AE A 2006
¥2-3. =34 A AR AE ¥
(¢ : %)
=3 2005 2004 2003 2002 2001
= X 55 56 57 57 58
51 21 21 24 22 22
Ak 17 16 1 2 14
A 7 7 7 8 6
Al 100 100 100 100 100
=2 gk <d7k=Eab> ) JE A 2006

3 AW g4 A AAA ol
478 =717 1996 ol Abm ol AFSAE FAA(AGP,
20065 ol Ao FhEol e Atz A

gl Aokl A FAA AR
2 RA986) e BFE

RINRE!
anti-microbial growth promotors) H7}S AW FXA.

718 A AFE] AW FA. didt s FEE 20129 A Als T AW 54
E2-4. oA AREo]l FAH FAA D AFEFEA 4
gAA 3 2 HA&: AHS
71, Bacitracin Bacitracin WA 37}
. Vancomycin WA X5 7}sA
Spiramycin A AHE A A digh g S5
Virginiamycin WA e T QA Y ekE WA -
Avoparcin FAEfo| = Al o7 23 WA LA o
20063 7} A monensin, avilamycin, salinomycin, falvomycin AF&53#], 7F5AL50] 348
Ao gL A7 FH
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20114 2012 20134 2014°d@ 20154
TEE A 160 162 164 166 168
sEE I =4 906 968 1,034 1,104 1,179
TEE AEA 189 200 211 224 237
A2 7HA 679 739 804 875 952
=2 020079 1149 5= oFEF 3 A& (http:/kahpa.or.kr/index_k.htm)

L o] BAGEAD AlFe A 2 OA A

FHATge drEgog 13749 BHAZS ¢ i ol
A= AFE3Fa 93l Bioplus 2BYF 239 npal i Q. g me e F
A AFY FEE 20073 7lEo® w3t 399 g7 (A Global Strategic Business Report
from Global Industry Analysts, Inc: http://www.strategyr.com/MCP-4051.asp)°ll &3}, 2010
doll= w3} 429 o] R Ao AT FHe B& I77F LA dNFH AFRHIES
15 A P = e

2
1
U

a
7V7F AMEAE ST o] AAAAA FAA A Al e AR AlS gt
o] AR AR 50 viE FASHE 53 de qrRe] Aol B zow dAwg.
A2 A A oF #AHE FA 54 A AuEW ook AlFelA A=

AE FAE L e 538 ZEA AldEol diFEe FdAA dd WS g5stA
& A g AFEEFe] AA F7Fskal . 19939 609 Helold m=re] YA uf &

wootel 1309 ge7t HAs dA AAA S i
25-30%F = o]de] A EHe] Ay lem CephalosporinAl (45%), PenicillinAl (15%),
Tetracyclinel (6%), MacrolideZl (5%) &°l & dAdstar Jom nvlo]dAAL olwlE] ~AF 3}
o|ZAL, S HEAL Fo] MAAGS A Fol & Frost & Sullivan Reportsel ©]3tH
“bacterial infection therapeutic product”®] 2003\ % worldwide markete] 260% €& = F4

Ha e o8N A fREe FEst VS AlFEe] 2AES A Frb ki A AE
=)

o
u

o
T

7]
GAAE THoR2 3 FqpAA e Al wid 5%9 AFAE A 20120 = 6109 %

S A% A58 FAA AFS AR FPH= A
Wy e H g d2 HY# Yol community-acquired (CA) MRSA
WA FAE ke EAI7F obd A
= Aol ofyar, uiFie] FAA o] gt

WA G35 A Jorl, 4d F A

N1 gle, olE R 9

al
g2 20069 % v 41%9]
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oA e o= AFs AHHE AN alEhd vEd 25 HH g e kAo B3t
S H Me A= "FAA AT =3 it&%‘. |
B2 = 19166 @2 Aldsta} Twortel 1917 E%‘“Z:QJ S
4 Q1A el ‘ﬂ]iﬂoi 1950 e FH7kA] dEE A+

o> o
Ji
:‘n)L_’/
2
Do
(@)
(@)
(@)
(L
=

A% W AL 0A T LRANE TFAUE F
%8 gastdn A¥ SHPAAT Fo] f150] BYAHA RAAS. T} £
GAA e gow wulerel 20004 lel o2 AR rie] rAA WAATe] F@ ol
£ EAY A Aslu oln 1S PPALORE W) UL BAYIAE. S|k

—

. E%‘% 10%17}?* ﬁ]*ﬂm‘jri’ %L T A
. BF 71ZF2 FARE oju] AEsE A7 S5 BREH I S o= v = IntralytixAtE]
% o WA #BHE" AFE H7HA (food additive)$! LMP-102™3} 4+ 0157 7
gAlo] HEE AEQ ECP-100™7F glow, 1 utel slate] g didyt 7 A& oy A
= Gt 7 A5 #E AE(Salmo-Pro™), 41zbek otytds 2 7 Azl
o+ H3% A#F(PhagoBioDerm) o] o|n] A&3} ¥o] )&

Al
>

(F91: o &)
20114 2012+ 20134 20144 201543
TEE A L 7|E A 126 145 166 191 220
skt A2 A 7HA) 89 100 112 125 140
<7 >
Vivash—-Jones Consultants Ltd. (2000%3)¢] Hare] oshd, “stA] L 7|e} s+ A"+= 274
o 2y (AT AFEE 149%)olQ . “Ft ALRHIIAE 2199 dy (AHT AFE
11.9%)9 & a1d.

F1-6. AAl F2 AFRHTA A A &%

AL 2010'd ($ millions) 20174 ($ millions)
obu] Ak A 4] 9,600 18,800
HlEhgl A A 2,900 3,300
EEERE 2,000 3,000
AFA (ERA) 16 730
2 540 720
ohm 4 A 477 559
Al 15,533 27,609

=20 MA M EALEA A 7sd A3 A GRS BCC Research (2012)
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H3E A/t+d e A 2t

A1E A1IYAAFGA: AFZH7IE A dA 5 mAAE A
A

AT FANAE F2 A2 AAE FAA GA B 4B ARAZ LS o 4
FH(FE, P, bW APANT Wolo] ARSY TS AW, vpa s, ATAE
Aite o s ARAl Wel2E 2T B vAE ARALT Ausn, 44 A4
shul, @ AT AL S AT BRA D HAHQ

=
oA A A Awae] &)
o ]

e il
A<l g0 AEde A% vAw aZA dgAE sk Aot a9 1-1dl4 = 2ol A}
SH7HE FAA dA EF vAE ATAE AEst] g s YeEhi T
M 1M S 0ME H3H N Al 2 4% HeE 2EX HEH HY

ST 4INE IFHY
(Fid, HHEEA, B2, £colf)

HHR 3 [

YUY DET FEEE MY
(FIEL Lt TEIE )

% 23 o By B¢ (EER oy wa sy Y
(UV mutation, genome shuffling ) :

i
) UUBHR Y N ALSEERE

)

ST 04E 429
A E E 3 Z0EE

T R l,
7]
o
L2

2Y1-1. AFREA LS A dA B3 n) s QA sfe Ak

=

LFA} Lhe OJRIAE A=
% EYRE

4

SR\ 3N 0|4 ©X DE}
) L-oolgR g W saEY
i | REETELE.E

A chH
=T 048 YIH/2YHH K E=t

B2 oA

1 A1-1 AFZA : ARHZHE A A & s AEA AT

ATl s FE A, Sl 53k AR @A8A tiAl 59 wdE A Al
1S HER Shal om fiabd, wbdels 8 EN 5 ATAR 2838 F e f4 1
A AdAste] AstAl Holxe] S 914 A ARl E adHoR Wojstaat skl
ol ool L 120l UERH BRel o] frakat, whd# s, EE EcN s 5% WA
= AAR TS A A wAZ Sl AW thdd ARl 9ste] Wel Ee] By H
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HHug
=R wheg2| of

(PE =% 274
B wilg
Ro|x 20} i_—
ST il A SPEE (lumen)
BEE goim® E!_'l," A8 &2 2|
L2 S ﬁﬂ-& e 8@ e
=X} z|=.} ’i- Hp4l A - 1_ Fory BET WIERE
e Wi 53
RuE 23 A% &
. -'_'n___ _\.\
- "-' - .! - ,’ - -
| . 1 s
LHATMES  Meell N N eteE ouw __/’J
\\-._ ‘; \l g:al-ﬂ /1

2912 FAA DA B AR YTA g w4

7t ATFAE W AE(FAE, Bacillus, &5, E. coli ) 59 x

R UV@%Oﬂ 3k gt o] 3 FAkr e B A S B Aestaztels A o
A 5 mAE AdAY] Fo 74 #FEA ZAAAANA At 4T o AT E T T
2 gudAgs 7o R st AFad wik s skt
7 7tEsEH o= Y AT 574
A= 67 F554 R 1670 HA 5G] /A FHe2RY Akt dEvfx] (LAMVAB:
Lactobacillus Anaerobi MRS with Vancomycin and Bromocresol) o] g3lo] Z 900 <79

TR fabt F2YE AW F PCR-RAPD (1@ 1-3), API-CHL 4t %4 kit (1¥
1-4)& o] &3} %’?}ﬁ%—% TFsle HFTAo=Z 400709 TR Fakt F24Yo s 16S
rRNA M d 48 53 F 1159 f4kto] 4= AY ( 1-1). 54" dAA fF2d5 F
oS XA e AL Lactobacillus salivarius 501913l (284/400), =L 8ol Pediococcus
acidilactici (15/400)2 Lactobacillus plantarum (15/400) %—O] HE ol Ak 99 A
W " AERQ] Enterococcus 2 E. coli = 4%, AAA A dg] BXEEE Bacillus 7%

U s E A

o

M12 3456 78910111213

M. Molecular weight marker

Pattern 1: lane 1,2. (Lactobacillus acidophilus)
Pattern 2: lane 3,5, 10-12 (Lactobacillus plantarum)
Pattern 3: lane 4 (Lactobacillus reuteri)
Pattern 4: lane 6-9, 13 (Lactobacillus salivarius)

9 1-3. PCR-RAPDE o] &3 X {4t colony®d #7F 4, Z+ colony 29 genomic
DNAE template® random primerE ©| 83 PCR % band pattern®] ™2 12} grouping 23}



Pediococcus acidilatia 175 Lactobacillus plantrum 177 Lactobacillus salivarius 29

9 1-4. API-CHL bt &4 kitS o] 8¢ F 1
ol e &8st 54& EAFSt] VE AH

¥ 1-1. f2 2854 29
= - API CHL kit 16S rRNA sequence . —
£4 473 (homology %) (homology %) BEE 45
Pediococcus acidilactici 99.9 99 15
Pediococcus pentosaceus 99.9 99 1
Lactobacillus plantarum 98 99 15
Lactobacillus fermentum 99.3 98 3
Lactobacillus salivarius 99.9 99 284
Lactobacillus acidophilus 97 99 10
Lactobacillus gasseri 96 99 1
Lactobacillus paralimentari 99 98 1
Lactobacillus brevis 96.3 97 1
Lactobacillus farciminis 99.3 99 3
Lactobacillus reuteri X 99 11
Enterococcus facieum 97.3 98 2
Bacillus subtilis X 99 11
Escherichia coli X 96 2
Unidentified strain - - 40
T 400

diffusion assay (
deh) 9 s ¢ 5

gt do] vuA Ee FArEs S N O
Agar diffusion assay: 574 W3 (indicator)S =3k agar plated] th<F2] w
Zb welloll AAFSFaLAL SFE AT (tester)9] Wi AE RS 53 & wjdstod
A= 583 (clearing zone)®] o F-o we} testere] Fited AFEF 3|

3xtoll A% selection 4L %38 & 11 species, 400 & FAbt strain 5 FFHo] 3

% 5%0 fAEFE AN (F 1-2),
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Indicator (pathogen)

e |

E. coli K88

E. coli 0157

L. salivarius 29

/

Tester (LAB)

L. fermentum Oa3

T

S. typhimurium

% 1-5. Agar diffusion assay°l <]t @A AL o, Aol w2 T (L
salivarius 29)9} dit&Al o] v+ HF (L. fermentum Oald)e] HAA (YA 3, 24w
Wet el i@ @@ L o
%12 g S Vo R gk fEU fAkd e A
2} S AEA 2t B FEX 2
£ 7w 2ug gEa 1A} o;i‘% d | 22k o:—lf%é ﬂ%ﬂl{%}\tﬁ’e}
T a7 a7
Pediococcus acidilactici 15 15 7 1
Pediococcus pentosaceus 1 - - -
Lactobacillus plantarum 15 3 1 1
Lactobacillus fermentum 3 - - -
Lactobacillus salivarius 284 18 10 2
Lactobacillus acidophilus 10 10 2
Lactobacillus gasseri 1 1 - -
Lactobacillus paralimentari 1 1 - -
Lactobacillus brevis 1 1 1
Lactobacillus farciminis 3 3 - -
Lactobacillus reuteri 11 8 2
Enterococcus facieum 2 2 - -
Bacillus subtilis 11 11 - -
Escherichia coli 2 2 - -
Unidentified strain 40 -
T 400 75 23

© HF AL FATE

Lactobacillus salivarius 1L.S21, Lactobacillus salivarius 1.529, Lactobacillus brevis
(salivarius) 1.S200, Lactobacillus plantarum 1P177, Pediococcus acidilactici PA175

(2) AL vpdel 2~ #5797

WA H 2 (Bacillus sp., 11Z230)2 ¥ A5 A= GRAS oz Zh ®HYqto] ot gt
o] e dF7F ol A @l e HJATARZ muedA dE AEHE dFE
2 AFHANA = Ak 3 FAAA A 53 AAE AdAY F8 4 dFoln ¢
A, v asE A4F L Fi3 BAE T Evlste] TS AR EES MAdsta 3
of WA Az 7ol e, 5 T2 FE 759 AFES AdASE 7lsol dolA FAHN
A8 s g 3A <l At Al FRolt}. (Sarah et al, 2008; Pillai et al., 2008)
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2 oAgde] AAATE Eal 7] Snd wplys #F (16s rRNA B4 948) 5 & A7
o) BAe 9la A4 AdAl Fu owpAYs #re] £Re 54E ol ¥ 137 2

9 o5 53

Bacillus polymyxa T1 Salmonella gallinarum®| gt IdFa ¥ &2, AP F -5 (AFEo])
Bacillus licheniformis T2 3 5 WA 29 g2 (HAF @A)
Bacillus thurigiensis T3 g 5 A5 A 53 & (FAF AL, A
Bacillus subtilis T4 A 2 rsEx 2yt 9y odEA
Bacillus polymyxa SM2 HAA ol it St gy, et 7523 & 75 IMSNU No. 12071)
Bacillus sp. JSP1 9IES B 75
Bacillus sp. 1LX1 S9IES B A5

(3) AdAE &% 2 E coli®]l A4

ERs EAA E colie FAA A BA0AE ARA FA oA vF JeAs

2 AGAES A% B 93s 93T oAeolmg At sAstA il ojn] SA4do] &

hH AEAE T8 AA

A58 ATAR dE AREEHI Qe W 88X Saccharomyces cerevisiae T97%
Saccharomyces boulardii 796 ATCCZHF-H w¢ol HAAdAe] SR YPoRE A&7 =
sttt F AT A RERARAC 54 9 HEEAS XAbst e #FE HET A
& oA ot

PNz

(W) AAALE E coli AA
AT AS TS o] fRolA QAlE E Folx] LS s dE AFEHI A=

[e]
o
E. coli Nissle 1917 7+ A A3}

Agar plate oA colonyE EA3e dAF9 bacteriad] UVE FASHAl =™ nucleotide
(G713 a9 WHolZ Aozl vhokdl mutant populatione €& & dE=d(David et al,
2008), ©]#] %t mutant bacteria®] AMEHWS LA H o= A AS protoplastE TH= & A EZF
TS ol gene @99 A WHolE zh= ¢S A 3tE mutant bacteria poolS &5 S
ATt o3 7|HS ‘genome shuffling’o]2} 3}, 54 dlgglolz stojg o= 2 =
(WA, 3+rg, 54 a4%58 5)= /MAdsty] f8 §89th(Yu et al, 2008; Jixian et al,
2009; Zheng et al, 2010) (Z1¥ 1-6). & AT A= FAA A Aol F8 54420 Hd
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ol o s WA AN §27FS AFE7] 98 genome shuffling WS A
& stk
£ e i e gl Sy '
- - E) D C
Call Pr formation (k )
Gone locus 3. & -
Wildtype bacteria (@3 {{},J ( F“
PN
N - . ..
“Genome shuffling by homologous recombination™
T P i el Y W i e T Y
“@/@/ f& Q‘/ & {}.] \_
:e”“pmum/_...__\ ey - Nucleotide conversion
(\d:b ) \‘:5 ) Ic::) ) 'q, ’) ) |{5 J &:} by UV radiation
Cell wall regenaration &
Selection of the mutant strains with improved phenotype
1% 1-6. UV mutation ¥ genome shufflingS ©]-8 3% mutant bacterial pool 34 =A%
Anti-pathogenic ability standard index
-
UV mutation screening GS mutation screening Anti f‘:“'“’::!"icﬁa“i"ity
characterization
I Wildtype LAB [ | #32 ZF UV mutants l I 78 S GS mutants I
1
l UV mutation I Genome shuffling I = ::tf::i::e
| Pathogen co-culture I | Pathogen co-culture | B SRSpS——
- - O wART Zu [e22 50 s mimaw |
s Fitd/EEAS B8 R - Fitd/EERE 38 8
» 3 round screening « 3 round screening
| say B8 UV mutants | #23 5% GS mutants |
| 2 AH | | #3227 |
I I
+« MIC test « MIC test
« Pathogen co-culture « Pathogen co-culture
» PCR-RAPD analysis « PCR-RAPD analysis
% 1-7. Genome shuffling 2 ®Hdde] Fujds &3 s T3 Fibedt M= A=
(2) E. cof 01579 @t=o] SE ket W (F)
b FArEe] f G 2A D AFY FE A
SA (FE, A, FP)eA stA BAske At Zwel Adated s WolsEo] 3l



= FAbE NS 8 A GEdE AW dJd 7E gis] Al 55 NEOY &
At ( 1-2 #x)9 3 s EEs A Y. 7 Akt ddeE s B A3ASl A
2 e 7] 98l pathogen—top agar overlay assayS 2 -8&3te] 4k Z 21 (colony)
°of A7 v F2Y T FAAE 54 WLl FYI (clearing zone)d Ao Hl &S
=43 & CC ratio (clearing zone diameter/ colony diameter)® ¥A|3F ‘Sitse XFH

(anti-pathogenic ability standard index)'E 28ttt 1 A3, L. salivarius 1.529, L.
plantarum LP177 2 P. acidilactici PA175 59| f4kto] thekslh S=adsd Aw Yol 3
HLASHA FedS Uil 3S G2 F Addem(Yun et al, 2009), Z2Y FFollA
E. coli 01579 &+ts9S Aol Yelyx] & o f2btF9 @8 P. acidilactici PA1759)
Bgole vk gatseS YeEddeng A A dursy N o= P oacdilactici
PAI175 (tester)$} E. coli O157(indicator)S A Attt (¥ 1-8).

Colony
Pathogen-top agar overlay assay diameter
«r
Top agar (pathogen) LAB colony Y o
LAB colony Clearing zone / | N
/ —, |
\, \ ‘I
fa P \
Incubation .\ o A
-
e —

Bottom agar Pathogen lawn CC ratio determination ;
Clearing zone
diameter

Clearing zone diameter / colony diameter = CC ratio

Anti-pathogenic ability standard index

Target strain Gram negative Gram positive
Test strain EC K88 EC 0157 SE ST EF LM SA
L salivarius LS21 ++ N 1 1 1 +++ ++
L salivarnus LS29 +++ N ++ ++ ++ ++ ++
L. salivarius L5200 +++ M ++ ++ 1 +++ +
.L plantarum LP177 I + . H ++ ++ . ++ ++ ++
P. acidilactia PALTS ++ 1 ++ ++ +4 ++ 4 +4++

Target strain: £ colf K88 (EC K88), £ coli 0157 (EC O157), Salmonelia. enteritidis (SE), 5. fyphimurium (ST), Enterococcus feacalis (EF),
Listeria monocytogenes (LM), Staphyiococcus aureus (SA)

+++: CC ratio=3; ++: 3=CC ratio>2; +: CC ratio<2; I inhibition; N: no effect

=5

N
=

713 1-8. Pathogen-top agar overlay assay®t 7| EiAt 43t 9] 59

(\}) UV mutation ¥ genome shufflinge =3+ 35 d =2 #59 A

P. acidilactici PA175 (tester)S& MRS agar plate ¢l colon FAs & AdAHAIZE clean
bench 3stoll4/] UVE ZAFSE & liquid agarose (top-agar)oll £33t E. coli O157 (indicator)<
2 9ol =EE vhs gl AIZE woF wigete] detsE H+3® Y] CC ratio’t SX1E

colonyS A3ttt & 15000 o709 colonyS screening 3+ Z 3 wild typeo] ®H|3] CC
ratio’} o 2v) F713 8% 9 colonyS 1z} A&t (F 1-4).

<
it
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¥ 1-4. UV mutationS =3+ 3t

2 =2 PA175 mutant A1

WT UVl uv2 uv3 uva uvs Uv6 uv7 uvs
Mean Ratio | 125 237 214 227 246 252 232 243 222
Fold 1 1.89 171 | 18 1.96 2.01 185 194 177
E. coli O157°] dist 58S o SXd MAE 47 98l PA 1759 digt UV
mutant 8F & 5 FHo 2 &3l S protoplastE A A 7] 3L, PEG (polyethylene glycol)

Artstel AL §FS
spoll wjogatel AlEM L

=249 colonyE A4k

= 4o do X e

]
E. coli O157 top-agars =23 &
= 15

M genome shufflingS

& CC ratio’} 71 4% 9] COIOHYE‘

L
a

stAth 9Ao]o] regeneration Hi
71 GS mutantE MRS agar plate $l°| colonyE A3 t}
d7g AlZF v Fste] UV mutantoll H]&] CC ratio”} U
5000 o370¢] colonyZ screening 3 Z ¥ UV mutantol
HITHo g2 At (& 1-5 19 1-9).

¥ 1-5. UV mutations &3+ g8 5% PA175 mutant A%
WT UV M5 Gs1 GS2 GS3 Gs4
Mean Ratio 1.25 2.52 277 3.1 2.89 3.12
Fold 1 2.01 2.21 2.48 231 2.49

E coli 0157 lawn

PAL75 colony

uv

CC ratio: I (turbid zone)

CC ratio: 2.75

CC ratio: 3.1 CC ratio: 2.89 CC ratio: 3.21

1% 1-9. UV mutation % genome shufflings 3+ 33t58 2 #59 A

O WA TR B Pt
o Fitse FA0L
E. coli 01573} 184]
RO BAE ARSI, 2 A5 CC ratio N1 FOE 7

M AL o

WjeF shel Wawel o
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e 279 Beu GS49) 49 wild type PAITSOl B8 50% ol4de]l WAF Aol F3
A AL B8 5 YA (2E1-10).

180 B Inhibition rate(%
m 18hr/Ohr 7 60.00 (%)
160 Growth folds of £coli 0157 N
8 51.69
5 140 g so.00 45.54
g 3
§ 120 % 40.00
‘: ne . 29.59
@ 3
3 s £ 30.00 21.23
= §
g 60 £ 20.00
G 40 z
= 10.00
20
0 0.00
C GS1 GS2 GS3 GS4 C GS1 GS2 GS3 GSa

@ PCR-RAPDE ©]&3% mutation o5 Z=A}

UV mutation¥} genome shuffling= &3] 2 A PA1759 genome “J° mutation®] %% %A
SAE &olr 7] 98] random primergs ©]-&3% PCR-RAPD patterns XAt 2 4
wild type, UV mutant @ GS mutant®= A A= A2 o] band patterng YE U= AL &
A A} (ZE1-11).

Wild type UV mutant GS mutant

M wiw2w3 ul u2 u3 ud u5 ué u7 u8 M g1 g2 g3 g4

a9 1-11. wild type, UV mutant 2 GS mutant®] PCR-RAPD pattern W] xl

@ GS mutant®] A8 A 5 A}

GS mutant PA1757F mutationo] 98] wild type®] 7IA+ A2 A2 EAld W
st et =A ot 7] fa Alztel wE AFEd pH WHstE ARt 1 A9, A%
E3 A A THLS wild typeeltt GS mutant (el 2 ZolE E 4 il wEld GS
mutant®] 3¢ AAAQ BEEFE FASIHA AeHow JseEnt F31E HAow Jadt
T ARG (2" 1-12).
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——WT
~i-M5
——GS51
——G52

——WT

pH

a ——GS3
~0-GS4

oD600

Ohr 3hr &hr Shr 12hr 15hr 24&hr
Ohr 3hr 6hr 9hr 12hr 15hr 24hr
Time Time

a9 1-12. wild type, UV mutant ¥ GS mutant®] A% & 2 2HAA

olf

2 Wi

= z A A Aoz YeEFGTHIE 1-6)
Aol EAA YAt EXR S A2 FASYG S22 genome shufflingS E3] 4kt 2o W
AMAS FH o] 7FeehA] A Edy] YEl R 2 L. plantarum LP177S A AT

T & 5% pH
Lactobacillus salivarius 1.521 3.6
Lactobacillus salivarius 1.529 3.7
Lactobacillus salivarius 1.5200 3.5
Lactobacillus plantarum LP177 3.7
Pediococcus acidilactici PA175 3.5

@ At pH adaptation % genome shufflingS 3 W4H4d 53

L. plantarum LP1779] WAHE S S3A17]17] 8] 29 1-133 o] MRS brothe] pHE A
534 pH ol8t (pH 3.002 Zx4Aste] ++5 9]¢ (pH adaptation)d T2 A534 pH (pH
3709l MRS agar plate°ll 4] colonyE FAst= MAE HAFste] ol gt 345 33 (3 round)
HH2 5 & pH gradient (pH 6.6-3.0) MRS agar plate Aol =3le] ik o] =% colony
LI-L3E& Ad%stsict. dole], L1-L3E &3ste] genome shufflingS A Al % regeneration
%= wfR] Aol A F2YE 10709] colonyE A1k thS pH 259 #iA] &lof] 2A17F k2ol A
WA & AEES A Y. 1 A3 genome shufflingell ¢ wild typeR.th W4ihA ©]
A S¥E GS mutant’t FAAE S A 5 3, GS9 mutant LP1779] -9 wild type
of Hla] oF 30% oY TxE WidES 2Eoth
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<7F A3

b4

A
pul

g

1

0
yul

pH3.7 for 48h pHB.6

pH 6.6 for 2hr
GS mutants

Cfg.
1 cycle

pH 3.0 for 24h

Cfg.

pH adaptation

pH 6.6

6'Z Hd 1e (%) 81e1 eAInIng

1% 1-13. pH adaptation W% 2] %9} genome shufflingol] <]

oI
o

=i
=

(v}) Genome shuffling

3

%

=

1] A
3 At sl

EHL

o] wild type ™H] 50% ©]

2

I

e
=
=

T
T
Eioy

RS
13
bdx= (2011. 7 - 2012. 6)°l+=

FAA oA

[e]

A

.
UV mutation?} genome shuffling<S %%

1

T

-
T

4

HA A 7F = A

°©

o]

R4

gk gl 2

A of] A]

£

=]
il

A
1

ol o

}

Qs

e

A

o
T

S5, G, A ZokellA W

=
K2

]

e}
g3t E. coli O157:H7l o8l

FR% P. acidilactici vAFS N

’

al

AR

1——3]_03

1=
=

_‘|

A
pi4

(

T
T &

v

1xbd = (2010. 7 - 2011. 6)°l
£

o HAt

&

o

G

I 2ok (29 1-7).

[e)

=

| 71=std o

—pathogenic ability standard index) ==

(anti

vzl
ol

JJo

G

)

24 (colony)2] #7 tiH]

=
T3 (clearing zone) 2A73¢] H]& (CC ratio: clearing

i

B fAE

=2, pathogen-top agar overlay assay=

Ay A
it

@,

&3}

o
Iz

G
\mo
0

-
(mw

puze]

O

T
N

T

o2 e

o

Gl

zone diameter/colony diameter)<

o mAYEe] 290 T 340 nm IS ALl (UV:

e vdFE
— 36 —

(€]

g Adate] Bl

S|
A

A
it

)
=
Agar plate ol A4 colony&

@ UV mutation



ultra violet ray)= ZAFSIH chromosome 49 A 714 &AW o] (pyrimidine dimer )&
3 4 d+=dDavid et al, 2008), o] ZA Aozl T g A= EARA FolA A
= Ysk= 88 (phenotype)S 53 /AE Adsh= 7|'HS UV mutation screening 7]
Holglal gk} (Hironobu et al, 2011; Joshi et al, 2010; Paramjit et al., 2010) ¥ Ao A=
5 of el grHo] THH FAaAFE A= Aol HEHolmg UV mutations
x4 ydaae] Fuld (co-culture)S F3l HPT e Ao A AEEO] 7
EdWo] FAt colonyE AEste WHE kst 33 (3 rounds)el A UV
¥

= 1l
¥ Fytgoe] SE fabd2 o] F genome

2

mutation—coculture selections =3 12 A&
shuffling selection ° ©] &% 3t}

@ Genome shuffling ¥ AP AdA T Fulds T oty S fAket 22 A

UV mutation®] "]A&E chromosome® nucleotide (33} 79 HWolE FXdh= HHA,
genome shuffling®] 7d-¢-olli= o2ldh EAWolAo] AEHS AA|F o= A7 38kl protoplast
S A4 = AxL §FES F3) gene locus (FHAF) T EdWolE FES e,
therdt g2 WolE zhe ¢le Al3tE mutant bacteria poold AT 4 U= Aol gl
t}.(Zhang et al., 2002) kAl 7]&3k ®vle} 7Fo] UV mutation ¥ X% WA Fujds &
3 12 AEE 2 colonyES A 2 genome shufflings AASH & thA] WA} 3
3ol 2% genome shuffling—coculture selections & %4 WAt sl o] gL =

™

A8 fAEe A A

@ Fvd T NF AT 5 24
UV mutation/genome shuffling %2 Y73 Fujts T Add e o3 Mk &
A= wild typete] thFst A X% (growth curve, lactic acid production, antimicrobial

activity ) Bl E F3] I 545 HASIA

K

g
H 10d7F (200072009 71<7) el A EAEE o Ml A9 d9s AR Jhe
Frol WAgo]l 912%= 7 =& HES AAstar vt JFEEFEAE Salmonella

gallinarumell o1& & &34 AW o= &S A AL g5, A873]

Al o Sl

21(1.40%) 2 7k =29t (0.70%) el

olth. webA 90% oS AAEHE The

Aske= om7b vl Avta & F Aok (2F 1-14).

w3t gl B ¥ = Salmonella gallinarum isolates < A

AS BAskal 7] wiitol ofel tigh ggatEo] FXE [kt

KR
Hol7h Algh & Wl & ez HAgHE v F ASZ odd

Ao
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"rtEElxL "4z "zisE2F "§ojo|3@Est2o0}
0.70%%
1.40%

2 1-14. F< 109 7F (2000-2009) = lol A T8 E & Mg A9 A8
=2 A&, A 10d3% 2 o 9 d9W 2AdES 24 (2010), wHF AT HGY YEE

o
ol
o fakatol Wha I c}&z—%’%% EAFskl (si 1-7).
= EE K=

Frfo] =AI7F Ha °‘E} wel A S gallinarumd) W3 7+ SHo] 4%
Uetd Akt Pediococcus acidilactici 175 w55 &8 31 A% i #F= st

F 17 BF AT Y b AW FR dddel dig ddsy BFER

* Anti-pathogenic ability standard index

Test strain Target strain [ g5/monelia gallinarum Salmonella pullorum
Lactobacillus plantarum177 ++ No effect
Lactobacillus salivarius 29 Inhibition No effect
Pediococcus acidilactici175 +++ No effect

+++: CC ratio>3; ++: 3>CC ratio>2; +: CC ratio<2; I: inhibition; N: no effect

(4}) UV mutation-pathogen coculture selection

@ &+ =% UV mutants A4
UVE A9 S w, 0171% 59 AEES Yeld {4kt UV mutants pool (mutant
pediococcus)@} pathogens®] Z3HS o]838to] 8UZF HHE-H9Ql co-cultivations 3 3haL, 9]



Ao A Aot = Wi digk AEHo] FHE mutant poole ©]&3ste] thA] UV
mutationS FE35tE 4GS 33 HHESIo], o] YA FHFH o=z MAetdE UV mutants pool
o w3l pathogen-top agar overlay assays T 33sto], wild typetl¥] CC ratio’} S 7}3t
HE vt s8] TXH UV mutantsE ALt HE Adbe W] st gt—o‘g—.ﬂ
=%t UV mutantsell W3} pathogen—-top agar overlay assayS 2 Alste] CC ratios H| w3k
A3 wild type ©iH] W ito] digk drsEol FXE 5719 UV mutant colony
(M3,M2' M4’ M5’ M6')E A1da} 93t}

AdbEl UV mutants®] pathogen—top agar overlay assay®] representative plate view ‘L
g 1-159] Yeuda, AdE zhzke] UV mutant colony®] CC ratio H 1 zke ‘3% 1-8o 1}
B AT

a9 1-15. AdrE UV mutants®] pathogen-top agar overlay assay 23}
WT : wild type, M3-M6' : &= o] Sx¥ UV mutants, SG : Salmonella gallinarum

¥ 1-8. wild type¥} A= UV mutants®] Mean CC ratio ¢ Fold values

WT M3 M2’ M4’ M5° M6’
Mean Ratio 3.12 3.77 4.01 371 3.84 412
Fold 1 1.20 1.28 1.19 1.23 1.32

@ AdtdE UV mutants®] &+tse AH 37

ArEl UV mutants®] A=A Fde=5S F437] 98l pathogen-LAB co-cultivation
assays FdSAT}y. S gallinarum® AWE P. acidilactici mutantsS 22 70% (w/v) o &2
3] A ¥l modified MRSl A ®i%al & 355 x 10* cfu/ml P. acidilactici®t 3.8 x 10* cfu/mle]
S. gallinarums 70% (w/v) modified MRS brothS ©]-83}o] 37T, 246 rpmoll 4] 85A1%F & Hj
& AT sdxzAANA S gallianrum F=8E g 9= controlE o] &3tSh Ful et
gl AEZ Sa/monella A &8l Mac-conkey agar plateo] =%3lo] 37ColA 24A7F
wjFste] S gallinarum® A5 &5k}

-

o
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Pathogen®} 24'%¥ UV mutantsE 381 S i, wild type®} pathogens s Wl S of
Bt} &1 pathogen® A7} ‘)'74] Uely= A4S 538 UV mutants® 29 wild typeel H]
& FgirsHol F 7% TXE RS FAT 4 Ui

Pathogen-LAB co-cultivation assay/] Ad=, OAIZF thH] 85AIF  FHfkE  F o
pathogen®] growth fold (¥ 1-16.(a)) & UrE}‘H i, o] A3}E pathogenWt T wjFgt
control ™H] pathogenol g+ inhibition rate (¥ 1-16.(b)) = YEFH AT}

Relative growth fold
of pathogens

6.0
42 46
19 39

WT M3 2" L M5 Me'

m 8.Shour/Dhour

(a) OAZFHH] 85A1ZF FwiF %9 Salmonella gallinarum® growth fold

956 935 95,1 95.8
B8.0 ‘ ‘ ‘
mz2' (722 S’ g

Winhibition rate

Relative inhibition
rate of pathogens

-
-~
R
=
u

(b) 85AI7F FwiF & Salmonella gallinarum®)| ™3 inhibition rate(%)
19 1-16. Pathogen-LAB co-cultivation assay$ 2%}

(t}) Genome shuffling—pathogen coculture selection

}oe 5% genome shuffling mutants 418t

UV mutation selections &3] Add =8 T3 Pediococcus mutantsE U o=
genome shufflingS 2 Al 4 ZF AddE UV mutantsE 1colony® 10ml MRS brothell
A&t 37C, 246rpmol Al overnight W&t & Ztzhe] wdd S 10% (v/v)7F HE2s A=

@

o)



+ MRS brotholl A 2A]%F subculture 3+ T, ZH7F9] mutant cell&& YA S8 2 3]st
(4500g, 15min), A4 ¥ pellet2 poolingdte] Smg/ml lysozyme¥} 30ug/ml mutanolysine 33t
3} 4ml lactobacilli protoplast buffer (LPB : 10mM Tris-ClpH6.3, 20mM CaCl, , 0.5M
sucrose)o| Al & EFsto] 37Co| A 3087 =27 invertingdtHAA] protoplastE F A At &
¥ protoplastt= YA (3500g, 15min)E &3l 3 3te] 400ul LPBe| &g st} o] % cell
fusione F=3F7] 98] 100ul®] protoplast mixtureE 900ule]l 40% (w/v) PEG 6000
(polyethylene glycol) & 9o Y 9&7F Ao A incubationdt %, YA =2 343 RM
(Regeneration Medium)®l] platings}le] cell wallS LA Z o}

Regeneration mediat© 20mM magnesium chloride, 2.5% gelatin, 0.5M sucrose, 0.5% BSA
S ¥33t= MRS media©l t.

Genome shuffling®] ARFAQ1 g2 ofg 19 1-179 YERI AT

5 >/ W
1 colony 5 Subculture Pooling of
F z inoculation of UV mutants
inoculation (10% e ’ ’ Mutanolysin +
Lysozyme +
Broth
R LBP
10ml MRS broth 20ml MRS broth Centrifugation
37°C overnight 37°C 2hr (4500g, 4°C,10min)
37°C, 30min Washing & ; RT, 9min
Gently shaking LBP resuspension Incubation
’ 40% PEG 6000 ’
(Formation of " ‘ (Recurrent
Protoplast) =y \_/ Protoplast g
Centrifugation fusion) Centrifugation
(3500g, 4°C,10min) (4500g, 4°C,10min)
Washing & 3~5days .
LBP resuspension incubation Selection of GS
T Mutants with
) ’ - = ’ ’ Improved
\_/ Antimicrobial
i Activity by using
Rsfa':::tge Swab & PFL formation PFL stock Scresning ssnay

19 1-17. Pediococcus acidilacticidll %84 genome shuffling ] overall process

Yo Aoz genome shuffling mutants poololl A S, gallinarume| W3] o] HL =
X E mutantsE AEsl7] 98] FuidS AAEAT 656 x 10* 9 S gallinarum™ 7.1 x 10
* cells®] -4kt genome shuffling mutants pools 8U7F Fujokst & AE3 F-AF mutant
o) A WA Salmonella gallinarum®] s A== o] 43t mutantgtal +F38kar, o] ¢}
22 AunAds F 3 3 dESAT. HE AdE Hddel dis AEFTHol 943 mutants
of tjdll pathogen-top agar overlay assayE A8t CC ratios Wlust A3} HFHo=
wild typetHH] ®WHEr e dtzEo]l SXH 4709l genome shuffling mutants
(GS1,GS2,GS3,GS4) S Atst &= <l A¥E genome shuffling mutants®] pathogen—top
agar overlay assay®| representative plate view+ ‘1% 1-189] YERH A2, A¥tE mutants
o] CC ratio®] H¥#k2 ‘% 1-9° YeERHAL.

ol
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19 1-18. A genome shuffling mutants®] pathogen-top agar overlay assay 2 ¥}

WT : wild type, GS1, GS2, GS3, GS4 : &2 FZ genome shuffling mutants, SG: S.

gallinarum

% 1-9. Wild type, UV mutant (M6’), genome shuffling mutants (GS1, GS2,
GS3, GS4)2] mean CC ratio®} fold values

WT Mé’ GS1 GSs2 GS3 GS4
Mean Ratio 3.12 417 4.47 4.25 4.20 4.20
Fold 1 1.32 1.43 1.36 1.34 1.34
@ A¥rE genome shuffling mutants®] &+t sd A% H7}
AkE genome shuffling mutants®] A4 Ads=E SASH7] 3] A 7<=

-

2 pathogen-LAB co-cultivation assayE
&) A3t P acidilactici mutants 2

F 35wt AdX-E Mac-conkey agar plateo] =%s

mutants HAY A WHO

gallinarum®F genome shuffling S
modified MRS Ztoll A 85A]7F F-4j
S. gallinarum® A5 @QlstAtt. 1 23 genome shuffling mutantsi= wild type®ll

pathogenol] W3t 5ol Hf ¢F 11% =3F A s 4= 9k
Pathogen-LAB co-cultivation assay?] 23+,

off

%
%

¢

=S

Tl

A OA] 7+ oiv] 85A] 7

pathogen®] growth fold < (¥ 1-19.(a))2 YERHA 3L, o] A3}E pathogenTt
control ™H] pathogenol g+ inhibition rate (¥ 1-19.(b)) & “EFH AT}

S =
wild typeg 70%

uv
S.

31

1] o



Relative growth fold
of pathogens

11 13 ' I
i il _

GS51 G52 GS3 054

£ |

M 8.5hour/0hour

(a) OA|ZFUAH] 85A1ZF &8l 39 Salmonella gallinarum® growth fold

98.9 98.7 97.0 96.9
| ‘ ‘ | I
WT G51 GS2 GS3 Gs4

mInhibition rate

Relative inhibition rate
of pathogens

(b) 85~

Y

T Z Salmonella gallinarum®] ™3} inhibition rate(%)

139 1-19. Pathogen-LAB co-cultivation assay®] 23}

F

Akl GS mutants7h mutationell €13 wild type©] 7F=
= ZsileAl dotry] gl Algbel] mE FFo "ézc}
AAEI 2 A THELS wild typeeltt GS mutants 7Fell =
S mutantsv= G/FAQ HEEALS FASHEA A

= Els
o2 ddd o A} (2™ 1-20).

AatAlza el el Sl Ws}
pH WsEs AuEgith 1 Az,
= U w2 A
B %

Hoz psdul =37

l‘k‘l
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Growth curve of solely cultured LAB pH curve of solely cultured LAB

50

6.7

§‘ 45

40
= —
T 35 wrT 6.2 —WT
%‘ 30 — M6’ .
.E 25 —GS1 57 —E51
g 20 —GS2 — G52
-8 15 —GS53 55 ——GS3
& 10 ’
2 — G54 —G5%
-

0 —— 47

Ohr 3hr 6hr Shr 12hr 24hr 2Shr 53hr Ohr 3hr &hr ohr

29 1-20. wild type, UV mutant 2 GS mutants®] A%E 2 A A5 vl

(4) E. coli K99el itelo] FX1¥ 4l 3
o] FH AL YA MHALE FFoR S 438ty dHolt) Al -] HALE S 5~
6% HZolm, Ao HA} tpHow WAlshE A 9ol HAMEo] 50%E W% g
A7 A7IE OY vgS BAH XR7] (1~609%) 5 dWIHES 709%0l1, 1 & HAME
< 16.1%°]H, §7447] (61~180¥4 %) = = o
‘2001 ~2008 7+ 2w WAy A 11,533F
WY (mastitis)o] 7,440 vig] = 7}
g)o] F& o|Fi vk (F 1-10).

ot

E1-10. &9 A=Y Fo #HaAd AW A (5HFAsk e, 2008)
EEE 20015 | 20027 | 20059 | 20045 | 20053 | 2006 | 20074 | 2008 4€
Mastilis(f & 2 1,780 | 1,598 | 1,144 | 860 | 765 | 457 | 500 125
([H%’%f%dhﬁiif% ) 160 | 175 160 143 | 155 | 138 | 237 29
(o Hangey | B 51 54 53 26 7 | 2 6
Coccidiosis(FA E2) | 46 57 47 %7 7 90 | 126 3
L SRy | 18 28 34 32 47 20 | 116 37
gg;?g{g‘g‘zfé%) 21 23 10 73 19 27 70 37
(ngf,fg;ﬁ% ) 20 24 29 38 30 35 48 14
E?&‘j}“’j‘%‘ﬁl’)ﬁa 7 14 15 25 16 17 16 7
(VP_E%‘%S_Y‘B 36 18 16 12 31 18 9 5
W . Ly 101 57 19 3 6 6 5 0
R 3 15 19 6 16 2 3 0
SER | 19 24 25 38 34 33 13
(BN 10 1 18 12 16 10 20 2
B""(T*/ﬁ‘;/ ;‘f%‘%")“ia 32 17 11 3 1 - 1 0

welA B Ao 1xpd R BAL FATS o R =92 2 JEE e 2
Hol ayrAd AAH e A<l E. coli K999 W3] genome shuffling 2 A3t Fuj
e F3 dredgol S FAToR NHEsteE AFE Ny AT
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FA st Mt AWl dQlte] dis] WoleEe] = Ak

+ AW el S pphimurium™ E. coli K99, 2% tj

3 12 d o] AukE 3F9] fAkdtol] e i e S FAEA T Wild type fAkr o
o

L2 ydeol g atES JH3hslr] 9lske] pathogen-top agar assays Fasho], ot
=¥ ¥ =X (antipathogenic ability standard index)E ZFAl sttt (¥ 1-21). == A3 WA

= Lactobacillus plantarum 1773 Pediococcus acidilactici 1757V Lactobacillus salivarius 29
By S fphymuriume) e dytE el v =9kil,  Lactobacillus plantarum 1779 7% S
typhymurium®] 3 &7 H S o} F ocoli K999 thal sl e e QS ggolsk 4= 9]
Aot o] A¥E EUR MEF T ¥4 W{AT SR Lactobacillus plantarum 1773 E.
coli K& 274 A7kt

5.00-

4.00—

1.00—

CCratio

i

E. colikeg Samonella g .o xgg Salmonella g oy qq Salmonella

typhimurium typhimurium typhimurium
Lactobacillus Lactobacillus Pediococcus
plantarum 177 salivarius 29 acidilactia 175

L:kl
N
=

Y 121 BE RATY F9 AW Fa 9974 gF s

>
ot
=X
L)
olN
o ™
c
<
8
o
—t
&
=]
—t
w
X,
T
2
=)
o
=t
or
L)
olN
™
o
o

UVE AR s o, 0.171% 59 AEES YA {4k UV mutants pool (mutant L.
plantarum) ¥} pathogen®] X3S o]&3sle] 8AU7F HHE Al co-cultivations 33}, o] 7474
off A Aol & wWde] digk AEHo] FXE mutant pools °]&ste] ©A] UV
mutations X5t S 33 wH&EStY, HFHo=m AdE UV mutants poolell  t 3l
pathogen-top agar overlay assays 3 3}o], wild typetd] CC ratio?t S7vs, &, HE &
7 8ol =X¥ UV mutantsE At HF Ade o] 3t AEsHo] 3
UV mutants®] ©™ 3] pathogen-top agar overlay assaysS A A3te] CC ratios W|nlgk 23}
wild type tiv] Hto] gt sl STHE 22F 29 UV mutant colonyE A8l aL, o]
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23t UV mutantsZ= pooling3dte] 32 WHH E coli K99 16A17F BoF e A A gh
% E. coli K99¢ A& &l wild type dH] &ve Sx oAFE AAsISc 22E A
B L. plantarum® wild typeel W3] A@3HS AF UV mutants 7F WUATA E coli
K99e disl| FeAes 2 duses Bt v AS AT & den 1 Ad=

obell ¥ 1-11'% ‘¥ 1-22'¢ e

¥ 1-11. Lactobacillus plantarum UV mutants®} E. coli K999} 16417+ &ujdf &
E. coli K999 A+t~

Lactobacillus plantarum® E. coli K999}2] Fwjj kS

e e o :
29, 1677 & % E. coli K999 At

Wild type Lactobacillus plantarum® E. coli 767 x 10

VT Kool wuleke @ AEw (cfu/nt)
Lactobacillus plantarum UV mutants®}t E. coli

UV mutant K99she] THjore & Aea 478 x 10° (ctu/mt)

Control  E.coli KO S5w]orah oz 3.03 x 10% (cfu/m)

E.coliK99 [log CFU/mI]

4.
. L K

UV mutant Control

19 1-22. Lactobacillus plantarum UV mutants®t E. coli K99 16417 3wl & E. coli
K99¢e] A<=, *Significant differences (P < 0.01) with control treatment.

Values are means £ SD.
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(t}) &+re =2 genome shuffling mutants
kA Awuksk 229 UV mutantsE pooling
1-17, ¥ 1-23)& ol &3t E. coli K99e| 3dit=o] SXHE Fabd S A=stddnh
Genome shuffling & %3 53 GS- mutantsg‘r E. coli K99¢} Fu|S 3}, Lactobacillus
plantarum S| A AFE 7] o] W7o Aold& GS-mutantsES 83 & F2AA T = BAHES

7]
38 wkEeklvh 33 A FuleF GAAM HIFH o2 53 mutantsE ]88t pathogen

% H<%3 genome shuffling 71¥ (19
=

[e]

&
top agar assay= &to] &g o] Holwk HF 1 colonye GS-mutant (LP-GS1)E 3 533t

Protoplast Protoplast fusion

L. plantarum 177

ol
=

19 1-23. Lactobacillus plantarum 1772 genome shuffling #}7% < protoplast 843
A EER B AAER A AR

LP-GS19] &+t8 S #1A4s7] Yl E. coli K999t 25413 &<t Ful st & E. coli K999
AAFE =A-H8e] wild type @ UV mutant®te] 59 vlwsgde (£ 1-12, 19
1-24).

O A3}E B wild type Lactobacillus plantarum, UV mutagenesis®l
Lactobacillus plantarum UV mutants, 12 31 genome shuffling®] 2|8l A2¥ Lactobacillus
plantarum GS mutant®} E. coli K99E Z+ZF I st A3 oA, E. coli K99 o=l &3k
HEzTLBY E. coll K99 A7 4 ¥ A2 & 5 vk tzHi, wild type Lactobacillus
plantarum™ E. coli K99E Fuj st A oA E coli K99 =& thxof H] 3}04 12.6 %
A Aol wsl], LP-GS13 E. coli K& FHjdst A SN E coli K9 % E. coli
K999k w5 wj ek tiz kol Hlshe] 3.6% ol drk wEkA LP-GS19 49 wild typeoﬂ o]

o =

# AgHow o 9% Y= Fitsee] FH Ao

s Ade

_47_



¥ 1-12. Lactobacillus plantarum® E. coli K992 25A13F &8l & E. coli K992 A4

Lactobacillus plantarum> E. coli K992}

P Ea « .
A, oh BN TS T E. coli K99o At

Wild type Lactobacillus plantarum>}; 7637 x 10° (cfu/md)

T ; _ N
w E. coli K99¢}o] ks 3k A3
v UV mutagenesis 2 s
Lactobacillus plantarum UV mutants$}; 405 x 10° (cfu/ml)
mutant . _ 3
E. coli K99¢}9] FrjkS 3k A3+
as Genome shuffling & & A4kE

mutant Lactobacillus plantarum GS mutant$} 219 * 10° (cfu/ml)
E. coli K99 Fujeks 3k A3

Control | E. coli K997+ wh=uj kel of = 6.07 x 107 (cfu/ml)
8
£
= T
(& ]
2 *
>
e
S 6
S
w
5
WT UV mutant GS mutant Control

29 1-24. Lactobacillus plantarum® E. coli K999} 25A17F FwlF 3 E. coli K999 At
*Significant differences (P < 0.05) with WT group. Values are means = SD.

() dFdetsd 3 JNF Fakwe A 5 AL
Fel GS mutants”} mutation®] 2]3] wild typee] 7FAli= AdtAlZAe] A4 EAdo| w3}
A=A Gotr 7] fal Azte| mE wFe] AGEN pH WIE AdRdch 1 A
A Pediococcus®l] tak Ay} FASHA AHEY 4 A THES wild typeeltt GS mutants
of & zpolE E & flh kA 2 AFE F3 53¢ GS mutantsv FAAR0 HEEA
THE Aew #Gd 5 AT (1™ 1-25).

tlo AL He M
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Growth curve

pH curve
1.00E+10 7.00
1.00E+09 5
600 BB
1.00E408
B 1.00+07 L 5.00 = -
U ™
1.00E+06 | 8
4.00 T
1.00E+05
100E404 © 3.00
0 4 8 12 16 20 24 28 32 36 40hr 0 4 8 12 16 20 24 28 32 36 40hr

—+-LP177WT —=-LP177UV mutants -LP177GS mutants ~+|P177WT -=-LP177 UV mutants -«LP177GS mutants

19 1-25. wild type, UV mutant 2 GS mutants®] 435 2 A YA 53 v

-

o ARAG AR BF A L SHTY (e
A

WA 8 2 (Bacillus sp., 1z230)E EAE dAstE GRAS oz zhg Wyt ok 3+t
Bao] GelR @R Bol Yw WY Ei BRATAZ FuULlAd de) AEHE FE
AT AN M= Ak A FAA oA 53 S AdAle] Fa A4 FFelth
W, owpe st 2 e Bol 5aE FRel Buistel 4o AREES AN B
o WAAZ Aol SEu, B4 2L g 539 AKS oASE sl Aol HApR
A NSl EAHQ AFA Foleh

B Agdo] AgA+E Sall 7] FrI w2 5 (16s RNA £4 ¢45) 5 2 A9
Bag 98 A9 ATA Fu ovides TR RS SHL ok ¥ 1-133 2k
E1-13 ATA Fuoadds 23 9 54

9 5 54
Bacillus polymyxa T1 Salmonella gallinarun®l W3 Fdax} g2, IAFH T -5 (H4F89))
Bacillus licheniformis T2 i 5 WA 5239 gl (A FARA)
Bacillus thurigiensis T3 32 f5 AF A 27 G20 (SAF AN, A
Bacillus subtilis T4 A 9 rsEx 2yt 9y A
Bacillus polymyxa SM2 WA digtel die g gy, et 7573 B #F (IMSNU No. 12071)
Bacillus sp. JSP1 GEES 2y 7
Bacillus sp. LX1 GEES 2y 75
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(D) AtAE M=o 5458 2 Mgz &4 (wpdex)

(7V)  Bacillus sp. 5 #g]/Ad
Bacillus®] AitA 5 vz 2 Aws ¢jsto], 71289l e Bacillus 5 3% 2 W=
B0 7Y A5F Bacillus sp. F 2% EE5te] AL (% 1-13).

(h 7lsn @5 9 weldie] AdA 54 24
ORURCEN

22 Bacillus sp. 5% 0.3% pepsin, 0.1% peptone L¥] 3L 05% NaCle] 3Hw <139
oM(pH 2-3)lA F 2A17F &< ZH2F 0, 30, 60, 90, 120 ¥ ®l¥A] AL = FF59 WHIE
ZAdo =N WS H7bekdTh 2 pHOlA, Bacillus sp. JSP1i= the 359} Hluls}e]

BE7F skt (1 91-26).

10.00 T . 10.00 7 3
Bacillus.sp T3 ! Bacillus.sp T4
200 % 8.00 L
55.. 6.00 BE“ 600 -
S =
g 400 —e—pH 20 2 400 -
- -
~-e--pH 3.0
200 200 A
-
0.00 . 0.00 : . .
120 ) 30 80 a0 120
Incubation time (min) Incubation time (min)
10.00 4 10.00 .
Bacillus. sp SM2 Bacillus sp. JSP1

800 A\, 800 ®>
“\n\h‘ \‘\\
6.00 Sl 6.00 %_

E‘ \ o g" - 1 1
z e - t I 2"‘--—-__\§
E’ 400 \ ey g 400 o
\ —*—pH20 —e—pH 20
200 - \ ~-8--pH 3.0 <08 —-e--pH 3.0
0.00 ; . v ) 900 ' ' y !
o 30 60 90 120 o 30 60 80 120
Incubation time (min) Incubation time (min)
10.00

so0 1%

E 6o

=]

£

w

? 400

= —&—pH 2.0
200 "epH30
DDD T T T 1

0 £ 60 % 120

Incubation time (min)

O 1-26. 1208 5o 13 YA (pH 2% pH 3)o| %% Bacillus 75 BESF
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ZA}

B2 Bacillus sp. 759 AdaEE4e 03% (w/v) oxgalle] FaE AAwA oA F 4
AlZE SO Z47F 0, 1, 2, 3, 4 A7 AR ES S WESAS HUeld Y dEolA &
2] ¥ Bacillus sp. JSP13} Bacillus sp. LX10] & 5o H|dle] Aoz oy tj
st AEF7E SstA T (R1-14).

3E 1-14. ANZF F<F Q1E Fl(0.3% oxgallol =F¥ Bacillus®] WL

Strain Viable counts (log CFU/mt)

ams Oh 1h %h 3h 4h

Bacillus. sp T3 8.67x£0.14 7.87+£0.07" 7.81+£0.09™ 7.68%0.08" 7.58+0.08™
Bacillus. sp T4 9.43£0.23 9.25%£0.21 9.15+£0.21 8.78+0.07 8.61x0.16"
Bacillus. sp SM2 8.42%0.13 7.29+£0.117 7.18+0.10" 6.97£0.20" 6.74%+0.27"
Bacillus sp. JSP1 8.57%£0.73 8.19£0.61 8.04+0.64 7.78+0.57 7.231£0.46
Bacillus sp. LX1 8.90£0.43 8.20%£0.08 7.94+£0.21 7.38+0.37 7.36£0.36

Viable counts (log CFU/m{) of each strain at 1, 2, 3, 4 h were compared with that at 0 h, "p<0.05, “p<0.01
(Student’s t-test, two tailed). Results were shown as mean and standard errors from three experiments.

(th) 7188 5 2 FEEtF AEQ cellulase, xylanase, amylase, a-galactosidase,
protease, phytase A4 b8 2 o]5 gaol g wd =7 A

@ cellulase

ARA FAGA: FAA(0.5% Carboxymethyl Celluose, 05% Yeast Extract, 0.45%
(NHy)2S0, 15% Agar, 0.01% CaCl,* 2H.0, 0.01% MgSO,4+ 7H,O, 0.01% NaCl, 0.07%
KH;PO,4, 0.001%6 MnSOy * 4H50, 0.001% FeSO, ¢ 7TH.O, pH6.5)AA 49 v} & Congo red
test= 31 3L, Bacillus sp. SM2ol A 3+& YepAY (29 1-27).

a9 1-27. 7 d5o digk A A cellulase 4 (A)Bacillus sp. T3, (B)Bacillus sp. T4,
(C)Bacillus sp. SM2, (D)Bacillus sp. JSP1
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AEA G434 Broth WA Z271(05% Carboxymethyl Celluose, 0.5% Yeast Extract,
0.45% (NH4)>SO, 0.01% CaCl, » 2H,0, 0.01% MgSOy * 7TH.O, 0.01% NaCl, 0.07% KHoPO,,
0.001%6 MnSQ;  4H,0, 0.001% FeSO, e+ 7TH.O, pH6.5)o A 49 wjF o A =8 3Fo] u] %
AsdoM Eh BAHS A 893, Bacillus sp. SM24] 0.098+0.002 U/mle] &4 A4S

UERE (3 1-15).

@ xylanase

AAAA aAhgA: AR (05% Xylan, 0.45% (NH)2S04 0.05%Yeast Extract, 1.5% Agar,
0.01% CaCly » 2H20, 0.01% MgSQO,4 « 7TH.O, 0.012% NaCl, 0.07% KHyPO4 0.0019% MnSQO;,
4H50, 0.001% FeSO, « 7TH.O, pH65)9 A 49 vl 3 Congo red testE A3} 1L, Bacillus
sp. T4} Bacillus sp. SM2 4 3+& YeEfAT (28 1-29).

a9 1-28. Z+F 5o sk HA A xylanase &4 (A)Bacillus sp. T3, (B)Bacillus sp. T4,
(C)Bacillus sp. SM2, (D)Bacillus sp. JSP1

Aex g8 Broth #1#](0.5% Xylan, 0.45% (NH4)»SO, 0.05% Yeast Extract, 0.01%
CaCly » 2H2O, 0.019%6 MgSO, * 7TH20O, 0.01% NaCl, 0.07% KHyPO4; 0.0012%6 MnSO, « 4H20,
0.001% FeSO, « THoO, pH65)ONA 44 wiF 5 44 Falste] Wit FSdeA a4 S48
=438 A 1L, Bacillus sp. SM29 4] 0.31£0.014 U/me] &4 &4S YeEAdY (% 1-15)

@ amylase

AAA a8 HAA(05% Bacto Yeast Extract, 0.5% starch, 0.45% (NH4)»SO., 1.5%
Agar 0.01% CaCl » 2H0, 0.01% MgSO, * 7TH20, 0.01% NaCl, 0.07% KH>PO,, 0.001% MnSO,4
* 4H50, 0.001% FeSO,4+ THO, pH7.4)o 4 49 wiF 3 Lugol Solution TestE AA] 3}
Bacillus sp. SM29l4 7V4 2 & Yehidt (28 1-29).
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¥y 1-29. 7+ 5o Uiek A A amylase &4 (A)Bacillus sp. T3, (B)Bacillus sp. T4,
(C)Bacillus sp. SM2, (D)Bacillus sp. JSP1

Ae# g2~%84: Broth ¥I#(05% Bacto Yeast Extract, 0.5% starch, 0.45% (NH4)>SO,,
0.01% CaCls » 2H20, 0.01% MgSQO, * TH.O, 0.01% NaCl, 0.07% KHyPO4 0.0019% MnSQO, *
4H,0, 0.001% FeSO,+ 7H:0, pH7.4)ell A 49 wj¢F 5, A4 & sto] wj S ddAx a4
gs FHA-eY A, Bacillus sp. T4, SM2, JSP1 Zglx LXl1oA 7z 0.133+0.001,

0.240+0.002, 0.116+0.002, 0.118+0.004 U/m¢e] &4 &4 Yeblide (G 1-15).

@ a-galactosidase

A4 424 Broth ¥1%| (1% tryptone, 0.5% yeast extract, 1% NaCl, 1% galactose, pH
72014 44 v 5 A 72 sl vl S delN B4 S-S SA46ER AL, Bacillus sp.
JSP13}F LX1A 0.136+0.0013 0.215+0.005 U/mée] &4 &4 YeERY (£ 1-15)

(® protease

AARA FAEA: HAA(1.0% Skim milk, 0.05% Yeast Extract, 0.45% (NH4)2SO,,
1.5%Agar, 0.0196 CaCls * 2H20, 0.01% MgSO, * 7TH20O, 0.01% NaCl, 0.07% KH2PO,, 0.001%
MnSOQO, ¢ 4H,0, 0.001% FeSO, « 7TH-0, pH6.5)o A4 49 vk & Clearing zoneS &9l 3} 1,
Bacillus sp. T3, T4, 18] JSP1elA 3+ Yeplidich (23 1-30).
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29 1-30. ZF 5o tiek A A protease A (A)Bacillus sp. T3, (B)Bacillus sp. T4,
(C)Bacillus sp. SM2, (D)Bacillus sp. JSP1

Aex @428 Broth HA](1.0% Skim milk, 0.05% Yeast Extract, 0.45% (NH)>SO,,
0.01% CaCly * 2H-0, 0.01% MgSO, « 7TH-O, 0.01% NaCl, 0.07% KHyPO, 0.001% MnSO,
4H50, 0.001% FeSO, « 7TH-0, pH65) A 4L v & A B2 & g ASdaA a4 &
S SASAI, Bacillus sp. T4, SM2, JSP1 831 LXI1olA Z7Z 16.183+0.025,
1.683+0.059, 34.556+0.056, 38.822+0.006 U/mle] &4 45 YTt (3 1-15).

® phytase

AgdA F402ZA: Broth W% (1.0% Wheat bran extract, 0.04% (NH4)2SO,, 0.02% MgSO, »
7TH-0, 0.05% KH,PO, 0.04% K-HPO, 1.0%, Casein hydrolysate, 0.2% CaCl,, pH6.5)° 4 4
A wY =, A4 Y ot v AT A &h S FAHsRA, dF T s

Bacillus sp. T4914  0.004+0.00 U/m¢] &4 A4S Jetidet (F 1-15).

¥ 1-15. Bacillus 750 W3 A=A A¥xe &4 A

aCel "Xyl ‘Amy da-Gal “Pro Phy
Strains (U/md) (U/md) (U/mb) (U/mf) (U/mb) (U/mb)
B. sp T3 N.A N.A N.A N.A N.A N.A
B sp T4 N.A N.A 0.133%£0.001 N.A 16.183£0.025 0.004£0.00
B sp SM2 0.098+0.002 0.31£0.014 0.240%£0.002 N.A 1.683%+0.059 N.A
B. sp JSP1 N.A N.A 0.116%£0.002 0.136x0.001 34.556%0.056 N.A
B sp LX1 N.A N.A 0.118%£0.004 0.215+0.005 38.822+0.006 N.A

Data were presented as mean and standard errors from three experiments.
aCel: cellulase, "Xyl: xylanase, “Amy: amylase, %a-Gal: alpha galactosidase, “Pro: protease, 'Phy: phytase, N.A: no activity

(2} In vitro 58 ZA}
Agar well diffusion method®| W2} Bacillus sp.& plated] v]3ste] 2 & t}<F3$t indicator
strain (E. coli K83. E. coli O157, Salmonella enteritidis, Enterococcus fecalis, Listeria
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monocytogens, Staphylococcus aureus)= Top agar® ©]&
AN s E S HrE stk ™ 1-31, ¥ 1-16). #4749 5
Bacillus sp. SM2%F &2 atlown o] #F+= thdst |

Ae Aom zA T,

a9 1-31. kst HAtol| ek Bacillus sp. SM29] st 59 (A) E. coli K88, (B) E. coli
0157 ©) Sa]mone]]a enteritidis, (D) Enterococcus faecalis, (E) Listeria monocytogens, (F)
Stap]]ylococcus aureus

¥ 1-16. vpeFet WA+l 3k Bacillus sp. SM29 3+ 59

Indicator pathogens #Inhibition diameter (mm)
E. coli K88 22+1.0
E. coli 0157 21+1.8
Salmonella enteritidis 20+1.7
Enterococcus faecalis 21£2.0
Listeria monocytogens 24+1.2
Staphylococcus aureus 20+2.8

Results were shown as mean and standard errors from three experiments.

(mh) 1A 7] A

71 Aol wel Bacillus 7 % Bacillus sp. SM2v $-3 &
9] cellulase, xylanase, amylase, ¥ proteaseE AJ4Fs}H, pH 3o thst Wik o] 435t}
S oA FEldt i F(Bacillus sp. JSP13 LX) = H)E It 585 A9 WAl 3
YIdEAdoA BF $F3lon A E¢ amylase, a-galactosidase, L2 il proteaseE B9
o}, ®38t Bacillus sp. T4 ©E 579 27 phytaseE At S-S 7HA T weA &
A ZAo wat Bacillus sp. SM2, T4, JSP1 =+ 1LX1 #F& 435 £33 23 BaA=ZA4
1€ 7tsd <& A

S Uehga, A%

oy

olr
rlo

o

_55_



(7V) Bacillus 5 %+ 2 &4

A AL Bacillus sp. 52 AWH Bacillus sp. JSP13} SM2 w9 543 A%Z
HAE A7) $18F9] 16S rRNA geneS 2 HH A7|AEE AASY AleTE AL
o 2 Ay a9 1-329] YEMAY. 7 5 25 NCBI®| BLAST search A3}, Bacillus
sp. JSP1S Bacillus megaterium 1AM 13418 %vargr 99.7%, Bacillus sp. SM2< Bacillus

0]ymyX£1 IAM 13419 9} 99.2% 54 S X3, GenBank database®| Bacillus sp. JSP1
< GUO014529=., Bacillus sp. SM2+ JQ237O960i 52 39}

Ho
re

o
o

" B fastdosus DS 811 (X60615) o 8 amylolticus NRRL NRS-290' (D85396)
B oris DSM 16303 (AY808605) o {3 macquariensis ATCC 23464 (X60625)
LB niabensis DSM 177237 (AYS0811S)

B indlcus DSM 15820 (AJ583158)
8, cohli DSM 6307" (X76437)

y B hamapalus DSM 8723" (X76447)
_|:3 horkoshil DSM 87197 (AB043865)
- B.50.J5P1 (GL014529)
il —[B megaterum 1AM 134187 (D16273)

B flexus ATCC 430957 (ABO21185)

8 pabulf ATCC 4389 (ABO450%4)
B macerans 1AM 12467' (ABOT3196)
—— &, peoriae DSM 8320' (A320494)
= 8 polympra 1AM 13419' (D16276)
—{s 52 SM2 134197 (10237086
8 azotofirans ATCC 356817 (X60408)
(& glcanolticus DSM S162' (AB073189)

4l g fagtus JCM 9077 (48073188

B, koreensis KCTC 39147 (AY667436)

1% 1-32. Bacillus sp. JSP1 (a) ¥ SM2 (b)2] 16S rRNA 714 Edl o3t AlE4. 25t
A= GenBank accession numberE& YWENHNT B Bacillus sp.2l ¢FAF. 10003 ®HE- A A] gk
el 71 x38ke], 1 T 50% ©o]dwE A8 S

gk AL nAd= Az

1%

o FAAE R It

of

4 e

(1) BA FRAF(FAE) S A sk A A

AAAZA AARD FA 537 FQ L. salivarius Ls21, L. salivarius 1s29, L. salivarius
Ls200, L. plantarum LP177, P. acidilactici PA175 59 Ag|sta, wjokstz o2 s dA AL
2 sty FEHow AHAE FAT O R L salivarius 1.s29, P. acidilactici PA175 2 L.
plantarum LP177<s A7tk MRSHiA| 9} AFF & wi Aol A M2 o] 71 o a9l
A EAY, HAYUQ molasses, CSLe HA w25 AASAY. L salivarius 1.s29, P.
acidilactici PA175 2 L. plantarum LP177 5+ 6% molasses, 6% CSL, 0.31% yeast
extract ¥ %9 F7IF9E2 0.004% MnSOs.H,0, 0.001% Sodium citrate, 0.4% KoHPO,(di
basic) ® 0.02% Tween 80°] wiA|zAo] FHZA ZxolUrt. & AFE &3 EFH FAHT 9
A st Al At A s ool 2k (3E1-17~22).
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1-17. At L. salivarius 1.5292] molasses

o uhE WwEke

o - =
. ) . . Lactic acid
Molasses concentrations (%) Viable count (log(CFU/ml) Initial pH Final pH (/L)
g
0 8.83 6.78 5.88 2.23
2 9.01 6.64 4.10 16.1
4 9.11 6.30 3.91 18.6
6 9.30 6.26 3.90 20
8 9.08 6.18 3.89 17.83
10 9.05 6.17 3.96 16.88
* MRS 9.33 6.40 3.84 21.1
¥ 1-18. §-2kxt L. salivarius 1.5292] CSLE%Eeol] w& g 52
. . . ) Lactic acid
CSL concentrations (%) Viable count (log(CFU/ml) Initial pH Final pH (/L)
g
0 9.05 6.43 3.77 2.41
2 9.08 7.12 3.81 15.52
4 9.11 6.63 3.80 15.93
6 9.26 6.35 3.93 17.36
8 9.11 6.20 3.87 17.19
10 9.11 6.10 3.86 17.19
* MRS 9.33 6.43 3.84 21.1
¥ 1-19. 52kt P. acidilactici PA1752] molasses & =o wW& 3§ 5
. ) " . Lactic acid
Molasses concentrations (%) Viable count (log(CFU/ml) Initial pH Final pH (/L)
g
0 9.04 6.23 4.98 1.57
2 9.41 6.35 4.60 4.63
4 9.45 6.17 4.29 10.33
6 9.49 5.83 4.18 13.16
8 9.50 5.91 4.22 13.37
10 9.44 5.70 4.35 14
* MRS 9.61 6.27 4.04 21
¥ 1-20. 2k P. acidilactici PA1759] CSL & W& w59
. . . . Lactic acid
CSL concentrations (%) Viable count (log(CFU/ml) Initial pH Final pH (/L)
g
0 8.97 6.74 4.56 6.95
2 9.3 6.44 4.29 9.75
4 9.42 6.08 4.19 10.85
6 9.46 5.93 4.26 13.92
8 9.45 5.74 4.30 13.7
10 9.41 5.55 4.34 10.31
* MRS 9.47 6.31 4.18 21.1
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¥ 1-21. -2t L. plantarum 1P177¢] molasses ¥ %o W& w359

. . . . Lactic acid

Molasses concentrations (%) Viable count (log(CFU/ml) Initial pH Final pH (/L)

g

0 8.88 6.05 4.50 4.50

2 9.01 6.12 3.76 13.4

4 9.14 5.82 3.83 14.4

6 9.20 5.68 3.78 18.31

8 9.09 5.60 3.80 18.73

10 9.10 5.64 3.86 18.95

* MRS 9.37 6.47 3.70 20.5

¥ 1-22. 2kt L. plantarum LP177¢] CSL s %9 w& g5+

. . . . Lactic acid

CSL concentrations (%) Viable count (log(CFU/ml) Initial pH Final pH (/L)

g

0 8.81 6.58 3.74 6.03

2 8.94 6.26 3.79 17.52

4 9.11 5.92 3.83 17.7

6 9.27 5.68 3.92 18.1

8 9.14 5.56 3.93 16.6

10 9.10 5.31 3.98 17.1

* MRS 9.37 6.56 4.07 20.5

o
=X
2
o,
=
ol
=
oS
ftlo
et
ro
N
re
)
o
jus)
o]

A W =S gHetr] 918l =71 pH, total sugar &
= %%A“ﬁ*m 391 HA 2=1& AASIAT. L. salivarius 1.s219] 745, Alxze] 42 Azt
o] Xl utel F7Fskaith. vk 6 A7+ Fo exponential phase”} Ao A E] A

[e)

Zl %
F Exe F43] S wlYd 1A F AEe FEE Aol OD 9.57(MRSHIA]) <}
7718 AD)S WERH Y. MRSHIA ol A glucose= 24413 whell 127 g/L& AW 8 A
120 g/Le] ko] BAEATH AP vl A wigst A3 T T FEFS 2443 who] 118
g/Ls ZMletHA 105 g/L9 Xq*}o] A=A BLe] R Fo|A 24AF wiYkste] L
salivarius 1.s299] 7% ¥l 24 A|7F & MRS #]#] 2 2] HX oA Aet7E 247F 2.38 x
10° cells/mL, 2.02 x 10° cells/mLo.2 WElon o9} e AdA}E B A7Ex 10
cells/mLoll&= F#3] =935t om, MRS #jA]olA 9 Ax —1;((3]- grel H| s
Sa]jvarjus LS299] 7% 84.8% olt}. P. acidilactici PA1752] 735, 01

ool F7I7F HFEEA G utE g A TR oy ATt AlEE oF 12/\12}01]/\1 OD
1025(MRSHHX]) OD 9.36(xtg-&wi=])e] gros Ho A= ‘/}E}Wﬂ’i‘ﬂr Ak
broth® -9, ¥i%F 24A17tel 125 g/L & WEH L, A8 wiAl & AFEsElS 4% 116 g/L&
YER AT SLe] g oA 24A13F Wi kete] P. acidilactici PA1752] 749 W<k 24 A 7F &
MRS wi#] 2 AFdg wixol A A7t 42 6.38 x 107 cells/mL, 4.84 x 107 cells/mLo 2
UElt o o9} e AdARNE 2 AFHERE 10° cells/mLols FE3I E=EEd o,
MRS =]l A 2] A3 % 3] B ul P. acidilactici PA1752] 7% 84.8% o]t}
L. plantarum LP1779] A%, Wik N7 A] L. plantarum LP1772] A 7ol MRSH| Ao A AF

|

]al
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b o] F FAkF el A Aol AA| 7)o o7t Aol= FElEA U
9A1ZF & OD 1354 (MRSH{A]), OD 129 (AFd-&ujx])e] o=
A AAS Uethidok B a v gk 244 774 MRSHIA| ol A o] A Al = wFo] FHals % 1395

g/Loll &3t A& wiA|el A= 114.3 g/Lﬁ e ATt 5L rE oA 24413 Bl sk
L. plantarum LP1779) 75‘—?* ek 24 A|ZF 3 MRS #j#] % "P‘?j*q- 12| B I B T e A o ¢
464 x 10° cells/mL, 3.1 07 cells/mLo.Z UEltom ojs} 2o AdArs B A4LEES
107 cells/mLol = z%a gt o, MRS #i Aol Alx A A=t wlus) & uf L
plantarum LP1779] 749 67% o|t}. 2 AFE F3 =5d ke as% wjg A1
A= obgf ot 2k (2% 1-33~35)
180 180
@ Glucose (MRS broth)
- 160 + O Total sugar content (industrial broth) | [ 160
> A Lactic acid (MRS broth)
- A\ Lactic acid (industrial broth) r 140
% F120 L7
- S
:8 - 100 g'
g I 80 %
§ L 60 %
)
5 40
L 20
0
Fermentation time (hrs)
% 1-33. L. salivarius LS29°] t gk MRSH|X| o} At &l xJo| A o] Farsd 2 Ak A=

H]_Tﬂ_

180 180
@ Glucose (MRS broth)
— 160 4 O Total sugar content (industrial broth) |- 160
S A Lactic acid (MRS broth)
RS 140 4 A Lactic acid (industrial broth) F 140
—
G 2
- A —
S 120 - A F120 3
w ~
- 2
© 4 L
5 100 100 ©
2 3
T 8 80 o
© =
]
Q ©
0 60 - 60
8 |
S
= 40 r 40
(O]
20 F 20
0 : . 8o
0 4 8 12 16 20 24

Fermentation time (hrs)

19 1-34. P. acidilactici PA1759] ™3 MRSH} A 9} At gujx|o| Ao darz 2 A A
A ] A
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180 180

— 160 - L 160

-

=)

2 40 A | 140

—

©

2 120 F120 3

» 2

£ 100 A @® Glucose (MRS broth) L1100 ©

= O Total sugar content (Industrial broth) %

2 80 A Lactic acid (MRS broth) F80 o

g A\ Lactic acid (Industrial broth) S
©

n 60 + r 60

8 |

S

= 40 L 40

O

20 A r 20

Fermentation time (hrs)

19 1-35. L. plantarum LP177°] tf3dF MRSH A ¢} Abd g xjo o] FAhmak 2 A Al
A= vl

(3) AtA —?Eﬂ?‘(%’&ﬁ)ﬂ At st g 2 as i ek 8of
oAM= Z2uto] Q8 Al fakitel A akdg mx
4 A w25 HESIL 250 mL baffle flaskol Al Wl &S AA]st 2
1= molasses 6% (w/v)7F H71E RS JJEH ZFHTE BT 249
CSL 6%(w/v)7F 7= A& o Hd) Fd55 YEdAdth 5 L 2ax
£ o]&3te] 37°CY XA wHkELE 150 rpm, pH 554022 250 3|2 WS 4
A A FFFE L salivarius 1529 (2.02 x 107 cells/mL), P. acidilactici PA175(4.
107 cells/mL)¢} L. plantarum 1LP177(3.1 x 107 cells/mL)S YERAATE FAakatel H <k *J
el lactic acid®} 2 fr7]4be]l EAstA oL, wWieF Soll lactic acid A7do] ZA =
Ao FAHATE MRSHIA| 9} AF & iAo Al it &= dAef & AR 2 X“‘}
AL g vaus] B o A& wiA7F MRS iAok 65~85% FFoltt webA 3ahdE AT
NME= & ZEAPOIL *g?zﬂ'% BEAU AAS #8 37HA fAbr s £ agete] A
71 9l 37FA Akt el HErl &S £4ste], ¥R
ATE TP A T

2

O

2,

>

e
X rlr =2 B

[0

o > o oo )

_OL
ol 42 e

O:—|—4
o,

o
-
ol
o
&
> o
N
>, 9,
ox
ox,
BN
o
BN
By
U o
rz n&

(4) &3 M gE Akt 9 o] AW 3AdE

B f= 37VA At (L. salivarius 1s29, P. acidilactici PA175 2 L. plantarum 1.P177)
o] GEujy EFuYS TEl ks *3” lactic acid(f2F) Ak 2 ofmj b FHlF
g 55 Ayttt WA adEu|SAl, 37FA A T L. salivarius 1s299] *ﬁﬂgﬂ FFAF A AT
o Ao 7V 3t e P. acidilactici PA1750] ofu] =2k Hu]of] 9l 7} O}}\}\v—‘ll]

L. plantarum LP177°] 7V A ZskA . L. salivarius 1292 ¢S 2
Q2 3l=d), o] T ¥ ol A P acidilactici PA1759] B AS | o)
ojAtt wekA] AFg e 9 F A dFE TGRS A, A4y dFE o
Sagds Wrg § &4 A, fFANNEE S R



2 X = (glucose)e] H7FE MRS wj Aol Al 37°C, 32417 &<t &7]
g Be EEm A 100 mle] MRSHIA S E3$HsE 500 ml 4+
At (150 rpm, pH6.5, 37°C). Z+ #5752 HF HF T=+ 1 mlo|dTh
3], Etuld AHAS-ole= vE HE W&, 211, 5:1, 9:1; L. salivarius L3299} P. aczdz]actzcz
PA175¢] OD600 Hl&& A= ettt Exo dAuo] gle 45, 24749 A3 Al
HA g5 5w QT

uH BN

1m5£ri

2 N

o
>
=
o2

4y 0
52

iﬁ—@

(b AT

fre] ol =it ES A" AZFFIE A Wi S AE AF ] AEFHAT MENEES
membrane (2}) (045 m, GD; Millipore, (Bedford, U.S.A])ell <] 3} Oiljrﬂ N3 6 M HClel ¢
3 ZhESE AT (A 110°Col A 24A17F &<F ¥kS-). 71 v} Hitach model L8300A
automated amino acid analyzer (Hitachi, Japan) FH|E o] &3}o] ofn|i=ale] A A A5

At TES AFL  spectrophotometer (EFFE=ANE  o]&3te] A3 THE00 nm)
Fermentation broth(Z& A E)= A4E2] (20,000 X g, 108)E E3, A=AqS =13 3
27 L= (glucose) ] &EE refractive index detector’} 2tel HPLCE o] &3fo] 4 0}
Gtk EAo AlgH Ze e Aminex HPX-87H(Bio-Rad Co., USA)o|Q 1L, A ZvE 133 +=
40°Coll Al &g A2l 0.0IN H.SOE AF&3te] 315t} Flow rate (554 %)= 0.6 ml/min

(th @s5uds B3 Zeh~a da 79

WA 7 dFe] s Sl 32241 sk HaE AT S8R ol % L. salivarius
Ls297} viek717r Sk 7b4 =& culture turbidity (MY £8=)Z B YvH(2d 1-36). @4
bl E Sgk obw Al WO glEle] = Aol Aol oA g FFI Y FE ol
7] W&o, l~ER #+F F L. salivarius Ls29 57 7V l_—‘”:L proteolytic (¥+¥] & 7}4=4

) B YetlidY. =, A7) Lo salivarius Ls29 5= AdEC] o& 5o Bldte] v

XN L. salivarius
1 P. acidilactia

20 T =N L. plantarum
\ .
1.5 \

H

Culture turbidity (OD600nm)

0.5 1

0.0

T 1-36. SR FAHFE ALY

FAEAE Bl B wi(2¥ 1-37), L. salivarius Ls297F v 7)1 7HEAIZF vl &) FoF F
FAarES Bow WA P oacidilactici PA175 2 L. plantarum LP177 75+ oK.t} A
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(Zh) Frabe] @ w G g obn eakE o] W)

37}HA] iFZ‘Z-OJ 8/\]” Hj A Zboll mE AU ] ofmitbEe] WElE HoFa ATHE
1-23). L. salivarius Ls29+ asparagine, aspartic acid, citrulline, cysteine, glutamic acid,
histidine, lysine, ornithine, phenylalanine, proline, tyrosine, arginine, isoleucine, leucine,
methionine, serine, threonine, tryptophan, valine 5-& 8A]7F Hj%Fo] o] Fojx] = F<F ujx] W
o] ofu=AHE 9] ¢Fo] FoJEQH. 53], AT For AFolE uf, o] dFe SlolA
ofm = A4kel S EHelst AT

=

10

- XX L. salivarius
'|' 1 P. acidilactia
8 A \ J_ L. plantarum

T

6' \

Lactic acid (g/l)

a9 137, REwG fabETse) G4 ANE s

P. acidilactici PA175 35+ alanine, asparagine, glutamic acid, histidine, lysine, ornithine,
phenylalanine, proline, tyrosine, arginine, isoleucine, leucine, methionine, serine, threonine,
tryptophan, valines W* W= H2EY¥ #5F5 5 7 weol ZHsATh
L. plantarum LP177+ alanine, asparagine, aspartic acid, citrulline, cysteine, glutamic acid,
glycine, histidine, lysine, phenylalanine, proline, tyrosine, arginine, isoleucine, leucine,
methionine, serine, threonine, tryptophan, valine 5 8A|ZF v &Fo] o] F X = F<t wjA] W
o] olnAtEe] o] FoEUTE 53], A o2 AFolE uf, o] T QlofA
obm =4kl S Felst T

E 123 fAFES] GENGA folnlnabEe] W 24k (847D

Amino acids L. salivarius P. acidilactici L. plantarum
Concentration 0 h 8 h 0 h 8 h 0 h 8 h
(mg/1)
Alanine 200 + 4 215 + 43 200 + 4 254 + 51 200 + 4 608 £ 1.2
Asparagine 5 + 06 | 253 £ 03552 + 06|58 + 06| 55 =+ 06 78 £ 01
Asparatic  acid 1243 + 1 |647 + 06| 124 =+ 12 | 124 + 12 | 124 + 12 | 257 + 03
Citrulline 454 + 05| 222 + 02)464 + 051|218 + 02| 46 =+ 05 |608 = 01
Cysteine 7.48 523 748 5.73 7.48 0.53
Glutamic  acid 428 + 86 | 38 + 72 | 428 +£ 86 | 565 + 11 428 + 86 102 = 2
Glycine 115 + 23 | 1407 + 3 | 114 =+ 23 |406 + 08| 119 + 24 | 38 =+ 076
Histidine 245 £ 02186 + 02232 + 02]304 + 03279 =+ 03| 64 + 01
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Lysine 149 124 149 219 149 33
Ornithine 576+ 01| 55 * 01 |553 + 01| 61 = 01 | 59 * 01 |216 = 02
Phenylalanine 1204 =+ 2| 8 =+ 16 | 120 = 2 | 1445 + 3| 120 = 2 |114 =+ 03
Proline 802 + 0986 =+ 08|82 + 09| 121 + 12| 89 + 09 | 264 =+ 03
Tyrosine 50 + 12 | 407 + 08| 59 = 12 | 673 =+ 13| 59 =+ 12 | 814 =+ 02
Arginine 272+ 27 | 77 + 08 | 272 * 27 | 427 * 43 | 22 * 27 | 21 * 07
Isoleucine 1043 + 2| 77 =+ 15 | 104 * 21 | 142 =+ 28 | 106 + 21 | 267 * 05
Leucine 2248 + 4 | 1436 * 3| 225 * 5 | 218 * 5 | 224 + 4 | 52 = 1
Methionine 94 + 1 | 186 = 04| 50 = 1 |647 = 13| 52 = 1 | 178 = 04
Serine 1006 + 2 |9l1 = 18] 109 * 22 | 13 =+ 27 | 110 = 22 281 * 06
Threonine 879 = 18667 = 13| 8 =+ 18 | 1135 =+ 2| 88 * 18 |22 = 04
Tryptophan 26.8 14.4 27 43 26 6.6
Valine 155 + 31| 1268 = 3| 153 = 3 | 217 = 4 | 155 = 3 |401 = 08
() A M ds T HE T
2 Aol = v A B A Aabo] sk opw| Ak o] QlojA F Afol& H
ol= L. salivarius Ls29%} P. acidilactici PA175 ;ILTA EgudS A=ty L. salivarius
Ls29%= P. acidilactici PA175 T Bo =& AAATE XA, L osalivarius 1s29 1ol

g3 AvEE ol At E5S P oacidilactici PA175 Oﬂ o sEAoR AT ¢ 9SS
At uhEbA, @"?}HH?}/\] A JheRE] Alawle]l X ol L. salivarius Ls293 P
acidilactici PA175 572 Ao & B Q3 A4 ofuibE9] BHE F7FA7]aL, o] 2 3|
79 S SN TIE Aolgt ddstan. @il shaie] 289 Aol gy g 7Y
E}E ool gk 4 7hedel 7 2 & ARdHe] o =HEHA
t. P. acidilactici PA175 w5+ 443 HF oz nAdd HedA L. salivarius Ls29 ¥
TE Y5t =3 #5111, 21, 51 %9 salivarius Ls29¢} P. acidilactici PA1759)
OD600 H] )3ttt 17 1-38, 39914 H o] salivarius 1.s29%} P. acidilactici PA175 1
Fo MDA 7MY =2 AFEH T sE S BATEAIRE vl ). S Al
ZHE = ¥ w2 AREYd @i sheds] 2elal ofn| et FHlE FUbE o E b
28 AB-HNY. L. salivarius 1s29 57} proteolytic w#F0]aL, 1o wE Mz 7p4E
& Ab=ol EHMFAl 7 ool ol AREE AT mERA non-proteolytic 3PSl
acidilactici PA175 57} L. salivarius Ls29 52 &2 <ls] o] A A= F22
A 4 QT

1, L.
L.

i
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3.0

1 Ls&Pa(1:1)
XN Ls & Pa (2:1)
2.5 1 [ Ls & Pa (5:1)
& Ls & Pa (9:1)

T

2.0 A

HH
%
HH

1.5 4

1.0 4

Culture turbidity (OD600nm)

0.5 -

0.0

29 1-38. o WlEe £ wFA A TEe AEALE

14

1 Ls&Pa(1:1)
12 4 XN Ls & Pa (2:1)
[ Ls&Pa(5:1)
KEXX3 Ls & Pa (9:1)

-
o
L

T

Lactic acid (g/l)
HH
-

a9 1-39. o Wlge] &5 wEA AT FES T A Wt

Ho

(1h) Tl S el o FATES] wlYAl ] olr| =it E o] W)
¥ 1-24%= F 7VA #F( L. salivarius 1.s29% P. acidilactici PA175)E 2] ol 7}x] &3y
ol 93 mjFA o] WE wjx] W] ol AtEe] WIS HolFu gt} BF Q3 ofu| w4t

[alanine, glutamic acid, glycine, histidine, lysine, ornithine, phenylalanine, proline, tyrosine,

=
=

isoleucine, leucine, methionine, serine, threonine, tryptophan, valine] ®j %] W& o] &n]s}t
At} wHH asparagine, aspartic acid, citrulline, cysteine, argininels-& 8A]7F Hj%ko] o] Fo]
A= et AnsEATh ATl AuE ofreAE S BT Al 9lo] I ofu| ko]
o AAHoz ofuitEe] ke Eg HlE S7HA FUFEIR T ¥ =S 3 1 &(9:1)0
A

N

_64_



=5

1-24. FAkat

so &

G FAl Frefotm=AtEe] Wt A5 (8A3h)

Amino acids Ls & Pa (1:1) Ls & Pa (2:1) Ls & Pa (5:1) Ls & Pa (9:1)
Concentration
0h 8 h 0h 8 h 0h 8 h 0h 8 h
(mg/1)
Alanine 200 + 156 + 200 + 232« 200 = 350 = 200 + 306 +
6 5 6 7 6 9 6 9
Asparagine 55+ 205 £ 5 + 2129 + 5 + 2 445 =+ 55 + 3
1.7 1 1
Asparatic  acid 124 + 498 + 124 + 73« 124 + 114 + 124 + 9%.7 =+
2 1 2 2 2 2 2
Citrulline 45.4 21.2 454 182 45.4 32.6 45.4 3.12
Cysteine 8 = 1.78 8 = 4.04 8 =+ 6 = 8 =+ 5 =
0.1 0.1 0.1 0.1 0.1 0.1
Glutamic  acid 428« 257  « 428 « 388 = 428 £ 620 £ 428 =+ 505 £
8 7 8 9 8 9 8 9
Glycine 115 + 368 + 115 + 173+ 115 + 257 + 115 + 230+
2 1 2 3 2 5 2 4
Histidine 25 o« 16 + 25 = 26+ 25 =+ 45 = 25 =+ 33 0+
05 0.3 0.5 0.5 05
Lysine 149 94 149 129 149 241 149 187.7
Ornithine 58 =+ 73 £ 58 115 = 58 * 151 =+ 58 =+ 79 o«
0.1 0.7 0.1 1 0.1 2 0.1 0.8
Phenylalanine 120 = 39 =+ 120 =+ 68 =+ 120 + 127+ 120 = 113+
3 12 3 3 4 3 3
Proline 89 = 63 = 89 = 88 = 89 = 134 =+ 89 = 120 =+
0.9 1.3 0.9 1.8 0.9 3 0.9 2
Tyrosine 59 = 26 = 59 = 41 = 59 £ Y- 59 =+ 63 =
0.6 0.3 0.6 0.4 0.6 0.8 0.6 0.6
Arginine 272+ 154 + 272+ 268 + 272+ 193 + 272+ 222+
3 1 3 2 3 2 3 2
Isoleucine 104 + 61.3 104 =+ 87.3 104 + 143 + 104 + 117+
1 1 1 1 1 1
Leucine 225+ 112+ 225« 160 + 225 % 258  + 225 + 217+
4 2 4 3 4 5 4 4
Methionine 494 = 20 = 494 =+ 21 =+ 494 + 17+ 494 + 668 =+
1 04 1 0.4 1 0.3 1 9
Serine 110 = 65 =+ 110 = 98 =+ 110 + 152+ 110 = 131 +
3 3 3 4 3 4
Threonine 8 =+ 53 £ 8_ = %6+ 8 =+ 141 + 8 =+ 125+
0.9 05 0.9 0.8 0.9 1 0.9 1
Tryptophan 271+ 85 + 21+ 20 =+ 271 =+ 43 =+ 271+ 20 +
05 0.2 0.5 0.4 0.5 0.9 05 0.4
Valine 155 =+ 102+ 155 =+ 135 =+ 155 = 190 =+ 155 + 190 =+
3 2 3 3 3 4 3 4
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(5) AA FRAFOEEY ) aFE WY

E AFNAME FEAIES @AY 28 LS flskel Bacillus subtilis TAE 21839
o vpA gy~ A HAH v 2= [CaCo3 1g, MgSO04-7H20 0.3g, FeSO4-7H20 0.02g,
ZnSO4-7H20 0.02g, Yeast Extract 2g, Peptone 2g, Cottenseed flour 20g, Glucose 15g]el 4]
sl ksl dek. Al ke 998l Bacillus sp. JSP1S 5 L @ zold 2 s (pH 7.0)l
HEsto] 30°Col A 200 rpme = 16A1%F &< & v Y(seed culture)stAtt. vl SE w5+ H
2 wf Al 1.0%(v/v)E Al HEska, 30°CalA 200 rpmo-= 324 7F &9t A& wj sl A 1™
1-40). WA bl W Bacillus sp. JSP1e]l A7 &S S & wdst widds A
AP A w AR FHstal B3 BEAE AFESHY 660 nmollA FREE FAHsEAT pH
= HE T 3227 ol FAA oF dItE (pH 7.8)2 Ak A<dtdtt. A Bacillus sp.
JSP1¢] A&S ZAbgE A3 BSM-4 Ao A AFo] Fgkom 12417 o] & G| 7]o =ds}
At

16 20 10
A Culture turbidity
_ 14 O Glucose L g
B —_ H pH
Z 124 E 15-
o o A A
= © -8
© 104 ©
= a
g ., S T
g 8] g 10 7 L
3 3
QO 64 o
(O
2 44 O 51
O
-5
2 -
0 - 0‘ T T T T T T 4

0 5 10 15 20 25 30
Culture time (h)

1% 1-40. Bacillus subtilis T49] A5 EA4

=
2 AFgM = TEAREE GHERE AT A8t Saccharomyces boulardii 7965 A}
A = YPD ®}A|[peptone 20 g. yeast extract 10 g, glucose 20
gloll A wiokstdet AHAl AR A8 Saccharomyces boulardii 796 YPD 50 ml7} $Hr
H 250 ml &9 AZEgaAdARE FEYE Waol2 HEsE 30°CeolA 200 rpmo =
16A17F 5eF & Hi(seed culture)dtith. Hike gz HAA A 1.0%v/v)
A AFshar, 30°CollA 200 rpmo. 2 32A]3F &<k % SFATH Y 1-41). v A Ttel] u}
2 Saccharomyces boulardii 7962 A37¢ Q1S 98] X& vt vjdAs dAS A+ 114
o7 dAH Hola ¥F FEAE AFESEY] 660 nmolA FHE=E 45U pHe WE=

F= 5L
g nje



T M opx] wig 1247 3 A pH 6.0 W E AE ot ek 3247 3 A9
pH 72 YEelstt}. 3vH Saccharomyces boulardii 7962 A5 ZAFSE A3} YPD wjA|o| A A3

Fo] TR 12A17F o] AR 7] Z=datiT.
25 10 10
A Culture turbidity
= B pH
419
20 + g 8C O Glucose
3
~ @ Al
= i
2551 2 6
g g 7 L
5 g =
® 10F 3 4
o 16
2
=]
5F O 2 5
@)
0*- 0 4

Culture time (h)

9 1-41. Saccharomyces boulardii 7962] A5 54

(7) 5FAES 9|83t Bacillus sp. JSP1 & (amylase % protease) AAF 2 & 3 23 nj A

(7H F5AE S o) 83 Bacillus sp. JSP1 protease A4t HZA 1A 2g wix] FA

T 9= %‘ Bacillus sp. JSP1 protease *@ﬁoﬂ A= S zA ey Yete] AT, o
Ful S5 E uA 7|22 o] 839 Bacillus sp. JSP1el] tdt protease A4S ¥ 1-259] o}
Buidth. BE Al 7]HelA protease’t AL HoH, wAUR F SFFE ol &3 1A

Faol A 26974316 U/gl & 7Fd =t AAAoRE S5as 944 Ads 8% A
A 319794 U/go. & 7H ko A A9 Ao B4o0m S44 1A WA E Ad

aF At
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¥ 1-25. 1A 71 de| st Bacillus sp. JSP19] protease A4+

Solid substrate Enzyme activity (U/g)’
wheat bran 1490197

soybean meal 1945£221

corn flour 2697+316

wheat bran + nutritive components? 1164+195

soybean meal + nutritive components 2075%258

corn flour + nutritive components 3197194

? nutritive componentsi yeast extract 5 g/, CaCl2H,O 0.1 g/, MgSO,7HO 0.1 g/, NaCl 0.1 g/, KH,PO, 0.7 g/],
MnS0;4H,0 0.01 g/l, FeSO,7H0 001 g/12 FAE A » U/ge Al uld 718 $3(g) 9 Units JeERATh 24 2E5E &
T 50%lA A Fs 4% FESHA, 28T, 220 rpmel A F 49 P i Sk dlolEl= 33 whE F7ste] Wt
¥ QA (standard error) #HOo 2 FAEYCE ¥ trE ™ol gl 3§ protease B4 =&AL 50 mM Na-phosphate buffer (pH
6.0) 360 ul, 3% Azocasein 140 p R Z&AN 200 U2 FAAE WSAES 30C Fg2FoA H4A3] wjgst T 10% TCA 700
wWE Ha YAEEA2000 rpm, 5 )3t AW FF AL 366 nmolA FHE FAHIASH, azocasein W3FHol AT

0.D.(366nm) 0.001 T7F A5 1 Unit® A8ttt

@ 1A HEE o)|83 Bacillus sp. JSP19] protease A4kl gt =832k o3k
=2 kg wjR|o A SR RS 33.3%80%7FA] W 3EFA| A protease AAF
o 333%0) A E7hely] AlREe], FE 66.7%00 4 FH

o= HA it

1800
1600 A
1400+

)

=

Fa

]

o
I

1000 +
800 A
600

3

Enzyme activity (Ufg

200

333 429 30 33.5 60 667 714 T3 TFiT7 80
Initial moisture (%)

9 1-42. 1A Bg v Al FESEEo] Bacillus sp. JSP19] protease kel W x| &= gk

Al stk
@ wiF Al7rell W& Bacillus sp. JSP19] protease A4t
AA i T 66.7%% S A 2R wAE ZAske] Algtel W& Bacillus sp. JSP1

o
=

3l protease AAHS ZAFSEY] 19 1-439] YEFHATE. Proteaset® 24 A ZMFA = W $-
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oFstA AAE H oy, 1 % ek AAbEe] oF T2A17ke] 184804235 U/gl = Ho AES H
R T2AIZF o] Tl HA HFATS & AATH
20000 -
15000 -
S
£10000 -
= 000 1
i
0 12 24 3% 48 60 72 84 96 108
Incubation time (hour)

O 1-43. 1A 2E v F Al Algkel] wrE Bacillus sp. JSP12] protease AAF. 1A whE =
SFFE V%8S 66.7% FESFEFA AR TS 4% FFehe], 28T, 220 rpmol A F 5Y
ekt At A ZE uf vt g4 AAES BASESI T dolH = 33 HbHE SA4ste] Hat
#H 2T A o= EAISHS

@ Bacillus sp. JSP19] protease A4tell gk gha¢l H71e] F3F

Bacillus sp. JSP12] protease AAtoll gk w9l H7be] 43S Alsty] flste], @ade
2 sucrose, glucose, fructose, galactose, lactose, xylose, maltoses #7}sfe] 3d7F wjok &
protease AJAHS Flsto] a9 1-449] UERFWNATE protease AR tiFR 9} H|uEho]

sucrose, glucose 1# 3l galactoses
19565+213 U/g =4 7}

Enzyme activity (Ufg)

9 1-44. 1A
Mg E 66.7% T8
T dHlelE = 3

66.7%%1 S

g Al Bacillus sp. JSP19] protease A4ke] thal gAY 3 7}94

LA

At st )
A R

=7F S

20000 A

15000
10000
5000 ~
Al T T T T T T T

sucrose  glucose fructose galactose lactose

[}

control ¥ylose maltose

carbon source

oo Sk
34

Zﬂﬂl T

—

oA HA Fs 4% FHFek L, 28T, 220 rpmel A F
F oA gom EASg:

TH@E 7T 1% 4

=

st =,
3

;é]
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o .

al, I % galactose #H7FA|

A

jus)
_

o2

et
ot

sucrose, glucose,



rr
po
o
=
BN
4

fructose, galactose, lactose, xylose, maltoseS Z+zb H7}stdvh g4 Qo] ¢l
(control) & o] &3} t}.

® Bacillus sp. JSP19] protease A4ke] 3k ]i% A7ke] 43

Bacillus sp. JSP1¢] protease A4tel tfsh DAY H7te GFE FASH] flste], dAado
2 casein hydrolysate, peptone, tryptone, yeast extract, urea, NaNOs;, (NH,)-SO,& # o
3U7F vk ¥ protease ALHS Eelsto] 19 1-459] YERNATE protease A of 29}
H] 3 5}o] casein hydrolysate, yeast extract “12] 3 NaNO;S #H7F a9 S W S7F Ha, 1
% NaNOs; H7FAl 30730+126 U/g =4 7Hd =2 kS JERd Sl

30000
25000 A
=]
o | 20000
£
B
T 15000
m
-
E
ﬁ; 10000
C
L
5000 I
control casein peptone  tryptone yeast extract urea MNaMNG3  (NH42504
hydrolysate

nitrogen source

a9 1-45. A LE A, Bacillus sp. JSP12] protease AAke] tisdh A4 H 7P94 gk A

LEE 66.7% T Oﬂfﬂ MBA TS 4% FEHA L, 28T, 220 rpmell A F 3Y 1+ wiF
stlth. diolEl= 33 wbE SASte] Fdgd 2+ Ak g FAEIT 75741 T T

66.7%<% S A ”ELE_ jAjo] AAhdo=z 7d F(g) 9 1% A casein hydrolysate,
peptone, tryptone, yeast extract, urea, NaNOs, (NH)-SO0,2 Zt7F 7l dado] g+
S ZT(control) & o] &34

upebA AWA 0 F Bacillus sp. JSP1S AA 78 66.7% S5 71AZ 3U3E A HaA
74 =& protease A S UERAITH

(W) THAELS o] 83 Bacillus sp. JSP1 amylase A4 A 14 g wjx ZA
acillus sp. JSP19] amylase A4F H A 1A wg wjx A

YEF Bacillus sp. JSP1 amylase AAtel] v X TS 2ASH] fIsto] Awe])

@©
}O]: AR (¢}
Sl S5 E 1A 7|E R o] 8319 Bacillus sp. JSP1ol W3 amylase A4HS
8 A=k 5
=N

]Igbd

= 314 7)Ao A amylaseﬂ ALk = lon,
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¥ 1-26. 22A 71 &l i3k Bacillus sp. JSP12] amylase A4k

Solid substrate Enzyme activity (U/g)"
wheat bran 843+63

soybean meal 31759+1091

corn flour 737+£135

wheat bran + nutritive components® 13058+2481

soybean meal + nutritive components 29939£558

corn flour + nutritive components 809+47

4 nutritive componentst yeast extract 5 g/, CaCL2H.O 0.1 g/, MgSO,/H-O 0.1 g/, NaCl 01 g/, KH.PO; 0.7 g/,
MnSO4H.0 0.01 g/l, FeSO,7H;0 0.01 g/1& T4 % ek P U/g% oA wF 71d FHE(g) & UnitE vebdch 13 25+ 8
ke 50%l A AA FTS 4% % }—o}@] 28°C, 220 rpmell A & 49 7+ 9| <F skt dlolEH & 33 wHE =AHsto]l gy E
9 Z}(standard error) FOE FEAEA H e Adgo] gle fﬂ amylase &4 A&

e

> 50 mM Na-phosphate buffer (pH 6.0)
600 ul, 2% starch 400 ul = ¢3Mﬂ 400 p= FAHE WA 30T F2FxoA AL HYgd =

k-5l = 23k & dinitrosalicylic acid
(DNS) A 1500 wE P 1053F 100TCA 7}

A3tal 40% potassium sodium tartrate €< 500 WS FH7}ske], Wl Al 7ich
1 -r 575 nm°1 /H %%_‘_ é‘ 5 ° }/\1\‘;}‘. 1 umt% §_

5]
2] starch® A2 1 nmole maltose® FE A7 THoZ A3l

o

F

x| o A 8 S 33.3%77.7%7HA] WM3FAl A amylase AAF
T S Ee i 714%0 A4 HUY amylase A4S U EFU QT

=13

@ 1A HEFE o] &3 Bacillus sp. JSP19 amylase AAkol] w3t R3]
oj A

,5_3_
P
T

kA 2
= 19 1-46°] YEb A

120000 A
100000
BOOGO

=]

3

& 60000 -

=

| 40000

:

s 20000 A

333 4245 50 556 60 667 714 75 777
Initial moisture (35)

a9 1-46. A g wYA] R o] Bacjllus sp. JSP19] amylase A2tel| v x]= Gk

o MA FHS 4% FHE3Fe], 28T, 220
18 33 W& SAste] Adgdt 15 o o= %

@ wjeF A|7rel W& Bacillus sp. JSP19] amylase AJ4F
AA 2 3 71.7%0 oiFRF oA BE A E FA St Agtel wE Bacillus sp. JSP1

of 3 amylase 2SS ZAF dte] 19 1-470] YEFHRI T amylases 48 AIZMHA = A wF
A HQoy, 1 T Aol FE3Fe] oF 847120 A7 7FA] 116768+21837117969+947 U/g o &

Ho S Bl = & T UM
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140000 A
120000 A
s 100000 A
S
= 80000
E 60000 -
€
5 40000 -
20000
a x T T T T T T T T T T T
12 24 36 48 60 72 84 96 108 120 132 144
Culture time (Hour)
a9 1-47. 1A FE v A, A Zre WE Bacillus sp. JSP19] amylase AAF 114 wtE =
FEE TFS T1.7% TN HA TS 4% FE ek, 28T, 220 rpmelAl F 6Y
B wele, AAw A7 W v ma A4S RS dolE e 33 W Zdsie] B
@ ¥E 04 gew AN

@ Bacillus sp. JSP12] amylase AAke] ofsk A9 H 7ol 3k
Bacillus sp. JSP12] amylase A2Fo] o3 &tAA H7le] JFS ZASH] Y35te], eaxdo
% galactose, lactose, glucose, maltose, sucroses 2 AHS
ghelate] 19 1-489 YER AT amylase A4k
7F ats Wl S7F HSlal, L % maltose H7FA] 621454893 U/g o= 7FE #& & uE

=

8 g
N
-
)
=
El
ol
s
.,
c
(@)
o
wn
o
8
o,
=
o
wn
(@)
i
k)

Aok
80000
F0000
S0000
B 50000
2
:E‘ 20000
E 30000
E 20000 -
10000 | .
T e ° glatres o | e oudhes s
carbon source
a9 1-48. 1A WE A, Bacillus sp. JSP19] amylase A4ko] ojgh &4 H7le] gk 14
Ege dFuhs 71&8k 71.7% TRl A A TS 4% HEFsR AL, 28T, 220 rpm
A F 44 EA A

7y itk dolEE 33 wn Z4ste] FAg EF oF go
2

z 2
o AA FE E 71.7%< T 1A wEg wxo] gAdoer 7A(MFE) TH(e) B
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=

1% A galactose, lactose, glucose, maltose, sucroseE ztzt H7Fskicth. g
) Z 7 (control) & ©] &3}

(e
9
52
rr
Py
o

% peptone, tryptone, urea, corn steep liqour, (NH;)>SO; NaNO3E F7}ste] 443F a5
amylase AAHS FAste] ¥ 1-499] YER AT amylase AAHS ti-¢f vlalste] EE
A% HIMA F7F gt A4 FolA] peptoned H7F S Wl 76577+5736 U/g ©
7h =Sk

90000 -
30000
70000

60000 A

50000
40000
30000
0 - T T T T T T

control peptone tryptane urza corn steep  ammonium sodium nitrate

Enzyme activity (U/g)
:Q:.
=

(=
(=]
(=1
=
i

: ligour suffate
nitrogen source

a9 1-49. A $E&A, Bacillus sp. ]SPl-OJ amylase Ao W3k AAQ H7Fe] gk A
e dTEs 7x s 71.7% TR A A TS 4% HESH AL, 28T, 220 rpm

N F 49 b WpF Shsich vlolEl: 38 W Egstel WEUW BE 04 OB EAS
ek WA SR FE 717%2) dRu mA 2E WA da9ew A FRe B 1% A

peptone, tryptone, urea, corn steep liqour, (NHy)-SO, NaNOs3E 7zt7zt H7lstdth. Aol
S 22 thEF(contro) & ©] &3

wretA AFA O 2 Bacillus sp. JSP1S A 5 71.7% W58 7|22 497 4] @a A
7Hd =8 amylase AAIS LERH ST

119

(8) Bacillus sp. SM2 HZ A AAS 93k ¥k-g EHH(response surface methodology)<
o] &3t FHALE AA wjx o A3}

(7h 43 4 29 #AH(one-fator-at-a-time—-method: OFAT)ol 2|3+ Bacillus sp. SM2 7t
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A At

@ Bacillus sp. SM2 2 A AiHe 913 ©AHde] J
A A2 FAES 7FH Bacillus sp. SM22] H A 3lgl
= 9%s 1§ 1-500 e dAadoEs dHy &
2% A7} FE uf A AYAS X< tryptic soy brothe} H]

10.0 7
80

80
7.0 1
60
40 -
30
20
10
M1 M2 c1 2 T8

Log CFU/ml
wn
]
|

LER

% 1-50. Bacillus sp. SM2 #HZA w5 AiHS fst g4 de] a3 M1, 1% (w/v) molasses,
M2; 2% molasses, Cl; 1% corn flour, C2; 2% corn flour, TB; tryptic soy broth. A Ygo =
g8t 1%E G AI A dlolH & 33 WbE S48t Haptd ¢ oA ez BAISHY

o},

@ Bacillus sp. SM2 2 A Aike 918 dA9e] 3

AdAZA ZAAEE 7V Bacillus sp. SM29] H 238 5 A2HS $5to], 2
F&S 19 1-51914 YEATh dAYozes giFe, g <3

Zvzy 1% 2% A7V kvt Bacillus sp. SM2 w4 AARE o 221 tryptic soy broth$}
wste], S35 HI7MA w2 BAQle] vl wton, tiFuby {3 EEolM = & Ao

S HolA ookt

=z Q0
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Log CFU/ml

[¥¥]
=]
I

8.0

7.0

6.0

5.0

4.0

2.0

1.0

0.0 T T T T T T

51 52 W1 W2 C1 c2 TB

% 1-51. Bacillus sp. SM2 #HZA 5 AibS 913k Aol g3 S1, 1% soybean meal;
S2, 2% soybean meal; W1, 1% whey, W2, 2% whey;, C1, 1% corn steep liquor; C2, 2%
corn steep liquor; TB, tryptic soy broth. Ao & 1% YES 1A dolg = 33 wk

B S48t duid 25 24 ge® HAE

@Bacillus sp. SM2 #H# A S 9138 my|2e] g3k

A A=ZA FAES 7V Bacillus sp. SM29] H A std 5 S f8ko], mld o] v X
© 9E¢S a™ 1-52004 YERAGY. mulZ 2= 0.01% CaCl,, NaCl, KHPO,, MgSO, %
0.001% MnSO,, FeSO,& H7}std vt Bacillus sp. SM2 A AR tfZ <l tryptic soy
broth¢} H]asle], CaCl,, KHoPOs 2 MgSOs0l A = JATE 2 2pol= HolA] ekokr)

120
11.0
100 +
Qg

B:ﬂ
7.0
6.0
5.0
40
30
20
10
00 - T T T T T T
Ca Ma KH Mg % [} Fe TB

Log CFU/ml
| | | | | |

AL

% 1-52. Bacillus sp. SM2 HZA i S 93 vuze &3} Ca0.01% CaCly, Na;
0.01%6 NaCl, KH; 0.01% KH>PO,, Mg, 0.01% MgSOs; Mn; 0.001% MnSO4 Fe; 0.001%
FeSO,, TB; tryptic soy broth. ©2¢3 AAUL 1% FEy dFaroz uA3t). do]H

i 33 Wb SAste] FEghy 2E oA gor FAEATH
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(W) ¥+ 3 A (Response surface methodology: RSM)

acillus sp. SM2 HZ A AAake] vlx+= &4

2 o7& B©AaY, ALY W uvo] Bacillus sp. A A
Aol W= FTFS S . WA Bacillus sp. SM2 1A Ao S5 =5HH
T2 o] Wks W B4 sl BAE T 93 A 89 BA 0% Bacillus sp. SM2
oA S FFAE F dE FAdES B THRA(EE, S5, T, 482, CaCly,
KHyPO4, MgSO4) 8218 AW 3l) a1, Plackett-Burman designel]l 2]&] o]E 2912 & 15719
As A0 w AEEY] Bacillus sp. SM2 A Ao 23 JaS &+ Q938
ettt 2 A3 5§33 B2l Bacillus sp. SM2 A AAFS
2 gAY w13 A

Ak Hagk T3 947 98 HHAToEA olF 47HA (AT, A, pH
IHE A Aste] Q3% Q3% Q42 AAs)

[e]
ABRAAS A8 Y8k F 1-28904 2 59

e
>
Q
@)
=
o)
&
oy}
=
Q
85
o
o)
“.
0
o B
o
o
% oo
r
oy

E

Fol WS ghe ;e s

¥ 1-27. Bacillus sp. SM2 A4bell &S n A& 22 (Plackett-Burman design)
Variables  (g/1)

Log

Corn Soybean

Runs Molasses Whey CaCle KHyPOs MgSOs (CFU/ml)
flour meal

1 10 1 10 1 0.01 0.01 0.10 9.09
2 10 10 1 10 0.01 0.01 0.01 8.23
3 1 10 10 1 0.1 0.01 0.01 9.54
4 10 1 10 10 0.01 0.1 0.01 9.56
5 10 10 1 10 0.1 0.01 0.10 9.64
6 10 10 10 1 0.1 0.1 0.01 9.54
7 1 10 10 10 0.01 0.1 0.10 9.05
8 1 1 10 10 0.1 0.01 0.10 8.93
9 1 1 1 10 0.1 0.1 0.01 9.36
10 10 1 1 1 0.1 0.1 0.10 7.54
11 1 10 1 1 0.01 0.1 0.10 7.77
12 1 1 1 1 0.01 0.01 0.01 8.62
13 5.5 5.5 5.5 5.5 0.055 0.055 0.055 9.05
14 5.5 5.5 5.5 5.5 0.055 0.055 0.055 8.92
15 5.5 5.5 5.5 5.5 0.055 0.055 0.055 8.79

deolH = 33 Wby F4sto] Jrgios FASAT

¥ 1-28. Bacillus sp. SM2 &7 A A2HS 95 (Box-Behnken design)

Levels
-1 0 +1
X; Soybean meal (g/l) 5 17.5 30
X, Whey (g/D) 5 17.5 30
X3 pH 6 7 8
X4 Time (Hour) 12 18 24
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oy

acillus sp. SM2 A A4 HA3slE 93 Box-Behnken design

T (Xt Bacillus sp. SM2 #ATE Hel= 5 W (V)Y ZadAE 3

TEHRF oWE JEFs FeA EYEGst B T A4 ALE HA )
HOS 1317 93+e] Box—Behnken designg A A|3te] o =9 3y A= =

® 1-29004 Yetdide T 27789 AdxdelA 3 whEsie] s A

A T A 1494 M =2 A ALH10.88 Log CFU/mDS ol 5 iz, AA 2

=2 A AAH1091 Log CFU/mD)S YeERWT H=h A3 21004 7 o

46 Log CFU/mD3ala, A3 (793 Log CFU/mDolA = 7F4 wrkoh, A =71 7H

& v EY fFEEEX)e Wl HerF 7P W lh

e ©
_l

a2 o forr o
¥ o

N
T )

4 ol

o o Moot 2
£ i X M ogo o
X
2

o 5
p\v
rlo

¥ 1-29. Bacillus sp. SM2 A A4F 24 3tE 93 Box-Behnken design

Runs coded Experimental Predicted
X, Xy X5 X4 (Log CFU/ml) (Log CFU/ml)
1 -1 -1 0 0 10.14 10.19
2 +1 -1 0 0 10.30 10.07
3 -1 +1 0 0 9.58 10.11
4 +1 +1 0 0 10.48 10.73
5 0 0 -1 -1 10.16 10.14
6 0 0 +1 -1 10.01 9.85
7 0 0 -1 +1 8.02 8.47
8 0 0 +1 +1 10.10 10.41
9 -1 0 -1 0 9.84 9.30
10 +1 0 -1 0 9.55 9.35
11 -1 0 +1 0 9.99 9.93
12 +1 0 +1 0 10.09 10.38
13 0 -1 0 -1 10.49 10.18
14 0 +1 0 -1 10.91 10.88
15 0 -1 0 +1 10.25 10.03
16 0 +1 0 +1 9.86 9.91
17 -1 0 0 -1 10.11 10.40
18 +1 0 0 -1 10.60 10.82
19 -1 0 0 +1 10.27 10.00
20 +1 0 0 +1 10.42 10.09
21 0 -1 -1 0 7.93 8.46
22 0 +1 -1 0 10.27 10.04
23 0 -1 +1 0 10.40 10.58
24 0 +1 +1 0 10.14 9.57
25 0 0 0 0 10.09 10.21
26 0 0 0 0 10.35 10.21
27 0 0 0 0 10.18 10.21

=1

X,=soybean meal, Xo=whey, X3=pH, Xy=Time, tlo]&l 33 ¥tE =A3lo] FHAgto 2 F AT
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@ Bacillus sp. SM2 A Askel] st th 3AEM w2 w&xd gy 9@ A4
Box-Behnken design A2 vl®o 2 Tt 53] 7] &4 3t Bacillus sp. SM2 A A4ke]
g vhg 1Y A Al B e A3E % 1-30% A 1ol yESl

Bacillus sp. SM2 A (Log CFU/mDE $45W4 Y& ‘/}E}IH AL, ol &l
Hua Xl g BB AATE vl v BAA Aes 13 AE &+
(Xo)} pH(X3)7F wt Al Aakel fo8k J3(P<0.05)S Yeldon, JaAAAE Yepls 2
oA pHe A ZHXpol M= F23F 93 P=0.0260S v Hl F3F oo tfdt WAL a7
T@R)7F 80.0% W& #old A3E YA

Y=—12.5454 —0.0629.X , +0.04064.X ,+0.70469.X ,—0.6796X ,+0.0005X % —0.00001.X?

—0.5385X2+0.0013X2+0.0012X , X ,+0.0081.X , X ,—0.0011X , X ,—0.0520X , X ,
—0.0027X ,.X ,+0.0930X , X,

4 1)

¥ 1-30. Bacillus sp. SM2 A ko] tfsh w8 3 wga 2 A4
T

Term Coef SE Coef P
Constant -12.5454 11.6353 -1.078 0.302
X1 -0.0629 0.1427 -0.441 0.667
Xs 0.4046 0.1427 2.835 0.015
X3 7.0469 2.7762 2.538 0.026
Xy -0.6796 0.3274 -2.075 0.060
XXy 0.0005 0.0012 0.371 0.717
Xo#Xo -0.0000 0.0012 -0.031 0.976
X3#X3 -0.5385 0.1899 -2.835 0.015
Xy Xy 0.0013 0.0053 0.254 0.803
X1#Xo 0.0012 0.014 0.840 0.417
X1%X3 0.0081 0.0175 0.459 0.654
XXy -0.0011 0.0029 -0.377 0.712
Xo#X3 -0.0520 0.0175 -2.962 0.012
Xo#Xy -0.0027 0.0029 -0.923 0.374
X3 Xy 0.0930 0.0366 2.545 0.026

S$=0.4386, R-Sq=80.0%, R-Sq(adj)=55.3%, X;=soybean meal, Xo=whey, X3=pH, X,;=Time
9] #+ Box-Behnken designol] <73 72,

@ Bacillus sp. SM2 A AAtel]l w2 = 22k thaha o] EAHEA

Bacillus sp. SM2 A Aitel] w A= 22 gadae] EAEA A5 1 1-31° HeEhd ol
o 37 EA I Aol diste] g AFE(<0.05)E HoAFAoH, AFA AofdAx
P=0.0760.% #2435 AAA &oF A7t Agghs vEh A
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¥ 1-31. Bacillus sp. SM2 A A2k vz &= 224 gpaa o] A4kt

Source DF Seq SS Adj SS Adj MS F P
Regression 14 8.8740 8.87401 0.63386 3.29 0.023
Linear 4 3.4360 4.66091 1.16523 6.06 0.007
Square 4 2.1368 2.13678 0.53419 2.78 0.076
Interaction 6 3.3012 3.30125 0.55021 2.86 0.057
Residual Error 12 2.3085 2.30847 0.19237

Lack-of-Fit 10 2.2724 2.27238 0.22724 12.59 0.076
Pure Error 2 0.0361 0.03610 0.01805

Total 26 11.1825

DF, degress of freedom; SS, sum of squares; MS, mean square.

AEA oz, Wgsds Wit dol 73t Bacillus sp. JSP1& 7AAA o= g4l o,
5 WA 2 313 23 3le] protease®t amylase A 2 1 EAS sl st o $
3% Bacillus sp. SM2% %W W8 A& o] &t =k A AiS 93 sHAHE A
A 24 HAA S B e R, B AdAEA FAF o8 TteAds

AN

[U O
s
o
o%
o
>
1%
-

(9) Bacillus sp. SM2 A Aik 543 H5
(7H) RSMe.& oS4 HAst =13 245 H4F

a9 1542 Z47be] 5 YA F(X) 7t Bacillus sp. SM2 w2 A4kel] w2 4##AE contour
plote® %At Bacillus sp. SM2 A AiHe diF9ba #§74 £ 25 ko] St
drE(abde), pHE FTAAAMAD, 28 AR 12 AIRF oA (cef) A AAto]
Azt 1S & 5 Ak olg @ B4 v)x8te] Minitab™(ver. 14)0.2 A 43 A3}
HEE 30 g/e, ard e 30 ¢/4, pH 643, Trefal AREE 12 AR w1156 CFU/me=
Bacillus sp. SM2 A Azte] Hul7l H= oz dZstgdch(ad 1-53). waa 29
20014 AN 2How AS APS HAASIAIL Bacillus sp. SM2 #F= 1099 CFU/ml %
o =gk} 95.07% U XA THELI-32).

New | SEM Whiey pH Time
0 Hi 30.0 30.0 8.0 24.0
Cur [30.0000] [30.0] [6.4286] [12.0]
1.0000 g 5.0 5.0 6.0 12.0
CY \
Maximum *-.
y = 11.5605
d = 1.0000

1% 1-53. Bacillus sp. SM2 Ao A A4S €3 MiniTab ¥4 o= 3t
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(a) (b) (©)

pH=T 0: Time=12 hour Whey=17 5g/L; Time=12 hour Whey=17.5 g/L; pH=7.0

— 102 — 0.8 — 100

— 104 — 10.0 — 102

— 0 | | w102 | & —-— 104

J — 108 104 | 2 106

B 110 106 o 0.8
= — 112 | w— 108 | £
§ — {14 5
W
Fe]
3
£

10 15 20 25 30 16 18 20 22 24 26 28 30
SBM, gL SBM, gL SBM. g/l
(d) SBM=175 g/L, Tme =12 hour (e) SBM=17 5 g/L, pH=7.0 (f) SEM=175g/L. Whey=17 5 giL
— 100
— 5 i — 07
- 100 | 5 — 104 g
105 2 106 2
— 110 @ w108 @
E E
= -
£ 5
2 ™
& o
g e
16 18 20 22 24 26 28 30 16 18 20 22 24 26 28 30
‘Whey, giL SBM, gL pH

% 1-54. Bacillus sp. SM2 A Ak o3& v A= QX)) Ao <sh

contour plot.

¥ 1-32. Bacillus sp. SM2 w5 Ht] 5 Arto] st o= gk AA gk

29l Ho A4 =4 o & Z(CFU/ml)  AA| #(CFU/mb)
soybean meal 30 g/fZ
whey 30 g/t
e 6.43 11.56 10.99
time 12 A7k
(10) Bacillus sp. i+ A AFS] A% L AE=E SV &5

(7V) Bacillus sp. JSP1 124 2 & 3 amylase #7343
Ad AES fete] 250 me Az EeksAol amylase AAF 71HE AREE diFERS 10
g 91 FE FEFE T14%=E FAS7] fstd SHFF 25 ms ¥l & £ 3d 5
121°C°ﬂ/\1 15 #7r ddstdnt g wiA 7 A8 Z tryptic soy brothol Al 24 A
% Bacillus sp. JSP1S & #A¢] 2% 0.7 ml FFo=z HE3AT. dF 5 37T, 220
rpmgi 96 Az ¥ieF st M F 23 SR 40 s SR F7beke] 37T, 220
mmeZ 2 A FEF3 F 5000 rpm x 10 B3+ 94 EEste] AEdS FHEE 50 ml
tubedll 538t 4, 25 37CelA Husuth BEy T A AlZhvitk amylase €42
Z435te] doldes &4 FAES AU Al wEol 93k Bacillus sp. JSP1o] A4l
amylaset™ A7 717t F 4TColA 7 21 &do] EAlstH o 37TolA A4 4080l 2HH 3]
T4 F4o] & HAT(LH 1-55).

Y
x
%

o
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1% 1-55. Bacillus sp. JSP1 1A ©E 2] amylase A 34, 23 7k (n=3)
ARz odn wASAT.

(W) Bacillus sp. JSP1 124 ¥+& @ protease A &4
Ad AdS flste] 250 me A2 STk protease A4 VAR AR S S5 v
T TS 66.7%% FAE] flste] SR 20 mS ¥ol & & %
dyrstn e X 7F A& F tryptic soy brothol Al 24 A1ZF A%
Bacillus sp. JSP1S & ¥lA12] 8%<] 2.4 ml ~’F—*7F£li AE3AY. 5 F 37C, 220 rpm
72 N7 ouleE sl vk $ 24 S 40 S FUEE H7bske] 37T, 220 rpmo &
5000 rpm x 10 &3+ ¥4 #est] S-S FHAT FH8S 45
%%—6}04 -70TCel 24417 Raskla o § s2 dxsdy. w4
CTAA B#AstFa, B3 5 Az A Zketth protease A4S =743}
AvsRT, 1A Zgol 93 Bacillus sp. JSP1o] A4k protease= A% 7]
g7do] HolUAJTH2H 1-56).
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=
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19 1-56. Bacillus sp. JSP1 14 2& ] protease #&A.
A k(n=3) HT+xF X

to
P
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(tV) Bacillus sp. SM2 A A% & AES

A BEES 21d7] Y3t tryptic soy brothel <=5 E8¥ Bacillus sp. SM2 5%
Ho oA AL 2340 giFd 30 g/2, §F w2 30 g/, 183 pH 6.432] HiA|e| HES
T 12412 wgEdth A T AEE IS dstd RYEAER S5 vEd 9GAE
AbEE AT S vES SAE dry ovenol A 100C = 3AIZE o] 7hdsto] Aatatsl
Bacillus sp. SM2 w5 wjFels} zZhzhe] H-gA15 1:3(v/w) HI&<21 20 ml: 60 gzi & Egket
R PG I A R e 5, A RYAE Had 50 mlol AEEelar,
AT 25T H#As olFA ®BaAdE Ame Al Algrel] wep 2H7be]l A5 1g&
ANH 8] PBSE A& 31Xk 3 tryptic soy plated] Z=wsle] #4E =AY AFE
S A% FEAe TR 2k #Aglel FA 0¥elA 7.0 LogCFU/g ©|™ A
AFEo] 59 Ax Ay 9F 50 LogCFU/g= ZAstAt}r. sHx|vF 1 3 60<L7FA] 4575.0
LogCFU/g ¥ olM AES FASFAHH 1-57).

_{

2
ofd
r\!
ol
38
T

o

o

10.0 q

8.0 A

8.0 4

Log CFU /g

3049 —e—Rice hull [4°C)

—— Corn flour (47C)
204 —4—Rice hull (25%)
—#—Corn flour (25°%C)
1.0 4

0 1‘0 ZIU 3‘0 4‘0 5‘0 5:3
Days
1% 1-57. Bacillus sp. SM2 A A% & AEE. 23k (n=3)&
Wi+t x 2 FASEY Y. Culture medium and conditions:
soybean meal 30 g/ ¢, whey 30 g/ /¢, pH 6.43, and 12 hours

(2}) Bacillus sp. JSP1 1A & 3 amylase?] @z Ha &4 #A3A

Bacillus sp. JSP1 8 amylase®] ©¥ld FEgiol] st AdHdS FAsh7] $8h4,
ol Ba] 8 424 trypsin, pronase, pancreatin, subtilisin carlsberg, 12| i proteinase K&
ALE3FE T amylasedt T A Falgso]l dwlA kS bradfordd o= FA3 F amylase:
protease = 10:1(v/v) H]& % 50 mM sodium phosphate buffer(pH 7.0)o 3 7}3s}e] 37T ol A
307 M = 24 S S8t At oE Yelidy. L A3 E Bacillus sp. JSP1
JA g 7 amylases RS 9@ F& g4 digt AEAAS YERNATHIZEH 1-58).
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130 A
160 1
140 -
£ 120 H
—
=
= 100 4
T
e 8O -
2
=
L4 B0
&
40 4
20 -+
D T T T T T
Control Trypsin FPronase Pancreatin  Subtilisin  Proteinase
Carlsherg K

a9y 1-58. @A RBajghol W Bacillus sp. JSP1 1A TE #
+

amylase A &4, A3 7k(n=3) HT+EF2 2= FAFA T}

(11) Bacillus sp. it A AE AE 54 &3 FA}

AE =24 a2 =487 Ysto] o] & A EEZE LMH hepatocellular carcinoma chicken
cell(cat no. CRL-2117; ATCC, Manassas, VA, USA)¥ HEK 293 human embryonic kidney
cell(cat no. CRL-1573; ATCC)< |83ttt vl #lx] =+ DMEM Hj=]e] 10% fetal bovine
serum= FA7Fsto] ARESEATH w7l Wl CO, s 5%E FAsto] 37Tl v sttt
AE 548 FAS] 9 AFeR= Ez-Cytox(HY 738, A&, d=n)E Abgstsich Ax
548 54387 A8t 96 well plated] LMH9}F HEK293 A ZE 1x10° cells/m & v 3}

) BZAA kA3E 3 & Alx D=7 70% HA F24 A7l F | negative control®
PBS 10 et Zv7ve]l Bacillus sp. ¥1%F &dS H7FA0 w3ttt o714 Bacillus sp. Bl %
< amylase “1#] 3l protease AAF Al 1, 3, ZE]lal 59 v wiE3 Bacillus sp.
JSP1 Al wg vtk 18] Bacillus sp. SM2 ¥l A5 4S oujsith AlX 548 =4
sk A3 100% 71521 negative control@} W&} o] Bacillus sp. W& €942 54 FoF LMH
o} HEK293 M3 A4S 90% olst= 2] &t (1d 1-59(a),(b)).

o
o,
o,
kD
1%
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(a) 1200 -

100.0 ‘E‘%‘ T
£ 800 §
B % H amylase
E 40.0 § O Protease
200 % msmz
al
00 — - - — by —
1 3 5
(b) days
12000 -
1000 + T
£ 800
E W Con
4 600 4
E B Amylase
E 40.0 O Protease
msh 2
200 4
0.0 -
i 3 5
days

a9 1-59. Bacillus sp. 2] wjFqel] st AlX 54 g3 2AY3(n=3) AT+ET2A}
2 ¥Ag9 T Con: negative control(PBS), Amylase: Bacillus sp. JSP1 1A @& #3

amylase €9, Protease: Bacillus sp. JSP1 1A W& 8] protease £, SM2: Bacillus sp.
SM2 wjF A=< (a): LMH cell line, (b): HEK293.

webA] AEAH O R Bacillus sp. JPS1 114 ¥ & @] amylase & protease A &4 23 of A

o 1 80 Azt AA 7testdon, Mx 5% HAT ¢ gldoh E3 amylase 74 -F-ofl A

oz
rfo

—1N' ke

= &% Wl protease Wkl A= ZEAvt. 28] 3L Bacillus sp. SM2 #AE S5 W&
Ex gAS W7 A% A el 609 FF 45 LogCFU/ge FASIa, AE SAE @
AHA Eskth wekA ol HFE B ATEA R AREF SlolA, AtRe d¢H THAE =
o|= Bacillus sp. JSP13 &+t 538& 2v% Bacillus sp. SM29] 28 7FsA S 0L =91}

(12) IAA

NAFe A

A rwEEr Bg ) AE AW AAFE AZ
ol 1% 1-60914 ebd whel ol wWw mAlA AelA 1
]

,9_ =
A A Ao A 101-102 cfu/ml Fw0] HEZE uj

N2

colonyE A & o Falgom HEAHO =
5000rpmoll Al 15% YAEEE Sote] S BTl oA B2 w2 53 vAE ATA A
AEe LS flste] 77 #FE EFste Ads FdsATh



& =g = é &

Streaking 1 colony Culture
Hoeuletion (~10%-12cfu) Centrifugation
(5000rpm, 4°C,
15min)
— [e] L= al 2= Iz
a% 1-60. 99 HAE A 2 5 A

O GAE 53 vAdE A vlo]ev=-C A4k 73

PA-GS1& 7}#E|SFE~9 A1t Salmonella gallinarume] s WT thu] <k 10v19] 34+
S 7HA = AAR o vivoel A olE g s dolr 7] fsfiAe= WUl challenge”t
o] FojxJof dtr}. 1t} FWollE= o]# 3 challenge AdAS & 4 A= facility7F 7R H o Q)
A 7] Wi 53 wAE Ao AFFTHa e, v 5o "W gnraoa A

FAE B3 nAE BHAE &R (saccharomyces boulardii 796), HV’ 2] 2~ (Bacillus subtilis
} ot (E.coli Nissle), PA, PA-GS1°] AF&5 3 A mid & dAEgste 527
& %

d(EA w7t 4ol BPAl kg & Z2He] PIAE 710" cells EFHES skt

Y 2 ey

i i i i g

~10" celisiL

sEAsEH

MUE 3] F SEHE (REFH: 10% galactose) +

EEIO|ZE (Defatted rice
bran)

FHA kg T ZZe| oj@E ~10" cells EBE

2 MHE 748 DigE

* Test 1 (WT S&b3/5 2/epE 2] 2)
+ Test 2 (GS1 S4b2/F S/EHR B A)
» Test 3 (G51/E 2/HHE 2| /ECM)

(b %98 23 0]g8 YA vlo] 3 =-BC A4
LP-GS1& ol @lgolA oA WimatA washs obad Aapge] F gl £ coli K99el
sl WT thu] ¢F 108]9] &S 7FA 3, PA-GS4+= E. coh 01579 st Aol &

RS [ [}
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H ot FAAEH wpR AR FUlddl A challenge 28-S & 4 glerna TR
, AAL AW E ) B 5old WgEHE HAsT

=98 B3 nAE AHAE &N (Saccharomyces boulardii 796), B} e 2~ (Bacillus subtilis
T4), LP-GS1, PA-GS4, LP, PA7} Ab&H A TG4 g F d4&elste] 200ml PBSel
g aste]l W Busth AFFA A7 Bk ZH7he] mAES T10Y cells/tube’t HEE EF

shol shel 2814 Felstaint.

o

Sug Qo HHEHEA TR 2aE SaP
{PA-VUT) {PA-GE4} (T4} (5B} (LP-WT} [LP-GS1}

= o HfoFey

i g i g

~10" cellsiL

| »

Heosal = $YES (200mLPES)

Z MHE 78 oeE
WP OWT 242 28/5 /e )
» GPM (GS G4 25/E 2/ A

SEcigEEIH MHEZE WPM, GPM)
Y 162 %98 B WAE QA vhel o3 =-BC A 3
b B AR AFA E Tl B3 4F A

"2 YA HolA (2R HANER)"  +  "SH YR U0 g

g =: H0|21=-P
(_Sac:haromyl:es boulardii 796 (SB) \ P'GS4 _

« P acidilactici
- OUE OE 23 + E coli O157 4% 9"
« W% HE 845 A8 - @Es, w5
- HOUTE o
= 2 Hjo|emE=-BC
Bacillus: Bacillus sp. JSP1, SM2 LP-GS1
3 .4
= - B8 adlue F| - E_MH oA
- 983 4¥ %R - BuF, 6o A
- WYY o

& A vfojen|=-C

« P acidifactici
- & gallinarum % 1%

- 8as, Uy s

E. coli sp. Nissle 1917
= IBD, Chrone &4 #13}

- HY N8 WAF A
- WEH

2 J

a9 1-63. 5% 95 IAA oA 53 vdE A Ax fe
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AYATE 23 Salmonella gallinarum E°)2 05 3dytdo] ZXH PA-GS1H E. coh
K99, E. coh 0157 Eolx o=z datgo] Zx%H LP-GS1, PA-GS4E & & AvA| o] ~(ax
/A g /A ) o st SFHEE AMSA TS A Y. Saccharomyces boulardii 796
= AALE dWetAY FEEU Sl wWol AMEE I 53] FAA FEo = Q| Gl Fol F
U o wWdgto] Heksh ey HAS W EAStE AAEe AR @Wol AMEHE
probiotics©] t}.(Pozzoni et al., 2012; Dinleyici et al., 2012) Bacillus subtilis T4+ commensal
bacteriaZ 4 ©stE3 @A RBagihE At A4 GRASZE d#H A lom HaH

UEZS bty 23] wWo] AREH 3 Ut} £ col nissle2 non-pathogenic £. cohAZA ¢
o]l 4 Abghol Al probiotics® AF&% 3 9o FDARHEH <HAAS JH“}}"’ IBD(Intestinal
Bowel Disease)?] X 8o% A}g5H = #Fo|t) B AdS Ea = /dd FAadFso] A

AR in vivo FFANAE AFA B3t 984 FRAAN FAHoR ER, wpae s, 07
@ g B ATARAL 5w AFHAh

(1) AL 53 MAE APA Apo] v =-C

7hH Al A A

AFFAIE S Ross 308 AF 197 SAWolg](mixed gender)® 5 A+ x HE+T 4
pen(70 <°/pen), & 1,400 = 35 U7t A=A} FHAdFH 4 st @75 wjAls] S8 F
7pA o2 Aol A 5 AT x HETFE 4 cage(10 F/cage), & 200 £= 35 A7+ W&
o AAlE AR FHEY 01%7F FUMEES F9sde(As kg G A oF 10° cfu
sh) AFS7IZE BoF AvAlE vld Fols

—

F 1-33. HAE 5 vAdE AvA AEAE T4

e Mg+ H| 1
Control 1 HETME g0
Control 2 HEEAME/EMY 2032 ol 2pojo]-M (0.025%)
Test 1 H#rAlR/SE0dE 4«8 204 1 Wildtype 4, BS, SB
Test 2 HEAz/md0pds M4 a4 2 GS1 74+, BS, SB
Test 3 #rAR/EE0)dE ddH 20+ 3 GS1 {4k, BS, SB, ECN
(W) A

HAF Al A4 0-3F B¢ NC thH] Test2ol A =2 A &S HJ3 Test3(ECN F9
7)o A5 uE A@Fel HE A&l "oA= o] BAT TF feed conversion
ratio(FCR)®] 4% NC thH] Test2e] A W& Al 2755 YUEHHRAL Test3+ W= AR Q
T&ol 719 AL #gadd = JAh Mortalitye] 2$ 2E oA 10% ©&e] #HAMSS
UebH Aol 7t gl Ziii vebgkth 0-5F 7]7HS A HW Test3E A ZE 1
A 18 FAES HERA L FCR 9] Test3E A9t a2 A e TE Mortality =
ol A 10% 0] 8t = ‘/}E}”‘ﬂr oligt A5 T HAS wW ECNS 7k Test3w= At

o

AT S R
fo =
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T&ol F7keta A& o EA &S FIE W wbHE PA-GS1S H7F3E Test29] 7
G A ALYF 2710 E=e FAEY WS FCRE BYowX 53 s 27 &l =
ol ¥oa B 4 9t}

o] EWAFA st AFAF A eFE WA f& Ak AlFE F7F

SEE T HAF Ald¥ vz R NC tiH] Test2oll A =2 SAEFS AT
form bacteria G A Test2o A A3 A3 AL B 4 AJr}. 234 %22

22 s 3
S uf BE A2 FAA o] AAS Holx] ggoerng nlo]ovd=-C 3 nAE AT
A= A oA etdste A% HAd(coli form) B5S A Bul ofye} ALY X 7]
2718 & shed addolgta B 4 9t

1820
L]

Faly

180

1760

i 1?-“1
%?m 1 % i =

1620

Testl Tostd Testd Testl Test? Test3

(a) Body weight gain (0-3 week, é‘gr), (0—5 week, $)

g

g

£

1.65 1.85

16 18 -

1.55 ‘E
& L
15 -
.E 1.7 1
14 -
1 1ES
1.35 16 -
Testl Test2 Testd Testl Test Test3

(b) Feed conversion ratio (0-3 week, 5‘}), (0—5 week, %)

Feed; Gain

L'l

dw

50 50
45 45 1
40 + 40
35 35
30 a0

R 25 35 |
20 20

13 15

E ii. m-iii-

Testl Test? Test3 Testl Testd Test3

(¢c) Mortality (0-3 week, 3}), (0—5 Week, )
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2150

2100
2050
2000
1950
1900
1850
1800
1750

Testd Testd Test3

(d) Body we1ght gain (0-5 week, thAF2)

fbird

250
£ 200
k2
6 150
.
E 100
{9 I I
o - B
Testl Test2 Test3
(e) Coli form bacteria in MCK Agar
2% 164 GAE B MAE ARA AR 23

(2) 98 5 nAE A nlo] 29 =-BC

hH A EAA

NgdHFoz AT 5-184 3% Holstein male calvesE ©]&3tdal 4 A+ x HaT+9 10
T, F 40 v 2 @E A A Fo %3S 107 cfu each species/d/head’t HE=E &
SobA| JEol7] AtmE ANt kst mpRtA R Al AR A AfrEolst s ekl
& 87 AtAls W&ot HoA opAY e wid 234 Folakidtt

5

1-34. =58 5 vAdE A AEAd 74

=T Hal 7 b1
NC | BEAE 207
PC | EEAR/EMA 2017 Hl20H0]A (0.01%)

WPM EZAlR/EsnME MAH 20{7 1 Wildtype 2412 2%, T4, SB

GPM BrAte/sg0d= 24 504 2 GS frite 23, T4, 5B
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T 37 AAHE AFFAI RV st ATl AFES FYAHR AolE HolA sk
o} FAEA A A B5 A2 g9l A8 kA vio] 3 =-BC
B3 nAE AFAE 7] FobA Aol dojA adverse effectE® YERNA Fetia B
At w oz PC(FAA F7)e GPM(GS Akt w9 49 90%2 AEES
HAou NCEAA vgo7) WPMWT fraket wolH)e A9 50%<] #Ax&ES YER
o} o= o] =-BC 5§ vAE AAZE FAA Fol7e 554 7] FobAl AAMY
of ojgt HALE AA g5 HAvE S v g
ol¢o} #H3te] fE= AHETE T AL FolA 3FEEYH EWAF F coli form
bacteria TE& ZFA3Att FAHHFINC)e @2l FAA AZFPOANA 4574 coli form
Aok, A 2 B3 s A A2t WPM, GPMeol A = 4
T4 PC9 &% coli form bacteria F4 &35 &3 4 vt wehA wlo] 23 =-BC
3 nAE AvAe A O A B (coli form) A AAE FE FobA 27
o)

Asta x7] 54 874 Aol wrHole & 5 vk

o >

o
o
a
o
@
2.
Q
N
-
)
2
o g
d

i

ap -
- - .
= 80 aiw il
= T A
: 70 -f-'- t.Tl
:5) _._’. LI
= 60 DU ® A Y -
> L s
3 50 : ) " a
= R B e
40 s 8_._I -
- B
30 i
2wk 4wk 6wk 8wk
(a) Body weight gain (0-8 week)
—— T
4wk —e— PC
mj:_._I _— : —h— WM
<1 L . [ _l=—cPm
w T
= 5 :
E 1 71 .

T T T
o 10 20 30 40 50

Days

(b) Mortality (0-8 week)
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2 Owlk

10"F - & 4wk
: L2 < Awk
= 10
2 o
% 16" ¢ & i
= - o
m o o
= =]
@ 10 ¥ - *
= " =
Q40 o <
E - ) -
= =
8 ap® o -
] - @
‘3 19°
107 T T ™ T T T
MNC | =4 WhEBA GERA

(c) Coli form bacteria in MCK Agar

B a == Normalrange
n

-~ 10 —~ —

= g - HRHE YA

S § (Knowles, T. G et al.,

s E

7 Veterinary Record. 2000)

oWk it Wk ) WK W AWK B NC mPC WPM mGPM

1200

=
g

Hel(%)
PH{x10%/L)

Hb(grdL)
E.’I

a

-
B 4
3

oWk AW BWK e AWK BWE L0 AWK WK

(d) Hematological analysis (0-8 week)

a9 1-65. %98 5 vAdE AdA AFAE A

2. A1-2AFAA: A R JAAZAA dAA] 234 L33 a A2 AT J9
A 2L AeA A

7h 71 mAEe] BAE aEA vlolaz e 5 2AL

A Y o] E/7| EA/ LA U] E(ACA) vlola=z2 /s 2 AdA B v AER] Lactobacillus
plantarum 25(1LP25), Brachyspira membrane protein B(BmpB) WAlS AAst=  LP25
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(LP25-BmpB), 232 MAXe] Eolx oz ZAest= HEo|=rF =¥ BmpBE A

H
LP25(LP25-M-BmpB) % Wix+  feol=7F =" BmpBE  AAksk= LP25
(LP25-P-BmpB)7} A€ vhol A2 A4S Azste] S4& 2ASAT

(1) vlolaz & Ax 2 5 AL

wtolARNE Axe 17 2] ch
A A zskAth LP257F FAE ACASH FAHA &2 ACA mlelZ2 2442 =27](1.11 mm)
U 7y g A Zelrb gldvh me " 167904 JERd mpel o] LP25,

LP25-BmpB, LP25-M-BmpB % LP25-P-BmpB ztelX A7)y Fej= A 2ol 7t gl

3
1

-

ﬁcapsulation Btg ‘ Coating steps -
(Step 1 ‘ Step 2 |

0008

3 Oé
S
0.1 M CaCl, I'ate
// solution s 2| i ?_

CH©O8wt%) A ------e-e-
solution

Al (0.01 wt%)

solution

Al (Alginate)
CH (chitosan)

Ca2+ (Calcium ion) Al A_.lMC
-CH- s

+
~_Al

a9 1-66. MHA Alx sE

A

.

a9 1-67. vlola =& dAnlE A} (a) LP257F A€l ACA wlo]a=Z# <& (b)
LP25-BmpB 9% ACA vlolaZ= W< (¢) LP25-P-BmpB ©A|¥ ACA wmlo]aA= &, 2o

7] : 1 mm.
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(2) 71%"3 vAgEe] AdA vlolARfE @A

7154 Akt el LP25, LP25-BmpB, LP25-M-BmpB % LP25-P-BmpB 7te] ©HA| g&-2

T o7t BEFEA0TA 1074 e]) HA Fe] ol AR FA L LS 98-99%F e

F 1-350A4 yEbd mpel o]l & Apolrt glo] 98-99%E uWERWAL ALE AL wio]AE A& ¢
= &
A 2 AFel7h gl

gl

3 1-35. ACA mholazfie 9 &4 54

) Loading content Encapsulation

MCs Size (mm) . .
(cfu/particles) efficiency (%)
1.06+0.08 1.11x10" 98.30 £ 2.31
LP25 1.11+0.22 2.08x10° 9856 + 1.33
2.09+0.26 1.81x10° 97.36 £ 2.37
1.12+0.27 1.32x107 97.20 + 3.13
LP25-BmpB 1.19+0.14 1.65x10° 98.10 £ 2.23
2.20£0.30 1.81x10° 9756 * 1.33
LP25-M-Bmp 1.18+0.13 0.96XI0; 9742 + 375
1.09+0.27 1.87x10 97.82 £ 2.07
B 2.33+0.24 2.10x10° 96.66 = 0.83
0.93+0.11 2.01x107 99.04 £ 0.30
LP25-P-BmpB 0.99+0.30 1.02x10° 98.13 £ 0.63
2.04+0.23 1.84x10° 9752 + 1.26

() ;A vholaz Aol HAH 54 B JEE 24

NeA MAES AESHA HOoW 1d 168 (A vehd wpsh 2ol B8 9 W) 87
s A 715 MAERAE 2 Aot fArh = WA
| U% G5 AEEel Bad

1
68 (c)oll A LFEF uls} gro] pH 204 L5&
123

L 2
.

e
rol
11
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Twﬁfﬁﬁ—‘
A R + LP25-M-BmpB
TN 1 —h— LP25-P-BmpB
—=— LP25-WT i- v LP25 BB
—e— | P25-M-BrmpB TR .
—&— | P25-P-BmpB i g
£ —y— LP25-BmpB T T
3 e E g
o, 2 u
g.i g‘ 44 i ot
- - | = N
4
\'\.
T T T T T T T T T T ] 0 T T T T T \T f—
40 0 20 100 120 0 10 20 30 40 50 80 120
Time {min} Time (min)
10 -
C —=— LP25-WT D o
- iz 5
4 —&— LP25-P-BmpB .
k f = LP25—Bmpo k‘ '_' —&— LP25-P-BmpB
5 !\ I 7 & v LP25-BmpB
E ]
g ¥ 4
-~ I
24 =~
e
0 T T T T T T T T T T T T 1 0 T T T T T T
0 0 40 B0 i} 100 120 [1} 0 40 1] g0 100 120
Time {min) Time (min}

a1 1-68. 917 Wl BAHelA ACA vlola=z &9 vAE B35 a3 (a) Stimulated gastric
fluid(SGF), pH 2.0 7oA 9] A& At (b) HAalel F7E SGF, pH 2.0 749 n
A& A (c) SGF, pH 2.0 g4 oA miolazdad @xd mA=9 AdsF (d) HAlo]
F7H¢ SGF, pH 2.0 g4l A wiolazlad FAE v = Ao W3}

@ "FFANA ] 754 vAE BE B3

HAHA B2 7lsAd A= pH 7204 AEE2 27" 1-69 (a)olA yERd wiel 2o
ikl olste] HAs AL FFAEe] s=7F Sk vS A 2y v
=5 ACA°l HAstd 19 1-69 (b)ol A Wrebdl whs} o] 338 Ko w3t
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A B 100 -4}
1004, . iy | “m— 1% bile salts
. —m— 1% bile salts i S esa
.o & 2% bile salts PO . N & 2% bile salts
& = ? 10 —A— 3% bile salts
a0 ‘g 4— 3% bile salts \!T:_..\\ elld =
» _— d = T
= AT F3 '\.
g e :\.' 80 - P
% Y ] f---._ e : . T
> J £ 4o ) Sema e el
£ & L g —3
g M ] E -
7] i n 1
e = —
B =+ 20 -
20 | — —1
= }
0 T T T T v T T 0 T T T T T
0 4 8 12 18 20 24 ] 4 a 12 18 20 24
Time [hr) Time (hr)

a9 1-69. F5A4 Aol ACA vhela=zfee vAE Hoag¥ (a) HEitel H7bd
stimulated intestinal fluid(SIF), pH 7.2 3ol A LP259] AEE. (b) (a)9F L HHNA
ACAdl EA % LP 259 AE&

() BHE2E mE 7]sd nAEe] R g}

O FAHA & 754 MAEY 2k e A&

A A e VA MAEY REREV A we] AEES 17 1-70 (a)ddlA e
upel o] 5FA o= 0ol 7I7hieh 4Tol+= 27 1-70 (b)ell Al vebdl vk} o] FEso] A
Rt e A A9 - LR AR 75 AR E AESY 2olE YENX
o At

>
oo

i 1 +LP§'1WT ——LP25-WT
b —-—LP;a-h?-BmoB 100 - I —a—LP25-M-BmpB
] o~ +Lz_§-F-8mpB | —b— L P75-P-BmpB
“ —y— LP25-BmpB N —y—LP25-BmpB
2 AN 20 4 =
o \ 2
& 5o
g 80 g B0 -
r-1
s g
E 40 - ?5 40 -
(] ]
20 4 I 0
] T T v T T 0 T T T T ¥ ] !
il 2 4 B 8 o 2 4 6 8
Time (Whks) Time (Wks)

2% 1-70. LP259] HER T mE 8FIF AEE. (a) A2olA LP259 AEE. (b) 4TolA
LP259] &5
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MAEe] 2kd g A4S A}

_]
o
AEo] FAE ACA wola2fas &4

Y
BN
ol
£

T 6;3]: O
4CAA Bt AEE&2 29 1-71 (a)ollA eERH vhe} o] 8Fdd+= F 60%E A8 A
ul A Lo 4] ¢ 7re =

&2 85 25%= WEHtH(E 1-71 (b). 28y 7148 VA=

—8—LP25-WT
—8— | P25-M-BmpB
—a&—| P25-F-BmpB
—y— LP25-BmpB

—a— LP25-WT
100 -§. I —8—LF25-M-BmpB
1 < —A— | F25-P-BEmpB
3 »— LP25-BmpB
04 % I
\
N,
B - "
i
¥
ol A gl
20- \.\ 20-

Survivability %
Survivability %
+

T T T
4

Time (Wks)} Time [Wks)

a
=
=
= %
=1
2]
o
=

A 7Az%® ACA vlolmaz Ao A8 LP259 A AL %o
(a) 4°C A7 4o A LP2He AEE. (b)) A2 A 744 LP2BHe HES.

(4) vlolaz Pz FXE 715A MAEY in vitro W&
2ol pHRI 6.0 tige] pH 374Q1 72004 wmlo]a=zqle @A vAES] W& A4S
ek 28 172 @olA e vhsh ol J1%A m AR ol
H pH 6.091A4 30 A3 * oF 80%7F W&ol A 24A1 A ALl 100%7F W&
& BAAZIW 3080 oF 70%7h WEo] Hol WEEEI} 7t HAAY (2
F 87 pH 7201 & vlelaz2 e s sA0XNA &AW (2™ 1-72 (o)

o

E (d)E 3RS W 25 pH 6.00] Hlaste] WEo] =olA= 43S A3
Lel= 2 AolE YEWA &=
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A 14 B 1204 ) oud
wl i jian R = = e 4
.. Sﬁ-iﬂ/
- = ) —m— LP25-WT
2 —8-LE20NT < g —e— LP25-M-BmpB
- —e— LP25-M-BmpB B o0 e
g | —&— LP25-P-BmpB 8 | et i
£ 1 v LP25-BmpB 2 sl s P
T | 401
i
204
| =
{‘ T T T T T T
" T ! T T T T 0 2 B ﬁlz i i % P
Time (hr) ime (hr)
C D
:
100 1—--—-—'— pp— - Y
i ;’-' L :
:4 . o 0 ' Z ’
wifi —e—LP2SWT | . —a— LPZEWT
& . | —#— LP25-M-BmpB 2 i #— LP25-M-BmpB
g —a— LP25-P-BmpB @ ':'-'}-;ils-; —&— LP25-P-BmpB
3 i v LP25-BmpE | a v LP25-BmpB |
3 ol 3 ; T =T
| g
= |
i |
(o I8 (]
i |
T T T T T T
H 12 16 it} 3 0 1 y T T T T T 2§ T
Time (hr} 0 4 8 . rlm - 16 &)
a9 1-72. ACA vlolazf&e] vAE WE 53 (a) pH 6.0 F4ANA HEE. (b)) 414
Z% ACA vlolZ=2 &2 pH 6.044 WEE. (¢) pH 72 &HAA WEE. (d) s210x4

=

o=
==
E

ACA mol=L= & 2] pH 72014 A=
U 282 mlolag s GAH 7154 MAE in vitro E3% AR

(1) 7154 LP257F 9A " iz} wlo]l a2 <52 WA oA 2] cytokine ¥H] FA}
nlolARlE R HAES A e wWeo vAE 1FY WY f= A7 FAEHSAE
#AAsA Y. = (control), LPS % 7|54 LP257F ©X¥ uEA vwlo]az2&S
macrophage 219 RAW 264.7 A% (¥ 1-73 (a)¢} dendritic AlZENA gt JAWSI
AE (29 1-73 (b))ol A 3FA . B cell A4 & cytokine?!l IL-69] A ) Z1H U
FERN e FAEA G A= cytokine wH =t vl HES wf EH] FFo] 1
=2 525U, Pro-inflammatory cytokine?l TNF-aX%= w2722 RAW 264.7 Al ¥E(19
1-73 ()¢ JAWST A= (L9 1-73 (d)llA tixz7rmo FF=on 8] = A%
IL-69 Ad-¢-2F Zo] A %At
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= S 1
= a
s £
u —
£ E.
]
g g
s g
% e
= 2 1 m
T T T T T g T T T T T T
R RS S . X & .4 2 S R ,{( = ) =
& P «c af @ & @ P PR P
& R e g"’ %'\ ol A o o 2 “4“1-._,\\_3‘3‘ \9& 9“ ‘
gt gt W St
O S5

TMF - concentration (pa/miy
TNF- = concentration (pg'imi)

LT L L

a9 1-73. 7154 vAE] X W nlo]lma R & cytokine EH|F%E &3 (a) RAW 2647
MEL (b) JAWSIH AlXoAe] IL-6 =23 (¢) RAW 264.7 A2} (d) JAWSI Al 3ol A
o] TNF-a =&}

b aEA vtolaz g 9X " A nAES n wvo &3 AA
(1) 7154 LP2B7) 94X 9 8 vlo] a2l Ade 7 43 £

@® 71573 LP25 T4 ACA wlola=7 o] A7 Fof Uy
a9 1-74904 vERd = vkel 2ol 7leAd Rl E 2 Ao i

&9 female BALB/c #& Z} 2% 9 5 vfg]N o2 s5l1l & 70 = Ur—br
A 4F7re] AA BFAE APt nAE A wE AA W wE
g4 #Hs AASA

o
12
fo
o
)

‘0,
2

A 15 @
A87] $)5te]

BN i
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A

2]

g

pe————

1. PBS
2. LP25-WT
3. LP25-BmpB
4. ACA-LP25-WT
Immunization 1% boosting 2" boosting 3" boosting 5. ACA-LP25-BmpB
e D 't'h\é_ P 6.
L 44 L A4 L A4
1 | 1 1 L L
W k tda l r T T T T T
eekleay) 1 040) 1(7) 2(14) 3(21) 4(28)
+ + » + 4
3“‘3’# I T 7
= v T e
Sampling EQ Q EQ ﬂg
Serum, feces Feces Serum, feces Serum, feces Serum, feces, intestine

1-74. A} wfol A=

2

ELISA
IgA& IgG

@ In vivooll Al mlolA R F 5ol B ¥ LP259] #H| &4 FA]

A

Feces anti-BmpE 194 titer

a9 1-75. ACA v}o]
anti-BmpB IgA. (b)

(0D 450nmi

Serum anti-BmpE 195 titer

{00 450nm )

[

IeGl1¥} IgG2a.

e

A=

e

HA]

anti-BmpB

& 94 MAEY FiFo 2 AEY A=
B
|
B E o1
Eo
s
g i 1
5=
i |
oo AzZzzn b ,A.IV,A : .V,A. :
& & cnﬁé" i e o & g}\‘?ﬁ .-.‘_'\{‘ T ol
w - w FT et ?.;3-‘?' e
e
D 77l mme=
lgG2a
8: a2
2z
Eg
2 a
»
o g B g S
A £ oF
nAEe] #H] gy wWE AV FAH. (a) =W
IeG. (¢) €A anti-BmpB IgG. (d) &% anti-BmpB
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r

Aol molmmAgol] FAE 74 HAEY &4 &Aool Aol FAEHE=AE H7FSH]
98 BmpBE #HletE LP25E A% shaL BmpB FAZFE A 28 (29 1-75
(a)3 2% (29 1-75 (b)ollA IgAE 43 L serumoﬂ/ﬂ IeG, IgGl 181l [gG2a9] #<
ELISA ®ow sttt ¢ mlola w7 &l H|ste] LP25-BmpB7l ®A¥ w#fo]=

2R8aes Adstas w IgAd Fol F7tetlon o] 2= 53] LP25-BmpBRF # 23 A
of Hlate] E2 FFEolth EF A YA G FAabwel A FAPE AR Rk ARE
(14 Rt FA8AS vl Edste AlE (21Y)e] Aozl HE Hof mlo]aZ g go] nAl&E 9

24e v 2 A% fANE A d S QAT Seuml A9 g6 (27 175 () 2
> 7

N
Ir
)
[o
4

(2) Ftedol S NFE fFabvto] HAE LA vlolazf e S5 47 Fo

0192‘4 Ross 308 &35 72 1
2x10% cfue] GS1 (1-1AF-ZA = H )
of wE Ay A 18-S AP #’4’5}04 upz| gk o] & 3AI7FY 6A|THA o] 9
< 85

&% = _/=

o ’ \'\"_(&‘ ‘l \IK‘L‘ j

s = \‘33“

Administration l* $ ,"* ¥ .*

D ] ] |
ay
1 2 3 s &
Sampling

3h 6h

muscular stomach, intestine, cecum
—
1. Control (PBS) | | |

2. GS1solution 2 x108cfu/300ul l
Pediococci selective medium (PSM)
3. GS1-ACA MCs 2 x 102 cfu/MCs

\

a9 1-76. A vlolazfe HA vA=e AR ' AEY 2AAE

@ A7 Fole ACA vlelm=qe @A GS19| in vivo 27

ntolAZ g HAE GS1S 5o A7 FA% & 3AEH 6A Ao 39 29, &
2, WS ®2]3ta pediococcus selective media (PSM)o|l A W& ES wjdstozn 7k ¢
ANA e LP AutrE SAsATE dnbd oz HolA mAEd o3 wEart dojyes F97t
ol ® 9], Al HlE] AUt =4 AEe dds B =g A S48
1<l §]7§*Jﬂr Wol A solution AERS] GS1S Fol3 #HU ACA mlo|azfE=z EXx @
GS1S F993%k o] A7 w2 dow Hol ACA vlo|azi&Ee] A Hegdes &9l
g T
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Control | e
G - - I Control
I Solution I Solution
I Capsules 4
8 [ tapses) g I Capsules
E 74 E 7
=) =
o o
S, g
g 2 &
“ et
o 5 ™
o o
o o 54
E=1 o
5 44 8
> >
4 -
34
2- ad
MS w Ml DI CE MS ul M nl] CE

a9 1-77. ACA vtola=z7<& @4 GS19 AT 54, (a) 7 Fo & 33Xz (b) BT F
o & 6AIZF H ZF 19 W (MS:muscular stomach, Ul:upper portion of intestine, MI:middle

portion of intestine, DI:down portion of small intestine, CE:cecum) LP A+ =4.

A28 A2 A v g 2vkx] 7|Hke] FEAW 4R R AR
& A2 dAA AN

=
AOR WAT Fold e st E o3 FY F FNE
= hyA

4 LA AA S} A FrE EAAA s Hastoe
2 O AEFSS BH 9 EA5E Bt
TEATY UH 2 2 ax| H X TEHEDY 524 A
EHES 7 Ytel2| 2 oHx| - dtee| 2Etx| S shEA Y
=e|5d ol Bdnd F4 (lysin) 22/5H o EM7Y
) 4
gte|a| 2 atx|e] EE X/ AN o 48 RHBe 7| o|&
O dihdn 37 8e TH=F 2|4 @it
4iE| 2| QaHR| ZHE| Yol 7|uEk HEE 2|y 2EH/EHY
Bio-active reagent 7L CHEr Heb/8H 29 2l
Bio-active reagent ; _‘. =g el
AlHE 84 8l Z2RHEE : = AlH|E L B A
A 3 AT ¥ [ N> § s mum wn
SHHH| CHH)
2reflel 2atx] o 2l HE HE=
B %
OP2-1. el e ukx] V|uke] FEAY oW 9 X758 AESAA A s
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SA A Aol ol B8 e eHAEEL Suaa Ytk vhatel Hi v e

R R Eo% 71e HE
SAP-1 AT =T o] vhg g 2 314 KCTC11153BP
SAP-2 A E A Eo] by g QA KCTC11154BP
SEP-1 Ande} 5ol vhg gl 9 uHA] KCTC11173BP
SGP-1 Atmdle) o] uhg g @ 1)) KCTC11174BP

71 e WHLSAAE 20 $ET Aol wLddel 2 iy MEd 1
%z F7} wegesta BuE AR stgow, o Aol theel seE et g
woh AHsshaith ol e W e el HYS Apdor nelEa sl

Environmental samples

- ;s » *
\ === ” | I
__, £ 5 X T 2 v
- i e i Cﬁ Q?as‘ter}a \a g M T I
~ \ . ) : 311313313
Sail, water sewage \a 1'% 78 AP i
wag Filter sol. - \1 "‘l [ CA T 1
- 4 [ CREEE
’ \_."l i€ 3 s 33030y
—\TSB - R = S¥phage €10 &)
— om Centrifuge 8000rpm 20min & amplify ot @ i
1% phage culture g 45 Filterin R S s
451 a
Cultured bacteria amplify
{ODggo= 0.5-1.0)
R0 €5
Bacteria
l nd= »
TBB culturs
and p!}age Canlrifu_ga 8000rpm 20min & Plaque assay
amplify D.45# Filtering

9 2-2a. WHHF oA B HAES B

ol F7t FH wH . HAE Fol| FHEEGT T AR ekt
g g 0 A= el 23y ol A FHE tlekd urg e o dxELe &3 A

-1 Zﬂ!
ggol A 7IWEH B A o F714 Az AAEY. 53] Clostridium perfringens
Eo|& wreg] L ¥ A= Clostridium perfiingens ¥+# Aol &= 2 kA 2 EFoA 4]
Zhsitke AS 19 of 1 b= Ava gdd ¢ Qo FUF gRE vt e e F o+
a3k vrelg x5S AAstH ted 2o da ol T FH7F HedlE fAAdeR
TES FHs A (A 63 APz KCTC11829BP, KCTC11830BP, KCTC11831BP,

KCTC11832BP, KCTC11737BP®¢] & 59 #+Hdxd 55).
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—~~

F 2-2. F7F FE v g kA

SRR

Sol4

71g HE
K88 specific bacteriophage Enterotoxigenic E. coli £°] ¥l 2] 2 3}4] -
K99 specific bacteriophage Enterotoxigenic E. coli &°] vl 2] 2 3] -
CPP-1 Clostridium perfringens 5| BHH| 2] 2 3% KCTC11829BP
CPP-2 Clostridium perfringens 5| 28| 2] 2 3% KCTC11830BP
CPP-3 Clostridium perfringens 5°| 28| 2] 2 94 KCTC11831BP
CPP-4 Clostridium perfringens 5°| 8|2 2 94 KCTC11832BP
Bordetella bronchiseptica Bordetella bronchiseptica
specific bacteriophage Eo] e g o 9% )
SP-1 aAndlel 5ol whe 2] @ v KCTC11737BP
STP-1 dxdel 5ol whE g QA

2) vt @A o] A (F4]) ¥4 TF 2 scale—up
Mg we e Ao 71uke JERAAAA A A

2ol AA4sta ek

5o AAAH Az

-
A

HE2 Qx5 &5t = BEY AlA (AxLA) A=z

QLA = AF %

A dtEE| x| 9] wld/FA (T 33) = S48 AE dHEz 2vx] 9
=2/AA (T 3) = AA9 A izl esx]e QC = A" Ad
= AzxH A=

LA g

MOI % I 14 4

(15t Phage Multiplication) QA

251 LX) Y
(2nd Phage Multiplication)

x| 1% 22| HH

{Bactsriophage Purificalion)

Lx| 2% B2 FH

(Phage Polishing-Up)

HEHZ

(Production)

I
e Y.\Y
[ 1% IJJHI] [2%t é?Iﬂ]
| Bacteriophage A | | Bacteriophage B | | Bacteriophage C |
= Al =Al =Al

|Bac‘(eriophage°—.H Mixture |

A=z X A=

2% 2-2b. el S ubx] VRke] Az DA A Az
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S mEste] WA s urE g e ukx| o] A (F2]) 2SS HA & A (F52]) TAS
TEoATh A FAH FFol = Tl o] 8H = uhH g ol A vl 27, vhd ] Q. 3hX] 9}
uhg|gjole] %7] A& 9 (MOI;, Multiplicity of Infection)o] ®j-$- % & 3}t}.

et 6 ZICEZ=EAl S \
CHR| AIZEE B4 Et 1 ] Chel AlZHE 4 Eoh AT O
i 0] i i v B E bacteriaZ}
v bacteriophage?| infection F
cycles 5_31%_1:3‘(_?_1 Bloj A bacteriophage0f| ZEH ||
54 stz 014 B4
: By adjustment of cycle of : By adjustment of MOI
infection v MOR
infoct Multiplicity of infection,
i Eyt!exnf:HIECtinn?L =3 Q%aﬂ%;\g b:lc“iaeiwophage
St SA5h= O Hale Alde e
bacateriophage 22 40|35}, _Hr| ST AT T
M =70 e gaty, & R
‘« 4 ; J,. | *
@ Bac‘eerio‘rhage p ‘;~
! ’
[The pl@bln_ds_tu_ih; surface

of the bacterium and injects its
\ DNA] _/

29 2-3. wHE A F4 3 TF AP

HEHoz g e A (F4]) FAS FEHFSHT #ASY FE2AA (SOP;
Standard Operating Procedure)E vl dich dii o= stue H9E AAetHE o5 &
ZFuE B SOP:= 1 L 7R E scale—updt &Aoo gk #Holt}.

3 2-3. SAP-19] &4 SOP
[BP0001] ¥re|2] 2 3% SAP-1 &24& 913 SOP
T 2
A) Bacto™ Tryptic Soy Broth (TSB) [Difco Cat. No. 211825]
DW 1 Lel 30 g TSBE Yo & =04 =2 % autoclave 2 A]
B) Bacto™ Tryptic Soy Agar (TSA) [Difco Cat. No. 236950]
DW 1 Lol 40 g TSAS Y& 3 stir bars AF&3Fo] & =9 3 autoclave A4

=

1 o];‘(]_-

uhg|gole] vt 2 HhE gl e ubx] F2] wjA] £
< SA1Y F24>

1-1) SA1 bacteria culture

= 250 ml 47 flaskel]l 100 mle] TSBE Y2 % 20 ul9 SAl bacteria glycerol
stock (deep freezeroll H.3+% bacteria)< 3 7}sth.
1-2) 37°C/ 180rpme.& setting ¥ shaking incubatorE o] &3}o] ¢k 13-15A17F H<¢F ujj <k

RS

<SAP-1 ¥4 #A &H]>
1-3) 2 L 47 flaskell DW 1 L¢} 30 g TSBE Yo] # 2504 =2 % autoclave

R I
A

2 A
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kg 2] @ 9k 9] F2] 9 plaque assay

2-1) stul wjket SAL v 1 ml¥ 9 mle] TSBE AFE3l4 1/10 dilution 3+ %, 7]
A1 ml& # 3] 35 mlg cuvetteo] 2] spectrophotometer (Bio-Rad Smartspec™
3000) % ODgp#r= =43l

2-2) 3AE viFA ] ODgwits A= st et wj gt
o, HAETA S Z ODgowtol ¢ 0.
cfu/ml¥})

2-3) TiterE 7g] ¢ 9 SAP-1< serial dilution AlAA HZE 10°pfu/ml= F0] &
<Phage 3> x5 FHAstel7] 9ste] TSB 9 mlel 34 1 mls 4]

10 viA A&l vzt
2-4) SA1¥} SAP-1¢] 7] v== FH ™ ol e} o] mixdh.

dAe] ODgoik= AlAFS
19] ¥== F4u]3. (33 SAl ODgypo 0.1= 1x 10°

Volume (ml) Total volume (ml)
SAP-1 (10° pfu/ml) SA1 (ODgpo=0.1) TSB 1000
10 100 890

ol uj, SA1 3 SAP-19] HZF F&% % MOI= v=34 2+

SAP-1 (pfu/ml) SA1 (cfu/ml) MOI
107 107 1

2-5) £3%¥ SAP-1 2 ‘ﬂ.‘% 7°C/180rpm shaking incubator® 3A]7F £¢F Z2 A7)
2-6) =2 =8 & Z2dS ARy (SUPRA22K, 5000rpm, 20min)3+ AF=S
filtration (0.2um bottle top filter) 3}e] SAP-1S #2]3}.
2-7) w+2]¥ SAP-12 WA B#As dH (eF 200 ul)+= plaque assays &3l titers
=33
2-8) Clean benchell 3-471¢] TSA plates F¥ste] W A& X3 (VFE3F, A=2Z4F
AER) 3| Mu+E Ao  spotting o 7S s TS
2-9) TSA plateo] 3H4F vj 3 SA1 bacteria ¥l % olS 1 ml¥ spreading3dlil clean
bench WellA F724-& do] AxAIZ.
2-10) =2 & 23] = SAP-1 A AE 1071074 micro-tubeol serial dilution &
o] w, 3|4& ¢S HA3tely] $1ete] TSB 900 ploll A< 100 plS 4 S
2-11) 9, 10710"71x1 2] 8|4 fo] FEH| =W o] & SAlo] spreading H TSA platec]
10 wo Hojr=g,
2-12) "ol g spoto] AZF=E wi7}A] clean benchell F21th7F 37C incubator o] ¥ <.

3d =k

28 e 25k 9] titer 2l

3-1) vk ob% plaqueol W AAA &ok=A 2l § plaques AlF3to] titers
g

2l FA 9] scale-ups F7F AT

L TEAQL oF Skl

=
[¢)
0L ‘F’F—L-/] &A9 Z4]
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AA Aws FASke] 150 L qr=Ee] 23 2 AA AnlE 5k

Z|E A2 33 Scale-up 23
Scale 10 L fermenter 150 L fermenter
Woerking veolume 5L GOL
=hH Fl 2hE| 2| @ otbX|
521L 62 L
B4
Final Ct 7.26 6.73
#ZF titer (pfu/mi) 1012 1012

Creles

o 2-4. BrE g e ukA] 4 A (60 L)

(3) el g oA AA ¥ = L scale-up

e evx A AL 1 L FRY Fdd HA¥dEA F=38S J|RA oz
polyethylene glycol (PEG) ol 7]ukst AA] FAo|tl Ion exchange chromatograph 5
R A e R AES g ¢ oy Aogdn AAA W] PEG HAdel 7|vks
AA T4E FHFAT FE5E AA THES s

| AAsHE v 2

% 2-4. vt 9A] AA FA

1. After enrichment of bacteriophage, the culture broth was centrifuged for 20 minutes at 8,000
rpm.

. The supernatant was filtered with a 0.45 um-filter.

. After filtration, a 20% polyethylene glycol 8000/2.5 M NaCl aqueous solution was added to

the filtrate using a volume of 1/6 of the total volume of the filtrate.

4. The mixture stood at 4°C for overnight.

. Centrifugation was performed at 8,000 rpm for 20 minutes to obtain the bacteriophage pellet.

6. The pellet was resuspended in an appropriate volume of Tris-buffer (10 mM Tris-HCI, 10
mM  MgSO,, 0.1% Gelatin, pH7.5), to which 20%(v/v) polyethylene glycol 8000/2.5M NacCl

aqueous solution was added using a volume of 1/6 of the total volume of the resuspended
solution.

7. The mixture stood at 4°C for one hour.

The mixture was centrifuged at 14,000 rpm for 10 minutes to obtain the purified
bacteriophage precipitate.

9. The precipitate was resuspended in an appropriate volume of Tris-buffer (10 mM Tris-HCI,
10 mM MgSO., 0.1% Gelatin, pH7.5).

w DN

(@)

o

o drde} 8l Ay At So] HHH g vt A S 54 T

see et B e AR 4L 249

o} sty E 24 B FE = AA)
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200.0 nm

100.0 nm

a9 2-5 WrE g ubx o] dxpdm g AR # SAP-1; % SAP-2

3 2-5. SEP-1¢] Al FdAe] A71ME (Fewt AA)

1 AACTCGAACT GTGCGGCTGC GCCGTTGTCG TTAGTAATGG TGAACGTGTC
51 GATAAGTTTA AGTGGCGCGG CACCGTCATA AGCAGATACA TCAACCGATG
101 CAAACGGGCG GGCACTAAAA TTAGTCGTGA AGTCGGAACC GCTAGGCGGC
<>
43151 CAAGAACCGA AGATACCTCC ATTTCTGTTT CATTCCAGGA ATTTATTCAA
43201 CAACGTCAGG TCGTACAGTT TACCCGCCAA CGAGAAGGTA TTAGCGGCGC
43251 GACCGCGCTC AACAAATGCC ACGCTGTTAT TCCCC

olo] H&le] vl LS A F8S wHde] dorAA 9 YA E FAE YT
SAP-1, SAP-2, SEP-1 % SGP-1 ¥H g3 A 52 50T o]ste] =XoAfe]l dAp=o] 7}a
e A A dAAL Y 60T HE = b do] "Hojx o,

F 2-6. vrElgl e w2 dE 2l bAgA (9] pfu/ml)

uhe| 2] 2 4] A= A 40°C/24 X 7+ 50°C/24A] 7+ 60°C/24 4] 7+
SAP-1 2x 10 5.7x 10 5.1x 10 0
SAP-2 2.5x 10 1.5x 10 2.8x 10 0
SGP-1 1x 10% 8.5 10" 6.6 10" 6x 10°
SEP-1 6x 10M 3.6x 10" 3.7x 10" 3.6x 10°

of o]ojil o] &% WHISIAAE
et A w7kA g v e e A ES

) = o 3Eel AAE wkel Zom (e pH
o] %71 3dlolA 4 A7+ incubation S A titerg® AP, 7 AE SAP-,
SAP-2, SEP-1 % SGP-12 pH 5%-H A titer7} @] AT dgFyg o2 pH 3714 = <HA
kATt AskA Wabdo]l dojx &= v g A 5% BT (pH 5914 titer7} 30% wRFo =

A, o5 ARWMIY S5H7 A 2 AAA FEoA 1 AFAe] Woldttn ww

=
Boz el MY dade 2
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sho] Z% N opabelA Aetgth Amdel So] we o uX(SEP-1 @ SGP-1)sh g4
TEATE Sol uhelel L ukA(SAP-1 2 SAP-2)el st g A¥ AskE AAEE meh
2,

¥ 2-7. AR Eo] vt g oA E 9 AN E TG Eo] vy g L uA £ Uik
ERE
i A rdal Eo] utg g QxR 9 FAXTERFFT 5ol
P BEA (%) e e o A o) FFA (%)
2 0 0
3 &1 71
4 90 88
5 99 97
6 100 100
7 100 100
I pHel =4 3ol A 4 AZF incubation ¥ top agar assayS £3te] e 2] 234 titerE
ZA8E pH 7914 9 titers 100% % 3Fo] 7 pH 7 kol A9 titerS $H4teto] %= % 7] 3t
e 2 e oA 59 &t EAL A BHF3F oy dhEgol HwFE thdle] dAHow A
Alatg o, 238 oz o ZAEdA F7F AAEAT AA AN E B4 HAH A

3 (spot assay) WH S A&t
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® 2-8 gt A HAHA A48 43
HHH 2] 2 1A g &4
FAEEFTH Folt o BePeAN AFHE 2 Ewt 9
SAP-1 5.
FAZEATE 99 GE FEAE 9FL F4 28
T RAEEATE FolE o SHe R0 AFLE 2 T 9
SAP-2 =
FALEAT o g dFole TS T4 &5
Salmonella  enteritidis, Salmonella gallinarum, Salmonella
SEP-1 pullorum, Salmonella typhimurium, Salmonella choleraesuis,
Salmonella dublin, Salmonella durby*| v 245 YEhyl.
AEdEl o] Fol= &t A gl
Salmonella  enteritidis, Salmonella gallinarum, Salmonella
SGP-1 pullorum, Salmonella typhimurium, Salmonella choleraesuis,
Salmonella dublin, Salmonella durby?l 33t A4S YEFY.
AEdel o] Foll= gt B4 Sl
# 2-9. EAANAG T T2 A3 (SAP-1)
Resistance (MIC)?
No. CCI\?:M Species ORSA Van?omyc A7 Source  Result®
n
1 0027 S. aureus N (<0.5) 1 QC strain Human O
2 3501 S. aureus Y (>128) 4 2001 Human O
3 3502 S. aureus Y (>128) 8 2001 Human X
4 3089 S. aureus Y (>64) 4 1999 oA Human @)
5 3090 S. aureus Y (>64) 4 1999 o] A Human (@)
6 3091 S. aureus Y (>64) 4 1999 o] % Human O
7 3095 S. aureus Y (>64) 4 1999 oA Human O
8 3108 S. aureus Y (>64) 2 1999 o] % Human O
9 3207 S. aureus Y (>64) 2 1999 oA Human O
10 3209 S. aureus Y (>64) 2 1999 o] = Human O
11 3210 S. aureus N (32) 2 1999 o] A Human 0
12 3222 S. aureus Y (>64) 2 1999 o] Human O
13 3223 S. aureus Y (>64) 2 1999 oA Human O
14 3224 S. aureus Y (>64) 2 1999 o] % Human O
44 3596 S. aureus Y (>128) 2 2001 Human O
Ay er
51 3623 S. aureus N 1) 2 2001 Human O
52 3628 S. aureus Y (64) 2 2001 Human 0
53 3629 S. aureus Y (>128) 2 2001 Human X
54 3630 S. aureus Y (>128) <1 2001 Human X
55 3634 S. aureus Y (>128) <1 2001 Human X
56 3635 S. aureus Y (>128) <1 2001 Human X
57 3710 S. epidermidis Y (>128) 2 2003 Human X
58 35049 S. epidermidis Y (>128) 2 2003 Human X
59 35050 S. epidermidis Y (>128) 2 2003 Human X
60 35053 S. haemolyticus Y (>128) 2 2003 Human X

# MIC in ORSA is MIC of oxacillin.

> O indicates that the efficacy was confirmed.
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Adrdet wto] disid s TR A ded A AAlstd e SEP-1 2 SGP-1 HHe 2 9.1}
A ZH| Yol Salmonella agona, — Salmonella brandenburg, Salmonella choleraesuis,
Salmonella derby, Salmonella gallinarum, Salmonella jos, Salmonella kedougou, Salmonella
london, Salmonella mbandaka, Salmonella newport, Salmonella ohlstedt, Salmoneela
pullorum, Salmonella rissen, Salmonella ruiru®l| W 3to] it Aol d2o] FAF ALt o]
= AR olel Al W Fd &4 Hee & ¢ dow, AFEAAs ke Ardd FRde

o

AA FAE Aol A EAZE AZe drdats gido] E3E o] T

AA 2AE & oSd REFES O
ANA FFLH o AAH FATE
3 A} g = o

AR FEL AL A

ol o
At (MRSA 3o+ &+ 245 Yehdisd

o} whe ] e ukx] uke] AESAAA A A

oftt

() A=A AR A

esle AnAsA Ax A

REASH QA e FRVeR AR}

o “QAREAA)E AL nA A, Az ARl AE G Be odd A A
[ex]

=2 1LHsAT

>
>~
Rl
ofo
it}
rr
o
knl
ro
s
2
i
=
2
ol
ol
kI
X
ol
ol
3R
o
Sh
e

Dry-formulated bacteriophage preparation should be
produced by simple and economic process

1 Easy Production

Reproducibility
Titer of the dry-formulated bacteriophage preparation should be
controlled consistently

Stability

Titer of the dry-formulated bacteriophage preparation or feed should be
maintained for long-term storage

Good Mixability with Various Carrier ™ e
Dry-formulated bacteriophage preparation should have be.
good mixability with various carriers

O 2-7. AZUA NE A9 7]E A

AZLAA ko] kA WA Hite] wrH Pl e A] AAE AR en, tdd buffer(SM
buffer, Tris buffer, PBS, L-Histidine buffer, phosphate buffer, HEPES buffer)S A}-& 3}
(a) Alzx= 5 A tFA, (b) FAF HA, (0) B AAA, (d) A== Az (o) Az &4
o wrEH YA & {FA AEe 2AE Fote] oy A9 TMG bufferE basal buffer
HE AAI. o2 bufferge A& 7Msst7l+ strta #ebs v TMG buffer7b A 3

A A, Ax T4 7o HEHA A G 7A4 AR, dxdA Az A Hel

ot
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A 7 Agkske] 10 mM Tris-HCL 10 mM MgSO,, 0.1% Gelatin, pH7.55 # % buffer 271
o2 AAgstt

TMG bufferE o] &3] AAto]l ule| ] @ u}#] A A (bacteriophage suspension)Z 7]4Hal 9] o
1 o] & ol&3sle] HFTAoRE A UXRAAE /Nt A wrEE 9 A] A A 2

= /0 vhg g @ 9% (SAP-1, SAP-2, SEP-1 % SGP-1)* 1x 10 pfu/ml °o]4 22 3%
7[R o7 AxdAE BEY vjde A7) Axdd A wHEHA AAE ARt
Zote WA o R Axd AlxsAS A4 1 22 wjd & 1F 2 vl oig v
Bl e mhx] EAFA G A2 A7E WF 279 FHMFE U HHE Faste] FHe
on, HF e AxETFL AASA v 2

1. Maltodextran (MD) 20 gol 44t whele] s} A A|(Zhzhe] whee] @344 Titer: 1x10°
pfu/ml) 2 mlS sprayE ©]&3lo] L2 A FEAL

. A 3 50 ¥ 9t vacuum drying.

. Drying % grinding.

e Tt AlxH oY batcheS =9

233 3 ovbe g @ 94 titerE top agar assaysS 3ol ZAHTop agar assay©ll Al
Ao 2 s vhg glol = Staphylococcus aureus, Salmonella gallinarum, Salmonella
thyphimurium®) &

6. Titers 1x10" pfu/gol SA 24,
olgA Az A 100 gol FHFH=Z 9 wle] MDE H7iste & &3
(H = titer : 1x10" pfu/g).

O B W DN
o
~
%

AAEHETEA AZzd AMEEE ¥ BY ojd2s oy A EES(Glucose,  Sucrose,
Maltodextran, Skim milk, ¥ ©]E2] tfst A9 £ 5)S oz I J4FAHdE A
ow, Az Ao, vt eadd g AFA, Az F QCY &olH T& 1nHd HFH
o7 YEUAEGS 7|2 2% FHY fdE A5t AxdAE AxsAT F7] B
A4 Ang astel dsE AL 5 9

Aow ouE Fi AL oA Uk JHE =
(SAP-1, SAP-2, SEP-1 ¥ SGP-1)¢ t}ekg wjghel o|st Z
AxdA e A4S 2 ™= v 193 gk
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=13
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3 7

HAAQ7HA gxE v e 2 9% (SAP-1, SAP-2, SEP-1 ¥ SGP-1)E t}

2) w7 Al
A Fei= he

FA k.
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3t

AZAA Ao Ags ofAre] uig
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=13
=

7]Hko &2

sto] 7N
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=

-1 0

Q.

7HA
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=

P~

stol®l TMG buffer
T

A 3} A (trehalose) & 57}

At

2

Aol 744 A Gt
[e)

o
T

. sAAZxHEL A7) AR H A

b))

R EEEE R
A EEE A DR A

FHRAE AN
2] A A Al F-3 A (sucrose) 2 FAAZE %

[ez]
3

53
=
Hr
X
)

4) A

1=

o)

vze)

N
o
oF

o

o

ol

o

B

P4 eFtth dxdAE
Bl 2] e 94 titer

o

A A]

3}

o

top agar assays E35}¢]
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2. BEEHAA 5 AF

7ho @3 B

Bofdke] Alg-H
(el A u)x]
ZHinvA genel& ™o
T (S LA A A
16S RNA sequencings &3l FME=gdoz HF dIS5H W diste o a94E

A

ey & HA A3 (spot overlay assay)S T3dlo] %

(1) In vitro S &
=z

X
-

—

a9 2-13. AAAdd

Bogd Al Ful 1209 FE P P PN A B HRE 503F 2w
o

$(SEP-1 % SGP-19] ZHH|Q)= 503%e] ulirel diste] 100%9 & RHE vhehhigle
M, FHLEHTT So] weg et e el FH(SAP-1 2 SAP-2¢] ZH)E 307Fe
ool dstel 82000 BT EAHE eI 53 mdetel od S5 @i ads
g webe Ave @ 4 A

v A=A AA AAFES] in vivo b A
AZSGAA AAFS sEWNY in vivo A AIE
AP HTEAl A AIFE ] AT E oA S Eete] AMEE S
ZlHolAlg@Es Foto]l ARSEATE AFRHIEA AlAIESY BT EolAE S F
B2 AAlstorn AAAdS =ol7] st ALY @ dEAdo] =2 U9
A2 7 oF wke wedEo] AAlste] AAlE
3k A] GLP(Good Laboratory Practice) 7|5 3&foll =
CRO? (F) A2 v AdAFael o=ste] AAlstAon, SFHIMAE o] &g A ZAF A
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[(LandracexYorkshire)xDuroc] @ U vAE A ol ATz
(F4+) oAl Aol 7k YERLEA] ek
@ A EET: @ Ad+, Wd+ g JExz 3] 9
Z 967 oA A2k oAl Zolzh e
@ Al WAl e Sk
61 wol. Atset B2 AfF A4
EEZ 3 AIE7IZ e AlSsE9]
ol LA H Fu vAE %
AE Ao, Al FEA] A
g doz HAwste] Ao
A dAE AAFHst] Y SAHES
zA}
O FF O dzxzael Bluste] Ho]FA WAl
65% Nursery pigs (Smithfield HFE A ko, AbIA WA o]
Premium Genetics) AP SHo A= B Sk
Q@ AP E =T @ dof #A4 A3, Solakdt gl
% 150F @ =2 AAF A3 Bo] T4 jIUS
North @ AR
Carolina | 47943t wol. Abd7RAl 248 2 A
State APEEAY 2L 35d A 9F 47 Ao A
University | @3t & 54 24 (immune
cell, inflammatory cytokines,
immunoglobulins, plasma  urea
nitrogen, oxidative stress
markers). 474 A= A AdEgh
SES SHEAMAA 7] 24 AL
=% O "AAETEZFT ol HYFIE FH
1¢% ROSS (5A) 2ol 7k A&
@ AEUEs =T @ W25 IgG, IgA, IgM)el 9l
Sorg et % 1,2065 o] oA Aol7t AU
@ Alg @ x4 HAAF A3 5ol T4 S
571 wol. AW mA=dF &
A B A% FHEE 54
ZAE o A (IgG, IgM, IgA)
AAFS] bAAS H7kstzl flsted CRO 713 ()= vldddA 2ol GLP 7]<&el
wet SAAARS AASAT 2 SAARS v AR e 71+(2009-183%, KFDA, 20094
129 22¥) 2 OECD Principles of Good Laboratory Practice (1997) ENV/MC/CHEM (98)179|

) 2
el FAHAY. GLP /1Ze] wek AN SHAG) ALE ack AAE vt ek
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Challenging of
Salmonella Gallinarum
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=
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H 2-15.

7HAIE

1

Salmonella Gallinarum 1x 10° cfu/headZ ZAF
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2 ol
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X 2-12. A1 AA

AT | ANEFF | Z2Rdsy 7 FEFST | dHEe9A 39 47

A 5 - -
B 5} - O
C 7 O -
D " O O
FAES APAFER(LIn X L0mOE o] §3te] Agagion ned so F9484S
BAd Egel exs Rt QS FANACH EY mee W PR AR
[e]
e

S esA] R

A AL FE HHE ] e ubx] Folit 2 HHH ] L ubA] AlAFo] x9E AARE ST 23] 2
T wolat . wH g L9 A 2t 22 AlZbtie] ARk AR E Foldt &

Awdel i (Salmonella thyphimurium)< TSB ¥ A & AF-&3}e] 37Col Al 18A17F wl &3]
AFEEA S RS PBS (pH 7.2)2 108 Ald 3 43ske] 1.0x 10" cfu/mlz 243 oS 23+
TUHES AFESt] A3 JIAIGHEH 749 57 AE = 1 mlY AAHSe RS
}_/\].GC]-E

AEde 7 AF S ol BE AEFEES daoR A4 w4 AuE 2 A 34
AE= A3 S, AAMAE= Sherman 5 (Sherman DM, Acres SD, Sadowski PL.
Springer JA, Bray B, Raybould TJ, Muscoplat CC. Protection of calves against fatal enteric
colibacillosis by orally administered Echerichia coli K99-specific monoclonal antibody. Infect
Immu 1983, 42, 653-658)2] W o we} fecal consistency (FC) score (g4 & 0, ¥,

L && A, 2 AAAL 38 S48+

EE, 4 2o EHe % Andy o wlE AR = ZAEE. ol & skl AlEAES
2ol M EHE AFs RS 4 Bl AR Y] drde o] S4L LWARE PBSE &
ot ¥ dAEHE FTHS T vg ols ARdd AEnAd =t WA om A
o
A 823

Adrde #E AP s 5 793 A4 AT Ade e 2ds
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29 2-18 W o Andd
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DAAAA AMAFS in vivo B A mEAE AP O R G4l ookm oA &35
= o wel vk~ Al 2 do A challenging study (mortality test)S A A &1t}
BAEAEN oo wis ol Feon AELAHAA FFHIA A AE
o] (IV injection)st= WA o2 AlFstATt Abd A@E Fato] i3] AAE
= Aro o cfu 6x10° cfu)E 2”?_55} - olE Al A&t (shr] A FHx). &
THAl AlAES] HFE el 9] pfue HES T cfuEs SAE MOI 1, 10 % 10002 A
gatel Folstdth Al A2 MOI 10 % 1009] ¥ 2] @ 3bA4] AJAF Fofa o] 49, 100%
o] survival rates ®.o] 20%%ro] AL it (H P L 3A] AAFS FolshA ek ol

To 1o
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mOIRA Y SHYSAE

Challenging Study (Mortality test; IV)

% Post infecti ival of b phag
6 L " L = L L L untreated mice
@ 5 &
i 10 .
s 3 0
i —
z < 20 \: +
1 i} T
[ o 12 M 3 48 72 96
0 6 12 24 36 43 72 Time[hours)
Time in hour
—*= Mice live after treatment with bacteriophage-1 MOI (5% 10° cfu bacteria: 5% 10° pfu bacteriophage)
-=- Mice live after tr with bacterioph 10 MOI (5% 10° cfu bacteria: 5% 107 pfu bacteriophage)
—+— Mice live after treatment with bacteriophage-100 MOI (5% 10° cfu bacteria: 5% 10° pfu bacteriophage)
a9 2719, vk W e AT
ek e AA AlAES] 7B B =AY
= o =] =
M AAFE (254D &5 d5e fste] A= =N Eod drdd #5 485
=) = AVE = = = (e} 5 =)
of tstel G BrhE ANGon, 1 At 100% G B2 FaAtgdh
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Challenging Study against Staphylococcus aureus

(Staphylococcus aureus Coloniztion in Atopic Dermatitis Animal)

1. Method:

Treatment with N-Rephasin® bacteriophage preparation

w ‘u' @: DHCB [ OFE

@01,8,15,22: 62:G6

“Tape stripping
3times with
surgicaltape

n
v a
= Application of
v 1%, DNCB
(20plon each
v ) ear)

] \ i hydracortison
V: bacteria

Day28 \: phage

09,12,16,19,23,26: 63-G7
D16,19,23,26: G5-G7

1 D4, 11,18,25: G2G6 f
v D16,19,23,26: G4-G7

Tape stripping

3times with

surgicaltape
&

Application of

(20pi on each
ear)

2. Results:

D28 :

19 2-21. olE Y]

3. REGAHAA s34 EAH

& A", tista AFFAE, AR w4 < A8 £ Eoto] M A=2AA
A AAE AL Feds Qe v A3E sh)el g.oF AAsH

(1) (49 1. Sl P AR ALRAE A
Sl P ARSI ALY @Y wel AAE A4 A9l 3
AES ByoR ANdgon AL AP BH AGNG FBES 2Ag o

= =

=

100% 35% 100% 6%

HAHE S &
(Control & 100% 2 (Control§ 100%2
28§39 2E A

(2) [23 2. =l C AFR3IAF AFFAIE A3t
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T =
A]fsm. ol FRHAA FEI EAH foA

[e)
= N
U A i

A EE S 4,665,053
FA @ 713F 374
AR FA, §AE, ARLTE, BAAS

A¥ 8] welA 6495H 897t 17} w AP e Aol sidet A FTE oF 8% A

H7H Bl

[22(ae] 2 | ey | =5 (AEzzl] s | =ox | 5% EENEE e e e e
e 029 0|4H 04350520/ 05270620 56 1,568,288 1,508,263 2,489,190 | 1.650 | 32 |96.2%| 1670 296 29
453 FH 56 1,861,838 1,766,953 2891070 | 1636 | 32 |949%| 1679 290 36
et A : |
e 92560 2F 0425~0520|0527~0621 57 1,659,242 1,607,794 2615890 | 1.627 32 | 96,9% | 1.664 296 30
FHH 57 1,945,642 1,857,694 2,994,965 1612 32 | 95.5% | 1683 283 36
A
e 0290|4H 0573-0671|0618-0724 62 1,713,065 1,662,128 2,676,110 | 1.610 | 31 |97.0%| 1672 298 38
ses FH 62 2,037,465 1,900,251 3014475 1586 ( 31 [93.3%(1.693 281 45
62 - : = .
e 92560 AF 0523~0621|0671~0721 59 1,967,240 1,907,394 3,058,380 | 1.603 31 | 97.0% | 1.657 299 46
FHH 59 2,487,540 2345775 3,628,200 | 1547 | 31 |93.9%| 1692 273 58
A
e 02950|4H 0693-0720/0722-0818 56 1,822,753 1,731421 2,703,378 | 1561 | 31 |95.0% | 1.663 287 38
67 FH 56 1,822,753 1731421 2703378 | 1561 31 | 95.0% | 1663 287 38
72 2 : . ;
e 025604t 0623~0719]0725~0830 58 1,514,900 1435186 2,139,205 1491 31 | 94.7% (1691 267 32
HH 58 1,514,900 1435186 2139205 1491 | 31 |9479%|1691 267 32
Al
R 0290|AH 0791-0831|0822-0831 56 751,500 729,579 1,172,265 | 1.607 | 31 |97.1% | 1.628 310 16
78 FH 56 782,500 757,209 1,210,515 1.599 31 | 96.8% | 1624 311 17
OE TS | 8
e 9290 AH 0623~0719]0822-0831 58 575,900 556,998 875,265 1571 31 | 96.7% | 1692 286 14
HH 58 575,900 556,998 875265 | 1571 | 31 [96.7% (1692 288 16

04g 25¢ 08 312 128 24,611,476 23,490,250
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1.4
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2 1.0
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o o8
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0.6
0.4
0.2
0.0
wE | we | az | wz | @ma | w7 | mx | oaz
452 452 562 562 572 572 7.82 7.8E
=—sHs o962 | 0968 | 0970 0.970 0.950 0247 | 0.971 | 0.987
— 1.650 1627 1.610 1.603 1561 1.491 1.607 1.571
A oe 1.670 | 1664 | 1.672 | 1.657 1663 | 1.691 | 1.628 | 1.592
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RN 7\ 2 7 A st

2R AR (AYFAY, AFNBAA Y, ARRTR), FPE 23, B R FY v
AE g5 IgG, IgA 2 IgM &%, 89 U GOT, GPT %, A4 W%, &%
morphology

A3}
@ sl e skA @Ak FAE el viE) AP
Ha fodom AMHE Ao dehad: AFTAY oF 65% P, ARLTE 52% )

>

fad

GFa st E g g e uA] H7FF7F F37F gz vlE] 1.4% A E A0S
o2 A vAE #Ad A=z dgeesx HIur FRH7E gzl wlE)

bifidobacterium % lactobacillus X7} f2ld o2 F715F 2™, Clostridium % Coliforms

FTAE FelHew A

@ vre gl o911 "7t ogk oty o] A

® eI A] H7F7E FH I i 2T HWH

7F el og i

RHFA B2 55

RRFAI 7] 2 sk

AR AN (APEAY, YPARHAY, ARATE), %L Log, B 2L G 0
A=, 8% IgG IgA 3 IgM s%, g9 o GOT, GPT &%, AA W= &%

e g e Al H7E7F FE7E diZ el H = %
go)How JJAHE Aow Uehyton ug e o @ ATA i@ A7 ol dEGSA
ol 7t Wol AR dIFSAF 45% F, ATA EFA

@ FFa aspEdME B L uA] H7brE FA7E Tl H]OH %4 cw Jfdd A
o2 e
@ & = %“41 MAdE ad

dHE ovtElg e st H7b 7 BV dixTtel bl
X7} el A o7 =719 o, Clostridium 2 Coliforms

44 2k o
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O v est B A ool vs QYFAYI} QYARYAF] frelHow
ANE Aoz ehd: whHEestA 0.1% Bk TR el QGFA Y

Fa mEANE wHG A AT A dET W FolHo

@ w+ 92 Ad vAE #Ad dxE dHEHgeax] HIbr 7 diEzTel HlE|
bifidobacterium % lactobacillus X7} F2ld o2 71591 2™, Clostridium % Coliforms
TFA= Fo)HoRE i

@ el e ukA] H7bell o7t dosta ol 27 e

(®) [2F 8 %A Aud e et FaA A 5]
Az B oS AAGoRA PG fAA FA AF
HEShE F98 5 dglom, ofF o FAA AARZA BH7} Ao

ANdsE: 193 ROSS 4 ®oladl 1,206

AR 717 55

b A7) ook

A GE FAY, ARAAY, AREE, WS, W9F U AERTE, 9% U WgFese,

Ja 25He

23

D 7 AR O e oA ks FAASE FAA SAS 4Fe FAATL AREE
& AAAIE Ao tebd: el ostA FrHA] FHATel wis FA 44% 33

@ A AR U SrEHEes Arbe AAES BEE Ao ek FEE 4 807,
=]

b 2] @ 912 H7FA] HALS 53602 JHA

O 29 9. A= FA=oA o He g e ubA] Hol &t

AdsaE A= 2 45 (150F)

AFEAIE 71 47

Abek21 8 717 North Carolina State University (V] =)
AveR AL A7)

R :§—
He| 2] @ 9] ARE o ]le sA e WntE, F wmA=dE, Ao Al ol
glalow AU omd Wt of7|ehA k=
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F 2-14. SAL-19] opvj=qk A (A 495 opv]ito w2 +4)

Met Ala Lys Thr Gln Ala Glu Ile Asn Lys Arg Leu Asp Ala Tyr AlaLys Gly Thr Val Asp Ser Pro Tyr Arg
Ile Lys Lys Ala Thr Ser TyrAsp Pro Ser Phe Gly Val Met Glu Ala Gly Ala Ile Asp Ala Asp GlyTyr Tyr His
Ala GIn Cys GIn Asp Leu Ile Thr Asp Tyr Val Leu TrpLeu Thr Asp Asn Lys Val Arg Thr Trp Gly Asn Ala
Lys Asp GIn IleLys GIn Ser Tyr Gly Thr Gly Phe Lys Ile His Glu Asn Lys Pro SerThr Val Pro Lys Lys Gly
Trp lle Ala Val Phe Thr Ser Gly Ser TyrGln Gln Trp Gly His Ile Gly Ile Val Tyr Asp Gly Gly Asn Thr Ser
Thr Phe Thr Ile Leu Glu Gln Asn Trp Asn Gly Tyr Ala Asn Lys LysPro Thr Lys Arg Val Asp Asn Tyr Tyr
Gly Leu Thr His Phe Ile Glulle Pro Val Lys Ala Gly Thr Thr Val Lys Lys Glu Thr Ala Lys Lys Ser Ala Ser
Lys Thr Pro Ala Pro Lys Lys Lys Ala Thr Leu Lys ValSer Lys Asn His Ile Asn Tyr Thr Met Asp Lys Arg
Gly Lys Lys ProGlu Gly Met Val Ile His Asn Asp Ala Gly Arg Ser Ser Gly Gln GInTyr Glu Asn Ser Leu Ala
Asn Ala Gly Tyr Ala Arg Tyr Ala Asn Glylle Ala His Tyr Tyr Gly Ser Glu Gly Tyr Val Trp Glu Ala Ile
AspAla Lys Asn Gln Ile Ala Trp His Thr Gly Asp Gly Thr Gly Ala AsnSer Gly Asn Phe Arg Phe Ala Gly lle
Glu Val Cys GIn Ser Met SerAla Ser Asp Ala Gln Phe Leu Lys Asn Glu Gln Ala Val Phe Gln PheThr Ala
Glu Lys Phe Lys Glu Trp Gly Leu Thr Pro Asn Arg Lys ThrVal Arg Leu His Met Glu Phe Val Pro Thr Ala
Cys Pro His Arg SerMet Val Leu His Thr Gly Phe Asn Pro Val Thr Gln Gly Arg Pro SerGln Ala Ile Met
Asn Lys Leu Lys Asp Tyr Phe Ile Lys GIn Ile LysAsn Tyr Met Asp Lys Gly Thr Ser Ser Ser Thr Val Val
Lys Asp GlyLys Thr Ser Ser Ala Ser Thr Pro Ala Thr Arg Pro Val Thr Gly SerTrp Lys Lys Asn GIn Tyr
Gly Thr Trp Tyr Lys Pro Glu Asn Ala Thr Phe Val Asn Gly Asn GIn Pro Ile Val Thr Arg Ile Gly Ser Pro
PhelLeu Asn Ala Pro Val Gly Gly Asn Leu Pro Ala Gly Ala Thr Ile ValTyr Asp Glu Val Cys Ile Gln Ala Gly
His Ile Trp lle Gly Tyr AsnAla Tyr Asn Gly Asn Arg Val Tyr Cys Pro Val Arg Thr Cys Gln GlyVal Pro
Pro Asn His Ile Pro Gly Val Ala Trp Gly Val Phe Lys

3 2-15. SAL-29] opn|=Ak A (H A 250 ofv|=qtow )

Met Lys Ser Gln Gln Gln Ala Lys Asp Trp Ile Tyr Lys His Glu Gly Val Gly Val Asp Phe Asp Gly Ala Tyr
Gly Phe GIn Cys Met Asp Leu Ala Val Ala Tyr Ile Tyr Tyr Ille Thr Asp Gly Lys Val Arg Met Trp

Gly Asn Ala Lys Asp Ala Ile Asn Asn Asp Phe Lys Gly Leu Ala Thr Val Tyr Glu Asn Thr Ser Ser Phe
Lys Pro Gln Leu Gly Asp Val Ala Val Tyr Thr Asn Ser Gln Tyr Gly His Ile Gln Cys Val Thr Ser Gly
Asn Leu Asp Tyr Tyr Thr Cys Leu Glu Gln Asn Trp Leu Asn Gly Gly Tyr Asp Gly Trp Glu Lys Ala Thr
Ile Arg Thr His Tyr Tyr Asp Gly Val Thr His Phe Ile Arg Pro Lys Phe Ser Asn Ser Glu Ser Lys Val
Leu Glu Gln Asn Ile Gln Leu Thr Asn Asn Trp Lys Gln Asn Gln Tyr Gly Thr Tyr Tyr Arg Asn Glu Lys
Ala Thr Phe Thr Cys Gly Phe Leu Pro Ile Phe Ala Arg Val Cys Ser Pro Lys Leu Ser Glu Pro Asn Gly
Tyr Trp Phe Gln Pro Asn Gly Tyr Thr Pro Tyr Asp Glu Val Cys Leu Ser Asp Gly Leu Val Trp Ile Gly
Tyr Asn Trp Gln Gly Thr Arg Tyr Tyr Leu Pro Val Arg Gln Trp Asn Gly Lys Thr Gly Asn Ala Tyr Ser
Ile Gly Val Pro Trp Gly Val Phe Ser

ol gate] Az eale] A TH
e I P
jo= FHaA A% AN 2 A
b= ] M n] BE)

= U=

=

2] A= 52 chromatography & ©]-&
TEoll & St EdTYd vho] ST ZA
AASHE o 2ok HE AA A= A

KDa
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w 140
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2 H

5L Al 3 = 5 o] E
FAZE=ZTT 5ol Az 2o 54
(e] S g 15 T Xx= 3 L=S¥e) S Ex] O K] 1o
YAl v&3 2ol F FR7F FEENeH, o5 It SAS v 2%
L R = i 3 sl o 3 5
T Ao gal 25 BEATE He drEg e 9tA] ZAed Alste] W2 gt 24
Numberof Amino Acid: 495 7
Molecular Weight: 56 kDa
Numberof Amino Acid: 32
Molecular Weight: 28.6 kD4’ .
a9 2724 g1 Al 2o
Species Source Activity Species Source Activity
Staphylococcus aureus CCARM 0027 e Streptococcus agalactize ATCC 27956
:‘ s Em ::; N Streptococcus agalactize ATCC 7077
. aUreus CARM e
S. aureus CCARM 3089 o Streptococcus uberis Clinical isolate -
S. aureus CCARM 3090 e Streptococcus uberis ATCC BAABS4
5. aureus CCARM 3223 s Lactococcus lactis Laboratory stock
S. aureus CCARM 3224 == Lactobaciilus reuteri Labaratory stock
S aieus ECARM 312 = Straptococcus uberis Clinical isolate
S aaress Qthers o Streptococcus uberis ATCC BAABS4
Enterococcus faecalis CCARM 5168 - Eadbopiillis Labseatir stk
& ¥
faecali C
E-faocalls CARM 5183 Lactobactillus. brevis Laboratory stock
E. faecalis CCARM 5170 e b "
E. faecalis CCARM 5171 St viEt
E. favcalis CCARM 5174 Escherichia coll Clinical isolate
E. fascalis CCARM 5177 Citrobacter koseri Clinical isolate
Streptococcus uberis Su-1
E. faecalis CCARM 5179 5 o
treptococcus uberis
E; i Ofias Salmonelta gallinarium SG104
Enterococcus faecium CCARM 5192 S. Gallinarium Others
E. faecium CCARM 5193 Salmonella enteritidis SE
E. faecium CCARM 5197 3. sftorilcls Olhere
Salmonella typhimurium 5T
E. faecium CCARM 5198 . yphimurium Others
E. faecium CCARM 5199 Salmonella pullorum sP
E. faecium Others - S. pullorum Others
19 2-25. SAL-19] @t &4
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3 2-16. SAL-29] &+ &4

Isolate or strain Activity Strain source
Staphylococcus aureus SAl + Environmental isolate
Staphylococcus aureus SA2 + Environmental isolate
Staphylococcus aureus SA3 + Environmental isolate
Staphylococcus aureus ATCC 31886 + ATCC
Staphylococcus aureus ATCC 35556 (SA113) + ATCC
Staphylococcus aureus CCARM 0027 + CCARM
Staphylococcus aureus CCARM 3090 + CCARM
Staphylococcus aureus CCARM 3095 + CCARM
Staphylococcus aureus CCARM 3271 + CCARM
Staphylococcus aureus CCARM 3547 + CCARM
Staphyilococcus epidermidis CCARM 3710 + CCARM
Staphylococcus epidermidis CCARM 35049 + CCARM
Staphylococcus epidermidis CCARM 35050 + CCARM
Staphylococcus haemolyticus CCARM 35053 + CCARM

FEnterococcus faecalis - Environmental isolate

Lactobacillus reuteri - Environmental isolate

FE'scherichia coli - Environmental isolate

Citrobacter koseri - Environmental isolate

4 Designations refer to bacterial lawn clearance and a follows: +, clearance

observable at the site of SAL-2 application, -, no clearance.

o} SH@E7C)AA B} 55t &5 AdA 8o KU}
Noz MAstgtt olgfole SAL-19 F8 EA ## =5

st posel Fo elal A3}
ANSEE A

1 75 150 225 300 375 450 495a.a.

e e e

Amidase_2superfamily

207-335 409-475a.a.

% 2-26. SAL-19] 8 7154 domain
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(\}) SAL-19 in vitro 3 24

Antimicrobial Activity Assay

Untreated Treated

[

Overlay Spot Test Liquid Culture Test
Test was carried out against Staphylococcus aureus

19 2-27. SAL-19] #ut 24 A A9 A9 1

N = P
¢ 4

o T

Before
o 10 20 30

Time (min)

- Stationary Phase [3x 10° cfu/ml]

ODgpn

@ e MW b

T l. .r Before After

o 10 20 30
Time (min)

_'Y:l,
\)

19 2-28 SAL-19] @+t 24 A A9 4

SAL-1¢] 7]% 84 A4S =AHr] 93 AFdo R “turbidity reduction assay” % “agar overlay
assay & THstRen, o Ay 7|E A WS Ze FAEET T (Methicillin-resistant

[¢]

Staphylococcus aureus, MRSA)| = vt FAS HYS Foledt. E3] A<l #38% 2o JAH4

7 zur J45 2o 7 SR AE g7E JeR)h

=

- 131 -



Lower MIC

® \ancomycin} H|OtO{ =100l Lower MIC

01 02 04 068 08 10 12 1.4 B

Antibiatic suscoptibility tests
MF inimum inl hlb\boly entration test ﬂ

ﬁggggg

nlmi antiblotic
SAL-1 MIC 7.2uM

MIC 690 pM
J

Vancomycin

a9 2-29. SAL-19] MIC test 23}

gatgglobal o] 97 HAA 85 =(Minimum Inhibitory Concentration; MIC)Z <& 7 A4S A&
St HA9 A FEE A wrlgth MICE S35 dubdel W 5 shued Algdsd g4y
ol & H]& $HMF Al @A MRSA A

[e)
Ags A3 SAL-19 MIC #& 04 pg/mlzE A% 3o
ko MICo| T}

|

o=z
SAZ AMEEE whakol A g} kel of gon
Enzymatic Activity Assay (TODgg)
10%cfuS.A | -
0.Dgyp=1.0 .
A
0.Dgpo=0.5

Time=6 min  (Time=43/min!

19 2-30. SAL-19] 544 &4

Holx A AT SAL-1 A8 & 0D
ZEa es ER1E U

Enzymatic activity assay°lA, 71& &AA] WS
5 o] TODyol viet=m, 73k

(optical density) =4 A <

ok
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(th) SAL-19] M¥ =4 (cytotoxicity)

MTT Assay

Cytotoxicity Test

® PeptidoglycanO] 8= Human & Animal MZ 0= ST 7 @40t QIHeYY

Medium (+)  Medium (+) ~Medium (+)  Medium (+)  Medium  Medium (+)
Lysin{)  Lysin+)  Lysin(j Lv:i;-;*) * 'Lys::(t)'

: 0.4 Lysin (+)
Cells () Cells () Cells (+) Cells {+) 4 Cells (+)
Cells (+)
0.0 -0.0046 1.464% 13417 15335 1593
+0.0011 +0.081 +0.074 +0.097 +0.072
0.0 0.0012 1.5827 17821 17972 1.7878
+0.0025 +0.073 +0.069 +0.070 +0.081
B €1 cz LO.4 L4 L40
Amount at a Amount Excess
concentrati for killing amount
— on equal to 100%
the MIC bacteria

in 10 min

No Cytotoxicity

MTT [3-(4.5-dimethylthiazol-2yl}-2 5-diphenyltetrazolium bromide]

19 2-31. SAL-19] MTT assay 23

MTT assay+= A¥E 5A4E A= WY 5 sy 24, yellow tetrazolium salt MTT7F 4+

ollE= A A formazan crystalZ2 P = P& o] &= Aot Aol Axe] 7}

»

BETE o] crystaly AAHE Bolxm= AAHH crystal®] Y& 3T HA WHor SAS)
o Axol A = A HAEE SAHIL = Jdth. MTT assay 23, SAL-20] TEAXE
(human % mouse)®] d&ol d3s FFE vAA oS dAsATh

(4) A= A dHFAF 2 gFgA 34 5
A9 = gn AxE F85o

SAL-29] thaflA 50 L 7FR(75 L ¢&7]E o] &3 50 L ¢x

S AFHoE FHUL B FATFAE FHATIEATY vo]l T

A& gk diF wigS T3kl ODgol 27 o1/ ST 5 dJom dief 2 kg ©]/d2] wet

cell weightE 95 4 AT}

Number of Amino Acid: 495
Molecular Weight: 56 kDa

Number of Amino Acid: 32
Molecular Weight: 28.6 kDa ' -

a9 2-32. SAL-1 ¥ SAL-2
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HFAATEE 1ahd e dud d3ds F&ate] F5aklen], 50 L e el dgd A
Aol A3 dFAATAS deHer FHUY & FATFAE I ANTIed T v
oot Zatd e V& o] AATh BE AA S AR Fo HF F&S SAL-1¢
At e 80 mg/Ll o™, SAL-2¢] ¢+ e 70 mg/Lth 3heFs] - AdE A G
WoE 2-349F 2k

|

Bl iR N o

% 2-34. AA A3 (3 SAL-1; % SAL-2)

oAz 2l ZiRke] AlAl Al A

(e} =
Az @A Fke] AAR Aafld A

SAE AAsta k. ofd V& Aafd AR
Al AFE Faste] galel et gt 2 AFS =Eegieh 2 Aaf8d A8
ol FEAFESZ SAL-1¢] #&H At} o= SAL-10] SAL-2¢] Hlate] 42 <tAge] 5
317 @aksl 7] wZoloh e AY

woll A A5AY AAZ oS Aetrtar & .
4 o] <SHASHA EAdol FAHJIG FARANE B turbidity
reduction assay® E3lo]  AAlstdth. Turbidity reduction assayi  BFElE]o}  cell
I -Fg XEAE H7Eeh S 15683 30% FF 22 ODgy S &
e g st g om AAlsiadnt JidE Az Al 71k Ao AEe vk 2o

resuspension®l] 7fErgk &

MEE AP FEdS =,
encapsulation®| 4} biofilme Pt S EEFF oo =

aF A,

in vitro &4 ZAE F3H9
2}
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1% 2-35. Encapsulation % biofilm

W A A= encapsulationg A 3eH A EZE=AFolY biofilme FAI S A Y A
o gisiA et AE 23E UER AT Encapsulations 4% Sz ® g
biofilmS A3 SFAEEAFFiro] 3k AFE &= normal 2 encapsulations FE3F 3

hyA [e]
EEgTEe B

0

O

[e]

P oS3 2o FMEEAGT O encapsulationfr = 2% NaClo] ¥3tyd =
Hj 2] (Columbia agar medium)olA 37C 3 #jSst= A9 Wy o
Encapsulation®] =% SAI=AGH F2YUELS 1 mle PBSE A9
2HE 353 om, capsule AL India ink 9MWE E3dte] #Feddtl. Turbidity

A2 ARAES A7k Fol 156

>{>~l
B o

reduction assay+= 2|2 o} cell resuspension®] 723k
ik 30% A S E ODgy #hs EUHEE st WA o= F Tk 100 pgel SAL-1°] H7F
HA g Aged "EHote] Z7] ODgyoy #tel dHtoz 7 « dlo 2= Al TODs
Zko] normal celldl A= 6.5%90]%1 2™ encapsulated celldl A= 118-°]A Tk 200 pgel SAL-19]
A7V A 3 A $-o TODsy #ke] normal cello] A+ 145011 2™ encapsulated cellol]l 4+= 3.6
o]t} ©]= normal bacterial cell ¥ o} <2} encapsulated bacterial cellol tslo] A ®= A
| A&k gargde] EA4S HoTe Ayet & 4 St

{, o

]

>
>
o

k>
ol

p

ol

RALSHWYE 22| =2FS °l82 n vifro efficacy test =2
- Normal "9Eli2] S.A2t encapsulation®| =& YEH2] S. A 259 Eiotoy
AZETIIS HS !

[Turbidity reduction assayS Sot 2/ =t91]

|
|.n“
08
@ u.sw‘
<
04
o

0.0

5 10 15!
T (min) Time {min}

| Encapsulaied 5.A

[Spot assay& S 2

g
ox
gt

21

19 2-36. In vitro efficacy test 23} (Encapsulation, 100 ng SAL-1 ¥ 7} 4%)
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w Wl A mAe FALEATH] FAF biofilmel WF AAS FAE T
cRky
A

>{Zi

7 2

(e}

==

o
o
Al t}. Biofilm 34 % AHica gene)E 7FA 3L A 3L biofilm-forming activity 7} AF#
Skl BAE =T strains 0.25% (w/v) D-(+)-glucose’} X&%¥ TSB wjA & A}-&3}
96-well microplate “gol 3F4F vl %3Fo] microplate®] welloll 32 3 =23t biofilme] A4
Al AT Biofilme] A4 ¥ ZF wellell 10, 20, 40 2 80 pg/mle] SAL-1¢] H7tE =5 24
o A5 A4S Hubel FAr 2A0d A8AE H71EE microplates 37Tl A F A zF
59 incubationd}th. Incubation %°l 0.1% safraning ©]&3 safranin GAHS &5
biofilm AA AEE ZASEAT. F1 2, safranin MW 2 biofilm 204 &3] A& 5
A R O 2 biofilme] et B EH AdSTE B3 S Ao Wi biofilmeo] A =
wZAol oA biofilm EAAFE SUoZE & I
AR, AaFid A5AE #HA7bel 7 SFAEEAT A biofilme] wig- &A= AAH
o

—_—

:lojﬁ_&émi
do

RALHE 23| 2F biofilme®ll EH2! in vifro efficacy test =2t
- Biofilm=x %762 S A% CHote] AISEEIS H4s Il

"N”C 10pg 20pg 40pg 80ug

N
==
g
—~

o ox ot [o

e XA FAEEATT biofilm A A5 AAARE A
Sl [©)

o
=
O AARZ FGAEELTA biofilme] AAFHE A 5A AP
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=
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o
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e

F itk ole® 54E SAL-1 7lwe] Hafdd AnAel 43bH 2
Z

A7kl sk Az,

o flo =
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kil
ofo
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ich
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S EE59T sEE YFo
Manufacturing Practice)ol| 4] 234k
17} 715l Agetet 1 A WG S skl Al gk
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iNtRON i 3jotechnology, Inc.

I
1 AEX] (10 m) &
Azd 4 =2 | Bt H|
SAL200 "
M=ol (F)dgfoldl A
(SAL-12M 7 mg) | = 0.39 | mL X (F)utol
Allantoin EP 20| mg | M =%: Sigma Aldrich
Sodium benzoate USP 6| mg | M=%: Sigma Aldrich
Sodium propionate USP 30| mg | M=€: Chemkind
Propylen glycol EP 500 | mg | M =%<: DOW
[/ % SAL200 9= 9fofFe] & 2 ]
SAL200 1 L &
HEY -4 = |t Hl 12
SAL—1
2| 1] 2l | Mz=g: (F)to|dlA
(SAL—12M 18g) | =T )
L-s|AE|H USP 1.56 | 12F | M =%: Sigma Aldrich
D-AEZH|E KP 50 | a2k | M=% Sigma Aldrich
At ETa= KP 1.47 | a2 | M =2: Sigma Aldrich
EZEEAIH188 EP 1.0 | 22 | M =<: BASF
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HE=EZ2HE (Manufacturing Process Chart) Ty ST

%Wﬁ' =] e sHe200
___________________________________ [ mwereon 4
[ EER }

2 1

B
459 ﬂ#'a’él)ﬁ!}

A (2012320 00m
(CIEX)

3% EaE
Al filtration (0.2pm)

Lot m_}
Release (e

Test S ﬂ
1% 55 B HE tl?:_}
(UF/DF)
Filtration
H&st (Q-membrane)
R
Release [ ===z 4
il%ﬂ 1 ¢ Filtration (0.2pm) ﬂ

BOAl — YN —
AME

25 314
5t

19 2-39. Al 2ETA

- M LS FT I—Wash-l 8 14 17 19 2123 25
PP :

L ] p‘
- e
5CV - -,.
gradient
elution

-

"
i
!

i
- -

e

= % ——

r s e o ————

e — — —
— CW U W E EWDeuktopWsAL-1 K} 8 AHWRPW 20130527 D79 11_11_28_SAL-1 tmg_ml - Chanael 1 |
2.8
"
t
0.6
o
0.2+ ~
| =
L1 E— N —— - ——— S i S
T s T T 7
o s 0 15 = z = 35
T fmin]
AL Common for AL Sigrake
i Calibration Fle (Peak Table] Calculazon
: = b= F
X 22130 171637 23,190 2.4 3.5 [¥F]
13 esshed) | eeli0d 0.6 %5 .17 e R R |
31.400 3913 7.0 a.6 832 v
Tatal 720,147 6262 100.0 190.0 Pepati e e Uenated ooy
Resporse {7
c Base ~ =

% 2-40. A= AA A

T A5 AAC] i FVIRASHAY A= AAsen O A=
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(1) s A5 g 3 G754l g 2
(€]

f A = O =
JHro s oy &&= 23 st 67149 te] e A8Ale] A datas .

1%
it
o
;I:
H
ofr
ol
Q2
g
M\
Ty,
>
jaiti)
%
[o
iV
o,
ps
o
o

=
=

N

(2) eHAA Alg2 (7h) 4T, 20T (7F £7), 30T (UFs 27), 2 3HT UFs 271) &% 27104 A
Astgon (W) RS 9ste] RP-HPLC ¥4& AAEA L, (th) 971=
.

reduction assay S A

=
L
dlo

(3) AH&3F RP-HPLC #4] ¥ turhidity reduction assayS 7+eFs] A|AstH ofL-

f
iy

— u
a- =X

oo

= gl

1o

ol

1. RP HPLC +4& &3t
1-1) Buffer A%
ol 54 A: 0.1% TFA in water
o]5%4 B: 0.1% TFA in ACN
1-2) ¥4 =1
34 280 nm
A 00G-4053-E0, Phenomenex, 5 um, C18, 300 A, 250 mm X 4.6 mm

2. Turbidity reduction assayE £3F 27} =3
2-1) A4z
3% 600 nm
F-dl: MICRO CELL 0.9 ml, 4 mm X 10 mm

=R A 2 cycle/min
ﬂiﬂ%k: 0.9 ml (ODG()() : 0.65)
2 100 pul
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=
»
=
e,
L
S
1%
it
rO
ol
oX,
o,
I
Q

et
fo
12
2
>
ol
ol
g
i
dlo
=
iy
g.ﬁ(l
dlo

BALE (C) | AL | d3nae (%) i -
4 183 0 e
20 161 265 mAU = e
30 702 55 o
35 702 75 =
TANLAAT 5A S, F, 4C AT :
1839 (671 Y) FF =4 Day
2. Turbidity reduction assayE £3t 97} =4
HBALE (C) | AU | BAZLEE (%) ‘
4 1839 0 N / .
20 161 48 TODs, ‘ 7 ; - e
30 703 54 Wt M e
35 709 69 ? “" -
TANDAAT FA . 5, 4C ATD
1839 (6719) 59k =4 Day

(5) RP-HPLC % turbidity reduction assay A¥= 7|Hto 2 F3x o w2 AES & u 30C< 3BT (7}
= 27)8 Afe RAdRRE 12do] A AFNE g R 24 a7 AREY 109 B3 Al
Aol T3 %, T2 69% . 20T (VHE 271)9] %%oﬂt 140 73t Alxiee g 32
A AAa7F AFEke] 1619 A Al M E Rk 265%, A2 69% A4, ol wiEl 4T (A%

BB 29 Aot 1839 A3t AR (F AN T D B4 BAA AL,

N

AaFdg ARA AN HE FE DL B2 2ol HAFAh A AU
2 b Bk TFE o ANSEom, AF WY R A%E 8ok AAY et 2
A, EE Aafgd AEAE FRLEPTr] Aele] Hol W ALFuAe T3
ghat @ AR UL FAT F A

@D At A CMT AAE B3 AAE & 24
#5 4

@ AAHE =9 & NAHo 5 Fo19 /Y A

Protocol | @ FAF F 0hARA]
® bR F AALFHE 25

- -
e

® AAZ 58 AL ZASEA 5€T 99 @@ BH g
A

EEESS
(cells/ml AY 7% BH)
Result Z‘XJ @,, S s
EEIEST gt
EEEED 1338F
EEESS 628k
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A3E ASHA A FAA HA AARE A2 N R FAA
A A ALEA A A

1 239 394 420 gF Qe 2FATAY BF F75H 24
SHAH| CHH| A2 2 HEEE o UM cHEIH ArEHA JHY

AW hH HYST A RUE B 8l 7= 8 +1
(=E}2| H4, O, S =R/ 2UHE S

T [

d e
(At=71X) W7 U8 =l HIESTE 8l 28 oY

HH BibE YN i =3 ST fig o2 7id AlE
(52 0|48 Aot =8 25 A=)

o Ly @A l

g\ 24 ciAHel 2EH SaFEE 2let in vivo ARHA 25
(552 24 ciym =212 3)

H L2 e ab oA l

A i AlRE HARE MM HE
W oM HHEEE 83 T ASHA HE/RS

LR R

a9 31 FAA dA MRS A= 32 A tAA AFFAA A A

RIS,

2k
=

2 AFE w7 U 4 F A9 FAEEY 4 dA, 7 FH U B9 A EE
coli K99, E. coli K88, Salmonella typhimurium, Salmonella enteritidis, Salmonella
gallinarum, Samonella pullorum)ol W3t &S A, A1 A ANA H7FE ol A
2 %43 -4t (Lactobacillus plantarum 177, Pediococcus acidilactici 175, Lactobacillus
salivarius 29) 2 SAESI HHX FHAA A FH 4T FAF(CAMI, 175
Pediococcus acidilactici, LP177: Lactobacillus plantarum), 253t (Sb796: Saccharomyces
boulardii), 11z (T-1: Bacillus polymyxa, T-4: Bacillus subtilis)®] &3t A <te] =3 3
TaNE Aoz FAA A 54 o8& 7teAds FelstaAt s

AAT FTY 2AE skl @A FALF H3; U= & A4, 7 fd OE A4 1A
=(E. coli K99, E. coli K88, Salmonella typhimurium, Salmonella enteritidis, Salmonella
gallinarum, Salmonella pullorum)& 3% 3-12F o] A3t
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% 31 =FTd 594 sy TF 2 54
T i+ = A
Escherichia coli K99 A(FolA]) /A (7T
Escherichia coli K88 Fﬂxl /AR ()
Pathogen Salmonella typhimurium e‘l, =]/ AAL ( FE] S 2)

<Pathogenic bacteria>

Salmonella enteritidis
Salmonella gallinarum
Salmonella pullorum

/ 29 /\]_ (x]—oﬂ
“Mnﬂ§1<ﬂ%ﬂ¥
g/ A ()

1:1—

(2) B mAEd g A2 gy =4}

ARE S5 g B9 vAE dis dAEY IdvadEsE AFst] fste] HAdE F
=R FdHEdrt A5E HAAES AAH3e] MIC test ¥ Agar diffusion assayS & 3}¢]
FEs AT
(7h) ddE FH

ng Als Az AEHE BRE AT 2 &5 Hag H AAHAES AE(E 3-2)F
Wl ste] AbESElaL, 53] vhE, ¥, e FEEE 2PN F FEER FATS OE
33], 32k THRTFE AHeAT. AHI NEE> A=Z 2715 AAst Adg & 7hzt
kil m1xer7li sk ar 7i5i 2+ 53 o}, Securitor (Artimon, France) + whEs
Zd3 /5 FEE 282 HERS £33 A F o], Phytoncide (Phylus, Korea) &

Terpene, a-pinene, 3-carene, Bornyl acetate &=
ol © 2 Securitor?} Phytoncide™

=

gL

7] 222 7 A

0.45/m bottle top filter(Corning)= ¢ ¥} 3t
Tt e A A& A A A T

[e)

==
T4 &

o s g FolA s

1

rl

dAs a2 AFEFH UL Securitor @ FHFHAE HAf
T oAds FA] AP A ALEEH oW A

3E 32 AP AREE AA=

Rl el Rl el
o v o] 7%k &7y o]
G & 3} 7y o]
= 2l &7t &7y o]
=7 e &7y o]
52 Hl o % 278 o]

s = 7] | A] 7 A

52 u] = A
o= ok o] Securitor A Al &
- 2 Phytoncide A A =
7N 2 B-glucan A A &
ol = 71 4k AL A&
A7y 78 o] g Hi}ol E A A =
AL Z &7y o] °E A Al &
2 7] 2 o7y o] &z A Al &
uff 2l o7y o] 23T Al A 3
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(W) AAE e H2E

[e]

D MIC(Minimal Inhibition Concentration) test
96-well cell culture plate(1), (2)& o]&

“I—‘T"Ol':ﬂ_ HAE ==

sto] WA vAE E coli = plate(1)o] 100ul®

FZAE plate?) 190l 300ul, 2958 34 GA7HA 0.85% NaCl 1508 EF81o]
1/2, 1/4, 1/8, 1/16, 1/32 1/64, 1/128 At gAs A8k YA mAE)Y ddE F5 3
A N(2)S &3 3 37C, Overnight wjokallom wj%

AT},

o

% ELISA (OD 600nm)°l~ =4

o

]_

@ Agar diffusion assay

Agar diffusion assay(well, paper disc) & Agar well diffusion assay= A3} t}. Bottom
agare= TSAzHe} MRSa@xh)& WA 531 &3 & Top agar(TSB + 0.7% Agarose)S
Al zsko] WA aﬂ ol 10%(K99, K88, SP), 10%SE, ST, SG)& il
F3Fo] =T %?ﬂ < plate 3%

40ul22hE EF3 F

Bottom agar ¢1°l #

LN

o well& Cork bore® (1 HAE FHAS 60ul(1xh) 2}
37C, Overnight Hj &3} St}

MIC test
% 3-2a. gty AR o

Azar well diffusion assay

18 MIC test 9} agar well diffusion assay AF<

(3) B94 AR @ AR BgyEAe] B

3-3. AlAA A ZHE FF T2 fFAkat
z 5
LAB Lactobacillus plantarum LP 177
“Lacti d bacteria> Pediococcus acidilactici PA 175
achic acid bacteria Lactobacillus salivarius LS 29

]Eoﬂ 1 3
1 Al A 19mle}t
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A Algd Iml o] EdAES WERY 3N (20mDE Petri dishell #H3she] +3])a1, 3|4
T

=
A0 M) S 50ul =2 = top agar BFHE o83l #4E =AY

@ 423 A
A AA= AR AR (1) ZI2mA et AlRE Sdste] 23 § 34 dH(Ed
1)E 2Lt (2) 712w AS} AJRE E3tele 23 & s g A (HYAT)S Top agarol
Mol Bz g}gﬂr/} (3) 7]zuﬂx] el i bt s =dsta, s T H(HAT)S Top agar
]_ )

(W) HAAEI} BFATA ] 5ty AL

A1 A AN FFESER A A A e sAT  FA(CAML, 175
Pediococcus acidilactici; 1P 177 Lactobacillus plantarum), %
boulardii), 1% (T-1: Bacillus polymyxa, T-4: Bacillus SLIbe]IS)E ol &3ste] AFs AxE
Hero 2 fAkt @l E3(CAMI, 175, LP 177)S SNU 1, 4k (CAMI, 175, LP 177), &%
T(SB 796), aL2(T-1, T-4) EF<S SNU 28 A3} *Elfég s ATHEE 3-4).

1 (SB 796: Saccharomyces

%34 AR BFATAY BF TF F5
Lactic acid bacteria : Yeast : Bacillus
1.9 x 10%/ml 3.4 x 10%/ml 47 x 10°%/ml
SNU 1 CAM1, 175 LP177
SNU 2 CAM1, 175 LP177 SB796 T-1 T-4

AE S3PATALL v AFE 98] Al AlREHI e @FEE EM Hlol Q. 3|A}
o] EgFAT A2 a-Gold A% (PEM 1)3 Max A3 (PEM 2)S o] £33t} (3% 3-5).
3% 35 v HF AFe £ o5 o
Lactic acid bacteria Yeast Photosynthetic bacterium Bacillus

(Lactobacillus sp.)  (Saccharomyces sp.) (Rhodobacter capsulatus) (Bacillus subtillis.)

PEM 1 1.0 x 10 1.0 x 10% 1.0 x 108
PEM 2 1.0 x 10'° 1.0 x 10'° 1.0 x 10

V' Photosynthetic bacterium colony count of PEM 1 : more than 1.0 x 10°

O EFAdA] #4 A A}

ARE HFATALL v AFol BAE dFE BASH -‘?4'3}04 AT 7 75310
wW)E AA 8w x(10m) o HF3e T v (37T, 240rpm)stH A Z+ A7+ & (1hr, 3hr, bhr, 8hr)
2 100E AMFSE] F 3-49F 3-50 BAIE TF7bA A e A E s vl el 10040

E=EE $ wFEBTTC, 24N A A A ER2 s G wst A wjieE 4kst

ol
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o] % 3-4¢} 3-5° A

i
BT
o
1o,
offt
e,
ot
=
o2
>,
L
o
~
J
ol
o
&
ui

Zt F 5 WA o] Ed dF=
4C YA Bastar, A= Ak 3 —Zrl 4C°ﬂ l‘iﬂw}%ﬂaﬂr EE #57F el evd
A Ae]l AAC wet 2 #F Il 10me round tubeel ERAIZ T HIFAHom Z3Hd
EEATEA Intet FAE Ins Ao 5 &9 SAH ARE ol &3t

@ Agar diffusion assay

HAAE AR A e =AU Wyl iffusion assayE °l-&3ste =5 E WA WA

o] 5% plate 7+ Welloﬂ L3ty B drE A A5E 40w Wil 37CoAA 2443
A3 W plateE ~7W3}aL clear zones Aol £

5l AlAT A= =4 E7FH-), 15mmETE ZFe(+), 15725mm(++), 26735mm(+++), 35mm*.t}
=

@
=
o,
oft g

1l

= 32 4
10

SPATAL HAE BF AR AAE

AAE w5 B ATA B BgAYEAG} AAE B
qol o SNUL SNU2 PEMI PEM? SNU1 SNU2 PEM1 PEM2
A
e AQE  AdE  Adz  AdE
Groupl Group?2 Group3 Group4 Groupb Groupb Group?7  Group8 Group9
. A7
(1) HeAd vAEd dist dAd=29] gy A}

(7}) MIC (Minimal Inhibition Concentration) test

gt WEEE (E coli K8)ol dd 3t AAEA (vhs, &3, 2, 2nxh, A, #19)9
73S FAFSFATHEE 3-7). ELISA (OD 600nm)= 96well cell culture plateE =#3+ 23}
5, GFelA 1/167F HAAAsEZ 7P et Eoe]l Hojyla, mxp(1/8), 9 1/4)e]
= YUEHon, HAE gatego] gl AL 4 FEEo]7|A MIC test®2 3% s o
U] o

O

ol

¥ 3-7. E. coli K&°l| t3t HAE<2] MIC test 23}

<1l 1/2 1/4 1/8 1/16 1/32 1/64 1/128
v 0.506 0.467 0.482 0.492 0.537 1.121 1.157 1.084
R 0.713 0.859 0.842 0.820 0.837 1.165 1.151 1.069
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& 2.099 1.407 1.150 1.306 1.183 1.164 1.137 1.015

Q. m) =} 0.204 0.225 0.545 0.651 1.097 1.092 1.107 1.070
H A 1.231 1.028 1.175 1.154 1.111 1.109 1.096 1.033
" < 0.745 0.763 0.958 1.074 1.100 1.105 1.111 1.037
F 714k 0.544 0.566 0.568 0.645 0.627 0.963 0.996 1.063
B-=F7+ 0601 0.651 1.119 1.121 1.124 1.116 1.127 1.123
HAAE vl & 3} 3 2.1 2} H Al 1] < 714 B-glucan
HarodA s % .
1/16 1/16 457 1/8 D= 1/4 1/16 1/2
reader

(4) Agar well diffusion assay

BUA mAAE e ey HAE

WAEA(E. coli K99, E. coli K88, Salmonella typhimurium, Salmonella enteritidis,
Salmonella gallinarum, Salmonella pullorum)°| W3 I+ AAZEZZH HAE(vf=, S &, 2
vz WA e B oyt Sty it HA = fAbt(Lactobacillus plantarum LP
177, Pediococcus acidilactici PA 175, Lactobacillus salivarius 1L.S 29)9] &3S ZANSFATHE
3-7).

@
gt

Z3d HYA vAZ 3 HAEZ] iy HAEE A A3 vlsdA ZE £39
HAA m AL 3t FrHS el ATE v A= Salmonella pullorumel X =& &8-S
et o Salmonella typhimurium’= V| °Fstnt  dES vebda, wAl E=3E

Salmonella typhimuriumol 4 °F7Fe] &3S YEFWATHE 3-8).

# 3-8 BEA mAEdd A A= FtH H=E (13D

FEscherichia  Escherichia Salmonella Salmonella Salmonella Salmonella
coli K99 coli K88 Typhimurium  enteritidis Gallinarum pullorum

IS 4D +++ ++++ ++++ ++++ ++++
oo]: 1‘4_ _ _ _ _ _ _

© n] =} - - + - - +
B4 - - - - - -
B - - - - - -

By - - - - - -
A 0] _ , _ , _ _
o L

714k ++ ++ +4 ++ ++ ++

B-&F 7t - - - - - -
D Growth inhibition size of clear zone; -. not detected; +, smaller than 5mm; ++,

5710mm; +++, 11715mm; ++++, large than 16mm.

LP 177¢} LS 299 M Salmonella typhimurium, Salmonella gallinarum, Salmonella pullorum
o) Wy maEel gis FEeo]l gl O Uehtor}, PA 175l AE olme 2% 3 v
LA v AEANA FrES YERA At (3 3-9). AlAA A ANA e st HET A
vty §Abt Lactobacillus  plantarum 177, Pediococcus —acidilactici 175, Lactobacillus

salivarius 292 % 1-2014 ol gxteo] A fFAibolty shAw ol AFeM = HAdE
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I} T 2AE wEY] s A FEYS AAEF Zeo] 04bum filtersS ARE-SHS
filteringS A|7]+=4d 7 = 2 A%7] g, & 23
= 2 Ao Eujole] gt yElg Ty AR ETH(IE 3-2).

3 379 HdA mAE Ui dA=Y e HAE (24
Escherichia Escherichia Salmonella Salmonella Salmonella Salmonella
coli K88 coli K99 enteritidis typhimurium gallinarum pullorum
ok Y +44+ 4+ +4++ +44+ 4+
7@ _ _ _ _ _ _
v - - - - - -
= ++ ++ +++ ++ + ++
HH _ _ _ _ _ _
m
5 = - - - +++ +4+ +4
L:1:8 - - - +++ ++ +++
ok - - - ++ ++ ++
nE =
- ol - - - ++ ++ ++
el - - - ++ ++ ++
H}o} ol - - - ++ ++ ++
A7) - - - ++ ++ -
AL % - - - - - 4+
o n =}t + ++ ++ ++
uf) 21 ++ + - -
PARIS - - - - - ++
oF 31} _ _ _ _ _ _
Securitor +++ +++ +++ +4+ +++ +++
D Growth inhibition size of clear zone; -. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26 35mm; ++++, larger than
35mm.
=T Wdd vAEd gt AAES Faeg XAE 3 A AAHA LA HA
golA 2nT Y ZAE Bl vhs Gyl vk 27, ovA, Securitor 4744 &
Qe BAEAel B FEe 2] ARz A

3 3-10. HHAd wAAEe gk A e HAE
Escherichia Escherichia Salmonella Salmonelia Salmonella  Salmonella
coli K99 coli K88 typhimurium enteritidis gallinarum pullorum
LP 177 -V - + - * A
PA 175 - - - - -
LS 29 - o - . +
* LP 177 : Lactobacillus plantarum 177, PA 175 : Pediococcus acidilactici 175, LS 29 : Lactobacillus salivarius 29
D Growth inhibition size of clear zone; —. not detected; +, smaller than 5mm; ++, 5°10mm; +++, 11715mm; ++++, larger than
16mm.
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0.45um filtering®®

1% 3-2b. E. coli K99 W3t Pediococcus acidilactici 1752 A X3} 0.45um filtering*] 3+ <
H) 3

(W) frabatol tist AAES] 8 FA}

g WAEA  FAWF(Lactobacillus  plantarum 177,  Pediococcus — acidilactici 175,
Lactobacillus salivarius 29)° tst & HAEHD AAE(ws, 43, &, v, WA, 19,
o, ool g s ARSI TR 3-11).

s WA v A& et R R Fabtoll e et ES YERILE shA R 1 A
Aes B9 vAE 2o dAM U FEolnE giAAR AMEStelE e o R AR
HArh(2E 3-3). %3t (LP 1772 MALP 177, PA 175, LS 29)oll Al f-Akafroll thah k7o) 3ot
g8 e AT

3 311 frabetel tigk A& Fd HEE

Lactobacillus plantarum 177  Pediococcus acidilactici 175 Lactobacillus salivarius 29
= w4 D e+ 4
% B - -
B - - .
© u) =z} - - -
B Al + + +
e - - -

H =]

B - - -
1A 0) _ _ _
O 3L

U Growth inhibition size of clear zone; —. not detected; +, smaller than 5mm; ++, 5710mm; +++ 11715mm; ++++, large than

16mm.

Pathogenic bacteria

Escherichia Eschearichia Salmareila Salmonella Salmonella Salmonella
coli K99 coli K88 Typhimurnm enteribidis Gallinarum pullorum
Lactic acid bactena

~

Lacmbacs plaatarum 177

—

Lactobacillus salivarius 29

Pediococcus acidilactici 175

a9 3.3, whse] WA WARN fArO] g Fird uw

- 148 -



(th B8 mAE gk AAEH %’1‘}‘394 53 3
St WA EE(E coli K99l the

(Lactobacillus plantarum LP 177)° o gt %?} St
A AA), E. coli K99 t3t vl F& 49 3

=3l % top agar #5(K99 102)E A8 A3} wps

sl A ATH(2E 3-4).

05% DHE 289  15% DHE 289  2.5% DHE 28

19 3-4. E. coli K9°l g vhs FE8 58 by 24K

A A (2), E coli KOO High vl 5 B
2 F Top agar (KM 1095 AAg A3} 99 =17} %?—:1—8}711 ]‘E 1.5% T%oﬂﬂ E.
coli K95 €43 Atk (1d 3-5).

0.5%, 5% 2.5%.)
19 3-5. E coli K9l ¥ vhs 59 58 I8 2AH2)

As AA (3), E coli Ko e+ 2kt LP 177(Lact0baczl]us plantarum 177)2] &+tg HXE
o] fakat HiXlo] LP 1772 =23 3 top agar 57K 109)S 2A1E A3 LP 102 ¢ LP 10°
FFANA E. coli K997F o= Ax oA §3E B oY (Clear zone), LP 10! FFdA &= E
= A

coli K997} AAH o= A S24d Aoz FAHJATHLE 3-6).

r
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7P 102,

1% 3-6. E. coli K99l gt ikt = 3

L

10°
ZAH3)

WA g BF 22U TN AF HAA (vkE 05%)3 2F AA (LP 109)A
WA M AE(E coli K9 10%)0] M A(1d 3-5, 6)ollA] 243+t A% A8 47
(4)01]7\19} 2ol E. coli K99 thgt vh=3 fAl TQL(Larctobarar]]us plantarum 177)2] &% el H

i

2EQ] fakt HiA ¢t 05% nts FEES %] &3 & LP 17710 M)S =2etar 1 9ol Top
agaroll E. coli K99 10?2 B2 AA13 Ay HAA ‘3]‘33 (E coli K99 10 ?)o] A= JvH(1d
3-7). Ad A (4)NA vE 05%9] %ﬁﬁg AAsHES Az, HAAY v ABE(E coli K99
1095 A A AL vhEn Fabgte

(. @), ®.
a9 3-7. E coli K99l et vl=3} 2t (Lactobacillus plantarum 177)9) &% d+t8 H2AE
W) 3

= o] s F7) < nj 2} Securitor

E. coli K85 ot o + —
E. coli K99 et 4 ¥ .
S. Enteritidis ot e r .

S. Typhimurium + + r et
S. Gallinarum e+t + ¥ et
S. Pullorum At Ft+ ¥ it

U Growth inhibition size of clear zone; -. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than

35mm.
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PEM 1(sAte, &R+, FA )3 PEM 2(74kf, &5, 11X

At A AFE T g
L xyto]l F7F A7 PEM 200 A E. coli K88& A3 E. coli K99, SE, SG

) o] m]aLef A

oA o g aH7F F Ao 2 Yeht o, SNU 1(F4Ht @ &3H) 3 SNU 2(Ff4kt, &5
#, madF B3 Fae] MadAs 23 £ SNU 2014 SEAIA o m3lh 2 Aoz 1}
Bt AdHoz v W9 PEM BFATARG A4 F45e] A4 SNU BEA

T A7V E. coli K882 SEOA d+t® a3V & Aoz YEYTHE 3-13).

% 3-13. B3 AdA 9= gy

PEM 1 PEM 2 SNU 1 SNU 2
E. coli K88 4+ + 4 ++

E. coli K99 ++ +++ +++ 4+

S. Enteritidis ++ NENE At A
S. Typhimurium ++ o+ r —
S. Gallinarum ot ot . .

S. Pullorum e ot FRFR .

V" Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than

s ool H7 §3E E coli K88 SGOl A= SNU 25 AlLg yw A 5314 7 Al of] A
< & Ao 2 YESTY. E coli K9PIA= 5 Aol e w3 gldle
L, SE, SPlA+= EE EFATANA Aol mobxlal, SToIA = SNU A vt A o A
3P 297 Hold o= gIFATHE 3-14).

E 3-14. 5 AdAe vks dilo] HUb 23

o) o}
uls o o] The 2ol vl Yol
PEM 1 PEM 2 SNU 1 SNU 2
E. coli K& +++ e+ Tt i+ Tt
E. coli K99 o+ T ot R R
S. Enteritidis +++ At At ot At
S. Typhimurium + + + i+ Tt
S. Gallinarum Tt T+ i Tt Tt
S. Pullorum +++ +H++ b ot R
V" Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than

35mm.

uls 7] H7F 239 = E coli K88 SPE ALle U A] WA v AE(E coli K99 SE,
ST, S@oNA BEFAATAE B At Aa7 ggat=gdo] Hold Aoz Yeyt, v &7
oF B ATt Ael E3F g3 H3 SNU 2014 71 &tr#o] Hojd o2 vEly: E}(J‘i 3-15).
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#* 3-15. vk =7] H7F &

s =) s £ il
PEM 1 PEM 2 SNU 1 SNU 2
E. coli K& ++ ++ o I i+
E. coli K99 4 ++ +++ Tt Tt
S. Enteritidis 4+ ot ot TR P
S. Typhimurium + + . 4+ i+
S. Gallinarum + ++ + ¥ et
S. Pullorum ot ot et ot ot
U Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 267 35mm; ++++, large than

35mm.

ouAb HA7F By STE Al9E e WA s 5 AYd Aot @bl H
ot Ae® Yeuti(E 3-16).

¥ 3-16. ovak A7} &

Qux RS
R 17 17
PEM 1 PEM 2 SNU 1 SNU 2
E. coli K& + ++ ++ Tt T
E. coli K99 + ++ et A -
S. Enteritidis ++ et 4+ ot I
S. Typhimurium ++ ++ . 4+ i+
S. Gallinarum + o ot ¥ —
S. Pullorum + s et ot ot
V" Growth inhibition size of clear zone; -. not detected; +, smaller than 15mm; ++, 15725mm; +++, 267 35mm; ++++, large than

35mm.

Securitor 7} &35 SPolA w@= AHelHoh BT AY e 53 AHElolA =& gt
25 JeEhfglon, PEM 1S ST, SNU 2% E. coli K8 &% Aglmt; 23 Haloa] =
< FES e AT (GE 3-17).
¥ 3-17. Securitor #7} &3}

Securitor Securitor Securitor
PEM 1 PEM 2 SNU 1 SNU 2
E. coli K&5 ++ + . o+ et
E. coli K99 e+ o ot e+ R
S. Enteritidis ot NRr— R - .
S. Typhimurium ot e ot ot ot
S. Gallinarum +4+ ++ ot T o
S. Pullorum +++ ++++ ++++ ++++ ++++
V" Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than
35mm.
AT A PEM 13 vts &Ho], mt& £7], @A}, Securitor 25 X d&o] ¥4 wA
5 spolA BEd o Preel SAme maE et Lo Securitor a4 v

%7
A% STOIA w3 PEM 1o 2ol ofa gigo] H45t: T3e eyl PEM 2



SEA A wis dwolel E coli KSSNA em|xpele] Esto] oja 8kt o]
et 28y SGol Al PEM 12 vis &wo]l9} Securitor, PEM 204 &

A e3le B At @nAg Ry g a3 AAHE Adow veun o

dstel F7F A7hd PEM 19
Z

=
=

Azyo] F7F A7bE PEM 28tk 53 Aol o
= AR UEYTHE 3-18).

A5 ads
nhs &g oo
x]x% S =4 J—g.;dL

et 8 o]

3% 3-18. PEM HEdATAS} HdE HFaH
PEM 1 PEM 2
c s mks @ m"  Secur ntE mkE en Secur
ool 7] 2t itor o] F7] 2} itor
E. coli K88 44D ++ ++ ++ ++ + ++ ++ ++ ++
E. coli K99 ++ 4+ ++ ++ ++ o+ o+ 4+ 4+ ++
S. Enteritidis ++ 442 e+ e+t e+t et e+t ot 4+ e+
S. T_,VD]ZI.H]LIJ”J.Um ++ + + ++ ++++ ++ + ++ ++ +++
S Gallinarum ot ++3 ++ ++ ++ ottt ++ ++ ++ o+
S Pullorum ot o+t o+t o+t o+ o+ o+ 4+ B o+
© @ only probiotics without natural source
V" Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than

35mm.

? Red color + : promoting effect of natural substance and probiotics

9 Orange color + : Inhibiting effect of natural substance and probiotics

B3 AT A SNU 194 HAE3 23 xalo]| 93] £ coli KIRIA =
s gwo] wls Z7], Su|zloA] 8t

grjols} B A osle o
1sb B Ao o8] STolA @iy an) %

o

F 3-19. SNU B3ty wast dds 53

LR A

=7|¢F SEC A

FRHE Aoz YEhg oy, SGolA mlE
7 T} SNU 204 & nts o
Ao & YEPGTHE 3-19).

SNU 1 SNU 2

R v wkE 9w Secur c vt vk 9w Secur

drgol  E7] A} itor drgo]l &7 A itor

E. coli K88 ++1 + s s . + et e ++ et
E coli K99 e+ o+ 4+ +++ ++ o+ o+ e+ e+ 4+
S. Enteritidis e+ 442 ++++ +H++ +++ o o+ o R =
S TJ/D]JI.HJLII’I.LIHY ++ o ++ ++ ++ 4 44+ ++ ++ P
S Gallinarum ot ++3 + + o+ o o+ A+ 4 o+
S Pullorum ot ot ot PR o RN ot ot PR PR

€ 2 only probiotics without natural source
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V" Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than
35mm.

2 Red color + : promoting effect of natural substance and probiotics

9 Orange color + : Inhibiting effect of natural substance and probiotics

AAER BEFATAY 53 a9 HF AA 242 55 H HYd "AE 65 7oA EF
Holy &t a3E HQ SNU 29 vis o] % Securitore] 5% 22 AAHEHATHE
3-20). o] B3 =4 T EE 5T WA Ao M 297 & SNU2 + vEddol &
AAE in vitro 2B S F3 WIS a9 2AE AX F Als 99 AEE "é’\]é}%\ﬂr(g

SNU 2
C kg o] Securitor
E. coli K88 44D et et
E. coli K99 e+ . .
S. Enteritidis et et T
S. Typhimurium ++ 4 I
S. Gallinarum ot 4 .
S. Pullorum et R St
Clear zone No.” 17 20 19

C ¢ only prebiotics without natural source

U Growth inhibition size of clear zone; —. not detected; +, smaller than 15mm; ++, 15725mm; +++, 26735mm; ++++, large than
35mm.

2 .
Y (Clear zone No. : Total clear zone number

2. FAA dAS =g A BiAde A5 BF7F 43

AR WEFE WER wEEER gold 1w WA PR U@ NFEFE ARw
o olg#d 7t % olgH TAL AW ATE A

(1) =©eHA FAabEed e in situ A3
TMR A& (control), =EFg]HAl A4 2 “glg] WAl HFyialE S =2lo] 9 Bol 60°Cell A
48N TH & AZ3E & —mﬂ 3}tk Pore-size 45um nylon bag (8x15cm)ell &3k M2 25g%
Yol et AaE ekl AMS(F 600kg)e] ¥ %%oﬂ 7}z 6, 12, 24, 4813+ E<t
SFAH T v EAIZ o] A nylon bags ZAWlo] 2= Fofl washingste] WSS A A
T Al =gto] 8o 60°C ol Al 48A17HE <t Hx2AIZ & 24 8S S48

j=v)
- ==
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I 3-21. TMR" 7 sawdust-based OMSS ¢] QdulAg =2

In situ

Variable (%) TMR OMMM? OMSS”
Moisture 4 84 72
Crude Protein 15.8 22.0 154
Ether Extract 7.8 1.0 0.4
Crude Fiber 15.1 30.0 40.5
Ash 6.2 6.5 5.2
Ca 0.2 0.3 0.5
P 1.2 0.6 0.3
ADF? 18.3 33.8 49.4
NDE® 33.5 49.1 65.1

U TMR: Total mixed ration.

S

’ OMMM: Oyster mushroom mycelium mass collected from the mushroom culture bottle neck.

3 OMSS: Sawdust-based oyster mushroom spent substrate.

Y ADF: Acid detergent fiber.
5 NDF: Neutral detergent fiber.

(2) AR i s 93 fAkte] AW
okt 37°Coll A4l MRSH A o] 244 okt o, vpA B A9-& 37°Coll A 0.5% yeast
extract’} ¥3E, TBSHj Aol overnight, =& 30°ColA YPDuj Aol 24A17F FoF uj kA
Aok 59 AR9EA vA, AWy, 53 75g7 9 50g, & 75miol ZEREHA FREAbE
Fel fabat, v gt SRS HUbske] 3Y, 10Y, 179 &<t 30°C oA wid(Es)
A pHE SAF 3, ATAdA o T Fikds ol &3te] Fdgt oz 30°C A
)

1
29 ok Wjgste] JbY e pHE HUSATh APAUA W W= F 3-22, 239} Lok

e
off

o
-0,
=

of

¥ 3-22. Sawdust-based OMSS (oyster mushroom spent substrate) & v AE AA AdA
Al (trial 1)

Feedstuff (g) Conl Con2 T1 T2 T3 T4
Brewer's grain - 125 125 125 125 125
Rice  bran - 75 75 5 75 75
Corn  hull - 75 75 75 75 75
Molasses - 50 50 50 50 50
Water - 25 25 25 25 25
OMSS 500 150 150 150 150 150

Total wet weight 500 500 500 500 500 500

-——-  Inoculant mix (ml) ——--

Lactic acid bacteria

(CAM1, 175, LP177) 25 125 83
1.9 x 10%/ml
Yeast (Sh796)” 125 83
3.4 x 10%/ml ' '
Bacillus (T-1, T-4)¥ 83 25
47 x 10°%/ml -

D CAM1, 175 Pediococcusacidilactici,LP177: Lactobacillusplantarum.
Y SH796: Saccharomycesboulardii.
¥ T-1: Baciilluspolymyxa; T-4: Bacillussubtilis
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¥ 3-23. Sawdust-based OMSS(oyster mushroom spent substrate)¥& v AE AA 23
Al (trial 2)
Feedstuff (g) Conl Con2 T1 T2 T3 T4
Rice bran - 7 75 75 75 6
Wheat  bran - 75 75 75 75 6
Corn  hull - 7 ) 75 75 75
Molasses - 50 50 50 50 50
Water - 75 75 75 75 IR
OMSS 500 150 150 150 150 150
Total wet weight 500 500 500 500 500 500
--——  Inoculant mix (ml) —--—-
Lactic acid bacteria
(CAM1, 175,
b 25 125 8.3
LP177)
1.9 x 10%ml
Yeast (Sh796)?
o 125 8.3
3.4 x 10°%/ml
Bacillus (T-1, T-4)"
9 8.3 25
47 x 10°/ml
V' CAM1, 175: Pediococcusacidilactici;LP177: Lactobacillusplantarum.
Y Sb796: Saccharomycesboulardii.
3 T-1: Baciilluspolymyxa; T-4: Bacillussubtilis.
(3) Bg e HA FAEY n vitro 23
b AP AT B AR durye
A Tg A FAE(OMSS)S T2 H7bsto in vitro W9 YEAANS
ZASE Ao R hE2F(0%), 5%, 10%Y Al F5o HAPF+E AAAT 72 A s 5 &
49 TMR At5E& o]&3tdth 1 wishd]= 7% 3-249F £t
£ 324 ANPARS AR
Control 5% fOMSSY 10% fOMSS
Chemical composition %
TDN 72.24 71.04 71.24
CP 16.54 16.32 16.11
EE 419 4.05 4.02
NDF? 31.22 31.44 31.56
ADF? 16.50 16.50 16.50
Ca 0.83 0.83 0.83
P 0.16 0.16 0.16

D fOMSS (10% fermented oyster mushroom spent substrate)
? NDF: Neutral detergent fiber.
3 ADF: Acid detergent fiber.
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(1)) Rumen inoculum #H]$} H <k W

ko] AF8-¥ rumen inoculum<S WHFE9] cannulae’t A 2E Holstein cowZF-E Ao
rumen buffer &<} (McDougal's buffer)?} 1:12 &£%3}o] o]& rumen inoculum® 2 AFE3}%3
t}. 714 0.25g< 120ml serum bottleo] ¥ 12 & 7|4 A rumen inoculum 25mlS F+¢3}aL
bottle> butyl-rubber stopper®} aluminum capl® =& F 39C=E AAH F2udy]
(SI-600R, Lab.companion. KOREA)d A 120rpmCo. & uHb vj st om wjgA|ZFS 3, 6, 9,
12, 24, 4817t 2 3T}

rlo

Ao o] &H 7|2AE B =g BA aY FAEe] FEAH TS AOAC1995)9] Wl

9}3’_, ADF(acid detergent fiber)2} NDF(neutral detergent fiber)©= Van Soest &
(1991)«] Hol| wel #4931t Ammonia-N2] #2412 Chaney 9} Marbach(1962)2] HHof]
w2} phenolﬂr alkali® THo =2 HAAZ]l % spectrophotometer(Optizen 1142H, MECASYS
CO., LTD, KOREA)E o]&3to] 630nmollA FFEE 43T

b TAlsE 2 AdAA

ol FolA FAAFL 233, 7FS) HAsA L, 4HUH] EAER] FolAE ﬂ%%%%
wolste] Absgh & 55U o] fFE A =2 AN =l
AA DS A &ete] 0Ll FEA] St ok, Ao w AtmE 2kg(A ‘6“} 10%
T, 200g), BEaeks ZOOgEE ekl stdar, &2 Af AAAIHAT. 2E =res Al
FAHE(FOMSS)> 717 15%, 4T 16%, 3 15%, 99 10%, & 15%° fitd 3=
(Lactobacillus plantarum 1LP1, Pediococcus acidilacticii PA 193, Lactobacillus plantarum LP
2M)= F7bstel 30°C oA 2 st wid(Za)sA e, 1A FoAATS FAA A+
(Antibiotic), @& =Bt Al FRHFAHE A2 7-(10% fOMSS), HEALE A2 7+(10% fCon), 2
A g FIAAA AT, YA AT (Antibiotic), AT AR A2 H(DFM), %
' A FRRAEE A2 (10% fOMSS)E Al AAlstdth 1 Al AbsS] wjgiel=
3 3-257 #r}
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£ 325 AYARD Qg

Trial 1 Trial 1T

Variable (%) AB fOMSS fConc Control AB DFM fOMSS
Moisture 12.28 15.59 14.52 12.28 12.28 12.28 15.59
Crude Protein 16.52 15.92 15.73 16.52 16.52 16.52 15.92
Ether Extract 3.24 3.30 3.45 3.24 3.24 3.24 3.30
Crude Fiber 11.11 11.52 10.44 11.11 11.11 11.11 11.52
Ash 5.72 5.62 5.63 5.72 5.72 5.72 5.62
Ca 0.71 0.67 0.66 0.71 0.71 0.71 0.67
P 0.51 0.52 0.53 0.51 0.51 0.51 0.52
ADF? 12.43 12.99 11.64 12.43 12.43 12.43 12.99
NDF? 26.04 26.32 24.77 26.04 26.04 26.04 26.32
TDN? 72.15 68.48 70.68 72.15 72.15 72.15 63.48

Control diet was commercial calf starter and test groups were supplemented with:

D AB (colistin 0.08% and oxyneoll0/110 0.1%); fOMSS (10% fermented oyster mushroom spent substrate);
fConc (10% fermented concentrates); DFM (direct-fed microbials, lactic acid bacteria mix used for the
fermentation of fOMSS and fConc).

? ADF: Acid detergent fiber.

3 NDF: Neutral detergent fiber.

Y TDN: Total digestible nutrients; calculated using the equation of NRC (2001).

(ch 5754

=7 B8 SAS®(2002) package®] GLM Procedure® #AFHA1S 2 A8 3 Duncan’s 9
NEW multiple range test(Duncan, 1955)& ©|&3}¢] 5% FoA FoAd Hgs

oA 2

(1) =eg] HA FAE ot in situ 238
“ElEHA FakEe] TEAIERY TS ZAFSHY] 38 pistulazt FERE E2ERS F
AE o]&ste] in situ &%E ARES AASAT =EeHA FEAHE (Sawdust-based
OMSS)®| in situ Z23t&2 REFW 24430 v gtell S7hetsl ot 48413 H ol A=
TMR(HZF)AFR 9 =Elg] WAl A2 A (OMSS) Rt v Ad3s BIoi(ad 3-8). o]& Wb
FEeEdd =sEHA FHFAES ol&AS Eol7] fsiAE HERAE A e mAEd
E ] <

=
4% LRE St I ol8Ade =Y oo AlAFSEAL Sl T
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ETMR “OMMM B OMSS

70

65

60

ISDMD (%)

55

50

Time (h)

a7 3-8 OMSS¥# Sawdust-based OMSS®] in situ A 3+&. OMMM : Oyster mushroommy
celiamass, sawdust-based OMSS : oyster mushroom spent substrate, * ® Means with

different superscripts in the same row are different at £<0.05.

FARE S HEY U4 HRE XAV A dERRA e A
of HA BgxAS HAEIYT. 1 Ay FEAEYAE dFTS
s ZALE T, Ao fFAFE Adstr] 9 sl
3 round®] AEAAES AF 3 ZF round viot HFEY 2E S8+ Lactobacillus plantarum
LP 1, Pediococcus acidilactici PA 193, Lactobacillus plantarum LP 2M2| Akt Zgo] 7}
& vbE pHEBS8D #Hs Ued= Zow yetwth ols TR dAo] o] sEAIRY BHES

=
A8 GEAY o} WA FFeE J1E BaE FUG Aotk

7.0

6.5 /
6.0
/ ——Conl

e ——Con2
T p——
250 — ——
- T2
AL ) —4=—T3
- 2 T4

4.0

3.5
3 10 17
Day

a9 3-9. Sawdust-based OMSS (oyster mushroom spent substrate)e] 7| A& wgof o3t

pH‘iﬂﬂ' (}éfan 1). TMR mix was prepared by mixing OMSS with brewer’s grain, rice bran, corn hull, molasses and
water, inoculated with various combinations of microbial culture mixtures, incubated at 30°C for 17 days and pH was

measured at 3, 10 and 17 days after incubation. See table 14 legend for group names.
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7.0

6.0
/ —¢—Conl
5.5 ——Con2
/ ——T1
5.0

=
{= 5
_ ——n

a5 | e e i—— ——T3

40 — =

35

3 10 17
Day

19 3-10. Sawdust-based OMSS (oyster mushroom spent substrate)e] 7| A& @& o]3+

DHEHQ' (@@ 2) TMR mix was prepared by mixing OMSS with rice bran, wheat bran, corn hull, molasses and water,

inoculated with various combination of microbial culture mixtures, incubated at 30°C for 17 days and pH was measured at 3,

10 and 17 days after incubation. See table 15 legend for group names.

3% 3-26. Lactic acid bacteria®® & #4% pH ¥3} (3 round 2 &)V

Treatment Con T1 T2 T3 T4 T5 T6 T7
pH 4.49 4.4 4.46 4.3 4.3 4.35 461 4.49
1st? Treatment T8 T9 T10 T11 T12 T13 T14 T15 Ti16
round pH 4.34 443 458 4.34 441 4.45 4.45 452 4.62
Treatment T17 T8 TI19 T20 T21 T22 T23 T24 T25
pH 4.45 4.7 4.46 4.55 3.99 4.06 4.08 4.36 4.52
Treatment Con PA186 LP1° Oa2 Ob8 PA120 PA193 LP2M
2nd” pH 4.49 452 405 420 474 417 415 416
round Treatment Lr2M Rd2
pH 422 466
3rd? Treatment  Con T1 T2 T3 T4
round pH 4.51 3.86 3.87 3.81 3.92

D" The 5% level of lactic acid bacteria was cultured at 30°C during the 2 days. Lactic acid bacteria of low pH were
selected through 3 round of fermentation.

? T1: Aad, Fd2, Oc5; T2: NCI, Lal, 21; T3: Fd6, 38, Oa3; T4: 37, Oad, 105 T5: 1b3, 28, 2'; T6: 3, 4, 5, T7: 6, 7, 8
T8 9, 10, 11; T9: 12, 13, 16; T10: 17, 18, 24; T11: 25, 26, 27, T12: 30, 32, 33; T13: 34, 35, 39; T14: 40, 41, 42; T15:
43, 44, 45, T16: 46, 47, 48; T17: 49, 50, 51; T18: 52, 53, 54; T19: 55, 56, 57; T20: 58, 59, 60; T21: LP1, PA193,
PA186; T22: PA120, Ob8, Oa2; T23: LP2M, Lr2M, Rd2; T24: Rd3, PA111, PA194; T25: 1LS22, LS20, LS19.

¥ PA186, PA120, PA193:

Pediococcus acidilactici; LP1, Qa2, Ob8, LP2M: Lactobacillus plantarum; Lr2M: Lactobacillus reuters; Rd2:

Enterococcus faecium.

Y T1: L. plantarum LPY', P. acidilactici PA 120, P. acidilactici PA 193 ; T2: L. plantarum LPYL’, P. acidilactici PA 120,

L. plantarum LP 2M ; T3: L. plantarum LP1', P. acidilactici PA 193, L. plantarum LP 2M ; T4: P. acidilactici PA 120,

P. acidilactici PA 193, L. plantarum LP 2M.
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(3) wE =eA FA=9 in vitro A F

by e Al FAEE(FOMSS) 9] w9 pHell tish &2 3% 3-279] YeErdth. 2 3o
A B g 12417 e RE B R e Al wiF FAks AV g2 Bl see pHE
Ueblom wrE 24A13Fell A 48A17 el = BE H7F TR 647H T =& pHE UE

Wk W g 6AI7F A 10% fOMSSH 7F-7F 6.95%2 thx2=2F 5% fOMSS #H7F-Hth w2 74
F(p=0.0540)= HEFH o™ EF 1247t = 27 6.76 5% fOMSS7F 6.75, 10% fOMSS
E 67402 AR v =3 A3E YEebd 9o BE 12 24, 4847t e AA] £33 =g
YA FAHE H7E7F TR =4 JEsth 959 shRYole] Ao digh 9 &
3-27°0 A YERSlth W59 Wl R Yole AAiFEoA = HE 6A7MA] AeA 3
B Al FabE HI7F7E g2l vlE] e wEE UERd 9 12A17PRHE =2
e o]9F 2 Ay IE =EEHA FAES 99 dEe lojA b e

13 9ee At ek

o
2
™
2
o
kT
O

¥ 3-27. fOMSSel i3t in vitro pH ¢ ammonia-N ¥ 3}

Incubation time(h) Treatments
Control fOMSS 5% fOMSS 109

pH

0 7.28 7.22 7.17
6 711 7.00 6.95
12 6.76 6.75 6.74
24 6.47 6.49 6.53
48 6.38 6.45 6.43

NH;-N(ppm)

0 81.45 61.69 73.39
6 90.66 75.28 81.79
12 90.00 99.48 92.36
24 101.70 94.65 96.34
48 114.55 106.93 101.38

U All values represent the mean of triplicates;

fOMSS : fermented oyster mushroom spent substrate

(4) olf FobA FAAH

In vivo 238 A3 A3 194 ol £ 304 w¢o AAGHLE FAA A2 F(AB)
0.63+0.07 kg, 10% & “©etgIHA FFAE A2 (fOMSS) 0.68+0.05kg, 10% L& &5
Ats 95 A2 (fConc) 0.64+0.08 kg dFTAF 225 Bt AF 2045 FAA A
T(AB) 0.67+0.008 kg/d, &AA7F AAE o FopAAm tx 7 (Control) 0.63£0.03 kg/d,
10% & =ggmAl SRtakE 28 (fOMSS) 0.68+0.02 kg/d, 77 Fol E3AA A A g
T(DFM) 0.66+0.01 kg/dA AFZAHS Btk AF 13 2014 10% L& =elglsA Fat
A A F(fOMSS) o] A48 A A 7(AB)¥F Haste] & AdE Ho FAA
WAA 2] 7S EOM A Tke] oAl Apol= Holx| okl T1E]al A 204 €]
AT Fo BATA A2 (DFM) 10% 2Ha =eleHAl AR (OMSS) 2] A4 4
S HuPS A, 10% HE =elgHAl FHRAE A2 FEOMSS)7E =2 A3E Ko %%‘—‘%
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e BEATAL] BEAGE ANEUA JFYAY FAS HALE A0E BHE oY
@ A ARE AL ge seeud EiAE A AuE Biel BEANGY &
83 AEAAOR ] o] g A5y Abeta vk

¥ 3-28. o] Folxlo] dojA FE OMSS (oyster mushroom spent substrate)”} A 74 A o
]

v 2= g
Trial I P-val Trial I P-va

Variable AB fOMSS fConc SE ue Control AB DFM fOMSS  SE lue
Calves(no.) 6 6 6 7 8 8 8

Initial BW, kg 7863 7253 72.63 149 024 65.54 66.55 68.15 70.25 0.84 0.49
Final BW, kg 9763  93.16 92.00 1.84 047 84.54 86.82 87.97 90.82 0.80 0.19
ADG, kg 0.63 0.68 0.64 0.03  0.74 0.63 0.67 0.66 0.68 0.01 0.90
FE 0.317  0.344 0.323 0.01 093 0.317 0.338 0.330 0.343 0.005 0.90

Weaned calves were fed with commercial calf starter (control) supplemented with AB (colistin 0.08% and
oxyneoll0/110 0.1%); fOMSS (10% fermented oyster mushroom spent substrate); fConc (10% fermented TMR

supplements); DFM (direct-fed microbials, lactic acid bacteria mix used for the fermentation of fOMSS and fConc).

3. S A A FHF AAA R A SAAY EFAA A FAA HAEH

(1) FAEE 2 AL
197 7 golel F QAR 12058 ARl BEBgoIA A5

(2) A3 AA 2 AT+

EZ S 193 ®Holgl 12075 C(x=7), TI(EAAT), T2(Probiotics A), T3(Probiotics
B), T4(Probiotics C)Z & #iX&tH o, A A= A 79 854 3tE o2 ol uj
AR o, Cr e 7|RAMRE @5 Fo, T17E 71Z2AMR A A (2% Avilamycin) 10 ppm
A7 59, T2 = 71Z2A R 53 ATAA 05% H7F 59, T37+= 7I2AME + 53 A
AB 05% H7Fwo], T4 71 Z2A R E53F ATAA 05% o WIS A A9t BE H7F &
o] Al Z T

{0

O
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33729 Al 59 AA B A AAe] HobE

H7)e
A=t A
Lactobacillus Yeast Bacillus subtilis
B3AEA A 4.45x10° 1.51x10° 3.50x10°
58T A B 6.70x10" 3.10x10°
H o Z A T (%) B
Anti-biotics Avilamycin (2%) 10ppm
W =74 A B-glucan (50%) 0.6g/kg
W 74 B Organic acid (44%) 3.0g/kg
(3) 71z=ALR

FAAE 2deHA F2 FALE ALROGFE ol SAMTIAER, 65 ol F ¢ FAFTIALR)

NzAtgw A,

m\m
B

(4) 2A4FE 2 G

FAY ABHAT D AREES AT, ABYAZONF b, FAFEFEA AF - AN
2%

o
N

Al AT, ARAARFAETAE - ARTE), AARES(SAE / AR AFAHE A
EAEEe A 5 Al AAF(Live Weight)S FA3t1, iy Aol e o] §ate] 4
g F FHYEY(BI60 T, 20760 sec) & EBRAIA EA }.AW&EH] =A F, 5 AR
of o] &tk ATl 7hx AL EFT (20050 WHE olgstrh A w2 A

(})5]\
HAEES =A% § AT F 3dE & WAdE 70gs FEH Y0, 1, 3, 6,9, 12, 154
7€ °lgdtel NH3 7k25 SAs v Al ¥l vdes =AF 23 &4
(2005)9] W= olgstdtt. A4F W2 AT 54 T2 A Ethyl ether2 v} A17]aL, &
% BRS AN $ 9, IS 22 A 9%, A 44 lem A =S ;‘47}1“5‘}04
A2 10-1710-9 cfu7bAl Aldk 814 A A eF3dt 54@.% o
ZA2F 0.1meEs A" whHol HFske] 37ColA wjFetdaL, S, S
o] &3kl M AE F logl0= Fstel e

5 % 10-4, 10-5, 10-69l
agar ¢} MacConkey agars

>
N
N

(B) A EAL SAS®(2002) package®] ANOVA Procedure® ®AHEAIS A% &
Duncan’s ¢ NEW multiple range test(Duncan, 1955)& o] &3lo] 5% F=dA F94 AA
S A A AT

3 *‘X] % FAAZE H7rE TllA 7Hd sskou, a9k Al wod+ ol Aol
Ats AAE 6T EAAE T8-S UEREA] ko), 3797 el A
= leﬂr T2°ﬂ ARl AtolE Bwnl A Fol A AF ol 7MY S e BAEFE

Rk AR RS Y EdATA A T2, T3A S 7F a9k Tl A A 2 -1t
‘7%71] ‘/PE}‘»),\'Q‘/}(LK 05), B-glucan®} F714HAIE &3t T4A el 4= i< A A+

i
>9
.ﬂ
\l
N
N
I
3
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o} §rol 3k zpol7h ERGA ekt

3E 3-30. 53 AwA 2 W FAA] HIPE SAS ARG A e mA= I
Treatment "

Week C T1 T2 T3 T4 SEM
Body initial 293.3+4.40 293.3+3.63 292.1£12.00 292.5+12.58 292.09.85 3.06
Weight oAl 1004581074 © 2024242476 * 18992 1988 19360+ 2699 197803053 1511
36 7035+7.25 706.3+9.01 694.5+7.06 682.5+8.50 7135353 401

Weight
gain 79 997.7422.06™  1024.6£30.89 * 91261531 961.0+39.50" 972.4+4044% 1503
/o 379 1701.1417.19  1730.8+23.36 ° 1607.1419.42°  16435+36.08a  1685.9+437.07a% 1551
36 1500.835.34 1506.0£10.71 1514.7+22.33 1486741242 1509.9+3.26 8.94
Fee?g}ggake 79 24203+2098 *  24695+1798 ©  2409.3+7230 ¢ 241935077 ¢ 2388841529 * 2838
379 3921155547 397561492 ¢ 3036.3:0040 ¢ 39134:3685™  3886.8:22.62% 3366
36 2.13+0.068 2.13+0.018 2.18+0.018 2.1840.011 2.1540.012 0.01
comf:ri?on* 79 2.43+0.035 2.41+0.064 2.64+0.125 253+0.135 247+0.120 0.04
379 23140018 2.3040.032 ® 2.45+0.030 * 2.38+0.029" 231450047 > 0.02
36 0.47+0.015 0.47£0.006 0.46+0.006 0.47+0.000 0.47+0.000 0.01
effifieeidcy’ 79 0.410.006 0.41£0.009 0.38+0.015 0.40+0.021 0.410.020 0.03
379 0.430.003 * 0.43+0.007 * 0.410.003 ° 0.42+0.006" 0.43:0.009 0,01

a,b.c : Values(Mean+SE) within row with no common superscript differ significantly(p<0.05)
* C: control, T1: antibiotics, T2: pro-biotics 1, T3: pro-biotics 2, T4: pro-biotics 3

* Feed conversion: Feed intake / Weight gain

* Feed efficiency: Weight gain / Feed intake

(2) =4 54

AT} 2ATS A H7F AT TR =4 Yebgo =4&2 66.5769.2%
ol H9E ®Bow 53] AEA H7F 5o a-Gold®AF T3 HFAATA T4 A o=
A TR =A Yersth 7F WA F A= Total Giblets, Liver, Heartoll 4] B-glucan¥}
7)1 A = %7} woAAIZL B ATA T4oll A frolstAl =4 e tH(p<0.05). Komegay
(1995)2 &m7F wed ) g4 vep gk ofye} v x] A4 QIAbE E¥stal ol 7k A
of FAAQ e v Zhang 5 (2005)2 Saccharomyces cerevisiae B o] FA 2
Z AubA e R dde E5s Fual Sl B Ade AT AERE ofy g WS AA
B-glucan® {7 = Aowx vehes &3 Zdel o3 Al Ao=m A}
L=

o L rjé ot o

[
N

)

(ot
i)
il
£ 1
>,
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E 331 2R AwA 2 wel 244 A7) A0 ARG HAE 4G

Treatment”

C Tl T2 T3 T4 SEM
Live Weight (g)  1694.5+49.38 1736.7+20.21 1745.020.09 1758.3+4.41 1780.0+65.62 16.54
Carcass Weight (g)  1137.1+30.47 1174.3+23.93 1159.8+19.68 1217.1+6.48 1209.2+37.14 12.61
Carcass ratio (%) 67.1% 0.19 67.6 0.76 665t 0.39 69.2+0.42 63.2+ 398 0.74
Total Giblets (g) 207.4+ 3.01° 199.4+ 375 209.9+ 2.79° 205.3+2.58" 222.3+ 6.10° 2.49
Gizzard (g) 325+ 041 31.2+ 055 31.3+ 1.21 32.7+0.49 31.9+ 0.62 0.31
Liver (g) 29.7+ 0.25° 29.8+ 059" 31.0+0.86™ 30.7+0.36® 32.1+ 0.98° 0.35
Heart (g) 10.0+ 0.77° 11.2+0.28%® 10.90.35" 10.3+0.50" 12.3+ 0.72° 0.30

a,b,c,d: Values(Mean+SE) within row with no common superscript differ significantly (p<0.05)
* C! control, T1: antibiotics, T2: pro—biotics 1, T3: pro-—biotics 2, T4: pro-—biotics 3

(3) Ao 7h2s AR F

Aw o dEYolrt~s WA 3UREH Frhste] 6o Hixe o]2xlow 99 o] %

st A H7F g FoA gdERYolrt A i
| ol A= ety ol 7h~ AAkEFe] ok o gFo]

A F7F AF T4 oA AEE AES JERY AT 73“’]'_[9‘3 FAAA A7t

ol 7k~ WA TS A= 295 Yebd wbA 53 A AdA FAAE AT T
LPEMW %6} ok 2y, iz Trel Blaste] & @ pro-biotics ¥ 7Fe} B-glucan

o) ok

bro1g 2 b
N

L o|N

7He] A E AEE Hola 9]
‘W}Uﬂ Hli FAAADEY] ga= AT FH I v Ete] o

R
1= 4 N
oz & =
ofl o 2

mlo_ﬂjz
>
N,

L O 42 o @ g o oo
N

e
4y e

[}
-

3E3-32. 5 AwA 2w SAAY HIPF AR hadA el v x= e

D
Treatment” v
0 1 3 6 9 12 15
C 0.7 0.7 303.3 @ 520.0" 90.7: 5.1 3.8 @
T1 0.7% 0.6 62.0 ° 359.7 © 78.0° 33 21°
T2 1.3% 0.8 3275 ° 537.3 * 93.7 @ 55 36
T3 05" 0.4 286.3 * 494.0"° 64.3 P 43 36 @
T4 06" 0.7 340.0 @ 429.7"¢ 70.0° 4.9 36 °
SEM 0.09 0.43 26.62 31.92 3.83 0.30 0.18

a,b,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
* C: control, T1: antibiotics, T2: pro-biotics 1, T3: pro-biotics 2, T4: pro-biotics 3
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) AW ML e ¥t

AatA e SA A7F Fo Al WF W salmonella 5 T4l A & A3 7F4sd 1, 3F W
ol = T29 T4olA zHAastAtt. W W E coli 75 T4olA @ A3 74393, 33 ol
A= T1, T29F T4ol A fodoz 743 (P<0.05), =3k T4 4 B-glucan®} fF7]4HS =+

Ae AAEZARE S7HAHES Fdsdn. o= A9

o=
7F oA o ®m A A WdAdn|
7M1 713 At WAAE Z4Esto](Chateau &, 1993; Stem

[e]
W Al d AL =

T, 2001), e SHY AGFTHARZA gE ATl vlste] WU mAES 7ol
TEE 2YE RS AoE AlsdTh
AzHo 7 AuA L wHAZ=7A9 HiE SA AIAA W NH3IZFAHAZE i =
SAANA &7 FHEA Bl oy Lactobacillus$t yeast® TAE EgAFA] HAF
A0l B-glucan@} {-712ke] Frlgo e =AAZA 2 WAy I ] HIAA nAE
(Salmonella®t E. coli) A EXN7F SAAE AT = A= 237F 5ol THEH SAA
WAEAR o] grbsAe] A4
¥ 3-33 5% AdA 2 WY SAAY HUHF AU WL nAE Astel X = gk
Cecum Ileum
Treatment Salmonella E. coli Salmonella E. coli
(CFU/g) (CFU/g) (CFU/g) (CFU/g)
C 5.4x10° ® 6.7x10° @ 2.2x10* 2.1x10* @
T1 45%x100 6.2x10° 2.0x10" 1.8x10* P
T2 4.9x100 6.0x10° 1.9x10" 1.5x10" P
T3 6.0x10° @ 6.8x10° @ 2.1x10" 2.2x10"
T4 42x10° P 51x10° P 1.5x10* 15x10" P
SEM 0.2x10° 0.3x10° 0.1x10* 0.1x10*
*ab,c,d : Values(Mean+SE) within columns with no common superscript differ significantly(p<0.05)
* C: control, T1: antibiotics, T2: pro—biotics 1, T3: pro—biotics 2, T4: pro—biotics 3
4. B3 AT A /securitor EF A A9 FAA hA & ZA
B3 = HAE(securitor)d E3 nAE(SNU2)el EtAAle] AEE7 295 HAFsla
AR AEel VAT GBS 2AFOEA FAA WA BAze ol AL stz

& At

7 A

(1) In vitro B8 FA}L

h FAEE
2 Ay FAFELS PUgu 2489 J§]9] <l st AYS HastATh
(PNU-2012-0047). 6% ¢] 47 Sparague Dawley 3l# = @AE} 3 (Kyeonggi, South Korea)

ol 9 F, FAahetu &5 A AE (Miryang, South Korea)oll A AFS3lgich A& 7|7k =

N
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o = B AIREE AFAHA AFHeH, 2%E(23+1°C), F%E(55+5%), 12-h photoperiod
(light on, 08:00-20:00 h)Z HEE ¥ AFSSHoA 153 &A7]HS A H 2 Ago
AF-&-3H3

38
.ﬂ
>

79 WA P = g Fdy HAE A3iE EWE securitort
=3 |5 Az AL EH= 2l
dem, AF Am =L JbEA F ZEe =34
E A A (SNU2) = % Ey =5 el A e FAE AR (CAMI, 175
Pediococcus acidilactic;, LP177: Lactobacillus plantarum), E53(Sh796: Saccharomyces
boulardii), 11Z3(T-1: Bacillus polymyxa, T-4: Bacillus subtilis)S &3 HAoE 2AFS
Z1 8y 5} Sd T Z}7} 9 B3 Al 9} Securitor(Arrimon,  Plerin, France) = 1%
penicillin-streptomycin(Thermo Fisher Scientific Inc., Waltham, MA, USA)o] 3x3t%d
RPMI1640(Thermo Fisher Scientific Inc.) #l*] e} =24 o2 A sto] 1%9f 5%(v/v)= g
g AES 2 Ao AFESEAT
EFATA Ax H AAdE EFS 4 dFFun A" FEMA SA EE v gA gl BtE
g T WA wjdo] B FF= 4°C WA HAEa £AF o R A7k ghE 4°Co
Basiith B 759 wide] T8 HAS w, SFATAS] AAe wt ZF 7 F 1 mLA
I =

sty Bkl A 1mLe securitor 1mL<&

2
1Y B &2 A FHE opagEsrz nF 3 T 2y gFHY £2IHE
et 2%y g A9 W lamina propria(LP)Z ol AFAistal )
propria leukocyte;LPL)& A3 A5+ (Lee et al, 2009)& Edl= g 2

e RS ged 2o A 8 23 S PBSE WEES AR & &%
o] ¥H(peyer's patch) 2 E3x Y ZA g %4 (connective tissue)S A 73
g_g /\/‘\Q_ 7]’HE °k2~3cmi oA 3 /\]7] z;ﬂ /\H.__% Ng] o7 u]g]
gfaF0 %4 9§, 50 mLe DTT-Hank's solutione %o Ao 30%7F nwk wjok
ato] FAl(musin)S AAsAT 23422 EDTA-Hank's solution ¥ collagenase=
RPMII640M A & Ao A Z}Z} 3083F 3ubEe] wwtyd oz # AuAxE 2 IPEFS &
o2 AASAT Collagenase FA SR Ado] 1 A4S AR (400 x g, 10 min, RT)3 %,
AZdol AA H pelletE 40%<] percoll glradlentE 3t A] 15 mL tubecl pooling 3}
oh. 2mLe] 75% percoll gradientE Al &5 FF 5, AAE2(400 x g, 15 min, RT)E 714
40% <} 75% percoll gradients® Apo]oll &4 3= H]J‘%@.L% Al 15 mL tubeol] FH3FA T thA|
RPMI1640Mi A =2 A 2~9F 482400 x g, 10 min, RT)#AES AX &2y A A9 7
MELENS trypan blueE FM3F] cell countingS AAEFATE T3k By @ A EL N
FITC-anti-CD8 mAbs (clone OX-8; AbD Serotec, Morphosys UK Ltd., Oxford, UK)<%}
RPE-anti-CD161 mAbs(clone 10/78; AbD Serotec)E Zt7z} 10 mLA 3 7Fske] 307F A1 A]

il
2o o
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71 3 flow cytometryS F3&] CD8 A%<t CD161 'Natural Killer Al 2] ¥ =5 #Azs9it)

(BH) "M X HEE

Securitor®t HFATA L EFA AT 2 R W FH AFGAEY] S v AP
o3 o] 218 std

9 & xAoA 28 H AGAEENS AR E00 x g, 10 min, R.T)3Fe] 7FZ o]
AA H pelletdl ZF 1% 2 5% =2 g4 A AMEZS H7MeAth 96-well culture plates
o] &3ate] WAMEG x 10%ells)E 2} wello]l 100 mLA 53 & v d7](5% CO,, 37°C)ol A
127 7F wiEA ZH T, WST-8 8 H(Cell counting kit-8; Dojindo Inc., Tokyo, Japan)< Zt
welle]l 10 mL*® #H7Fst % 1A|7F ¥ Multiskan EX Microplate Reader”](Thermo Fisher
Scientific Inc.)E& °]&3te] &3 %=(0OD 450 nm)E FA3IA

(vh) Abe] E7EQD ZA}

Securitor®} HFATEA(SNU 2) 31 Al Al gk o feff WAz denjriE2 9l

Y]398 S anti-rat sandwich ELISA kits(Abcam plc., Cambridge, MA, USA)W Instruction’s
guldeoﬂ met S5k

A A Fd HIMEG x 10°%cells) S securitor, BT A L= A A7} E
x| ¢} &gtstdn, w3k &3t wjAo lipopolysaccharide(LPS; 100 mg/mL) #H7ba+ =
HI G 7br o2 o] WAupiEde] gk 2t A5¢ 3Fd9%F & (anti-inflammatory
effect) & H7FstAth 919 A5 &3d MELENES 96-well culture plate W 7+ welloll
300mL &5 akar, wi7I(5% CO, 37°C)ellA 24X 7bEt wigAI AT widd Als W
A& le]l  Tumor necrosis factor-alpha(TNFa) % Interferon-gamma(IFNy)e] =&
Multiskan EX Microplate Reader”](Thermo Fisher Scientific Inc.)E& ©]-&3slo] &F3%(0D
450 nm)oll A =74 st T

(Mh) A/ A FFAEAE 5

YAC-1 cell line(NK sensitive YAC-1 virus-induced mouse T cell lymphoma cell)&
target A EE A AEt], AAE mE EIgAWFAL AFEAE THS =AU ¢4 YAC-1
target Ao W3 securitor®t E-AA H EgAAe] FHHA A¥EAE T2 (Direct
cytotoxicity) S H7}8tdth o] H7ME 96-well culture plateE o] €3Fe] 1%¢ 5% securitor,
BaAMFA e EZIAAS YAC-1 target AZG x 10%ells)ol z+z H7rsk 3 zF wellol
100 mL2 3k wlEF71(5% CO2,37°C)Al A 12A17F vl F 3 WST-8 & (Cell counting
kit-8; Dojindo Inc., Tokyo, Japan)< Z} welle]l 10 mL® #7133 & 1A7F ¥ Multiskan EX
Microplate Reader”](Thermo Fisher Scientific Inc.)E ©]&3} E3=(0OD 450 nm)E
A5k

7+ 4 AFEAE 52 (Indirect cytotoxic activity)?] H7}F #H e tpS-3 Zo] =335t}
A7 x4 2 diHdxzA HodA Aes oto] FEldE WAAME  (Effector cell) 9}
3,3 " —dioctadecyloxacarbocyanine (DiOCig(3)2. 2 AMHEA YAC-1 target cellS 10:19 H| &=
Tret $ 4 dAdEY B} EA 2 EFAAVE 2F @ wAE A7 200 mLA
A7ttt £3E AIRE wY7I(B%  CO,37°C)ol Al 4A1ZF v A1zl % Propidium

2
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iodide(PD)& 10 mL® H7Fstar, 308 &<t oAl wlY AlFHTE Flow cytometryE ©]-83h4]
AA DIOCig(3) dM¥E YAC-1 target A|E tv] PIEZ IME YAC-1 target AE9 %<
Tote] MEAME T8HS SA-SA

(A BAEAE 24 58 S3lA o A EL mean £+ SEMse.2 % d st JMP
50 software package(SAS Institute Inc, Cary, NC, USA)S %3, F =1
aF3re] FAA ¥lue= Student’s ttest®t Turkey HSD Kramer testE o] &3Fo] 5%

==
3
FEA fed A4S AN

&
=

ATE jn vitro A3 ol A== securitor ¥ BT AY EFIAAE o] &3l
Al

716] AAE B A Hus Sl A A Thesd s

Ol fF A= 3B8YLH 69FE ARSI o, 23574 st 3719 = wWoll o] njX ATt A
2o 1FAdo £x27]7Fe A securitoret B FA L EAA L Folo WE YA W
HASH Hr Ad S st

() Az Abs 3L EAAe] EH)
oAt Ad Wl AAAEE= NRCO 8753 27 A4 vl so] g,

Az 3HL W @ FHFAS AX FE2EEMAIR At dgste] O+ 2L Al

Il v&2 EFste] &AL wgh A4 92 dxete] ATt A ATl gloiA] o]

Z}=&- tetracycline(33 g/kg body weight)S #H7}ate] Al & A3}

AN

Jo i oot

(th Ag A 2 7)1z

A AAe FIAA AYTE 712 AMER e A A5 R Securitor + SNU 2
(0.2%/feed)Z A AES 454 ot AA AL AT ARAHA LS Al AAL0Y)H F5
A (45l A Al skS T

(2h) 4¢84
AsS AlE AL 0)Z T5d(d5d)d F Wl dx 2ALE stden, d 3 SAH
(Weight gain)< 45¥7ke] = 1 A% (Dairy weight gain) 2
2 ZAEA 4 9 AlEAF F(Feed intake)S AR F o] @A JEFS Alste] T A A
| Fol 17 9 14
AbE 4 H ZF(Dairy feed intake) = FEA|SATH AR QT8 (Feed/Gain)S ¥ 3 Alsd3 =S

©
ol\

il
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gk golg o] g3korh 4T kel EDTA FHel matd dAe 25874 7] (ACT-Diff,
Beckman-Coulter, USA)E ©] &3] WBC(® &, white blood cells), RBC(H & red blood
cells), HGB(& 4 %&; hemoglobin concentration), HCT (3| "} E =& E; hematocrit), MCV (% 74
F482%4; mean corpuscular volume), MCH(HTITEAMA%;, mean corpuscular
hemoglobin), MCHC(H #3838 M A~ % %; mean corpuscular hemoglobin concentration), PLT

(849 platelet) & =439

(vh) 4 Wl Alel E7}<I

Cytokine production®] %= 42 Algd T5LE0Y) 72 2Fo=2HEH IS dd o
S o] g3ttt dF W TNF-a¢t IFN-g9 cytokine production & %3 sandwich ELISA
kits(Abcam plc., Cambridge, MA, USA)W Instruction’s guide®] wz} 743k & E A 2]l
wolo e WM E HhE-S P
(Ah A A4S AR H 24 55 FdA folxl AAHEL SPSS 14.0KE ARE-she
ANOVA procedures &3l TAHEAS AASH e a28]a o8 A9 Fo9d JAAS
Duncan’s®] New multiple range tes ol gslgom A F7re HluE Student rtestE ©]

stttk o] W FoFES p < 0.059 W fFejdo] Avka FTEEA

ﬂ(i_lﬁl o

b &A w8 B AFEA

1459 ¢] Hyline brownd & WolglE A HukE HbEt 2094 9 Aol 254 &
sto] kA o wAE s o Fagida F& 5% (Miryang, South Korea)oll A 23S %1

A=A securitor?} EHEAA Q] EakA| A FoJo] wE

—~
o

=7
TS MG 2 FHHAEE AX FEEEMAIE Al dEste] HO+T F 2 ARE 1]
52 Tgste] &AL s 2 Adxste] ST FAAA A Ftel oA
Holg] =Ampicillin trihydrate(l kg/t feed; Ampigold, Sung-Won Co. Ltd., Kimpo, South
Korea)& #7}ete] #Alx AR&-3FSith.

(th A1 A2A 37
AAdA= FEAA AR AT, A AT 2 FEAAA AR Wl 05% securitor +

SEAA R AAste] 55 ¢ AR R =5 AwEol o

htt
>
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(zH 4F8A=
AT AP0 ZFE 179 d99=2 F 219 ¢ =
S A F(weight gain) 747te] SAFS 192 Uirol 25 Wl W 5 9 1Y A F(Daily
weight gain)Z XAt € 9 A8 3 F(Feed intake)S AlR & Fo#ddA S
Astel T AHAZFS T AMS TR U 1F @ AATeE ZASIR e, 219&
T 19 AlE 445 F(Daily feed intake) 2 FEAISFATE ALE Q78 (Feed/Gain) 4
FAEAAGTS d G FAZFLE Yol ALkt

AP FRLN 2 aglA 1098 de¥or HY F RAF R 72 2H59 RAE
Zqstgith 179 2 wolee =& Fe WEF FEH AA F, &5 4 F 9L
AASA. Melsh et AA B 2 ol =RE WA, L £%e AEF F, =AFe

FY, & A E4S

) -1
SAE A F, % WA, 7bE, ER, &% 2 OHE 298 Yol z7e
A = =

Stk 3 7 Aol AE | v ke A SAH ) 2] dols

(v} LPS AAX o] & 7 ) Aol EFIQ] ®ig}

Ag FRLQ1Y)9 == 4A70H 4 A & 5uEly et W(wing vein)S £
LPS(1 mg/kg body weight)E& Folatitt. stdWoziyY Aqd @ dHSEDTA FXE (BD
Vacutainer, BD Franklin, USA)o Y1 4°Cel]l H#AEUT o & HA FH A AZE=S
AAEZ(1,800 x g, 30 min, 4°C)& %, &S A 15 mL tubed %A gt & U
TNFa % IFNy® &% +tanti-chicken sandwich ELISA kits(Abcam plc., Cambridge, MA,
USA)Y Instruction’s guideol Wz} &% %=(0.D. 450 nm)E =43

il

(A} Agrz7) e =4
A FEACIDZRE TUe] 23 24 /1S T3 Aesle] 2 ol A g
S % UQ FF SRsArh ARSEE B EFAAe Fold mE = ozl
BHge Brtsknd g

(o) FATAL 4 T2 A Fol HAAHELS mean + & stk JMP 5.0
software package(SAS Institute Inc., Cary, NC, USA)E &3, ¥ ZA= S e B )
E A4 ¥luE Student’s test?} Turkey HSD Kramer testE ©]-&3lo] 5% oA oA

A< AAE

(1) & Al/securitor A Al g in vitro 23
7h #A# ) dAdNE B 1S
anti-rat CD83} CDI161 surface markers& ©]-&3to] < A% 2 o LPSAA 8 3

Sd W dgAxEEe 28 oFE HAISSATH(IH 3-11). 29 3-11 oA Hi= nHie} 2o
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2% Aubo A Egl @ WM E(S-LPLs) &9 Wollx= CD8+ cytotoxic T AE2 CDI161+
natural killer A3 E W] E3Fe] CDR+CDI161+ natural killer T Al3E©] flow cytometry S &3
A= HAo obzd W il AEEAAE LA 2 AELEC] HE HJAT o=
] 7 A gy FHeRRY MAA/FHA R #H ¥ AGMETLEe] TR
T8 7 HAve AS BRoFe S0tk

S-LPLs . L-LPLs

CD161 (10/78)

CD8 (OX-8)

% 3-11. Flow cytometryE &3+ F &3 Ul A9Axe] &2 A5

(b A el Mz HEY

Securitor, & A(SNU2) 2 EFAA L] Ap=ol o)k HAA XS T2 TS H7sH3
o 1 Ay, gz (Control; A4)3 vlulste] 5%9] securitore &% FUoA] #7 ©H WY
Ao SAS S8t Ao m BHATh HEo], 1% 5%9] securitor®t EFA A= thd 2
HAMES] AEES T3 A= AH/E BIATHH 3-12). mebA securitor(1%69F 5%)= A%
Aot EAshe wedEnhs fd 0 B ¥ 240 mrd ol AR

S-L.PLs

= 160 # = 160 —

E 140 = £ 140 E O 1es

2 120 Z 1zo0 =

= oo |— — E 400 = = W50

= g0 £ 20 e

= &0 = 60 =

= 40 S ao =

= 20 = =20 =

7 Fs = i =

Tl

L-LPLs

= 160 #* = 160 =

£ 140 £ 140 E ] 1ee

= 120 2 120 # =

S 100 _—= S S 100 - N B =

£, =0 £ 80 o=

E=y &0 £ 6o =

= 40 & ao =

= 20 5 20 =

s o & o 5]

T1 T

% 3-12. Securitor, 53T A W o]5 E3A A mE G FE WA xS A=
Values are expressed as the mean+SEs (n=4). *vs. untreated cells (P < 0.05 by student’s t-test). 1% vs. 5%-treatment in an

each group(P<0.05 by student’s ttest). T1, securitor; T2, probiotic; T3, securitor and probiotic mixture.
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(th a2l AGAEe] Aol EFEQL

Securitor, B A (SNU2) 2 &g A Aol &l FolA el 3 WAANEZRE Y=
TNFa¢] $58 Z489thad 3-13). 2% Aol ZAshs AGATE 5%v/v)e BFA
wAe ZFolAw TNFa (5% Macrophageol Al A4 %+ cytokine)d TE7F 715 B
oot A el WA E] gk wkSoll ol A 199} 5%9] Securitor, & A8 1A (SNU2)

2 @?}Xﬂxﬂ—‘:— Z(Vehicle)# vluste] =2 F%9 TNFa/l #E = AT
I 2doz wudE FE Wl IFNy9] FE8 ELISA kit ol &3ke] 574
5}3’?\5}(1% 3- 14) SA 2% 2% 2 g J9 fFdY HIAEE BEE X9 Securitor,
o o
k]

[eXie) [e) =)=
s Hes vES

J[Nr

S-LPLs
1% 5%
E-Eg r 012 -
X r 0‘1 -
£ 007 | e
= 005 | E gos |
2 o005 | =
= D 006 -
S s o 0.04
[=1 - I 1 0. F
Doz | = s |
001 | :
0 0
c T T2 T3 C T T2 T3
L-LPLs
1% 5%
02 0.18 * -
016 |
o -
g B0 - =5 014 | -
E o2} ‘E‘ 012
=] 01 +
2 pi1s ]
= 2 oos |
a8 01 | . 0.06 -
. =
« s L S 004 |
: 0.0z |
0 0
c T T2 T3 C ™ T2 T3

19 3-13. Securitor, BT A 2 o]lE E3AA wE FH F WAMES] TNFa W3}
Values are expressed as the meant*SEMs (n=4). *vs. vehicle (P < 0.05 by Dunnett’s test). C(control), vehicle; T1, securitor;

T2, probiotic; T3, securitor and probiotic mixture.

S LPLs
1% 5%

0.07 0.1
= 006 | 008
E oos | E
2 o004 & 0.08
= 2
= 003 = 004
y (=]
S goz | S

a57 | 0.02

0 0
C T T2 T3
L LPLs
1% o

008 0.09

o7 | 008
£ 008 . TE
£ e | E 008
2 o004 | £ oos
= 2 o004
o OUF ¢ = 0.03
S ooz | S 002

001 | 0.01

0 0
c T T2 T3

1% 3-14. Securitor, AT A 9 o]5 EI3A A mE G F WA X IFNy W3}

Values are expressed as the meantSEMs (n=4). #vs. vehicle (P < 0.05 by Dunnett’s test). C(control), vehicle; T1, securitor;
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T2, probiotic; T3, securitor and probiotic mixture.
(ZH) LPS AAXA o] w2 ddH L Aol E71Ql W&}

Lipopolysaccharide (LPS; 100 mg/mL)S. & A= Fi= H|(IE)AE3 273 2 g oo A
TElE A9AEE 44 F Ao ®2 yro] dAdE(Securitor), EH}AATA 2 E3HAA ]
ASHiIE) &3S FHIeA (29 3-15). 1%9] Securitor, BZ AT A 2 TFAA = HE
(vehicle)@} vl dle] oA or e FX2 ®HYrh 3 5%9 Securitors 2% A9
HAAEZEY TNFad s%5 dAets Adow vewn. wabsd, i 19 2 dgAxe 3
FS %ol o] 1%°] w=9 AlmoA = ofFd Ut HolA gskont 5% Securitor
2 E3A Ao A= TNFa =9 A ax7t B2

S-LPLs
1% 5%
0.14 014 |
012 | 012 |
E 01t i E o1y
2 oo08 | o 008 | .
= 006 | * = = 006 |
ir 0.
= =
S gpo4 f o 004 -
0.02 | 0.02 |
0 0
C T T2 T3 C T T2 T3
L-LPLs
1% 5%
0.3 016 .
025 | el
s 012 |
E 0z E 01t % *
2 015 g 0.08 |
= =4
: = 06 |
g 01 o
o S 0.04 |
0.05 0.02 |
0 0
c T4 T2 T3 c 1 T2 3
% 3-15. LPS A& Ao wE F# fFd "WIAxe] TNFa &4 tjgt <& (Securitor),
A A F ols EFANAS FE

Values are expressed as the meanzSEMs (n=4). *vs. vehicle (P < 0.05 by Dunnett’s test). C(control), vehicle; T1, securitor;

T2, probiotic; T3, securitor and probiotic mixture.

(mh) A/AHA FFAE] AME 5
YAC-1 TYAEE o]&ete] HAE, EFAATA L SdAA thak HAE9 ]4/\} =
2 58S Frisnh B8 Ale] A5 5%/] aFdA A 2 o A %‘744/] o A
E7F YAC-1 SSAIE AMEES fr=Eshe W, Securitore BEv FEolA] &% 2 EHXJ 7@‘1}
freff AAEe] FTSHAE AME THE %{V\W]l& g5 HAu. oF&¥, Securitore} E-3AY
ThAA =S Y

#FAle) EFAAE ©
FYALA WG 274
CIECR FOREE

AC-1 THAE AME 58S Bt WA, YAC-1
: & Ak g g

w4 A= g6 o uza

oo do
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o
s
&

N
S
e
rli
)
32
i)

T1 T2 T3
# : ? #
2 100 " 5 _ 1o _ 100 :
—_ o =
= 80 | * < g0} £ 80t —®— SLPLs
3 * E =z % x
— 80 % S 60| ER —O— LLPLs
U e = .
- 6] &)
o= 40t = 40| # S 40y
E o P
L - L -~ ks
g g 2 < F
= =
0 0 i
0 1 5 (%) 0 1 5 (%) 0 1 5 (%)

139 3-16. Securitor, B3 A E EFA| Ao wE WA XL MEAE FEH W3
Values are expressed as the mean *+ SEs (n = 4). *vs. vehicle (P < 0.05 by Dunnett’s test). *S-vs.L-LPLs in an each

group(P < 0.05 by Student’s t-test). T1, securitor; T2, probiotic; T3, securitor and probiotic mixture.

(2) ol A=l et w5 A9

FAE vlast A7 A AT 1022 kg, FFAAA A2 9.65
kg 2 02% EgAA AT 999 kgo & EE AT 7rol o FHQ zo]E HolA &gk}
ob&e] Ald TRUUSY)Y TAFS xste] dd SAFY A7 HUld JoiA=E A3t
oA FoH AolE HolA kktt A 02%e TEAA AR Fojol wWE olf AEL A}
2 A 2 A9 Al A S dEZT(contro) I H]wEte] FoHor e =35 B

],

(p<0.05). o] & ttA] AA Hel < vjus] & uw, 0.2% EFAAL 459 7|7 Foke] Alm
Tl RAA AUT AR AAF s BER 4L ngon vga Aol 9
Alg AR FRYE B3 X9 AEgS HA(p<0.05). wEkA, 02% EFAA = FEAAA A
gl ol Hld] =2 AR 284S BRYow A A S 553 84S Hlva Atad
o},
¥ 334 9% FAY IY ARHAY L ARLTR
Treatment”
Days C T1 T2
. 0 9.65:0.272 10.22+0.215 9.99+0.287
Body Weight (ke) 45 36.800.695 37.60=0.500 37.57+0.929
Weight Gain (kg/head) 1-45 27.16+0.79% 27.38+0.584 97 58+0.851
Daily Weight Gain 1-45 0.60£0.017 0.60+0.013 0.6120.019
Feed Intake (kg/head) 1-45 12.25+0.164° 40.99+0.1747 41.37£0.1707
Daily Feed Intake 1-45 0.93* 0.90¢ 0.91°
Gain/Feed
(Feed Rfficiency) 1-45 0.64+0.019 0.67+0.014 0.67+0.022
Feed/Gain 1-45 1.59+0.057° 0.151+0.031% 1.53+0.052

(Feed Conversion Ration)

abeyalues (Mean+SEs) within columns with no common superscript differ significantly (n=23, P<0.05 by Turkey HSD Kramer
test).

DC: non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic
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(h) g Ashetn Ba
ATE AW 020% EFAA Amel Folt thE ¥ AT Wi o % W, WBC(#d
e AT we AFE 1Yo (p<0.05), MCV(H T AT §2)9F MCH(EH A7 &4

4) % PLT(EA¥h)+ & F Ao vls) dddo=m 22 4 ZA3s KA (p<0.05).
Sef o] FeHe ANUL 0ARE e AR AP FRAEBD AR Do) HE
FOHS oA AL 1 AFo] FAHPOBE 02% SHAA FolT AFEE AA &
A7 9% @7 2ol sl ok AAY Aol AnHh 03 459 Fek 02% EFA
A RS Folgo M WS oz WBC(HE TS PLT(RAwe] te F AgTe 243
S fAbE AEE molt e 020% EFAA AR Felst WgHe] AN ol & vt
PAR=2-)

¥ 3-35. Securitore} EHAA|Ql kA A o] FoJo wWE o] fAE=e] N Ak W3}

Treatment

Days C T1 T2

WEC 0 20.62+2.456% 16.41+2.663" 26.20+2.8717
, 45 22.90+2.843 27.70+1.941 27.18+2.364

(10°/mL) ab b a

AVG 21.38+1.854 19.73+2.318 26.48+2.112
RBC 0 6.75+0.087 6.31+0.223 6.80+0.250

‘ 45 6.52+0.648 7.57+0.216 7.60+0.148

(10%/mL)

AVG 6.68+0.210 6.68+0.220 7.03+0.206
HGB 0 9.55+0.166 9.01+0.413 8.96+0.424

45 10.26+0.871 11.28+0.231 10.83+0.246
(g/dL) AVG 9.79+0.304 9.68+0.392 9.49+0.384
HOT 0 30.54+0.485 28.09+1.347 28.33+1.450
(%) 45 31.78+2.643 35.38+0.721 33.78+0.894

AVG 30.95+0.889 30.24+1.263 29.89+1.248
MOV 0 45.24+0.3417 44.39+0.705" 41.56+1.101°
(1) 45 49.121.238° 46.84+1.112" 44.48+1.242°

AVG 46.53+0.659 45.11+0.640° 42.39+0.913"
NI 0 14.15+0.119* 14.23+0.205 13.19+0.403"

45 15.84+0.397° 14.96%0.409* 14.30+0.381"
(be) AVG 14.71+0.258 14.44+0.199% 13.51+0.330°

0 31.24+0.143" 32.09+0.099 31.69+0.452"
MCHC

45 32.26+0.147 31.94+0.108 32.13+0.202
(g/dL) AVG 31.58+0.165 32.05+0.077 31.18+0.327
PLT 0 431.80+40.486" 532.60+68.119° 266.50+47.217°
(10YkmL) 45 64.75+39.552 219.60+43.335 182.33+65.953

AVG 319.20+51.813% 428.27+61.013% 247.08+39.475"

abe yalues sharing no common superscripts were differ significantly(P < 0.05 by

Values are expressed as mean=SEs(n=20).
Tukey HSD Kramer test).

DC: non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic

Y Abbreviations: WBC, White blood cell; RBC, Red blood cell; HGB, Hemoglobin concentration; HCT, Hematocrit; MCV, Mean

corpuscular volume; MCH, Mean corpuscular hemoglobin; MCHC, Mean corpuscular hemoglobin concentration; PLT, Platelet.
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(ch B3 W Ao kel W3
AP FRAABA)] TRAA Aol @4 Ul TNFa A4 5390 vjaste] FaA A2
Fol Abm ol olf AE WAAA Ul TNFa £¥] fEo ojidl 9@e FA o
020 EFAA AL TAAE A B A TNFa A8 $A7} fol A0 Sohge]
ATHP<0.05). oh&el, BFAA A2 Fe] olf AEe BF W) IFNy 4% S5k vl 3 2
W, 459 717k Eoke] 029 EFAAL AlmFels FE DG WIFNy FEol obFd e

TA ZUTE WHH, & 1i7ﬂE ﬂ*ﬁlﬂ A9 d4 W IFNy B4 #2171 534 A 2] +-3
Hluste] fod oz 7HAES HAtHp<0.05). ol A A9 IFNy A4t 419 74
B FAA A mE G %‘r ‘44 WAl Bte golE2] ®gtel &g &utole] &~ JIAHIFN
v 98t faw A s

Aagow 029 FFAAL AmE olf AE U WUl glo] /15HoE TNFa
THE e 9 2 3 Qe EEE grtdEd ol & "WAAEe T4 e E5tE
A= 2 FEdte] &5 U Wl 344l (homeostasis)oll 7]o]sh Ao g2 Al E U

TNFo. IFNy

184 a 16 5

183 | - al ; &
182t 12 }
E 181 | a_b it
Q
D18t b 08 |
g 1t T 06 |
O 478 t 04 |

177 02 }

1.76 0

C T1 T2 C T1 T2
a9 3-17. B Al /securitor E3HA|A Q] Folo] wE HA U] Alo]EFLel W3
Values are expressed as the mean = SEs (n = 5-6). *vscontrol(? < 0.05 by Tukey Kramer HSD test). C:

non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic.
(3) Ar&A & Wolgol gk o AH

h AP A =
MA A Foll dgk 7

AT 4150 go & 2T
Hlaske] fojH o v

ia SAFSE 02 F

U ERA 2L THP<0.05). ©] ¥

g vl w5A4s] faskes Ay

md
N
A,
N
__>?1_'41
ol
rlo

FEAATE 4160 g, FABAT= 61.00 g, 0.2% E3A
FA AN SE Blalsko] ol Zpoli= HolA| GFtont AT}
THP<0.05). AR 8-14L47kA1 €] 0.2% EFA A o
o Bl 3 Ay FUHEAE fFelHer SR AdE
B AEFELCQIL)Y FEFAAT R FAA T A
BATHP<0.05). A1 7AANLZFEH FRA7A 9] 44
SAFS vt A3 Al Aol A woA AelE HolA| Stk AF e Aol oA
Al AANLAL)ZHEH 4L7HA = FBlg 2ol& Holx| skt shAw 156-214 7|3t &<t
o] 02% SFAA wolx Wl Als AFHEFS FFAAY 2R sdT BFS BoH, FA

’

>
4 42 o
R 00‘1'
o
22
32

oy

1

R84

N

O
¢

[e3
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A wolael AbR AFES Hla Ae v fFelder w2 A9 dis TS 4 A
4

4
o%
0%
2
-
o
[\l
X
ot
ot
2
2
-
HE,
o%
)
2
-
o,
M
>
ftl
oy
oK
ol
rlr
=)
[

E 336 9% FAY, 9 ABHAT R ARLTE

Treatment”
Days C T1 T2
0 1355.50+4.835° 1323.50+9.172" 1324.50+9.434°
. 7 1397.10+7.683 1384.50+7.558 1366.00+10.204
Body Weight (kg)
14 1524.50+3.657 1510.50+8.566 1528.50+11.953
21 1588.50+3.588 1579.50+9.334 1562.00+13.657
1-7 41.60+5.562" 61.00+3.588" 41.50+1.275"
Weight Gain 8-14 127.40+4.797" 126.00+3.921" 162.50+3.062°
(kg/head) 15-21 64.00+2.318" 69.00+4.077 33.50+5.624"
1-21 233.00+3.742 256.00+7.483 237.50+7.665
Daily Weight Gain 1-21 11.10+0.178 12.19+0.356 11.31+0.365
1-7 614.00+8.239 605.50+7.391 601.50+7.272
Feed Intake 8-14 668.00+3.571 639.50+13.449 655.00+8.478
(kg/head) 15-21 696.00+7.689° 656.50+5.099" 687.50+6.801%
1-21 1978.00+11.869° 1901.50+23.380" 1944.00+14.440?
Daily Feed Intake 1-21 94.19+0.565 90.55+1.113° 92.57+0.688™
Gain/Feed 1-7 0.067+0.0082" 0.101+0.0060° 0.069+0.0018"
(Feed Efficiency) 8-14 0.191+0.0064" 0.197+0.0029° 0.248+0.0058*
15-21 0.092+0.0033? 0.105+0.0059° 0.049+0.0079"
Daily Gain/Feed 1-21 0.118+0.0020" 0.135+0.0031° 0.122+0.0031"

Values are expressed as the meantSEs (n=5). *®vs .Control(P<0.05 by Turkey HSD Kramer test).
DC: non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic.
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E 3-37. e 2 Wotele 7 2o mA) 24

Items Treatment”

C T1 T2

EAF(g) 993.25+20.186 1008.95+17.894 942.20+21.699

=(g) 100.70£2.978 103.10+1.770 89.50+9.635

Fl(g) 130.45 £3.611 133.15+£2.952 122.70+2.978

7F&5(g) 241.65+6.266 246.80£6.565 235.10£4.736

(g) 87.80+2.993 91.55+4.879 83.80+2.757

2 F(g) 114.75+3.774 112.30+3.871 108.95+3.643

9= (g) 317.90+7.249 322.05£6.445 302.15+6.780

H] %H(g) 3.98+0.255 4.61+0.275 4.31+0.232

7Hg) 42.38+1.485 42.09+1.444 42.28+2.060

22 (cm) 120.05+£2.592 117.82+4.531 113.03+£2.355
Values are expressed as the meantSEs (n=b).

DC: non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic
(th) LPS AAXA o] w}Z securitore} &-3HATA|Cl E3HA| A 2] o &

AP FRAEIY), LPS Fofo] wE 7 Ame wWelsy uE 2 ol sy
(wing vein)& T3 A& = d4 W TNFas} [FNye 525 =435t Hrtstao. 534
7 Wl TNFa &% A¥el SlojA LPS Fo 79 FX+= BILPS A Wl +X¢ Hlulsto]
Ao Be £AE KAk o]E LPS R 4FRAL FEdE AL AA@T ofg
o, FAT W TNFool 37 Felw 2ZPA7e 253 543 23E wole Aoz 1}
Ebth SR EAIE 02%9] S@AAE FoA 259 @ il TNFa® F%+= LPS9 Fofof
& pram UIPS FolEs) WadNE d Fed AolE ol ke £@ Furolel
WA )22l [FNye x| W FAE #zs A3 T3 AAA G [FNy LPSol| t)&sto]
TR Bl BhH0.2% EFAAIY Al o= LPSO Feol® &t FEAAA, S,
A A 2719 IFNy9] FXx¢F w43 A 345 HAh o= FAA e} w43 a345 H
th= AL AA}EHT}

TNFa IFNy
11 * | * 0.45 ai
0.4
‘g T 0.3
= it ]
= 0.25 CINo LPS
E- — T T 0.2 [ mLPS
o 0.15
0.05
0.85 o
c T1 T2 c T2

a9 3-18. LPS Ay Ao wE &4 ] Ato]E7FQ] W)
Values are expressed as the mean+SEs (n=5). *indicated comparison between LPS injection in an each group (P < 0.05, by

student’s #test). ’C: non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic.
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C: non-antibiotic(control), T1: 0.1% antibiotic, T2: 0.2% mixture of securitor and probiotic.
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rlotl

FAA FAA FALTH 24

B oQTe WAy Yol FEB)M B WAZENUDE weEE mdE dF 9
e WA Gge 2AGeR FAA A B4 ol FsAS dstan sk

=

nhs Z71¢F &7 o](Miryang, South Korea)©= AlAgh ASE o] &3t on, wisdgol=
) Bz BgA7 5 FEER FA3 oS 33, 33 FHFEE ‘1]31“5‘}93
Y& Hud A=E ol&sty 718 AAS F A9 A2 Ads & 742
DA 712 st 2E WEES A= 43S ol &3t ZFstAan. v &7o] #
oo Wity (0.45 mm bottle top filter(Corning Inc. NY, USA)Z o33t & o FAS 1%
penicillin-streptomycin(Thermo Fisher Scientific Inc., Waltham, MA, USA)e] X3t =
RPMI1640(Thermo Fisher Scientific Inc.) WA ¢} x4 0= A sto] 1% 5%(v/v) & %9
nEdol FEE AS(THS & AP AHE3H3

BT Al = HHES HA] B A A 78 sA-e FA(CAMI, 1750 Pediococcus
acidilactici, 1.9 x 10%mL; LP177: Lactobacillus plantarum, 1.9 x 10°/mL), &R (Sb796:
Saccharomyces boulardii, 3.4 x 10%/mL), 31 %3t (T-1: Bacillus polymyxa, 47 x 10%mL; T-4:
Bacillus subtilis, 47 x 10°/mL)S Zt + Stk HA" o F70A S5 s a FA 7ol 2
ik ok WA ko] B dFE 4°C WA Bystal eAA o R AIZEe] BEE 4°Cell
Basiadth B #59 wide] T8 HdS o, EFAATA L AA wep 24 dFe S
< 1mL"“ 10mL round tubedl]l E3HT2)E A & Ao AFEsfATE E3E o] HA A <}
s FEES 119 HEE 4o EFAA(TS =

mE.-EF

>
il
i
N
=
_(}|L
20
o

FAbgietn FEAFEEEAAEY S St AES
P F THPNU-2012-0047). 6532 % Sparague Dawley 3#+= &HAEFE(Kyeonggi,
South Korea)ol Al ¢ % FArdistu 5E5 34 4 ME (Miryang, South Korea)oll A AF&-3}$1 T},
Ad 71 FF A= =9 ARE ATAAANALH, 25(23+1°C), F%(5545%), 12-h
photoperiod (light on, 08:00-20:00 h)Z HAEE H AS3AdA 15747 £X7]HS AR
F 2 Ayl AMgEATh 159 T w4417 SDAFHAE olitstetaR whE g & onjg o
273 8 23hHes A&k v WAAE (splenocyte) B A7 ﬂP@ ESREi b
lamina propria(LP)Z°l AbAlstar = WA EZ(lamina propria  leukocyte;LPL)= /4 83
A (Lee et al, 20095 Edz g A3dS 2135}

1
o=
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3y A4S PBSE WEES AAN & 42F

e o2y o AHE" 4
W ) 234 (connective tissue)S A A st thE o

& A
glo]ouk(peyer’'s patch) & EH-%
A 2 T VHE o 27 3 em®E SN 224 AES HYZoE vg I"YH
Zotaad 24 9 % 50 mLe DTT-Hank's solutionE Yol A&ox 3087 uwk
Hj kS slo] FAl(musin)S A A AT x4 o2 EDTA-Hank's solution % collagenaseS
<2 RPMII640 #lA]E A oA Zhzb 30437 3utEe] mntzpdow & Auhy 9 LPES
gexoz AAEATE Collagenase H}AH oz dojzxl fHS AR (400 x g, 10 min,
RT3 & A=do] AAH pelletZ 40%°] percoll gradientE EF3o] A} 15 mL tube©l
poolings} 1t} 2 mLe| 75% percoll gradientE WAl 5 3 & 472400 x g, 15 min,
RT)E AA 40%¢ 75% percoll gradients® Alolo]l EA5t= AXELENS A 15 mL tubel
F skt thAl RPMII640 wiA = 29k A E2](400 x g, 10 min, RT)IHFS 713 2783
3 Ao Fo A EZE&NS trypan blue® G M3F9] cell countings A Alstth w3l FEaw
M g B FITC-anti-CD8 mAbs (clone OX-8; AbD Serotec, Morphosys UK Ltd., Oxford,
UK)¢} RPE-anti-CD161 mAbs(clone 10/78; AbD Serotec)E ZtZ} 10 mLA #7}sle] 30+&3F
AMAZL & flow cytometryE E3 CD8 A *Ee CDI161 Natural Killerdl32e] ®#EE

-VEHU;,:

o
T

AAE & AE A (connective tissue)S A 7AF TS

o H 22L& serum free-RPMI1640 # #] 7}
tissue grindere] F¢% & FA S FE3 AT EHE MEERLS cell strainer
(40mm pore Nylon; BD FalconTM, Franklin Lakes, NJ, USA)°l Eﬂr?\] = 24S
A3t g, odE AEERS AHELU00 x g, 10 min, R DAY FsAe AAST &
hypotonic buffer (8.26 g/l of NH4C1,1g/lofKHCOg,andO.OS7g/10fEDTA,atpH7 4)E 3 mL &,
283 AA, PBSE 3 mL w7 % dAE#400 x g, 10 min, RT)Y wEA}AFES E3)
AYE3+E AASAE. AP F7E Tl AAE AdEIe] pellet> flolA A<=k percoll
centrifugation ¥IAE Fa v HA E#H AELEAS trypan blueE AAF]  cell

counting S A A3+

B

(th WAz AEE

W Qo] FZE EBgAA @ EFAA A% 2 U fd BAMEY AR
WA AP g 2ol 1
g9 wg 2 g 2H44 FE AGAEENS AAEL 00 x g, 10 min, RT3

£
AE pelletel]l s|A ¥ AT MES B3 96-well culture plates ©]-8-3}¢]
HAAZWY, 1 x 10°ells;d ¥, 5 x 10%cells)E 7 wellel 100 mLA 53 5w %71(5%
CO,, 37°C)oll A 12417 vl WST-8 &9 (Cell counting kit-8; Dojindo Inc., Tokyo,
Japan)< 7+ wellell 10 mL® #7133k 3 1A]3F 5 Multiskan EX Microplate Reader”] (Thermo
Fisher Scientific Inc.)& |83l 3% (0D 450 nm)E 57431t}

(2 A/ A FFAEAE 59
YAC-1 cell line(NK sensitive YAC-1 virus-induced mouse T cell lymphoma cel)E

target AEZ AR ks 4Bl FEEY HFATA L EFAA] A == HFA<
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¥AME s9S Hrhsksith

- YAC-1 target Aol that vts 7o FEEI HFATA 2 SFAAY AHA
IAPE TES HUbea . 2 H7b= 96-well culture plateE ©]-838Fo] 1%9} 5% vls 478
o] FEE HIATA T EFAAZ YAC-1 target AlFEG x 10%ells)ol z+z H 73k 5,
ZF wellell 100 ul 2 739t Wl E71(5% CO,, 37°C)oll Al 12417 v F &, WST*S & o
(Cell counting kit-8; Dojindo Inc., Tokyo, Japan)< 2} wellel] 10 ul # = 7}5P 127 F
Multiskan EX Microplate Reader”](Thermo Fisher Scientific Inc.)& ©¢]&3le] S3%=(0D
450 nm)E SASAT FHAN AEAE T8 AP S tS 3 Zo] sttt 3F 9
2% 9 Aol Bed WA E(Effector cel)@t 3.3 " —dioctadecyloxacarbocyanine
DIOCgBNez2 IdAH YAC-1 target cellS 10:19] v &= 53 T ZF Al55 247 200 mL
A H7EsEAE. EFE A5 E Y7]1(6% CO,, 37°C)oll A 4413 vl % Propidium iodide(PI)
S 10 mLA H7ishar, 302 &9k oAl wigEtth Flow cytometryE o] 83ko] A A
DIOCig(3)d A H YAC-1 target A thH] PIE AAME YAC-1 target AFEo %E AAlslo]

JIJ
AEAE T8-S SATA.

(Wh) Aol EFFQ1 ZAL

ntE @e]l FEEY HFATA H EFAAC A AH fFd AgAEY

WA /| &4 o] EH5HL anti-rat sandwich ELISA kits(Abcam plc.,, Cambridge, MA,
USA) W Instruction’s guide°l| w2} =743} t}.

g9 v Fd AGAEA x 10%ells) £E Zd ol BIAEG x 10°%cells)E vhs
Aol FEE, EFAATA T SFAATE £2FE wiA e st E= &3 ujA ol
lipopolysaccharide(LPS; 100 mg/mL) X7l 2 HIFE)H7I oz yYo] HAujr)E 2o
gt 2 AR WY A ERE Frtetdn Ao Alset EFE AEEHS 96-well culture
plate W 2} wellell 300 mL 2 FF3FaL, vl %7]1(5% CO,, 37°C)oll A 24A13F &b vl A T}
HlgE Alg W &9 Tumor necrosis factor-alpha(TNFa) % Interferon-gamma(IFNy) 2]
&X%%5 Multiskan EX Microplate Reader”](Thermo Fisher Scientific Inc)E& ©]&3}
F4%(0D 450 nm)E F3 FA4stAth

L‘ﬂ

O

(v FAEAL 24 55 FIlA doj HAHEES mean + SEMso®2 % &3 TE JMP 5.0
software package(SAS Institute Inc., Cary, NC, USA)S &3, &+ 15 7+ ‘§< U 1% 7HY
E712 vlalE Student’s ttest®t Turkey HSD Kramer testZ o] &3}o] 5% FaolA oA
A8s AAstAH

(2) Ab&A 2 Wotddl W3 wo 49

(C, control), &AA| 01%/feed He|F(T1), F vls <ol FE2E HIAATA(T2)

AC)
-



0.2%/feed A= o] ARAstAh FAA
Co. Ltd., Kimpo, South Korea) ¥ wnls <70
2 FH S A AES FEE E 1gd3to] HO0+F 3 AlRE 111 H&

2 E3ste] EAF, wRE 54 239 s FPARAA YT 4 \“:‘r% & "o}
AL (o L1 Q1 Seoul, South Korea) W #H7Fsto] Fofstith AbR et &2 A1 2 =
e AlHeH, A3 A 71ks <t 12A7H07:00-19:00)2] 712 dsS AAS

b

(Amplcﬂhn trihydrate; Ampigold, Sung-Won
ZE0 5T A 9 iﬂxﬂxﬂh o wj

=
>
>
it
?
>
5

N

>
wE

Az

o
o
£

=

, 21 1 3 g% (Daily feed intake)® X AISFALE AlE &
&2 2/ E dF AEEFEES 99 SAIFoE Yo ALlss

(th =4 =4
AW FRQel 7 aFeld 1078 Qe AY F =AF 9 4 2459 T2
=439

159 2 Wolee B2
v s delzt AAE 2 Yolel
290, b B, 8

Aol A A& | wg o] FA 54 R 2] Hols SAE AT

i)
o

(2h) LPS AAX o] & 7 ) Aol EFIQI ®ig}
Al FRACIY)Y =5 4 74 Aed & 513}'“4“] QJ“SVé‘j—‘,‘(Wing vein)< &3l

LPS(1 mg/kg body weight)S Folaldt}t. spgdor

Vacutainer, BD Franklin, USA)o] % i 4°Col E?ﬂré} Atk olE BY ¥®H g NEES

AAaE2(1,800 x g, 30 min, 4°C)& %, @& A 15 mL tubed &7 9koh &4 4

TNFa % IFNyel & %i=anti-chicken sandwich ELISA Kkits(Abcam plc.,, Cambridge, MA,

USA)W Instruction’s guide®] @z} &3 %(0.D. 450 nm)E =4 3A

2dA Z ol & AT 1054 doHoz A & 3
lﬂ G mEEZ AFHY z2AEAY AFHE NEES HuAdEsE o)&se] 10'e®
Al e /]/“ 3lo] McConkey plate(E. coli; Difco 1262002)0 #&3to] AU nAYES AT
MacConkey 9] wjkz7A-LE 37°CE 3841 7F v & colonyE A3 t).

EIREETIREE S
AE FRACIDZIE 7U] 24 24 /e T Abezslel 2 Welele] dw 58
w4 149 F SASGAT. 4RSS Bl ERAAS gl me 2 wolee
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(Ah FAEAE 4 & FalA Dol ZAHEE mean + SEso®E iz AT JMP 5.0
software package(SAS Institute Inc., Cary, NC, USA)E &3, + 1+

EA4 ¥laE Student's Ftest?t Dunnett’'s testE o] &3l 5% oA Fodd HAAS
A A3

L A-A

(1) oks o] 2EE BFAFA

rlol

st Ao 3k In vitro A&

Ob) W e AAES] JEY

Ha Aol A %% WA mAaRe] d# G wolt mlrdile] FE(TD), B4
A(T2) 2 EFAATIE Aol o8 AdAEe] 224 S8 stk wg fe) Ao
Axel AEE Hrol AdolAE 5%k 10%9] vhzdel FHE(TDT 10%2) Hg4dAs
EFAAL PETG vlaste] ALY PES FAATE

£ oz veuth A, 1%
EFAAE hRTs vastel AT T4 EAshe &

Hol= ZAow YERT

L

Cell viability (2 h)

2 "
I - I
= 15 | .
g .
§ 1t . F
S 05| :
0

c 1 &5 10 1 &5 10 1 5 10 Final conc. (%; viv)
™ T2 T3

a9 3-21. vk ¢o] FEEY EFATA E olg TFA A wE HAAM e AEY
Values are expressed as the mean=SEMs (n=4). *vs. untreated cells (P < 0.05 by Dunnett’s test).

C(control), vehicle; T1, garlic kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic mixture

() v el AGAEe] Ato] EFEQL

s go] FEE(TDHI EFAATAN(T2) 2 SFAA(TIE Aol e v fd WY
M) cytokine production®] &% WS ZAFSFATH Y 3-22, 23). 2 Z¥, LPS H| A g
T ZF vlaLe] ojAl 1%9F 5%9 EFAT AL} 1%69] S3AA(TI) A= tx=7(C)<F
wate] v g A9MEZe] TNFa AAHS FXsh= o= yepeth E£3 o] A FES
LPSe] o3 frd WA Ee] TNFa 0 E JA A Eol= oz #EEA

IFNy AAke]l A} Aol glojA, 1%9 5% AT A(T2) 2 1%2] EFAA(T3)e] A
2= RO Hlaste] vjge] MA e IFNy A4S 338 Aoz yeygt. 53],
LPS A8 2 F%% IFNy production X+ 1%9 &3tAAle] HE&2 I T% FX7F 4y
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= A=z ey

TNFa
1000 - -
:En 800 | ¢ ‘ y ” U o LPS
2 - L B LS (100 pg/m)
= 600 -
=2
£ 400 |
s « 2
£ 200 | I
u L]
u > -_
1 5 1 5 1 5 Final cone. (%; wiv)
T1 T2 T3
09 322 vhs Aol 2B BEgATEA W o5 EaAAd we WelAEe] TNFa ¥

Values are expressed as the meantSEMs (n=4). #vs. vehicle (P < 0.05 by Dunnett’s test). ‘No LPS vs. LPS stimulation (P <

0.05 by student’s ¢ test. C(control), vehicle; T1, garlic kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic

mixture.

IFNy
300
| £ K . [] Mo LPS
200 + + 7 B LPS (100 pg/mi)
150 | :

concentration (pg/ml)

H}DJ

50 | - S

0 . R = .
C 1

5 5 Final conec. (%; wiv)
T T2 T3

-
on
—h

S99 323 vhE @l FEEW BHATA L o5 EFAAe e WAL FNy Wa
Values are expressed as the meantSEMs (n=4). *vs. vehicle (P < 0.05 by Dunnett’s test). "No LPS vs. LPS stimulation (P <
0.05 by student’s ¢ test. C(control), vehicle; T1, garlic kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic

mixture.

(th &3 7 A9AxE 29 H25

21 anti-rat CD8¥ CDI161 surface markers& ©|-&3to 3H<e] A% 2 di% lamina
propriazol Al g &H U WAAEES] £ AFE AT a¥ 3-24004 HE
Hho} 7ol A% Hubo| A EelE WM E(S-LPLs) fHo2RE CDS' cytotoxic THE<}
CD161 natural killerAl3E #H|53}e] CDR'CDI161 natural killer TH ¥<¢] flow cytometry=
3 A=HAT oY A FHl AEEAAAAE A I AAELEC] HEHA
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S-LPLs L-LPLs

CD161 (10/78)

CDEB (OX-8)

% 3-24. Flow cytometryE 3+ F &3 Ul A9Axe] £ A5

() Fd o Az yEY
nfsa7o] FEE(TD), BFAFA(T2) 2 EFAA(TIY Aol o3k WAAMFEe =
T8S Gl ti(ad 3-25). 2 A 27HS) E L) e AIAEDLPL) S AEE

B3 1%9k 5%9] shealol REEY EFAAE WAAE AEL BAAIE A

o o 1>

N
N
il

2 uEbs, sHARE 19%9F 5% Sl R 1% TFAA = WM Aol opF
Be Ao e

r

dae A4

Cell viahility (% of control)

Cell viability (" of control)

T2

99 3%, vhs Aol FEEI UPATA D o5 EAA G2 AAMEe] AEY
Values are expressed as the mean+SEMs (n=4). *vs. untreated cells (P < 0.05 by student's #test). 1% vs. 5%-treatment in
an each group (P < 0.05 by student’s ¢ test). Control(dashed line), vehicle; T1, garlic kernel extract; T2, probiotic; T3, garlic
kernel extract and probiotic mixture.
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() AR H FFAEE] AE 5

=

YAC-1 TIAEE eplo g A3 nfgddo] 55, BFdATA 2L E3A4 9 2H
ARl FTHAE AME TEHA) B FH AT e AFGAEEC dHE AlE AME S 5HEB)=
ZAFSEA T YAC-1 BHAAME gk A559 A4 AME 59 1%, 5% 10%9] vh=
d7go] FEE(TDHH BFAATA(T2) D EFAA(TI) M= 2 hel wHld 59 target Al E
of obfd YIS FA XF Aow AFEHAU o AFE vFor A% 2 i H A
EoH AEZLANS 71X, YAC-1 target AlEe] W3k nts Lo FEE3 B34 2
SEAAY FHAJD AME AME S THs A AR SHFAE v Y EFAA
= &E Ao mwjf ZAolA S-LPLs 2 L-LPLs9 A AlE 5388 SAA7E Joe=w
btk =3 1%9] nls @740 FEE3 5% SFATAANE F el "AAE] AE
A TS oA oR FXATIE ARE Btk wdkA, o] AFS F3 vie &l F
e SEATA 2 EFAAE 2 2 dF Auel EAdt= WAAE W cytotoxic
granules®| exocytosisE AL = = EHE AlEE T

A B.
Direct Indirect
35 Tl T2
2.0 100 10
E 25 d w -E 80
g zo0 z 4
== =
= 48 w0 :" 60
g 10 5 0 : 40 '
05 . ; - ; *
0B = = ] i o___O,A
T T2 T3 = V‘A -
0 0
1] 1 5 (%) 1] 1 5 (%)
13
00
'-’; 8 -~ SLPLy
E 50 -0 L1PLs
- -
: v .
0
0 1 5 (%)
29 326 s QAo FEEI BFATEA 2 o5 EFAA W WMzl AEAE
59 9.

Values are expressed as the mean + SEMs (n = 4). *vs. vehicle (P < 0.05 by Dunnett’s test). “S— vs. L-LPLs in an each
group (P < 0.05 by Student’s t-test). T1, garlic kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic mixture.

(v} WAL AP EFFYL
HE el FEEIDH HTATATY % EPANTHA AT G2 B ok Fo
WAL cytokined] % WaE AR 2Ab AT, GETC)sh Mol 1% vk
} ke

3}

[‘

dgol FE= WHXJH EFAA(TI) ATl 2% & WAAMES-LPL) IFNy
S FR3eE Jo® dE

9 AP LT 20w g @ FS W TNFa v%=S ELISA kits °]838te] 54
shelch. 1 Axh, 1%9] vhsdo]l FEE 3 H3AAEAS] EFAAN(TI) R 5% 5 A
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(T2)% vh=<7go
TNFa Aits &
I A E(T2) =

O.D. (450 nm)

0.1, (450 nm)

C T

9 3-27. vte

1%

T2

T3

o} 74 o] ZZ‘:'J,]. Eshxg—’ﬁh;q]

EAANTI) AEE 2 d9 Fod HgA LY
ol&e] N A fdf HIAAEE 1% E 5%9
171 A3E Rt

0.1, (450 nm)

Q.D. (450 nm)

vl
=

ol

007

5%

e
13

C Tz

SgA A wE

T3

=
=

HAAMEE] FNy ¥3}

Values are expressed as the meantSEMs (n=4). *vs. vehicle (P < 0.05 by Dunnett’s test). C(control), vehicle; T1, garlic

kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic mixture.

S-LPLs

1%
014 ¢

[+ FI S

o1 f
0.08
0.08
0.04 ¢
o2 t

O.D. (450 nm)

0

L-LPLs
1%

(=1 [=] o

o 2 oL 2 o

R O
T

LD, (450 nm)

L=]

C T2

vhe 2ol FEEI 2

T1

a9 3-28.
s}

*
T1 T2 T3

O.D, (450 nm)

O.D. (450 nm)

5%

01 r
0.08
0.08 =
004 b

002

*
2 *

I l
T2 T3

018 %o

0.168
0.14
012

0.1
0.08
0.06
0.04
0.02

L olE EgAAld wE WA E2] TNFa

Values are expressed as the mean+SEMs (n=4). #vs. vehicle (P < 0.05 by Dunnett’s test). C(control), vehicle; T1, garlic

kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic mixture.

(AH) LPS Ao wE A E2] Alo]E T}l WM}
o] AW A f# WIANEEL N Lipopolysaccharide (LPS; 100 mg/mL) A= # %9
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TR vEddo FEE(TD, S TA(T2) 2 SFAA(TI A5 wiEde g
AAEHE ZASFATHE-29). 1% HEFAAA(T2) @5 AHge vzadd vuste] 24
gl AGAMEe TNFa Aikel]l AAEZAE B3 O}Eﬁ 5%°] wtsdo] FE=3 HFAAT
Ao EFAATI) Al Wg FH HIAEZS TNFa AibelA tfz=a(C)ell vlste] F4
o7 AAEHNE Holx AOo=R ‘JrE]rLLE]r wEl A cytokines ¥-H] ZE 7|5 S Hol= T34
AE Ab&A 2 oty oAl Ats ol H7bste] 3AA A 258 AS8HA

S-LPLs L-LPLs
o o,
0.14 ¢ 1% ] 03 1%
012 0.25
= 01} a
B = 0z
Z o008} E
[ = 015
T o006 9
o = 01
5 0% :
0oz b ~ 005
Q o
C T1 T2 13
5% 5%
0,14 0.18
012 k 0 0.14
E = 0.12
E ot £
= £ 01
w, 008 F o *
T s % o008
g . & 0.08
a =
SR o ¢ oo4
0.02 0.02
Q o
C T2 T3 C T2 T3

a9 3-29. PR wE Gy fFH WIAEZS TNFa &8 nvts &7 F5E59 534
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Values are expressed as the mean * SEMs (n = 4). *vs. vehicle (P < 0.05 by Dunnett’s test). C(control), vehicle; T1, garlic
kernel extract; T2, probiotic; T3, garlic kernel extract and probiotic mixture.

(3) AbstAl 2 Wotdel et Hol 49

MAA T e T7HA SA S FFAAAH(C)= 41.60 g, FAA A2 +(T1)+ 61.00 g,
0.2% SFAANT2) A= 45.00 go= F-FAA e} Hluste] 2% Apoli= Holx ¢Fgho
U stAA et v aste] foHow e £Xxo AW ARE HJY AW STu|EFAE
8140744 8] 029 EFAA A2 Ul FAGE e F AR AelPsh wmste] §o% 3

o} o

o] & Ho|x ¢rdrt. olefdt AIFS 15-21Y AP FFAAT L FAA T FAHF
gk A3 §43 ahstes d3E Btk B3 AlE VAL ERYH F5d7tA e dd &
AdFs v & A3 Al Aol A fFo]F AolE HolA skt AF e Aol oA
AE ALY REEH 14A7kA] = =gl ZJo]lE Holx o} 8-149 717 Fore]l 0.2%
SHAA AT W AR AHZFS FRAAAS A Ao vaste] feojAow FHAast
= A5 B w3 SdAA M Tre] dd AAZFE FRAATE Bluste] A A g
T TA Y AdNE BAT FAFS ARHALFS ol&ste] AL

o
AE R 253H1-149) 9] AlA7IZE Fek 02%°] EFAAL] Al Ho = 4b
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A 2 "Wolglo o] =L AIREEES Holu AU AR F&° A= FIFAAA AE TS
of w3t A3 FHE el on, dAA AT aAY vty Uy or e A&
Hol= Ao R e
i 3-38 Y4 @ A E G AEHAF D AR TE
Treatment”
Days C T1 T2
0 1355.50+4.835 1323.50+9.172 1344.00+14.199
, 7 1397.10+7.683 1384.50+7.558 1389.00+14.089
Body Weight (kg)
14 1524.50+3.657 1510.50+8.566 1524.50+12.535
21 1588.50+3.588 1579.50+9.334 1524.50+12.535
1-7 41.60+5.562 61.00+3.538" 45.00+3.062"
Weight Gain 8-14 127.40+4.797 126.00+3.921 135.50+3.298
(kg/head) 15-21 64.00£2.318" 69.00+4.077° 48.00+5.087"
1-21 233.00+3.742% 256.00+7.483% 298.50+7.441°
Daily Weight Gain 1-21 11.10+0.178 12.19+0.356° 10.88+0.354°
1-7 614.00+8.239 605.50+7.391 630.00+6.982
Feed Intake 8-14 668.00+3.571° 639.50+13.449° 601.50+7.272"
(kg/head) 15-21 696.00+7.689" 656.50+5.099" 675.50+7.558%"
1-21 1978.00+11.86%9 1901.50+23.380" 1907.00+17.165"
Daily Feed Intake 1-21 94.19+0.565 90.55+1.113" 90.81+0.817"
Gain/Feed 1-7 0.067+0.0082" 0.101+0.0060? 0.071+0.0048°
(Feed Efficiency) 8-14 0.191+0.0064" 0.197+0.0029" 0.225+0.0059°
15-21 0.092+0.0033 0.105+0.0059° 0.071+0.0070"
Daily Gain/Feed 1-21 0.118+0.0020° 0.135+0.0031° 0.120+0.0033"

Values are expressed as the meanszSE (n=5). * P < 0.05 by Turkey HSD Kramer test.
DC(control), non-antibiotic; T1, antibiotic (0.1%/feed); T2, garlic kernel extract and probiotic mixture (0.2%/feed).
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X 3-39. 2behA 2 el 7+ Red =A %7
Items Treatment"
C T1 T2

A4S (g) 993.25+20.186 1008.95+17.894 976.65+24.684
=(g) 100.70+2.978 103.10+1.770 96.85+3.442
I (g) 130.45 +3.611 133.15+2.952 127.30+2.136
7t (g) 241.65+6.266 246.80+6.565 230.25%13.898
F 57 (g) 87.80+2.993 91.55£4.879 87.90+3.500
25(g) 114.75+3.774 112.30+3.871 117.55+3.141
o= (g) 317.90+7.249 322.05+6.445 316.80£7.065
H] % (g) 3.98+0.255 4.61+0.275 4.59+0.323
1Hg) 42.38+1.485 42.09+1.444 40.56%1.133
2% (em) 120.05+2.592 117.82+4.531 119.79+2.827

Values are presented as means+SE (n=5).
DC(control), non-antibiotic; T1, antibiotic (0.19%/feed); T2, garlic kernel extract and probiotic mixture (0.2%/feed).
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o7 e AFE Fd HHEHJHChen, 2009; Francoeur, 2004; Stallmach, 1999). In vitro
FAT AFHNAME o] FEES Xt HEFATAG EFAA= v Hutol A
2l WAANEES 8] cytokines? Y] X 2 JAGgHE B AN in vivo AT
oA o] EFANA = AFRA Z Wolgld dF Wl cytokines® #H] FX 3 LPS Fof =1
o A cytokines® A &% FEgFS FA| &
FAA Ao Fole AbeA 2 Wotgld o] Mo m W A FAo 7]oste] A
WA 23 ol slow dAdHn
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o>'
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Values are expressed as the mean+SE (n=5). *’vs control (P < 0.05, by Tukey HSD Kramer). *No LPS vs LPS in an each
group (P < 0.05, by student’s #test). C(control), non-antibiotic; T1, antibiotic (0.1%/feed); T2, garlic kernel extract and
probiotic mixture (0.2%/feed).
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a9 3-31. B Wl £ colidl W
Values are expressed as the mean+SEs (n=5).C(control), non-antibiotic; T1, antibiotic (0.1%/feed); T2, garlic kernel extract
and probiotic mixture (0.2%/feed).
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cytokines®] #H] 2 2 A5y 7|5E Bt Jd= A= e 3 in wivo AT
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Daily Total

182

—&—Control 180
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25 s
127 124

20
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o 1 2. 3 4 5 6 7 8 9% 10 11 12 13 14
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O9 332 9F 9 ANF 2 F 97 A4S

C(control), non-antibiotic; T1, antibiotic (0.1%/feed); T2, garlic kernel extract and probiotic mixture (0.2%/feed)
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(2) A&7 =234 Avjy A
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74 & 7ts vAE 2 (Understanding of gut microbial diversity using phylogenetic

custom microarray)
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(3) A&7F =3 Aley 7
AAL v =k University of California, Davis, Post Dr. #12ul] vFAL A0 ZFAI O -7 A 4]
£ o] &3 AY nAE 2 AFA A EA

AAL 2013 79 27 (B), Far Aedista w3 Agdeto st

ek 7]
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(US 8,043,613) ¢ 171
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e g @ H o] A 28 A EAIE A (DAl 1 2011 99 27, Ak el ol ot

nh Ak sk 24 st
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2. 47%8 ¥ d74% €847

TR 1A (o] )| AE3} AN E WG A % AEZTH 71 e

. ny 3 8 18
oA 2 24 20 15

7} xﬂlfﬂ,‘ﬁ

(1) 71=A A (o] A)
Al 6& A ZAL oA D FE A, oo AZXWH 9 o]5 o] &3t 7lF E|F2 on =

A 7E ZAE. 20133 @oll vy A (o]Amto]l o 1) |wold (MAF7IER ¢ 30009,
&l o #HA oF 139¢)
(2) A+3}

(7h) A 2874 Ha] “HEH o AA” - o 2dniy A
(W) FZAA 1874 A" dEZE AF "HH Ad A" - o xddviyA
(th) mpe] 9 =C A AFE AZx (T 3F)

@ formulation 1 : wild type 2bat/mpa e ~/g 5

@ formulation 2 : genome-shuffled Abst/vpa e ~/E W

Y
o

oy B U

@ formulation 3 : genome-shuffled 2t/ & ~/& 5 /E. coli nissle
(2h) Ble] @3 =BC AAFE Alx (F 2F)

@ formulation 1 : wild type 2Fd/mpA e ~/8 5

@ formulation 2 : genome-shuffled f-2Ft/Hpa 8] ~/E 5

v A28 A
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@ WE o= C: Fol g Bud A}
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® LactoBoss: =8 2 A

(7hH HAE v APE F Securitor E SNU2 E3 nAYE AA. 20139 @FE50|dA =
71wl (AF7]&w : 1,365%H)
(2) &3}
(70 237 AAZHIA] “vlo] L A FHPlus” - (F)FEE o|SIARE

(W) dAE SFATA AAE Az (F 3F)

@ formulation 1 : Securitor+SNU 2 (f-Abdt/vpa 8] ~/aw) E3F v A& A A
@ formulation 2 : Securitor+SNU 1 (F4Ft23) 23 v E A A

@ formulation 3 : "l FEN+SNU 2 (FAbr/mbd e 2~/a5) 53 v AE Al A

3. =&2AA A

A
A A e 2} s 7] 1 Vol. %quq SCI
Ax AR | AR T= A 2} (No.) | Tt | F-&
Characterization of
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. . L. e N . o o= |J. Gen. Appl.
2010 | derived from bovine mastitis | £X] 4= HEA | AFd, £4F, Microbiol 56(4) | =] | SCI
and isolation of two lytic AR '
bacteriophages
Mi lation of i Zotul = Microbiol
2010 icroencapsulation of live o} 2] E PP a23), 244 J. Microbiol. 20010)| =u | sci
probiotic bacteria o) &t Biotechnol.
Comparison of the ..
. . . Antimicrob.
antibacterial properties of N _ AR, E=X] 5,
]l ZIArE -
2011 phage endolysins SAL-1 and| AR g4z 287 Agents 55(4) | =+¢] | SCI
chemother.
LysK
Recycling of Fermented
Sawdust-based Oyster P
2011 | Mushroom Spent Substrate e 2SS A g ol 737 Astan-Aust. | 94.4) | =) | SCIE
o] &t J. Anim. Sci.
as a Feed Supplement for ©
Postweaning Calves
Effect of Feeding Direct-fed
Microbial as an Alternative P
2011 | to Antibiotics for the g | AEA| ek g | ARRAEE | 246) | S | SCIE
Prophylaxis of Calf Diarrhea
in Holstein Calves
AW,
5L 1715 1034
EZ SA oA 53 ] ‘ifd?ﬂ, | o}:oy S nael
2011 Al % WSEAAS | el | olE | wes, Ay, | T T 536)| Sl | SCIE
A fA E} A%, WA, B
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2011 | Alginate Microcapsules for | ©]&% AZ;] +43], fgen), Nanotech 11(8)| =¢] | SCI
= i _ anotech.
Oral Delivery of olg] & A3, AL
Lactobacillus Salivarius 29
Effect of Microencapsulation
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29 into Alginate / Chitosan Z2F5, | A&, A8, '
v 1 9]
2012 / Alginate Microcapsules on EHE A Sl Bty Mlcroelncaps 2905)) =<l | scl
ul.
Viability and Cytokine
Induction
Bacillus strains as feed R
ev.
dditives: /n vit o] 2| 7,
2012 addives. fn witro AT e A4 |Colomb.Cienc|25(4)| =9 | SCIE
evaluation of its potential gkol g P
.Pecu
probiotic properties
Effect of Microencapsulation
of Lactobacillus plantarum
0013 25 into Alginate / Chitosan . ZF5, | A4, 77371, | J. Nanosci. @] =9 | sal
/ Alginate Microcapsules on ° =97 n) o] A Nanotech.
Viability and Cytokine
Induction
A low-cost Lactobacillus
salivarius L29 growth
medium containing molasses
A o] 71H Afr. J. 12
2013 and corn steep liquor o] 7] 297 3371 Biotechol. | (16) =+9] | SCI
=iy 1otechol.
allows the attainment of
high levels of cell mass and
lactic acid produciton
3l 7]51_’ %)ﬂ f,
Antibacterial properties of a §m5 A s;]; Int. J.
2013 | pre-formulated recombinant| A5 AR ;2; :-r;rﬂ, Antimicrob. [41(2)| =¢] | SCI
. T35, &AL,
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Method for
prevention and

deygzasits 9

treatment of | iINtRON o (FRNE
. . . == a7 =
92011 infection of Biotechn PCT PCT/KR20 2010| =Zolq ApEo En}o] gskal 10-09887
Salmonella ology, 11/004066 — . QH A 71
: Zh= 23t 2
Choleraesuis or Inc. o}l = =24
Salmonella e
Dublin
Method for NtRON
1 ==
prevention and Biotech us ?:ﬂﬂoﬁh iﬂfi (;)?“]E“ 10-10169
otechn He 9 g2 | Evfo B} -
2011| treatment of ology. w= | 13/176,45(2011 2o e @A | oda =1eiasll 18
Salmonella Ine. 8 ol 2 w2z
infection
Method for Podoviridae
prevention and | iNtRON bacteriophage iNtRON
9011 treatment of Biotechn PCT PCT/KR20 9011 having killing Biotech e US patent
Salmonella ology, 11/006728 activity specific to|nology, 8,043,613
Typhimurium Inc Staphylococcus Inc.
infection aureus
Bacteriophage .
. o iNtRON
Ardet gIFEF| JEEH having killing )
o ) _ 10-2011- o o Biotech US patent
2011 #ZES WA 2 | oleH A (s 2011 | activity specific to w) =+
o 0091699 nology, 8,071,352
A= s W 27 Staphylococcus :
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Ao FTA X~ ) uhe 2] Q A &
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2012| oje) Az m | " g 10720127 ) AEg 248 0 | Vel gtz | 10710210
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SR EAsH whE ol
A5d 28 AL AAYH
Atk
e Enpal el 2
ZgeE, ol9 | MLy Novel lysin protein|iNtRON
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2012 °O]‘;; e 2011|  antibacterial ] g%G%a;e;g
° = —oEa 0045662 activity specific to nology, ’ ’
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dul £+ 28§
248
2 S MB ;
Erpde s Aediet Antimicrobial iNtRON
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the treatment of
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removing bacteria
present in ballast
water
Bacteriophage or
lytic protein )
derived from the iNtRON
9013 pacteriophage Biotech e US patent
which effective for|nology, 8,377,431
treatment of Inc.
Staphylococcus
aureus biofilm
Antimicrobial
protein derived |iNtRON
from Podoviridae -
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2013| bacteriophage | w)=r 28371)7a;e6r16t
specific to nology, ’ ’
Staphylococcus Inc.
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7191 “gre o] A3 A" dEZE AEQ “SE ] Ad AA"” gl
o A2E 4
() < E%H}Olgﬂlﬂ%—;—iﬂﬂw ALY EE B AL L owg By AR A
(e o] = t%ﬁl%— 2 EAL By A Z A7 A (HE F o] 2S), GEL By AL E H A
(A F o] =T), FotAlg £LF ARHTHA(AH A o] =0), =& 9 FAE s21x9 &5
7<q71f;<ﬂ(LactoBoss) Ak

- 207 -



7. 89 EE&/¥E 4

b EA A A4

71 A9 g (e, A5 3 SEL
TH | E9

o | A | A stab | e | FEA | dd | ey
1}

6 3 2 1 6 4 2
i
2%
' 7 6 1 3 4 3
aE
3%
' 7 2 4 1 4 5 2
ux
A 20 5 12 0 3 13 13 0 7

- 208 -




-

H o6& AMTuEoM R sielatstr|s 8

A1E AFNE FAHANA 1S AP rj=aH R
1. 47, vl A &R E coli 5 ATA B4 dHstre AR

AR o] &5 = Akt FDACIA x7g g ehdelttar o AA = +F20 GRAS(generally
recognized as safe)= & A At} o] 59 AT AT F=2 YA AMto] Ak A
glof] Fztst= S Walste] epithelial cell] Lt
Aol ofs] AdE FAEES HAAd A=Y Fu
E37F vk Schiffrin 5ol WEW FAbS HAAEZE
715°] Ao i A=A American Journal of Physiology Gastrointestinal and
Liver physiology ° ®3 ¥ =&l 93l Mennigen 52 S| AE AHAE AHoz
gdo]l F2¢E mouseo Al F3 S ul epithelial celld] T+ZE FA8t AXEIF EHolsS
ZA3}= tight junction protein®] R 3 ¥ +&= 3395 }740} AthaL ﬂ?ﬁ‘jr e = L L R
AbEE AAE ERuAAE AdAs FESE IAT Feld S 2T E hostd] AZpEVE
33}e] epithelial cell barrier’} €45+ A& 9 E} “5}04 A A
S WEA AAFGoRA AW gy A4S F

rr

fz

Mblotlcs v
.;J’ f e
&

2% mouseo] F¢ A] Tight junction®] ¥.3s J ¥}
Z ] Mennigen et al,. 2009

Bacteroidetes ¢} Firmicutes 9|2} IFE59 H&2 FUldA %2 5 9
S = Jduh AFRE AFA RN Bacillus subtilis 2] 35 ZAMEH7] 915Fe] AL Al
A AREE, ANEA, d5A A, oA Bacteroidetes ¢ Firmicutes®] ¥¥ 2 mRNA<| =t
ol tiste] AFsFAet 2¥F5E 2= Duroc x Meishan D FE 02 8Fw el #%](10.28 +
0.59 kg) 24vte] AFESERA AL, v AdE F UMAE ST s VIV e R B osubtilis 8
A= g 25 wostA ¥tz IAFoE Yo AvA wos Addds
A 3} *}Eﬁ?g«] AEe S7HE FEetdth AdATE wodd A SAW FAY Htol

=71} A9 leaf lard weights©= #4389t X E2nlo] 820 HAH= %5 A AW X
T T8 AAaSAN T FU2dE Y @4 A S WAHSHA &kt AWAl &



A &4 (FAS)SF ZhollA ofAd - CoA9 carboxylase a (ACCa)9] mRNA w&l o At A 9
T2 &g 2EHAY dE APz FAS 9 ACCa 9 A @& F7hs A
AiA Fo] Aehe B AR Fo] A Bacteriodete 59 EA Fu 1 B S-S THAATIHA,
Firmicutes®] B]&2 F7FetAl st 2 AW B, subtilis’7t &l Al Bacteroidetes <}
Firmicutes® Hl&5 X4 to=X =x9 A4 5 % AWdAtd 9IS vl 28
Ytk (&3 Cui et al, 2013)
AgAe]l A% 9 7hy HRAGolA MBS Fofet &3t 71 ol A pHSF A3 24
g wFalE =] 98 ZWske vdFd sl dis) el 71 A Hol $kvh 53] dAdlo
o A RA ZPEA AstE7] wiEel GRASY @f”oﬂ
nx] 2] ko HAdE vtk Kim 59 A7 WEW L. acidophilusE A UolE
= W A3 A BEES ol FUzHEC 93 Bl E&ES HETL ”5‘}91
A A 7E 27 A A (HT-2Del F&sk= a8l A9 Aols Heolx = dd4
Al d3Fo] gl e T8t (Kim et al, 2008) 7] EARS
HlolES} 37 71 disAdd I8 =4 T stu=E, 9 840 AeAE BRegt
A gt Cook Sol mzw dAUolEzyt I”sE AR 7|Edez 3 4 ¢ =
Az Fdd He a3& yepdra st (Cook et al, 2013).
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%] 1 Cook et al., 2013

2. elgontA] #d e #grIeHR

7}, "= FDA GRASH e 2 254 F A

n] =+ FDA(United States Food and Drug Administration): t¢] Al Sl A vhg g 9 3}
A& Generally Recognised As Safe(GRAS)i AAsta Stk o= wheH P o ux 9] kA S
ol F= gl Atdet & & vk v FDAY A%, dhelgl e ubx] ## tha=¢] GRAS
No.7} &A% o] 9o, d2A XZNA L. monocytogene TS controldl”] 938k Hhe g 2
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9}2], meat productollA AEdETS AAS] At A SE2 AFESe v ] Q314
2oAdk 2E M E coli O157:H7 & AAS7] $13 HEx oz Algste= | 2] 2. 24#] 7k
o] o
2=

Department of Health & Human Services

AtoZindex | Foliow FOA | FDA Vaice Blog

Most Popular Searches

U.S. Food and Drug Administration

Protecting and Promoting Your Health

SEARCH

FoA

Home | Food | Drugs | Medical Devices | Vaccines, Blood & Biologics | Animal & Veierinary

Cosmetics | Radiation-Emitting Producis § Tobacco Products

GRAS Notice Inventory

© FDAHome © GRAS Notice Inventory @ GRAS Nofice Inventory @ GRAS Detail

O

GRN No. 198

EBI Food Safety B.V.
Johan v. Oldenbarneveltiaan 9, 2582 HE Den Haag, The NETHERLANDS

Return 1o Listing

Substance: Bacteriophage 100 preparation from Listeria innocua

Intended Use: Antimicrabial to control Listeria monooytogenes in brie, cheddar, Swiss, and other cheeses that are narmally
aged and ripened

Basis: Scientific procedures

Date of filing: 20-APR-06

Date of closure (select to view letter): 17-0CT-06

GRAS Notice (disclosable information): GRN 198

Page LastUpdated: 01/31/2013

Mote: ff you need help accessing information in different file formats, see Instructions for Downloading Viewers and Players,

EDA e e e e e e g

4. m= sy
jusl —5} u] —E[_'Ll-:.

dH gl 292 &4
Y- (USDA, United States Department of Agriculture) AFa}e] 2] 3ot H Al
Z3 vrdH g 37} "Safe and

(Food Safety and Inspection Service, FSIS)<

suitable ingredients used in the production of meat, poultry, and egg products’
ATHUSDA®] FSIS directive, 7120.1 Revision 13).
Fgsrieke

vl =

AFel uhele) @5k &
Aot @ %+ Ak

AELR +ond St wmd inepmchon arvece & !W&, |

A7 §lES

SERE

’o] o

e AT

ol Abgrel A4 HASH: FAE
]_

WE At GATE HolFE

Table 2° Table of Safe and Sustable Ingredients
Vs LTt & Trwn | Pt Rwis | Camows  Fovme | o | Comsst U D0 5 L Al AMOUNT I REFERENCE [LABELING
= REQUIREMENTS
Antimicrobials
Bactenophage On the hides of bve a5 & spray Acceplabiliy Mone under the
e & g preparabon ammals mn the mist or wash determination accepled
[ P {Salmonela targeted) | holding pens pnor 1o conditions of use
L3 Banprapines slaughter n
Srmsiiatad mpaniim m
_____ B Bal:hencm}lage O the hudes of five Applied as a spray, Acceptability “Hone under the
gy sy preg:ll'a‘hon ammals (cattle) in the | nust, rinse or wash detarmunation accepted
PO THT ngaladJ holding pens prnorie | to the ledes of ive conditions of use
slaughter and hide animals (cattle) [
Ty Cannstad removal wathin lairage,
e e it restranng areas,
[ = R SR, stunning areas. and
] other stahions
T e immedhalely prior to
hide removal
Bactenophage On the feathers of Applied as a spray Acceplabuity Mone under the
preparabon frve poultry prors to st ar wash determination accepled
| Salmonelis targeted) | slaughter oonditk:ﬁ? of use
Bactenophage Wanous RTE meat .n‘.pphud a spray 21 CFR Lested by common
preparation (a and poultry products a level nol 1o 172785 of usual name (ie.,

OIQ of %%’i’ﬂl ok (European Food Safety Authority, EFSA), 7iutl H7A 5 (Health
Canada) ¥ & Ww2H= 2EF 7|53 (Food Standards Australia New Zealand, FSANZ)©e] 4}
H 2l 22 9] bAdE Q1] FAab=9 “processing aid”=A WrElE 9k A 7 A 9Es S

> mlo

Qe v

ATHEFS
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FSANZ Approval Report - Application A1045).

g AE #d AF 37t A

n=¢] Intralytixit ¢ ListShield™3 2006 8¥ USFDA$ USDARY-E A EH7FA| 2 A
Abgo]l Fol® wk glew (21 CFR §172.785.), olo uwel A AWA To FH4 AF
(Ready-to—eat) 2%l H7t=ar gl

They look the same, They smell the same. They taste the same

g S @ taste or appearance. All natural, safe, and effective
No one will be able to tell the difference.

w s B to roods
™ .
\ ) may hel p signincantly reduce or eliminate Lm with no IIT\PL{CE on
N D
-
|

when the untreated salmon triggers recalls or disease.
p eliminate or significantly reduce Listeria monocytogenes from

seafood with no impact on taste or appearance.

@) intralytix

Ointralytix

w3k ListShield™* USEPA(U.S. Environmental Protection Agency)®%-E] 213
2 Adu] FHole] HEw Folnte ul THEPA registration #74234-1).

%9, ListShield™= 01%9] 54 % $leS 9vshes fola 4 F4 A5 (KOSHER)S 2%
om, o]&FSA L FFFI(HALAL, IFANCA)9F F71AAI4 A 31 (OMRI-listed) Q15 %
WS wh Qlnh o] HHH TR E A F okl AFEAE b S BHo F& Aot

o

2|
e
>
10

A EH: LISTEX™

X‘ﬂ%ﬁ‘%“

O UEsE= 719 <] Micreosiilb ol Al A

Q@ 2% =& AF7FE Al Listeria monocytogen 28 A5 91g AF

Q@ "=, Auth, 59, 292004 F537F
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A|&9: EcoShield™

AFAL:

O "= Intralytixitoll Al =A|

@ 2F =5 AEF7NE Al E cdi O157:H7 2395 HPx]s}y] o3l A=

Q@ & AF AFE A O AFANA E cdi OI57:H7 LAEE 95-100% A

_/r_
@ B AFL wFA BE ol AW Fo| Qom, HE} HHHow
A3 A4S FDA A0 ZAF3A S BhslE FCN(Food
o

Contact Notification)= —rffﬂ 6‘]-04 ?_}@/‘é = A

U S Food and Drug Administration

nd Promoting Your Health

Inventory of Effective Food Contact Substance (FCS) _—
Notifications

FCN No. 1018

A Accesstay | Comact0n | Corcers | fOAoses | O | Mofesrhct | Stoep | Ynspereney | evsdeposors

EcoShield™ (formerly ECP-100) is a unique and proprietary blend of
three individual phages FEcoShield™ is FDA-cleared as "Food Contact
Notification" or FCN, for use on red meat parts and trim intended to
be ground (FCN No. 1018)

® I 9 tFe A5 (Star K-certified kosher, IFANCA-certified halal)< &

5% o e

A Z9: SalmoFresh™

A=A
® "= Intralytixﬁ:oﬂ A=A
2% =5 A F7FE Al Salmonella spp. 2ES WAEH7] 918 AlF

@ & AFLS vFoA SIS ol AR Foll A=

SalmoFresh™, which is FDA-approved as GRAS (Generally Recognized
As Safe), is specifically designed for treating foods that are at high risk
for Salmonella contamination

@ 1 ¢ 9t AS(Star K-certified kosher, IFANCA-certified halal)< <
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ol FaHE ok Ao wHFeHA BE o

SAE S7be okl A= wE g et Bd it 2250 dsHA 285

Food/meat production processing

USDA
-

- Prevention of the 10608

outgrowth of Listeria = The graph demonstrates
strains on food during ::E:‘ recent results of successful
processing (cheese z i eradication of
production; cooked, é w0603 Listeriain a cheese
fresh and Ready-to- i bea production environment
(h)eat meat products) | = '™ e et
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Applications for veterinary

§ Bacteriophages have been reported to be a safe and effective
OMN ! .LXT!€§ BacWash™ : Utilized to preventive/treatment modality against numerous bacterial
redace thelevel infections of animals. Some examples would include:
of Salmonella Salmonellainfectionsin poultry
Contamination Escherichia coli infections in mice, poultry, calves. piglets, and lambs

. Clostridium difficile infections in hamsters

on the hides of Acinetobacter baumanii infections in mice
livestock Pseudomonas aeruginosa infections in mice
Staphylococcus aureus infections in mice and cows

USDA

effective against Saimonella (SPLX-1™ and PLSV-1™1) and Clostridium perfringens (INT-
401™1) in poultry.
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Applications in agriculture
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[Customer success stories]
Jan. 2006 Patrick Mobley
Mobley Greenhouses, Moultrie, GA
AgriPhage™ : Prevents and controls

harmful bacteria on “We tried AgriPhage ina few of our houses, and
plants felt like we finally had a good alternative to
copper that was safe and effective.......... Many

of our customers in the area, including our own
field operation, have begun using AgriPhage in
the fields, and have seen
positive results controlling bacteria in the fields.”

USDA
e

N
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v =2 1 749 (National Institute of Health, NIH)ol| A A&l vhe 2] Q9] 7} A &% 9
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ClinicalTrials.gov search
A service of the U.S. National institutes of Health Acvanced Search  Help | Studies by Topic  Glossary
Find Studies About Clinical Studies Submit Studies Resources About This Site
Home > Find Studies > Seanch Results TextSie ¥
Rank Status Study
2 Unknown T Experimental Phage Therapy of Bacterial Infections

Condition: Bacterial Infections
Intervention: Other Bacleriophage preparation

3 Completed A Prospective. Randomized, Double-Blind Controlled Study of WPP-201 for the Safety and Efficacy of
Treatment of Venous Leg Ulcers
Condition: Venous Leg Ulcers

4 Recruiting Antibacterial Treatment Against Diarrhea in Oral Rehydration Solution
Condition: Diarrhea
Interventions: Other T4 phage cocktail test, Other Commercial T4 phage cocktail
Otner: standard oral rehydration solution (ORS)

"= FDAS] 9849 <)l AHdl & tii A= U< (Nestle)rt 7k A A sfaL
el ArFold dAS AsA L] ASAE AHEE AAE = Ao vsdits

3
72 ETEC ¥ EPEC=Z ¢l3] AAIS 21 9= dFols6-24 MY)S oz
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ClinicalTrials.gov R [Search |
Aservice of the LS. National Institutes of Healtn Ath Sear Help | Swudies by Topic | Glassarn
Advanced Search | Help  Studies by Topic | Glassary
Find Studies  About Clinical Studies Submit Studies Resources  About This Site
Ho 5 > Search Results > Study Record Deta Tesie >
Trial record for  bacteriophage
< Previous Stuoy | Retumtolist | et Study »
« HolANEH2 0| FDA =01 5}0f| ETEC 4l BPECE 013
Antibacterial Treatment Against Diarrhea in Oral Rehydration Solution e J l'=“— I N F}'I == PR

dliathea children 6-24 month) S CHACE AT QI
This study is currently recrulting participants. ClinicalTrials.gov Identfier: «EQIZ}E ! = 03] 0
NCT00937274 U 7t E cafbacteriophage (10° piim) S 021 OF0|offA|

: o TS0 £ sty U efixtS T3 QAR
st receved July 8 2000
Sponsor:
t e 221, 2012 - -
i Las e 4 2. Sparsor: Nestie
Information provided by (Responsible Party): History of Changes m Dater October 2014
Hestié

Descriptive Information

Brief Title '“E Antibacienal Treatment Against Diarrhea in Orat Rehydration Solution

Official Title ©*E Randomized Double Biind Placebo-controlled Studies @ol an Orally-fed Escherichia Cﬁ@me Management of ETEC and EPEC

Induced Diarrhea in Children

Brief Summary This study hopes to demonstrate the potentiais of 3 new farm of therapy for childhood diarrhea a major cause of morbidity and deaths in Bangladesh and other

developing counines. and thus a prionty for improving child health
Intervention '“E

« Other T4 phag sallfest

4 phages 106 PFU/ mi up to 5 days.
« Tiner Commertial 11 phage cockiail
Traatment as recommended by the manutacturer (Micregen phages)
« Other standard oral rehydration solution (ORS)
Eligibility Criteria '"“M/& Inclusion Crteria

3ex male
Age & - 24 monins
BelET nouTENed (weignt for age » 60 NCHS meaian)

Hio diarrhea of less than 48 hours

Written informed £onsent from either parenis/quardian (Thumb impression for those who are not iterate) for childnen

Hegative test results for dark fleid microscopy of Vibrio cholerae and ELISA test for rotavirus in intial stoo! samples

TF A ofel A= 19401
ofol Sl A7HA = 8§}

Al Qs HHEE e 9k 7]
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A &t Atk 3 o=, 2F Aol JSC Biochimpharmiil:of] A wj &b
Hko] QlAlg oJeFEEL thoy

Trade name Therapeutic indications Administration method

Treatment and prophylaxis of gastro intestinal infections, caused by the following
Phagesti microorganisms - Shigella, Salmonella, E. coli, Proteus, Staphylococcus, Pseudomonas,
Enterococcus and their combinations. Oral or rectum administration
Treatment and prophylaxis of bacterial purulent-inflammatory infections, caused by the (Sterile liquid 20 ml in vials)
Phagyo following microorganisms; Streptococcus, Staphylococcus, E. coli, Pseudomonas aeruginosa,
Proteus and their combinations

Phagedys | Treatment and prophylaxis of dysentery, caused by the Shigella in all age and high risk groups

Fgeat Treatment and prophylaxis of enteric fever, caused by the Salmonella in all age and high risk Tablet (~0.13 g)
groups
Phagestaph Treatment and prophylaxis of bacterial purulent-inflammatory infections, caused by the - | Oral or rectum administration
Staphylococcus aureus (Sterile liquid 20 ml in vials)
PHAGESAL | Treatment and prophylaxis of Salmonellosis, caused by the Salmonella groups: AB,C.D,E Tablet (~0.13g)
SACER Treatment and prophylaxis of bacterial purulent-inflammatory infections, caused by the - | Oralor rectum administration

Pseudomonas aeruginosa {Sterile liquid 20 ml in vials)
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cytokine, lymphokines, growth factor s¢] =] gkoy 7o) olste] et 54 & B
= TAIFE] AZIEAT. o] ZAo] AL glal o] HAANEE A=3te] cytokines =
g F de Hd=o] FESA HAT =Y Aol o] mHFe d14HOtterlei et al.,
1991), vl=29] ¢Elal(Keiss et al, 2003), WA A 2] lentinan(Murata et al., 2002), %
A2 ﬂEi}E(Li et al, 2009) & T3 ATAEe] devEe WEoR WASTAA M2

& A gk webd B aA ] A7E ANY SFATA/AAR EFAAE FA479)
QAAEES Aol BNEHS BAFADOEA AHL AT 5 A= ATAL AN
shglom, ot 2 74%9] AAES BRI AMES FAND F ASS A,

- 217 -



F87b508

™
)

Bacteriophage %

Ny
=

ey

go

o

A AL

A %

1A A=
%_

=A

1]

=

NMR, DLS, AFM], confocal laser scanning
microscope, SEM, TEM

Cell culture
Western Blotting

1l 2005 42045

13
of

Aeth
AMh

<

w200 1034

1

°
o

3

Aegshnl 200 4214

<

e

A2
=

3322
3322
A A4 3322

=
=

A
Al

=5

uH

(F)RlEulol e Bz (AAF 8 EA1A
SR EEE

(FREEZnPo]| o H|AERZA] | AE L A+
(FREZulo]| Q H|AEREA] [AAIF

Ag skl 201
(FIRIEZ| L H A=A A}
ke st

Akl afst e} 33225
Fatdetal 29 FA

=i

P

ol
O o
" T
B
ﬁ 0
i
ol D
T =

T+ o

fuse)

)
=
B

25

15
15
25

25

70
70
984
10
10
20

492

50

T8 2§ ANA

1.

—_

B!
o
Ho

Jail

A
o

1 2

s
-

[e)
A7

WAE 2

AP L
A 781 357 7]

(NICEM)
Av

R

A

-

- 218 -

822.6

HA

.
H




2. 78 &8 A+47]7]

== e SBA
(B7/8-8) 71717 T AR a8 | AR
B Real-time PCR machine 1 Aegdieta A8 200-4204% s e
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R CO2-humidified incubator 3 AMethetal s 200-4206% Z&A e
B Fermenter 1 Aol FAY 200-42045 H-&A Zhed
BH Deepfreezer 2 Agdighal FAY 200-4204% Z8A Zhod
HA Gel-document system 1 Al FAY 200-4204% Ha&A o]
WA Fluorescent microscopy 1 A&t w4 200-4206% 2aA Zho]
48 Confocal 1 Al A 201-2108 =TT el
28 SEM TEM 1 Agdista A 201-2115 EE o]
B Deep freezer 1 Agisha AW 200-5211% ZEF Zho
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