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SUMMARY
(FELFE)

The GI tract of the swine is an active environment with fermenting
microorganisms, both aerobic and anaerobic microbes, and digestive enzymes.
Researches on the structure and function of the microbiota of the GI tract
and the activities of these micro—organisms are needed for the development
of feed supplemented antibiotic alternatives such as probiotics or prebiotics.
Most of the research on GI tract microbiota of the swine has been
conducted by traditional culturing methods, and the results from the cecal
and coloic samples of the growing pigs showed that the majority of the
microbiota are strictly anaerobic and gram—positive (Stewart, 1997). But
considerable number of strictly anaerobic bacteria were difficult to culture
by traditional methods, thus stand in the way for analyzing many other
bacteria species. This problem could be overcome by molecular biological
analytical methods. While traditional culturing methods could only analyze
live micro—organisms, molecular methods target extracted DNAs or RNAs,
providing the solution to such limitation. This methodical change was rapidly
developed following the introduction of 16S ribosomal RNA (rRNA) as the
marker for micro—organism classification by Woese (1987). This method
has been recently introduced to the GI tract micro—organism research area,
and suggested new hypothesis that the intestinal environment is affected by
supplemented feed and the host itself.

Young pigs are generally weaned approximately at 21 days old from
commercial farms, facing sudden change in feed and translocated to large
scale production facilities. These complex stress factors caused piglet
diarrhea or growth retardation. Antibiotics were supplemented to prevent
such growth retardation and micro—organism oriented diarrhea (Cromwell,
2002). But the use of antibiotics in the livestock industry revealed the
danger of antibiotic resistance of micro—organisms present in both livestock
and human, creating public worries, thus increasing the need for researches
on antibiotic alternatives such as probiotics and prebiotics. This need also

stimulated nutritional knowledge as well as other factors influencing the



microbiota. As invasive pathogens are influenced by the animal's condition,
including the microbiota, it will be possible to prevent the invasion of
pathogenic bacteria by finding factors that are responsible for the change of
microbiota. A method for an accurate observation of the microorganism shift
has to be preceded via controlling the microbiota.

In the first experiment, a method was established using real—time PCR,

one of the methods favored as micro—organism detecting tools, for detection
of the microbita in the gastrointestinal tract of pigs such as £Z.coli K88,
Lactobacillus acidophilus, Bacillus subtilis, and Streptococcus bovis.
A culture independent quantitative real—time PCR method was evaluated for
enumeration of the bacteria species E.coli K88, Lactobacillus acidophilus,
Bacillus subtilis, and Streptococcus bovis from intestinal samples of weaning
pigs. Total genomic DNA was extracted by bead—beating method using the
Ultra Clean™ Dry Soil Kit (MoBio, USA). Species—specific primer sets of
E.coli K88 and S. bovis were designed and tested for species—specificity.
The standard for real—time PCR was established by serial dilution plasmid
of DNA concentration from pure cultured transgenic £. co/f which contained
target DNA sequence. The quantification of DNA (as DNA copy/g samples)
by real—time PCR was performed with iCycler® Optical Module (Bio—Rad,
USA) using the iQ™ SYBR® Green Supermix (Bio—Rad, USA). The result
showed 1.000 (S. bovis), 0.999 (E. coli K88+) of correlation coefficient,
indicating high reliability.

In the second experiment, a method was established using real—time PCR,
one of the methods favored as micro—organism detecting tools, for
evaluation of the effect of various supplementation levels of sugar beet pulp
(SBP) on the microbiota shift in weaning pigs. Sugar beet pulp, by—product
of the sugar industry, is characterized by a high non—starch polysaccharides
content and a low level of amino acids, minerals and lignin. One of the
alternatives for antibiotics could be the concept of prebiotics. The concept is
based on the phenomenon of colonial resistance, in which beneficial bacteria
control opportunist pathogens, mainly through secretion of volatile fatty acids
and competition for nutrients and binding sites . And fiber source can
stimulate intestinal secretion and intestinal epithelial cell proliferation. Due
to the good quality and high digestibility of the fibrous fraction, SBP can
partially be used to pig's diet as prebiotics. Therefore, the object of this



study was to evaluate the effect supplementation of beet pulp as prebiotics
on growth performance nutrient digestibility, intestinal morphology, and
microflora in the gastrointestinal tract of weaning pigs. A culture
independent quantitative real—time PCR method was evaluated for
enumeration of the bacteria species L. caser, L. plantarum, S. bovis, B.
subtilis, E. coli K88+ from intestinal samples of weaning pigs. Total
genomic DNA was extracted by bead—beating method using the Ultra
Clean™ Dry Soil Kit (MoBio, USA). Species—specific primer was designed
for each bacterium and tested for species—specificity. The standard for
real—time PCR was established by serial dilution plasmid of DNA
concentration from pure cultured transgenic £. co/i which contained target
DNA sequence. The iCycler® iQ Real—Time PCR Detection System
(Bio—Rad, USA) generates a standard curve vs. log DNA concentration for
all standards and determines the DNA concentration of unknowns by
interpolation. The result showed 0.9992 (L. plantarum), 0.9994 (B. subtilis),
0.9978 (S. bovis), 0.9975 (E. coli K&88+), 0.9949 (L. casei,) of correlation
coefficient, indicating high reliability. The CT value of Bacillus subtilis, S.
bovis in the jejum and colon digesta of pigs was significant lower in SBP
supplementation groups by real—time PCR method. Therefore, it could
indicate that addition of SBP to weaning diet might increase the population
of health promoting bacteria. During the whole experimental period, body
weight (BW), average daily gain (ADG) and feed efficiency (G/F ratio) in
5.0, 7.5, 10.0 % SBP supplementation groups were higher (F£<0.05) than
those of control group, especially for the first 3 weeks. From this study,
supplementation of SBP as prebiotics was positive effect on growth
performance and intestinal microflora of weaning pig.

In the third experiment, it was to evaluate the effect supplementation of
inorganic acidifier on growth performance nutrient digestibility, intestinal
morphology, and microflora in the gastrointestinal tract of weaning pigs
using real—time PCR, one of the methods favored as micro—organism
detecting tools. The iCycler® 1Q Real—-Time PCR Detection System
(Bio—Rad, USA) generates a standard curve vs. log DNA concentration for
all standards and determines the DNA concentration of unknowns by
interpolation. The result showed 0.999 (L. caser,), 0.998 (L. plantarum),
0.998 (B. subtilis), 0.996 (S. bovis), 0.994 (E. coli K88+) of correlation



coefficient, indicating high reliability. This result demonstrated a culture
independent quantification of the intestinal microbes with known DNA
sequence could be reliable analytical method based upon the accuracy and
efficiency. The CT vwvalue of Bacillus subtilis 1in the ileum digesta of pigs
fed diet supplemented antibiotics and HCl 0.1% was significantly lower than
other groups. However, the CT value of Lactobacillus caser/ in the cecum
digesta of pigs fed diet supplemented HCl 0.1% was significantly higher
than other groups. It could indicate that addition of HCl 0.1% to weaning
diet might increase the population of health promoting bacteria. During the
whole experimental period, average daily gain (ADG) in HClI 0.1 %
supplementation groups were higher (P<0.05) than other HCl supplemented
groups. The level of IgA were affected by HCl 0.1%(P<0.05). From this
study, supplementation of 1lg/kg HCl in the diet of weaning pigs increased
the population of health promoting bacteria, resulted in alleviation immune
function and improvement of growth performance of weaning pigs.

From these experiments, the high PCR efficiency and correlation
coefficient together with acceptable real—time PCR results indicated that the
culture—independent quantitative real—time PCR method could be a reliable
and efficient when quantifying the intestinal microbials. Establishment of
analytical methods for other microbials that are popularly used as probiotics
and that are responsible for diarrhea occurrences are needed. With this
powerful analytical method, further studies to reduce diarrhea occurrences

and evaluate the quality of probiotics will be accurate and efficient.
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won, oo #al WAL wAEFH} HHo] o= gde A7EAHRTE B

Atk webA gRek sl ARl 2 S sl A s mAEC o3 AW
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NS dAst, Astas 9 HEN B & AR 7HF 9, WAUlE
92 A 7o B 4SS vRY Eg e A% ol 2 Aye] Fu vAE
d&e] =gl VIddva Bausa gl 53] Ao A% Aol w4
si71# Ul SHcEe vAE A% Weeted, A4S "X des A o
Bacteriodes, Streptococci % Lactobacilli 2] v]&o] =11, Hel| Add %Y
42 Anaerovibrio, Selenomonas 2 E. coli¥] ¥]&°] =t} (Robinson, 1984).
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WHsl g A A SE sl whel AL BA RIETE Eolx Al "n 53] A=l Al
AR 7 FAE Ha e AAbe Ag, BAAd mAE, S E col/b TRl
oh whebA 2= Gule] folgh mAE wdFo] A= S olfF T AEAL
Foll AoA LS FA7I=H T8g 8] F vt 2 Ak o] AA
of o]fFAk=e] el fold mAdEe] AxE & AdvkH HAE fFEshe dE
= HAEESY A4S AT & e Aotk E3 olF Foto] A= HAAF W
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gk AF=-& A Al (probiotics) ] 77 st QUAIRE, A Al Wjeo] gt
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o2 FAste HIE ofd AFHEA skt ol gt EXAESA WS o
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12 7)F9 F710A9 Bann HE ANE Z3E vdebd £ 9 A

weba] o AF A= o] A= Astd Ud EAlete WAE 7S Ag
3 S8 & Ade NS BAAETH 7S 8 Jideta, ol & A=
o mAE #F 548, olf A= HAAMAE S folg nAEe] S
= FAE F de GF AFERAS U et del 1 FF o] v ol&
ol ol e A HHS s siAsord wAel tigh thiw el A
FEvet e A A Alare] A4A) A= HANE A, olF T3 A4
A g A9E AEE E Aotk
A 2 3 AgUNde] 284

A1 G vAE #FS SAHNE THoR dA drbygom Algste W
H2 Alg 8w (Cultured—based method)o]t}. FA| g o] HFH L2 FA] AJZlo]
e A AFALY Ao dFS Wol wron, wAE e (colony) o TE
SAsk= dojA ARE FaA ol )

7 ol ojg
S 7b538ke], sampled] AF E B Fo BASE Aol Ui #4S &
T ke TA-E] Atk A o9k vAlE & SAstE dHed o
Ao F& s A wke-S o] 83 MM (Bibiloni 5, 2000)°]4 Hemagglutination "
W, real time PCR ®¥ (Vitali 5, 2003) 5o] o]& 7}53 WHoz AAFHL
nom, Be A7t A Yo olF FAAETAR 7IW, & PCR WHS

= %8]—

o] &3t vAlE SAL vAEY T 5o]AU(specific) DNA sequences ©]-& 3
O ZM AR = B o] JhestH, Al el FH vadt Ay Ex A E A

A H (Molecular—based analysis)o] A@Ao] R} =& FAoz YEWTHAE
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] B AEE= A A A A (postweaning lag)S WA S $
g = doh T3k 7|2 Ak HETE A A ol A
‘Ff‘& "Hi—r —r7] }ﬂ'e— A7 st AR E AAE 5 lormz AAZQ

H ] W A= 9 é—i&%— A7) flete] FAAE Hotets tlal oY E
°] Od%, 7154 AAELS HUtete 59 A ¥HES ARgsta o, &
3] 20060 19 1452 A AFE X0l whel 2= HdAgd mAEdd o
AALE oetal, A HX adE HAE A QAAE st k. =
g el A= 2005 59, AHE The Al FFE 53FONA 25T LR Fo]
i, o FAA AMES Hab qrAlstAL Q= AdSelth mgk Anzke] 4y
(well-being) & F73t= WFO R AHFe] He e FAEd gk &
ol Tk ASH SR o]FoAaL 9o, oAk el A = o kel Q)
ojA WHE AAE JAlsty] Y8 FAAIL ZnO, CuS049F e FEAS A&
skar odoh. olglgk Al A gEo] Aol A 1Ea dAlNAE AW
A o] Frael AAF o T8 9% FAA giAAlY N 9 o] fAkEe] A%
Fejel Wedd 5 7T F A ot 71 e S 7]gela 3l
o, B2 AT AREo] e vt

b 2 ATt gk BAAAESA 7Y (real time PCR)S o] &3] A= &
el frelgk mAE #Fe 5A4S Eeta 7S Adede BAES A
o A MAE 7 S5A Ves g, AdAE vAE AAY Fy Ex

Z LR 3

E MAaE = A= AFA AA(sugar beet
=712k (inorganic acidifier) @] o] &= Abg W H
skl 1 Hrbees AAsa A wAE dFel dig e S E
g4 7]H(real time PCR)E &3 HATo=z FAAY FE2S H7tskA &+
AbEAbR e Tl S AlASET L A o] it

% 5 57 2
FYgozH AE P AN AT 5 dE e AN
4 o
i

N
il
offt

}



M2 & =uie Zls/ig s

A =4 AE W WRAA M, = Listeria, E.coli O157:H7, Salmonella,
Campylobacter =l o S 9% A7F sk A DA A YA
9k UMH%Q AFH o7 == A= ofA7bA] nv|dk Aejoltt. w3 Wk

Eof SlojA HEELuUle] M ES —i—ﬂéé‘}ﬂ $1%F PCR WS FHstA <4
vi_‘_

Ao vk (Cultured based method) o] o]
_]

FoHel BAARe 8 gustn Ange
gefolet. 53 FUlA AFHA % 3

(probiotics)7F ¢F 300¢]F° o2& ALR ZAHYOH, ol A L&
EAE &0 a3 S fle FAA thAAe] o] &o w2 Q35|y Aikunt
771 AdE 7P v fFel AR A Ul WA mAEd
real time PCR HFHS o] &3 Ak 2rlo] t}akslA o

FolAa lom, 4
do7)= Virus AES 95 PCR 71WE o] 88 A3 At &How
Ha k. 2y A ARG EHE Ao SAT F e =HA
Hle] AR #FS FA5s vl deiAEs obd AduidHe FES

wUA ek gtk 53] A= A mAE A2 ofH A -2 uhetel A
3 Ho] gl Fo] EAo A A Z v|ERE =8 B4 7
ol=rel royaltys T3l 7]% =4S slof 3 diide] ofueta Atmd
2 AEEH 7]H(real time PCR)S
4L A AAACREE S AEH= ZEoldta &
‘%‘ *}%‘:011 3 Od?ﬂr Ay At vy es 483
= 3!

-

T7F flﬂoﬂ*ﬁ'— 2133-‘3] A=, —5" A= ojw gk frolaro], dwt

A7tE o] Q=A7F 1 a3 F2 QA (key factor)al & 4 it}
T5 &8l /dE A e u]‘ﬂ@«] S A SHH,

A= A mAE w#FS S5k, AdAlY A=Y 5%
, AT Hel e -3 oF Tl dis) A9 Hes &
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A1 A ST 8%

FabE AsEddy nAdE #FSs dAEchy] A% dE4d HHe A
Hi Y (cultured—based method)s ©]&3le] FEstal AR HA 3-5¢
o] Ag o] 27l HEst AFTHolu AWS Adsks Aol E7bsstth o]
g FAHE Bekstr] 98] AlEetar 5ol tiAHe R JidtE FHas
AHHHS  (polymerase chain reaction :PCR) 7]¥H& o <FAH3  DNA
polymeraseE ©|-&3slWA] FE EAZOZ Wduo] o WA mAES H=E
sh ol o] &¥ il Qom, o] PCRYE-2 49 ol vWIztde] w1 %4
AAE w9 wE SR FEAZOEHA ofF AL o ik A AIF WYl
HZFol 7hsetth. H F(2004)2 Al Ev 7|E @ fAFo] Ay A
Foll A A2l ARt o3 AED e ARdets AT
Fasndgutgol ] HEeTE o] AFelA] st FHAF T A A A NS ol
A HAEE 7 e gYo] e Ardge] HA Al = 1007]/mle] ivkar
Ha1siA 10,000 Hie] Wzt ApolS gtttk 4 5(1998)2 HiLZ|®

et AE Foll SAletE o2 7HA9 5
/\

LA
cytogeness ~AEd st &A1 WY
oA g3t Fda =

FEADORN o}F
o
Py

(real time PCR)Ho| 7= o] A

B.3517) Fooioto 2 AAZE FFasveH
w3 vhelej =g deta HEshe o oA dS AFstar Al&s A FAke

Al

1A 7F %
AAIZto 2 FRIStHA dAehs WHoR 7|
S 7HAa Yk 1 5(2005)2

] A
real time PCRH S o] &35lo] 7 wtrufole]~ 719 A] B Y& Eu] = nfo]
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7ol lelA 7Hg 'AIZE Ha

+ real time PCR
o] Aol A
717F o ¥ AHel =

argstr] €
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=

Aol A ARE-
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.
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oldel ARAT, HAES AFH R FAH}E AT oA AYHA B
ARolmg olo] Y3t A= A F3d] o] Fo] Aok drfa AlEE L
A2 A x9dT A
H Be d7AnEd s, Wy Foly BAS A% dEH Iy
o2 AEHE Adudyge ufd A4 wiEel Ao FFHE FHAZ
1 =

T flohar ®BawojA i ok vl wdaE] gAdA <
20—40%-0]7] wjio] u-glgo} ujckol} thalel] 7] x3 HE
A=o] F2o] F&3s] dojuol gt o 7lol= 18A1ZF WA
tfufeFe] A7F e 9}‘:}% Aoltt, whepA 1 LiE4
Hol a3 vl old 845 WA= HZo W 59 sty 5%
- (polymerase chain reaction, PCR) "W ]E]-.

PCR 7|W 2 g 7H4] mAES &3] HES =
ol ARgH o %‘:1'. o] WA= DNA x7}e] F24& 1-2 # W

2 H

ol

ol FHe qrHow FA] Bie] W W wEsE AE FEE 9
Qe & g wep @ e FEE 4 AT AEW A T+ Aoa B
AFEo 98] BHuFHX 1 Yt} (Hirasawa 5, 1994; Olsen =, 1995;

Hirayama 5, 2005). Olsen & (1995)2 2%l A% wAER Salmonella,
E.coli, Vibrio spp, Yersinia enterocolitica, A @4 wre|glold  Bacillus,
Clostrium < DNA-probe, RNA probeZE ©]&3lo] PCR 7|Ho=E &35t
719 ATE5S At = Qv WSkl Salmonella R WBATE AE
7] Sl dEAR ‘?S?L ] A FHS FHAg 3-590] A8 =Y FARA
A 7le=s o83 PCR el 93] HolAdx Wiztdo] =il AEAIE 641
& @] 7bsatA FJ E}. T3, Matsuba 5(1992)-> DNA probeE ©] &3}
of A¥o] T serenti®l genomeE EA3H oM, Hirano®t Kirisawa(1991)+=
DNA probeE o] &3} 7. serenti 739 % AE AEst= =y #Aste] B3}
Atk Cohen 5 (1996)2 Salmonella o 50149 271 LS primerZ AF&-3}
o] PCRE & A 3794189 Salmonella = ¥3<& Uepdew, 40572
Salmonella= &73o1 A thal Barsle] 2350 o9E =v|&e] Salmonella DNA
5 SEAA DA Yl HEE 5 vk Barskgitt

ey o]y gk PCR WRie B 7HA #Ald S 2Ea dv H]

2

~
23 BAolth 53 ALy ge 4 o

hul

ﬂl

J?‘JQL BN
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of °Jgk ¥ DNA =79 HZE2 PCR ¥
o] FE F7HAQ w=¥o] Fastu EF PCR AAE 9B 5o 2 =

o gUstA A = o sl ukSo A sy o]Ake] ¥3 DNA %7}
= Aot} g 2ol A7 PCRE 3+ B3R oMo A of
1 CFU/ge] @& ko] degole HET = v

]
% FEolgtar ¥ ATt (Pryde &, 1999;
Leser %, 2002). AZ# el w¥Hel Auvujdoz nAdES AT A e
o] Uk wiXoA AFFstH] gor g A AyE drlde A

7F (Langendijk %, 1995; Huilsdens %, 2003). u}&}A]
AFA FABETA 7IHE o] &3 MAEY] HFH S8 Agsta &g
235 95 4 Advkal gtk Marisol & (2006)2 olfrAbE Al AstEol A
Aela 9l Z dbe|g]o}, enterobacteria, lactobacilli +Z real time PCR¥I} A
oj s AAste] AFHoR mAE #FTE HuwA 3 AF, real time
PCRS o] &3t ¥ bacteria®t Lactobacillus 755 AN S-S o] &3 v YE

Ao vgron, ofE AFHARE 4 e] 7Hsdly] HEow
o Al real time PCRE o]&3t AU nAE #% & =

H& Fajo] ol%old Aolga waslgivh

1
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Al A E

A= =4 A 23k 2 AU e dFo] obF A HA ot Ft
FEI R EAEA "k ey S Folle ooy AFoRRE H453E] v
BS AFSH Hol 3 Jle] mAE #FS FAsa fAsH A 538 o
el RS AEe] SANY ol AZHA 7B A HEsta 9len, oW
AMRbE FRaeA HomM Ao mAE #F A g SUE dFS mA
A k. olg A dAE A= mAdE #F2 v 536, 47 Fo] tE
WA= oF 3000F ool AUl wAER EASHA "k 53] ol wAE
o= Y Bifidobacteria, Lactobacillus spp., Streptococcus bovis,

Bacillus subtilis 5% EASAT, 3l E.col, =7 5% A EA
stAl Hct. wEbA A=o] AU mAES tgkst du mAE 7He] Adszhg
(interaction)= &3 MAES] 43 T/FE 24 HH, 550 A=H4=
FaAes B9 vAE dFS 7 (balance) YA FAEHA ©k 2@ AHE
o] Aol W3t = o]fy, AL W3k, $7 Wsh Abmo] Wsl o Qla w4
1o Az Aoy A=t U]‘ﬂ%#«] deA-gol Aol A "’F /J\O‘]% o= A
A

&4 (toxic materials)= AAstE 5 e
%Tﬂ} &S shH, o] At A|(probiotics) 9
F = webA sl AbSE s 2= 3
< JtH¥stal, o]& PCRE o] &3t AH&FwA
7IHE et nAE & ZF] SHTOEA, X]'E Xhﬂ n A& Eol o

Tl 2= o)
=2 T » 1=
A, A Aol AEe] JFH *w o} 5 chera ‘vfrolcoﬂ 44 b5 Aom



A2 Ad 4y 2 AR

T =0 AelA HE He & ZAbste], 2=l A
of EAsteE FoldH falarel g ek o] T vgE AAske Tl oig
nAE A 5 A4z wAdE 5AS ARSI o] 5 A= AudlA v
S AAEHE F 4Tl diE] A &, PCR #4S A3 #A AW vAE F
Eo]Z& ol primerE AZEH T AUkl PCRe| AFE-%+E specific primere
real time PCRE F=3135}7]o+= PCR product size’} HA PCR efficiencyE €
ojreg] 7] W&o DNA Aol error® ZH-&3F 7hsAo] glom waba 25 o
o] o]Z Whx|&d 4= 9= PCR product size7} ZHE& real time PCRel] 2=
primers A 253t vl 5] A2 band9} primer dimere FAALS Ad oxE
WA A7) 7] W Eo| RT—primer A2 &, target DNA ©]2]¢] H]|E o)Al band”}
el =25 gkl

Real time primer& ©]&3} = ¥lYH target "R =2 genomic DNAS}
7 PCR AES A5t target P& 5o]HQl bandE FTFHAI7IAL o] &
PCR product purification kit(iNtRON biotechnology, INC) ©]-&3to] HAst &
Z=Z g DNA 9HE #1815 Vector(pGEM—T easy vector system, promega)©l
Aedsigich o] 54 whHol A9l®E plasmidE W) E Competent cell
Transformatione A A8t} o] & transformation ¥ Competent CellS At bl
dste] 574 DNA w¥ol 49JH plasmid (plasmid DNA purification kit,
iNtRON biotechnology)& W F%3}o] DNA %5 A3t} o] & standard
plasmid DNAES F=W=E 38438+ serial dilution A8+ samplex} 7

real time PCRE 335+

£ oo

7}, m A &9 genomic DNAY F=

A" wAES EolA  genomic DNAES FZ3t:= doe  G-spin™
Genomic DNA Extraction Kit (intronbiotechnology Cat. No. 17121)E A}-&3}
Atk WA wigE P AES 13,000rpmol A 183 fARe e & ASAs Al
7%kth, o] & RNase A9} Proteinase K7} A 7Fd buffers 300ul #H7}8}al mix
ek 1523 65Coll A incubations AA8Fal genomic DNAC] bindingS 13l
250ul®] binding bufferE H7}st 4o] &=t} AAFH cell lysatesE column

tubedl] ¥ 13,000rpmoA] 183+ Y41 &2t} genomic DNA ©]9]9] B2 &



A A7) 18 washing buffer AE 500ul 7kt & 13,000rpmell A 127 ¥4
F2]8}aL washing buffer B2 < #2102 washing 3¢}, ©]$ washing
bufferg 23] AAs7] 95te] 13,000rpmell A 127 A2 E 3 A o 4
Algk 3 50~200ul®] elution bufferE H7}star 183+ A 294 incubationdt
%, 13,000rpmell Al 13#7F A4l F83to] genomic DNAE 45 ghot.

Y. PCR analysis and PCR product purification
T ZH7te] A= genomic DNA®] H|Eo|ZQ] band FAES HA=E317]
et Az v AE 5olA primerg ©]&3ste] PCRE AAlgth. 7Hzte] mjAl
=9 genomic DNAS] ™3+ PCR conditione o3 7t}
PCR Condition
Denature temp. 94C — 3:00
Denature temp. 94C — 0:30
Anneal temp. XT — 0:30
Extention temp. 72C — 0:30
Extention temp. 72C — 5:00

Total Cycle No. — 35 cycles

Annealing temperatures

1. E.coli K88 - 56.8C
2. Streptococcus bovis — 58.0C
PCR producty wj&o] AAZS 2Astd =43 PCR productE dojd F,

ol

vectordl] AYstoor 1 &&°] ¥7] wito PCR product purifications A8}
At}t. PCR product®] AAE PCR quick—spin™ PCR product purification
kit (iNtRON biotechnology, INC)E ©]&3}%t}. PCR productE binding Al7]&
binding buffers 500ul H7Fek F 4ol Frvh °]F 100bp °]e] DNA
fragment©] 7] W&l isopropanols 150ul H7}3}e] DNA AA a&S =o F

A}t o]E A2oA 1EZF incubation ¥+ & spin columno] sample® YL
13,000rpmol A 1E7F LAEYE  3t}d. flow—throughe H#H & 700uld]
washing bufferS F7}stod 13,000rpmoll A 137+ 9ARgsla, drydt spin



membraneS THEIL ethanolol] 2%+ Wkg-o] WS 9y $Jsf ¥ AEjz 3k ¥
o A =S AT o] 5 elution bufferE 50ul FH7Fste] 1837F A0 A
incubationdt ¥, 13,000rpmolA] 1#37F YA E] 3to] &3 PCR productE
Fil FEE FAS

t}. Vector preparation

AA)E PCR productE ©] €3t 3.0kb8 =9 base pairE 7}% vectorE A%+
g}, vector A ZFE pGEM-T easy vectorE ©o|-83F%tl. 2X Rapid ligation
Buffer, T4 DNA ligase= 5ul. pGEM~—T easy vector(50ng)= 1lul, T4 DNA
ligaseE 1lul Y11 AA & w55 =43 PCR productE vector®} 1:59 v &=
X ul @7l 4o = 3, 1A17Hs<F A2 A incubation ] vector plasmid

2 Aga,
2}, Transformation of plasmid DNA in competent cell

FH]HE vectorES competent cellel]l transformationd}”?] 98Fe] Heat shock
methodE o] &3} th. 4% vector 3ul & W] E 50ul 9 competent celll
23 Ice "lﬂloﬂf\i 3043t incubationdt ¥ 42°CQ water bath°ﬂ/\1 90%Z%F heat
shocks =t} ©]E icedl A 5%t incubationdt & LB & 1ml 3 7}star 37Ca

2 1A17F& ¢t incubation 3Ft}.
v}, Selection of transformed competent cell

#H] ¥ transformed Competent cellS Ampicillin®] #7}¥ LB media®] Xgal,
IPTG® A =E3sle] 37ColA overnight 3 $ white colony= selectiondt
=3

v}, plasmid DNA purification of transformed competent cell

X 2E transformed competent cellE At w3t plasmidE FE317] 9
3] DNA—spin™ plasmid DNA purification kit(iNtRON biotechnology, INC)
E ARgsSith Wl E transformed cell& it FHo| 2ml& Y3l 13,000rpm
o A 303 YAEE s} A5 dS Wil RNase A7F H7FE resuspension
bufferE 250ul H7Fetar 41o] & & 250ul®] lysis bufferE F7Fsle] 5&3F



cellE lysisAlZIt). o] & Z3A|7]7] 935te] 350ul®] neutralization bufferE ¥
3l 4CoA] 587F incubation 3+ & plasmid ©]¢ ¢ &E2&& spin down 3t7] ¢
3] 13,000rpm, 4Colx 10w7F A4ty ot dAdd] § 459 column
tubeell Hil 13,000rpmel A 1#3F dAEelstal filtrateE BI® $ 500ul
washing buffer AZ 23 13,000rpmol A 137+ YA RS2 filtrateS B AT},
700ul®] washing buffer BE o]&3] ¢ TAE wrES T dry filter
membranes WHE7] f3] W AEle] FEE 13,000rpmolA 183 dAEE st
¥ micro—tube®] columns &7 50ul® elution bufferE YWil 1&3F A=
o A incubation ¥+ ¥ 13,000rpmollA] 1837+ ¥4l Eglste] 53 plasmidS
A=t} o] & DNA sequencing S =3l Target gene] &4 5= Folsl

.

I

Ab. sample?] genomic DNAQ F&

Sample®] genomic DNA¥X Fecal DNA kit (UltraClean™ Fecal DNA Kit, MO
BIO, 12811-100)& o]&3lqlth. Hdighe] DNAZS A7) SaiA Alxd A&
¢l peptidoglycan &S AA & & A= WHOZ bead beaters ©]-83}o] 7}

53 3 BE genomic DNAS F=3819t}.
o}, real time PCR analysis(PCR condition)

oA AoJH plasmid DNAS F%=E 543 ¢ standardE A2Fst7] 93l
serial dilution® A A|3}taL real time PCR #24]& A A%t} real—time PCR
e MyiQ™ Single Color Real—time PCR Detection System(BIO—RAD
Laboratories) 2 AM&-at91om, iQ™ SYBR Green Supermix(BIO—RAD)Z &34
WAl AJeko g o] &3t PCR  mixturex primerEs 2z 1ul® ¥,
Template DNAE 2ul ¥-& ¥, SYBR Greens 16ul #7}ste] F 20ul7} ¥ =%
39T}, real time PCR analysis®] conditione th&3} Zc}

real time PCR Condition

Denature temp. 95C — 3:00
Denature temp. 95C — 0:30
Anneal temp. XT — 0:30
Extention temp. 72C — 0:30



Extention temp. 72C — 5:00
Total Cycle No. — 35 cycles

Annealing temperatures
1. E.coli K88 - 56.8C
2. Streptococcus bovis — 58.0C

A3 Ay A g

U A= Al HAEH= vAdE T usE AASke Steptococcus
bovis, E. coli K88+, Lactobacillus acidophilus, Bacillus subtiliss A7sle] njg&Ee] E
AL ZA} (Barnes &, 1986; Fuller %, 1982; Maxwell ¥, 1995)3lgt). A=
FHb vlgt @9 SEEA 3E foate] AU MdFor At gtk
2 A= EHX]J g el A sHAl He=d Bes @748 Ato] v
Astar Aok, 53] Bifidobacterium ©1Y Lactobacillus spp. 9% 72 Lactic acid
bacteriaZ7t EAetel W WA= #FS fFASHL vk Briggs 5 (1954)
Lactobacillus Y} Enterococcus 7t S A& Wl Wol EA8H, E.colicz 71
7F LS Ruskn. =9k kst ATFE FAA A H K= Lactobacillus
spp. Enterococcus spp, Bacteroidaceaes spp. 5°] 8 £Asl+= Aoz LA
At 53 A Al A= Ao T AHE EAE A o rm Y
MAES AHSA HHA Fd rAE 73S S Hedl, ole =AY d
Aol dojax] e WIE A Hu A SoE= E Clostridium  spp.
Bacteroidaceae spp, Enterococcus spp.7} WFEA F23sFe] 7 3laL, o] AA
o= Bifidobacterium ©\\Y& Lactobacillus spp.7} $3sl= Aoz d&A Ut
w3t 23y 24729 nAE #E2S Sels)E Ay A% (small intestine) % o
Z(large intestine)oll Lactobacillus spp.7} 7V A3t 9o, E.coli &
M 4 HAEHH(Heyde 1973). T8 F nAE = WFolA AG74A 10%g
oz 7 A dehud, FFZdAE 10%g A=7F YEdth Vareld
Wells(2005)°l 2ab# =% 2] ) (large intestine) o= T3 72 nAEo]
AMA sk, L TR oed 2GR 2).

l‘l“N 4N rE -|1

10 _Il



3% 2. Common bacteria in

the hindgut of pigs

. . Bacteroides . . .
Bacteroides fragilis thetaiotaomicron Bacteroides uniformis

. . . Clostridium
Bacteroides suis Butyrivibrio fibrisolvens perfringens

.. . . . Fibrobacter
Escherichia coli Eubacterium aerofaciens succinogenes
Lactobacillus Lactobacillus brevis Lactobacillus
acidophilus cellobiosus
Lactobacillus fermentum| Lactobacillus salivarius %thzanobrembacter

Peptostreptococcus
productus

Prevotella bryantii

Prevotella ruminicola

Proteus spp.

Ruminococcus
flavefaciens

Selenomonas
ruminantium

Streptococcus bovis

Streptococcus equinus

Streptococcus faecalis

Streptococcus
intestinalis

Streptococcus salivarius

Veillonella spp.

oleA the

29 4§ U FEHES

3ok ERel v *3%01

A A4 skar

slom, Z A
A5k Aolzit), ol 3

A= S AW mAE dES 7 vhekek mAEEo] A
dAZA AFEE AL Qo Lactobacillus Case[, Bacillus subtilis, Aspergillus
oryzae, Bifidobacterium spp., Lactobacillus plantarum, Streptococcus faecium
ol AAFCOIA Fl=o] ARSI Q. AFelA = Ap=o] o] A2
st, AFAZEMe adE AL Ae % (L.acidophilus, S.bovis,
B.subtilis, E.coli K88)°| sl v AE #&FS ZASIET o2 A4 AAH v A

5 4

=9
=

S AE37] g PCR S AAsh7] fste] #A A vAE & 5ol4
Q1 primerE AASIYE W, Streptococcus bovis, E. coli K88+, Lactobacillus

acidophilus, Bacillus subtilis ZYZ¥ol thdll PCR primerS A 2F8}93 0™ 23 Streptococcus
bovis, E. coli K88+)° &)X real time PCRE 93t 504 primerE A&t} PCR
¥ 3 3 X 4 o Yehd vie} 2o A& 2 vjAE2e] DNAS internal
control 9 F 7}4] templateE AFE3}o] PCRS <=35}al UV spectrometry® band2] 7
= H]ES =Asle] AAAS A= Competitive PCR 78S AFg3sl o) o)l &
2ol DNAS] Aoz W174e SYBR green AloFS o] 83t &3 WAoo standard

hul

£ primere ¥

plasmid DNAY] =2 %@3}—5 real time PCR 7]®(Joseph &, 2003)S o]&3}o]
plasmid®] = SAuPHo R ALESIITE 3 AubA ol PCRel|l A% = specific

g=3§ 3} 7]l = product size’} HAA real time PCRol
9ki= primer(RT—primer) & A &80t} o] & vl o2 423 MEA% PCR band

primer+ real time PCR%



7F mAE SolHow HE HEAE IRlsk] 9ot TR FET HA 3 AL
o4 real time PCRol S| #|2kel Eo]4 primerE ©]-838}9] real time PCRS 4848
= W 5ol 9 =S SRIEItE wEkA o]E ol&ate] HA A mdE wF
= tFAQl w|AEQl Streptococcus bovis, E.coli K88+ Lactobacillus acidophilus,
Bacillus subtilis?ll 3}t real time PCRE primerS A|2}s}Sith

@

3. A AW vAE dF AU F 5 vA=olnt e SolHd AR

& A& F 9+ specific primer
7% 2 Amplication $JX] Primer

Bacillus subtilis group Forward [ AAGTCGAGCGGACAGATGG
16S rRNA Reverse [CCAGTTTCCAATGACCCTCCCC
Streptococcus bovis Forward|CTAATACCGCATAACAGCAT
16S rRNA(AY442813) Reverse |[AGAAACTTCCTATCTCTAGG
Escherichia coli K88ac Forward|GGTGATTTCAATGGTTCGGT
adhesion antigen gene(U19784) Reverse [AATGCTACGTTCAGCGGAGC

. . . Forward|[AGCTGAACCAACAGATTCAC
Lactobacillus acidophilus

Reverse |[ACTACCAGGGTATCTAATCC

¥ 4. real time PCR-E primer(RT—primer)—(size 100—300bp A=

(i) Z #=o) WE E0]4 real time PCR Primer

7% % Amplication X RT—Primer

Streptococcus bovis Forward |AAGGCAGTGGCTTAACCATTGT

165 rRNA(AY442813) Reverse |CGAGCCTCAGCGTCAGTTAC

Escherichia coli K88ac Forward |CGGTGTGTTAGGGAGAGG

adhesion antigen gene(U19784) Reverse |[CTTTGAATCTGTCCGAGAATATC

(ii) PCR product size
S. bovis — 157bp
E. coli K88 — 192bp

Jm
ol
O_u

AeES 93} real time PCROIA = H] Eo]4 band¥wt oluz} UwkAl el PCR



ol A YEFYE= primer dimer® A E Qo] e ATFS FHE o] A|AE Y] 93
ek O 2 primer A A 2 PCR condition 28-S 3} t}. o] - ﬂx—}fi RT—primerE
o] g3le], MAEF F#S v 5o 42 band’} YEFF=X] Eleidlon, a9 1
oA H=utel o] H]Eo]4 band7} WERHA] kTt

B
a9 1. S bovis(A) 9 E coli K&88+(B)9 RT—primer® 5ol 2 1]x]
A &2E PCRS & #7195 — H[S0|XQl band H primer dimerZ}t
HMEX %S

i

t&o® F Eo]AQ DNA wHo] EoJ7F plasmid vector® A 2}s}o]
Standard DNA® ©]-&3}% o™ RT—primerE o]&3&}e] <=4 vl%¥ Target W
&0l 5olZQl bandg FHAIX F, FFHE DNA @S AAlete] Fv)€
Vector(pGEM—T easy vector)oll Adstgdth(1d 2). o] 54 DNA wHo]
Al®El plasmidE  Competent cellel Heat shock methodE ©] &3}
transformatione 3dtom, A AMEu] X (LB+AMP media)ol Xgal®} IPTG
o} A =Eele] Target F2A7F A4Y¥E plasmidE 712 Competent cellS A
skt o] & M transformed competent cellS Alth wjkdte] plasmid=
F=ota, Ao plasmidol gk PCR¥ Gel ElectrophoresisE 433}
Target H|AES 5ol FAAIE A= AdHUA=AE FEsATH(LH
3).
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8 2. Transformation®] AF&% Vector
(pGEM—T Easy vector, 3015bp)

3.2kb (3kb - pGem-T easy vector)
{(0.2kb - Insert DNA)

1
S |

E24 DNA ©¥Ho] A9% plasmid® FAASE E. colis vl &
F23F plasmidE A719 %5 (A vector size®} U DNAY size”}
A wredEo] 3.2kb AE A7E YER)

oA 574 DNA w¥o] AYE plasmids o FE3Y =574

Standard plasmid DNA Stock solution® @ AF83}3 2™ serial dilutions 2

>



3} standard solution® 7FA 3 Standard plasmid DNAES HE=¥H=E 3 A]sle] A

=3 @7 real time PCR& Fdstglon Ayk= 7 40 e wheh 2o

Correlation Coefficent: 0,999 Slope: -3,440 Intercept: 24,663 ¥ =-3.440 1 + 24.663 o Urknawng
PCR Efficiency: 95,3 % o Standards
24
L
&
e
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0 1 i 3 4 5
Log Starking Quantity, picograms
a) Standard curve graph for Z.coli K88+
Corredation Coefficient: 1,000 Slepe: -3.331 Inbercept: 36,084 ¥ =-3331 % + 35084 = Unknowns
PCR Efficency: 99,6 % o Siandands
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b) Standard curve graph for S.bovis
19 4. Real time PCRE ©]-83 FW E.coli K88+ % S.phovis M AE HF

(Ex 3]A18}lo] Standard Curve 44)
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real time PCR 7]
& AAselt. £ 5 & 7JﬂEH Hj S o] &35} Ecal[oﬂ o gk D] ’@E T2} real
time PCR 7|®H& o]&38t E.coli K88+ that nAE 5 FAFS Folt}, <
oA dwgh uel o]l Al og A4 CFUZE 99 & Ab&ste 1

g 6 o Ye} 2
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Elt} 9l standard curve®} oo wE 3| HAS

A5 A 1 AT AgdE S o838 Ecoli

o] CFU 99 54L& 1.948 x 1079 47} Ygkow, real time PCR 7IWH& &
1.322 x 10"t}

X 5. AluekHS o] 83 Ecolf MAE 4+ A 2 real time PCR 7|H<&
o] &3 E.coli K88+ mAE = =4

Ct value No. of bacteria
E.coli K88+ 30.32 1.322 x 10
E.coli (CFU) B 1.948 x 10°

Standard curve graph for E.Coli K88+
I ¢ Standard ¥ Unknown }
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o
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Log Starting Quantity, copy number

o SYBR1 E=118,4% RA2=0,993 slope=-2.948 y-int=32,877
1% 5. Real time PCR7I™M& ©]&3t E.coli K88+9] standard curve A%t 2 w]
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g & 54



a2 6. Ahul el % mAdE = SAY

2 AF oA real time PCR 7|HE o] &35t FU mAE #4535 4
ol 7HF AL AHEs A AHH Standard plasmid DNAQ] &1 ¢}
a1 #A3Al vA] AlE9] genomic DNAE FE3t= Aol 2 2
plasmid DNA°] th3}l target gened] Yol io} v Eo]z Wl=9o] Eajodio tj
3 A A3}, target geneo] FAA O A #© AL el glon, v E
o]Z WA=y} EA A ¥eS U F YUt E3F] A S A standard plasmid
DNAES A#H3st7] Yajds= 71E0] AF2E UV spectrometerE o] 83k W wh

= DNA o]Fud Ttz s 3d3S $3ste J44ES 7HAA m%e DNA
7‘3%‘“’“ ke SYBR greens ©]&3% WHol © g&Aolgtal AR EHO
competitive PCR o] o} real time PCR W& o] &3] B4& A sl
ArrA S Aty T8 sampled] EA5k= WEE+= 29 AT AL
of I RxE o Q= e o] AE ] EA|ek= peptido—glycan©] 3}
Aol vk o 7o) DNAY &S WejsteE B el whHo] Al&xojof o
W, bead beaterE ©]&3} genomic DNA F&F WHS A3l m x| A 89
genomic DNA F& &8-S SUgstoh. w3k Ak PCRo| A%+ primer
= PCR product size®] =7]7} real time PCR PCR efficiencyol] 23S w1 X
o2 ol& WA37] 98] PCR product sizeZt #-(100—300bp) 5°1% primer7}
o3ttt Aty o] real time PCRE| Eo]& <2l RT—primerES #|23ato] A&
itk 53] 71E9] real time PCRE ©]€3le] DNAES AHZFI Aolrs
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& AukRel UV WS wo| AlL3
S A}83}] standard
o

ERCERE

standard plasmid DNAQ] &= A s Lt
Ak 2 A A= SYBR greens ©]83 &g Ak
plasmid DNA<] A&Fo] UV WHKET O
Hla o] &= AEE B Qs % ‘%ko] 7} 3l A vt

At FH I} real time PCR 7|WHS o] &3 s = 54 ZAy:s % 5 9
2eh, Al L}E}L} a}g} o] 74]1:]]3]]0(}1?301] 9)%t v ABE 47} real time PCR
7]‘?3% ] O}Oq S MAE F o 555 ¢ 5 QAT real time PCR 714
primerE o|&3le] 3o Eo]A straing EAsiuiE
St vAE FAHL E.coli strainoll TAIQLOl E. coli DA
7] Wit 2 Atgdnh webA £ colell g
&st= Aol m&A o,
= Ale AAstofoF & o
real time PCR 7| & ol&3t= Aol % a34d Aox Alndtt uwopA
real time PCR 7] o] Alfujdel nla] wr}y gdsta, H3sk &4 7ol
HA o] G mAE 7T S8 dolA A AEE AAE AT F Us 2
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A 2 - == A WEEIANAM Lactobacillus caser®
ZF A Tl i

Al A E

b= el Fo g nAE 7ol FAEE A olf F A=Al o
A A S FEA7IEE Tagk 89 F stu 2 5 Ak ol AbEe] Fdl
Fold 4S 9ste] nAE 453 24k sty WUy T b de &
A o] Abge AAlE FH7bske AQMH, Ap=eA fFoldt & FEoE
g A AE AbRol H7Fete] AL Fo] o frolato]l Aol AEH o R #S)
HHA ASA Ho wAE FFo] WA "t oo wEt 5 &9 A=
o Al gk FkS v A 4 ok H: §AktQl Lactobacillus spp.E T AR
o8 sk A

i

b AREATE 2Eyg AAle] a3E WEsiA e 9
A= =] FH el target WA=l Arbt A5t A=A E A

Aatolof vk, Z1elY Lactobacillus spp. S AEol Al Fo] Al A3 Ujo] A *E%—
e sy flE 7hEe] v Eol Ahts AdEuf e EEsie] A

z s
4 tEe w5 SAskefor sz wlAdEe]
}\

2 F2Y T Lactobacillus®] & =
frabat &l kgt o] S Rk ol dEujA oA FdH FEU B
i< e Tor’?}ﬁ T o] Ro] Ysli= Lactobacillus wFANA HH}=
A ol Fol wWrh E3 tEA R HUHE A EdE oY T fAkro] o &
i glow, AA7A Y V2= AEE primers o] &3 WA Fgan| =9
AR A& Thssld AEFAQ] A4S ErEse dHjolth. mpeka aiA e
2 Lactobacillus spp.®] &3t EAF 9 LEFGE Wel7] s, = A
7k AatAlY] st a5s AFo] fEA ke PCR WHE o] &5t F

)
OO
Em

74 el "4
wgpb] H AFE o|fAtEY] A WEEAAM EA Lactobacillus spp. 5 B
B2317] 91ete] 5A Lactobacillus spp.?l WAE Zelxn=o] 4

A %

5 sk, o] ZEtAav=e] VM Ed Solds Zte primers AlZ o
&3to] PCR WWE ol&3tod 574 Lactobacillus spp. s 88sHAl A4 &
T U= VEs L] st A

Lactobacillus spp.dl et +AAWE8HA 7|WHES F3k AU vAE

ofje
e
ol



7S &d9slr] fske] z=e] FuUedl EAlste FYwd FaEled g 5
9} o] T Y& AAstE Fo digk vAE 44 PCR #4& Hg A &
W v AE F Eo]A <l primerE A|ZHEItE. dukA el PCRo| AFEH = specific

primer= real time PCRE <33}7]ol= PCR product size’} #HA PCR
efficiencyE "ol 7] uwjio] DNA Ao error® #-g3 7t5Ao] 9o,
ol WA 4 dE= PCR product size’} 22 real time PCRol
primer(RT—primer) & A 235G th. v E0] A2 band®t primer dimerd
Ae oxE WA T 7] W&o RT—primer A%+ 3 target DNA ©]2] 9]
o] A ¢l band7} YEPHE=AE &1

RT—-primerE ©]&3ty <4 HYdE target "AB=2] genomic DNA<}
PCR A&& AAste] target A= 5o]4<l bandE SF417]1aL o]& PC
product purification kit(iNtRON biotechnology, INC)E o] &35l AA|s & =
2% DNA ©HS #H]% Vector(pGEM—T easy vector, promega)°l] %135+
o ol% EA wHol AYH plasmidE FHE  competent cell ©
transformatione A A3t} o] transformation ¥ competent CellS Alth v
ste] 54 DNA %{ o] 491 plasmid(plasmid DNA purification kit, iNtRON
biotechnology, INC)E W& =3t DNA &5 =As3st}l, o] & Standard
plasmid DNAES F=W=E 38438+ serial dilution A8+ samplex} 7
real time PCRE S35t &2 WHES 8810 Lactobacillus caseis &5t
o & 53 (Lactobacillus plantarum, Lactobacillus casei, Streptococcus bovis,
Bacillus subtilis, E.coli K88)2| o|dZo| tf&t real time PCR & primer M &}
£ 283 2H, primer= E Of LIEHY QUL ©] T Ecoli K88 A9 4
Z9] Fowol A Lactobacillus plantarumsS A3 ], A AFHA] A= A&
st mAE #F P oFE Wel7] SlEiA, 244399 A ol A
= 4055 FA8FY] completely random design (CRD)oll &]3}e] 2x]8] 51HFE-9
Hjxlste] Abek AR 2o APEs AAelt Ayt & 2o, 1)
Control (basal diet), 2) basal diet + Lactobacillus plantarum 0.2% = 3} t}.
AF7INE F 557 R silew, ujF A}EH%%@ SAFS 57838k, phase II
9 A= 655 EAEY A, WA A, AR ol A Lactobacillus plantarum
4= real time PCR 7|H& o] &3} 1@5}93\3}.

=

oXx,
i o

o
o

d

7}, m A &9 genomic DNAY F=

AAR wAPEe] Eo]H genomic DNAES FZ3:= dol:= G—spin'™

Genomic DNA Extraction Kit (iNtRON biotechnology, INC)E A}-&3s}%ith #



A e WAES 13,000rpmoll A 187 QAR F S A A Az
o] % RNase A®} proteinase K7} H7}g bufferS 300ul #7}8tal mix3ke}. 15
B7F 65Tl A incubation2 A A3t genomic DNAC] bindingS 30 250ulY
binding bufferE F7}star 4lo] =t} BAE cell lysatesE= column tubeol] ¥
31 13,000rpmell A 183 94 £23t}. genomic DNA o]9]9] EAS A A5
98] washing buffer AZ 500ul H7}3F & 13,000rpmoll Al 18E-37F LA E2 8
washing buffer B2 & W2 0 2 washing 3t} o] 3 washing bufferE <4
sl AAs7] #ste]l 13,000rpmellA 183F dAZEE & W ¥ AR
50~200ul®] elution buffers F7Fstax 133 A=A incubationdt
13,000rpmol A 157F Y44 F28]38lo] genomic DNAE 43 gt}

-
,_r_é
-

‘TQ

t}. PCR analysis and PCR product purification

FHE 479 vAES genomic DNAS H] 5022l band S HAE3H7
f18ke] AlZE wAE 5ol3 primerg ©]§3ste] PCRE AAIgtl Zh7te] wAl
& 9] genomic DNA®] ™3+ PCR conditione oS3} )

u

i

PCR Condition

Denature temp. 94C — 3:00
Denature temp. 94C — 0:30
Anneal temp. XT — 0:30
Extention temp. 72C — 0:30
Extention temp. 72C — 5:00
Total Cycle No. — 35 cycles

Annealing temperatures

1. Lactobacillus casei — 55.6C

o

PCR products= wjiol AAE HAlste] +£43 PCR productE ol +,
vectorel] Adstedor 1 a&o] =7] wZol PCR product purificatione A3}
At} PCR product?] #AA:E= PCR quick—spin'™ PCR product purification
kit (iNtRON biotechnology, INC)E ©]&3}3th. PCR productE binding A7)+

ol



binding buffer® 500ul #7}sk & o] Zr} o 100bp 1*&91 DNA

fragment©] 7] W&ol isopropanole 150ul H7}sle] DNA AA| &2 =o F
Ak o] Ao A 1EZF incubation 3 F spin columnol sample° ST
13,000rpmoll Al 187 4AE st} flow—throughS W#H F  700ule]

washing bufferE H7}sled 13,000rpmoll A 1870 LAEYS 2, drydt spin
membraneS WEIL ethanold] 93 ¥F2-o WS wr] &) w1 A= 3 A
o YAELE AA st} o] elution bufferE 50ul H7Fske] 187F A20] A

incubationdt ¥, 13,000rpmol Al 1#37F YA EE] sto] &3 PCR productE
P FEE SAST

t}. Vector preparation

AAE PCR productE o]&3te] 3.0kbH %9 base pairE 7}¢ vectorE A Z+
g}l vector A ZFS pGEM-T easy vectorE ©]83t9 Tt 2X rapid ligation
buffer, T4 DNA ligaseE 5ul. pGEM—T easy vector(50ng)S 1lul, T4 DNA
ligaseE 1ul Y11 AA & wEE =43 PCR productE vector®} 1:59] H| &=
X ul ®7tsle] Ho] & 3 1A7Hs<E A2 A incubation 3}¢] vector plasmid
£ AAge

2}, Transformation of plasmid DNA in competent cell

FH]%E vector® competent cello] transformationd}”] 93} Heat shock
methodE ©]-&3 k. 4% vector 3ulE 4% 50ul®] competent cello] ¥
3l Ice “FEjellAl 302t incubationdt ¥ 42°C9] water bathoﬂ/ﬂ 90%3F heat
shocks FU}. o= iceollA 587t incubationd & LB & 1ml #H7}8tar 37Ca

A 1A]17+5<t incubation 3t}

v}, Selection of transformed competent cell

sH] 9 transformed competent cell® ampicillin®] #7Fg LB media®l Xgal,
IPTG® A =@3sle] 37ColA overnight 3+ % white colonyZE selectiondt

o

v}, plasmid DNA purification of transformed competent cell



AdtE transformed competent cellS Al #U%3ste] plasmidE F=3H7] ¢
3] DNA—spin™ plasmid DNA purification kit(iNtRON biotechnology, INC)
= AFEEA Y. wlkH transformed cellE B H5H 2mlS ¥ 13,000rpm
o A 303 YAEE s} A5 dS Wil RNase A7F H7FE resuspension
bufferE 250ul H7Fstar 41o] &+ & 250ul®] lysis bufferE F7Fsle] 5&3F
cell& lysisAlZIt}, o] & Z3A17]17] ¥Y3te] 350ule] neutralization bufferE ¥

3 4Co A 587t incubation 3 ¥ plasmid ©]2]9 &24-& spin down 3}7] ¢
3 13,000rpm, 4ColA 103 YA stoh A #e] & A5 A9S column
tubeo] ¥ 13,000rpmellA 1837 fAEYSA filtrateE HH I 500ul
washing buffer AE ¥l 13,000rpmol A 13%3F 948838l filtrates ® AL,
700ul®] washing buffer BE o]&3] <o wAE wbES & dry filter
membraneS THE7] & Wl AEle FHE 13,000rpmel A 1823 A EE 8}
HrE micro—tubeol] columns &7 50ul®] elution bufferg 9 3
o A incubation ¥+ ¥ 13,000rpmollA] 1837+ YAl Egsted =43+ plasmi
A=t} o] & DNA sequencing 2F1S ZE3) target gened &4 AJHE 13t
=3

A} sample®] genomic DNAS F=

Sample?] genomic DNAX Fecal DNA kit(UltraClean™ Fecal DNA Kit, MO
BIO, 12811—-100)& c]-&3at3itt. Hghe] DNARS 7] fair AlxzH A&
2l peptidoglycan A& A & 4 d&= WHORE bead beaters ©]&3te] 7}

s g B genomic DNAE FE313It).
o}. real time PCR analysis(PCR condition)

olof| A Aolx plasmid DNAY FE=E =A3 & standardE A 2357 98l
serial dilution& A A]3}3l real time PCR &4 A A|$}. real—time PCR &
Ao MyiQ™ Single Color Real—time PCR Detection System(BIO—RAD
Laboratories) & A}8399 o1, iQ™ SYBR Green Supermix(BIO—RAD)E 33
Ukl AJefo g o] 83}t PCR  mixture® primer® 242 1ul® YW,
Template DNAE 2ul ¥& %, SYBR Greens 16ul #7}ste] & 20ul7} ¥ ==
3}9lt}. real time PCR analysis®] condition< U2} 2t}



real time PCR Condition

Denature temp. 95C — 3:00
Denature temp. 95C — 0:30
Anneal temp. XT — 0:30
Extention temp. 72C — 0:30
Extention temp. 72C — 5:00

Total Cycle No. — 35 cycles

Annealing temperatures

1. Lactobacillus casei — 55.6C

A3 Fd Ayds 2

PCRE gt =A A wAE T 5olHQl primers AZsglon,
Lactobacillus casei CLW—0119l &l PCR primer 2 real time PCRE ¢3 Eo]3F
primers A|4ek3ltk. PCRE primert 3 6 o vehd vpe} g2} 47835 72F wjd=9]
DNA®} internal control & 5 7FA] templateE ARESte] PCRS =313} A9 DNA
o] Ao & 717138 SYBR green A|oFS o]g&3) &3 Wb 0 2 standard plasmid DNA
9] FEE =43}= real time PCR 71 (Joseph 5, 2003)E o] &3} plasmide] 5%
Auoz ARESISITE wsk AWkl PCRe| AF8-% = specific primeri= real
time PCRE <383}7]o]+= product size?} #A real time PCRo] Y=
primer(RT —primer)& A&ttt o] o]&st] =HA AW "= +F
Lactobacillus casei CLW—011] t3+ real time PCRE primerE 2SIt
Lactobacillus caseis &3l & 529 n|AEd )3 real time PCR & primer
AZS d8dF o primers % 7 o YERY

e

¥ 6. Lactobacillus casei CLW—011¢] £0]% Primer (4% PCRE)

% % Amplication ] Primer

Lactobacillus casei CLW—=011 | Forward| AAGCACCCTAACGGGTGCGA

16s rRNA Reverse | GCGATGCGAATTTCTTTTTC




real time PCRO| A& B8] E0o] A band®wt o}y g} AdwkA ¢l PCR
rimer dimer’= A ¢ x}o] B J&S FE=E o] & A AT Y3

w3k o 2 primer q74] % PCR condition =4S &9t} ]j% ]X—H‘} RT-primers

A
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o
oft
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o) mizupel o] H]Eo| A bandﬂ »}E‘rﬂrﬂ wkﬁ}

¥ 7. 4 #Fo)] WrE E90]4 real-time PCR Primer

% 2 Amplication ¢X Real—time PCR Primer

Lactobacillus casei Forward — CCGTCACACCATGAGAGTTT
16s rRNA  Reverse CCTTGTTACGACTTCACCCT

PCR product size 106 bp
Streptococcus bovis ~Forward AAGGCAGTGGCTTAACCA
165 rRNA(AB002482)  Reverse CGAGCCTCAGCGTCAGTT
PCR product size 157 bp
Escherichia coli K88ac  TForward CGGTGTGTTAGGGAGAGG
F4 Adhesion antigen gene(U19784)  Reverse CTTTGAATCTGTCCGAGAATATC
PCR product size 192 bp

Lactobacillus plantarum Forward CCCGTCACACCATGAGAGAGTT

Reverse GGCTACCTTGTTACGACTTC

PCR product size 110 bp
Bacillus subtilis Forward GTGCAGAAGAGGAGAGTGG
16S rRNA(DQ112340)  Reverse TCAGCGTCAGTTACAGAC

PCR product size 104 bp




a9 7. 247 w=5uekd W u A 2E PCRI & d7]9 % — H|Eo0]FQ
band ¥ primer dimer’} A EHA FS

tSox F Eo]AH<e DNA wHo] EoJ7F plasmid vectors A 2Fs}o]
standard DNAZ o] &3} 2™ RT—primerE ©|-&3Fo] ¢4 wid% target 7|4
=9 5olA<Ql bandE THAIZ F, FFHE DNA wHS AAS FvdE
Vector(pGEM—T easy vector)oll A&t thH(2d 8). o]F &4 DNA wHo]
A% plasmidE competent cellel Heat shock methodE ©]-&3}¢]
transformatione 3t o, A A% (LB+AMP media)o] Xgal®} IPTG
¢} A =l target AR A E plasmidE 7FR competent cellS A
el tl o] & A transformed competent cellS Al sle] plasmidS
FZ3ta, dolz plasmide]l T3 PCRI Gel electrophoresisE® 33}
Target P]AESY FolAQl {FHAZF AdZ AYHAEAE FHAH1H
9).
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oA 5% DNA w¥Hol Ay¥ plasmids W& FE39 w554 F
standard plasmid DNA Stock solution®® AF83}9 0™ serial dilutiong 2 A]
Sl standard solutionS 7}A]3l standard plasmid DNAE =¥ =Z2 32X 35to] A
=3 37 real time PCRE a3l om A= 29 100 yeR vhep

3.2kb (3kb - pGem-T easy vector)
(0.2kb - Insert DNA)

1

o
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39, Lacobacillus casei CLW—011¢] £4 DNA wHo] Ab
plasmid® ¥ ASH EcoliE ¥ & F=3 plasmidE A
7195 (el vector size?t AY¥ DNAS] sizeZ} T wbe
weo] 3.2kb FE9 A7IE HER)
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Correlation Coefficient: 1,000 Shope: 3,331 Inkercept; 36,084 Y =-3,331  + 36,004 o Unknowns
PCR. Efficiency; 99,6 % o Standards
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Log Starting Quantity, copy number

1% 10. Real—time PCRE ©]&3F Al v ABE #%F A= (Serial dilutions &
3} Standard Curve €43)

Aol QoA Als R FH7bEol AHI AdATE Gl wAE FFol ojugh
S v A=Al tigk A9rt ;& 8 o Vel v} Lacrobacillus plantarum®]
10° o] dfd BEAES AE AR 0.2% F718IES W FAYOR HGS
W), Lactobacillus plantarum 7YX Lactobacillus plantarum ©] © o]
Aetal e Ao ® Uit shAvE EAF R {Fo] A<l Apol= WASHA]
= Zew yewon, o AuAlE A rAd=Eo] Ay AFS Ave=
b AEekA] Hekgly] wWiwe® ddEn. A7 S B dgE As 5 9@
Al AR EE Al H7bE e vAEe 4 Bk ofyel o mAEY ASY
(viability), *3¥(gastrointestinal tract)WolA ¢ A&E%5(survival capacity),
A3 45 (colonization potential), WY F2 58 (immunological properties)®ll
gk A=o] wl¢- =283 tH(L.masco et.al., 2007). W&k e F& pHY £
dow HYstHA e pHe FAS A5 T o A Wil wEA A-35A
Aadol = AarAle] o] Hedk A oR AlmEH

OHT 2 X

°

’



X 8. Lactabacillus plantarum 9 717} A=) w|AE #Fd v x= AT

Control L.plantarum 37}

No. of L.plantarum (Ct value) 5 5
) 2.19 x 10°(14.78) | 4.31 x 10°(13.96)
in cecum

No. of L.plantarum (Ct value) s 5
8.23 x 10°(13.11) | 9.00 x 10°(13.07)

in colon
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Al 3 A : Sugar beet pulp (SBP)7} o]fAt=2o] A%
THelobel A4, Aapia W gl nAE

A5 vAE 9P

[¢]

A1 A B

ol * A=l Aol feoldt mAES FAA77] gk Uy F SR AL
s AFEE &% #H7bete Aotk A AT Al st AdiavE B
APRE Tl A AAN it FFol WASHA %l (Smith¢t Halls,
1968), A7 TFol =& ARE AFT 3F% olfAb=olAA Ag At
wAaerdar, AA A 713 e A4S YE (Ball2k Aherne, 1982). Drochner
T (1978)2 A= Wl 2AF7F A9 &Astra i vhE Elote] &S FHAAX
g Bauskglrh ole s Afrae adel digh 28 7]A ofz WEs] ¥a A
Al AN, Ao R HfA el A=Y Aol Fkstel A pHIE 3
Astar oo wt Fajg mAEY Aol AT olEI, AFAY =24
EQoR lete] wAES] Ul AduAre Fate] wajE o] Fule A2k
gtk ol& Sol Utk wabA ol fAkE Ul ARFAE HrbskH U 9ol
dAs ST FaEllAte] @S AAANA A= A H 9 ABLde] 3
A= Zolgtar AR E T Sugar beet(AEF)E 7HaE A &2 ALEFES- 214
£ "ote Adow & 54 AFdA= IlE sugar beetd] #E A =
ofet7| = ghrh Bt A Y H& FEFE wEel HlSEoly B FE ARE
b AxE sugar beetd] HE T oY A=A AEE] S FEoR ol gd
T Jdo HEES sugar beete AHAZE ¢ AEHAT WZ2es A =X
of e TS5 ¥ BAom A= gr shANE 1 FRTE FobA
A}

52 olgd "= g us TEAY g

beetoll A A®S FZF3ta v IAA F FF AbEo]l AAtE=dH vEE
sugar beet pulp®} sugar beet molasses (AFEF§ @)olt}. o] F 7}X9] F
e g AtmAlEdd wWol 2olal k. Sugar beet pulp (AP
OECD 2002)2 AEAxE 98] 3F2=2 o|FH sugar beeti= A|F 3}, kA
Ay yA Eo ©Y diFEe] AYs FEed (L9 10). oldd FEAH F
@S A A7]E sugar beet pulpz} gt} o] AElQ] sugar beet pulpe TEEH
o] °F 800~850 g/kgel™, fl=rolA = o]t HHl IiE Y8AIRERE dvlE7]
T AR &% Ao ofEwoR < dx (FEEE 0 100 g/kg)H o] vl
A EHeh ol#EA FEHI AdxH7] wEe] F84

$ o]gojoF st} Sugar
=]
n

0
o Lo rO*'

=
44 %A (water—soluble



nutrients)E°] WA U7HA i, wEkbA AZWE sugar beet pulpolE EL FF
o] HlHAEATIHEF (Non—starch polysaccharide) % ZA§ 3=k (¢ 200 g/k
gZdE)ol Eof At} olst 54 wFo] Zumdo|y o FgHF2 HE lkg
g °F 100 g8 Evte] 3fEo] AT (E 9).

ol2]gk 54 wZell sugar beet pulp= A AFRE ARES7] UF AlRA
ghego] ol RECAY AR ALEH I gle Mol SiX|gh HZ e A7
ZE2 sugar beet pulp? MFLc =HXof UM oMo == #ok oY
olA{el £3l80| 80~85%0 Eetct= EIyL RUct o[2{et o|8M of
2ol SMHEMME 2 15%, HISEAE 20%7HK| ALSSt{E ofmst ME
o Xto|& EOo[x|] giects EXE Ach

Iu
Pal
o0 rin

. soaked in

was Pulping or

Beet root i water Sugar
N chopping N

|

Wet beet pulp
(water content
85%)

v N

Dried molasses

Dried beet pulp
beet pulp
(water content

(water content
85%)

85%)
! - !

Dried molasses

Beet pulp pellet
beet pulp pellet
(water content

(water content
85%)

85%)
a8 11, A"7FE BAE 24 Sugar beet pulp? AAF 31H
(OECD, 2002)




¥ 9. Sugar beet pulp?e %4

Dry Crude Crude
entry Inigerf;at Matter (kc]e?l};:kg) (kclfl?kg) (kcljll;:kg) Protein | Fat
num— |Description (%) (%) (%)

Feed
ber Numb
umbery g7 2,865 | 2,495 | 1,860 8.6 0.8
Linoleic Bioavaila
B . NDF ADF Calcium | Phospho | bility of
eet, Acid
4—-00— (%) (%) (%) |—rus(%)|Phosphor
07 |Sugar pulp, (%)
. 669 us
dried
- 42.4 24.3 0.70 0.10 -
(NRC, 1998)

E10. 7 AR AR ARk TP

NDF ADF  TDF Total
F ff
cedstu CE(®) 0y (%) (%)  FOSc (mg/g)
Alfalfa meal, 17% CP 24.0 41.2 30.2 2.1
Barley grain 5.0 18.0 6.2 17.3 1.7
Corn grain, yellow 2.6 9.6 2.8 9.0 0.0
Soybean Hulls 36.4 45 86.0 0.1
Soybean meal, 44% CP 6.2 13.3 9.4 0.0
Beet pulp 41.4 56.3 0.1

beet pulp9



At ekl 21 £ 3 Yol olf3 H AT 5.87 £ 0.02 kg A4
3% ([Landrace X Large White Yorkshire] X Duroc) ©]FAHE 1205%F5 &
Alste] 528 6WHE AT HAEE 3133t FIW (randomized completely
block (RCB) design)o2 =% T 4%¥ wixadc). A+ b2 2o
1) &7 (Control; Basal diet), 2) A A& (Basal dietq 2.5%% sugar
beet pulp (SBP)Z ti#]), 3) B A&7 ((Basal diete] 5.0%% SBPZ thA]),
4) C A2+ (Basal diet®] 7.5%% SBPZ dhA]), 5) D A2+ (Basal diet?]
10.0%E SBP= tA]). SBPQ H7l4Fd wE MHg4s S A3 g& »
T FURY FHFE AYERE Aol A R o™, NRC AT (1998)° wh

FEAAG. AR F 570 ALUea s @% ol A %) ¥ 91,

% 37HA ) AbE7E wigtE o] GAE ApEALY 2R upe) FoEH Tt F
354zt A=7] A 73 wF woidk AEALE (Basal diet)o] @7FE oF
3,289 ME kcal/kgth. Diet 1 (0 — 7¢Y), diet 2 (7 — 21¥Y), Z18]3L diet 3
(21-359) 9] @AY AtsEe] dWd IS A2 23, 21, 19 %Ak =24
82 Ao 2 mE ook TS NRC AFFXFE (1998)F ZHALF wopu}.
Sugar beet pulpt™= @HEo] H7tHA e Ax AAGFFES JAEE A B
Hate] H7bstglon, HeERE sugar beet pulp«] HA7b el wobdel whet
244 (Corn), 54 (Soy bean meal), tHFH (Soy—oi)S ZA3te] Z+ A

b T8 g ] o)zt glA st 7# A AAAE WiE 4

2 ¥ 11, 12, 139 Yehygloh

)

5]

=]
Rln

[e5

ohoAbg $7 2 gel A



gain; ADG), dYAEAFHZ (average daily feed intake; ADFI), A2 &8
(gain/feed ratio; G/F ratio)& 8}3lth.

YA wjF 7 =WolA do®E 27 S AdEste] FA WA AHFH3te] BUN
(blood urea nigtrogen)< A3kt NS A3]g el xF3te] 3,000
rpm, 4C ZH2 16 ¢t 94 sl 2§ ZekaY Bagr)dd €3
ke EElete]l B4 A7HA -20Ce] B ekglth. BUNS dAEA7]E o] &8t
o] BA35th (Ciba—Corning model, Ciba Corning Diagnostics Co.).

4



¥ 11. A8AE gk AEE (Diet 1)

[tem Control A B C D
Ingredients (%)

Corn 44.66 41.59 38.41 35.20 31.92
SBM—46 25.32 24.63 24.63 24.63 24.63
Soyprotein K* 10.00 10.00 10.00 10.00 10.00
Sugar beet pulp 0.00 2.50 5.00 7.50 10.00
DSM® 0.97 2.04 2.16 2.30 2.48
Lactose 16.20 16.20 16.20 16.20 16.20
Soy oil 0.00 0.24 0.82 1.40 2.00
MCP 1.26 1.28 1.30 1.32 1.35
Limestone 0.53 0.48 0.45 0.42 0.40
L—Lysine-HCL 0.05 0.03 0.02 0.01 0.00
DL—methionine 0.09 0.09 0.09 0.10 0.10
Vitamin mix.° 0.12 0.12 0.12 0.12 0.12
Mineral mix.* 0.10 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20 0.20
Neomycin® 0.20 0.20 0.20 0.20 0.20
Zn0O 0.20 0.20 0.20 0.20 0.20
Choline—chloride 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition'

ME (kcal/kg) 3302.06 3296.87 3296.71 3296.74 3296.84
CP (%) 23.00 23.00 23.00 23.00 23.00
Lysine (%) 1.35 1.35 1.35 1.35 1.35
Methionine (%) 0.44 0.44 0.44 0.44 0.44
Ca (%) 0.80 0.80 0.80 0.80 0.80
P (%) 0.65 0.65 0.65 0.65 0.65

* Soy Protein Concentrate manufactured by ADM; Europoort BV.

b Dry skimmed milk

¢ Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin Ds,
d—biotin, 64 g; riboflavin, 3.2 mg; calcium

1,600 IU; vitamin E, 32 IU;

pantothenic acid, 8 mg; niacin, 16 mg; vitamin Biz, 12 g; vitamin K, 2.4 mg.

Provided the following per kilogram of diet :
24.8 mg;, Cu-'SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

¢ Antibiotics: Neomycin sulfate 110g/kg

! Calculated value.

Se, 0.1 mg; I, 0.3 mg; Mn,



% 12, A¥AE g AEE (Diet 2)

Item Control A B C D
Ingredients (%)

Corn 53.48 50.27 47.08 43.83 40.72
SBM—46 23.55 23.65 23.75 23.85 23.94
Soyprotein K* 8.00 8.00 8.00 8.00 8.00
Sugar beet pulp 0.00 2.50 5.00 7.50 10.00
Lactose 12.00 12.00 12.00 12.00 12.00
Soy oil 0.29 0.91 1.52 2.15 2.72
MCP 1.30 1.33 1.35 1.38 1.36
Limestone 0.38 0.34 0.31 0.30 0.28
L—Lysine-HCL 0.04 0.03 0.02 0.01 0.00
DL—methionine 0.04 0.05 0.05 0.06 0.06
Vitamin mix.” 0.12 0.12 0.12 0.12 0.12
Mineral mix.* 0.10 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20 0.20
Neomycin® 0.20 0.20 0.20 0.20 0.20
Zn0O 0.20 0.20 0.20 0.20 0.20
Choline—chloride 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00

Chemical composition®

ME (kcal/kg) 3288.47  3288.95  3288.89  3288.73  3288.22
CP (%) 21.00 21.00 21.00 21.00 21.00
Lysine (%) 1.19 1.19 1.19 1.19 1.19
Methionine (%) 0.37 0.37 0.37 0.37 0.37
Ca (%) 0.75 0.75 0.75 0.75 0.75
P (%) 0.63 0.63 0.63 0.63 0.63

* Soy Protein Concentrate manufactured by ADM; Europoort BV.

® Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin Ds,
1,600 IU; vitamin E, 32 IU; d-—biotin, 64 g, riboflavin, 3.2 mg;, calcium
pantothenic acid, 8 mg; niacin, 16 mg; vitamin Bis, 12 g; vitamin K, 2.4 mg.

¢ Provided the following per kilogram of diet : Se, 0.1 mg; I, 0.3 mg; Mn, 24.8
mg; CuSOy4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

4 Antibiotics: Neomycin sulfate 110g/kg

¢ Calculated value.



i 13, AgAks vl ek (Diet 3)

Item Control A B C D
Ingredients (%)

Corn 71.95 68.73 65.53 62.32 59.06
SBM—46 16.42 16.52 16.63 16.73 16.85
Soyprotein K* 8.50 8.50 8.50 8.50 8.50
Sugar beet pulp 0.00 2.50 5.00 7.50 10.00
Soy oil 0.92 1.54 2.15 2.77 3.40
MCP 1.22 1.25 1.27 1.30 1.32
Limestone 0.17 0.14 0.11 0.08 0.07
L—Lysine-HCL 0.08 0.07 0.06 0.05 0.04
DL—methionine 0.02 0.03 0.03 0.03 0.04
Vitamin mix.” 0.12 0.12 0.12 0.12 0.12
Mineral mix.* 0.10 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20 0.20
Neomycin® 0.20 0.20 0.20 0.20 0.20
Choline—chloride 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition®

ME (kcal/kg) 3281.27  3281.27  3281.27  3281.27  3281.27
CP (%) 19.00 19.00 19.00 19.00 19.00
Lysine (%) 1.05 1.05 1.05 1.05 1.05
Methionine (%) 0.34 0.34 0.34 0.34 0.34
Ca (%) 0.70 0.70 0.70 0.70 0.70
P (%) 0.60 0.60 0.60 0.60 0.60

1,600 IU; vitamin E, 32 IU; d-—biotin,
pantothenic acid, 8 mg; niacin, 16 mg; vitamin B2, 12 g vitamin K, 2.4 mg.

Provided the following per kilogram of diet :

Soy Protein Concentrate manufactured by ADM; Europoort BV.
Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin Ds,
64 g; riboflavin,

mg; CuSO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

Calculated value.

Antibiotics: Neomycin sulfate 110g/kg

3.2 mg;

calcium

Se, 0.1 mg; I, 0.3 mg; Mn, 24.8



2}, a5 A9 (Anatomy trial)

FEAFHS st 21 £ 3 dHo] o]f3 HAFAF 5.15 £ 0.23 kg9 2

W= ([Landrace X Large White Yorkshire] X Duroc) ©]FAE 2095 &
Alste] Aeld 474 F 2193 AAAEE AYHEE g9 & 15 3FHE
Autste] SRS AAEIT (BHEAT 7.21 £ 1.33 kg). AdE A= 5F
Aol 2t NAE = A=l v H AL, 12412 A2 & a5 A 3A 7] 5d
B

o ARt ES AHEE 9Tt =4 & A (small intestine), ™ (Large
intestine), A& (rectum)s vt #AA&EAn 7 & (Scanning electron
microscopy, X100)< 98] 24 A 439 oF omm’E AH3 0.4M KCL
(Cera, 1988)=% 37|, 2% paraformaldehyde®} 2% glutaraldehyde”} &/
4Ce 1AM (0.06M sodium cacodylate buffer, pH 7.2)o] B33t} w3+
T3 (jejunum) FHZ= 2cm AolE AMFH3I S 10% neutral buffered formalin
o] mABATIF alcohol® xylene stepHAFES Ax 4 39 hematoxylin®}
eosin(HE) —stained section (4im)°.& wEo] = (villi) ¥ €9 (crypt) S
et Festd 54 (morphology)S FAMSIATH AUl HAE #5 ZAME
93] 3% (ileum), WA (cecum), B3FZAZ (transverse colon), &A% (rectum)
A AstES AFte] —80TC A= Hsoi
ah, 848k #A] 9 FA A Uy

, 2 Z3E, 24T A
AOAC (1995)¢] Wil wah AAjsilct. Abme] Zgsat 12 33hd 5
HHAE A  AAS (atomic absorption spectrophotometer, Shimadzu,
AA—-6401, Japan)E ©o]&3sto] FA43I3tt. BAIEAS SAS (SAS Institute,
2004))9] dubA&E 78 (general linear model; GLM)S o] &3] =3 X5
of gk oA AARS HAAE o, HA& FoAk (LSD) Q1A el oz A
ggt A3 vlaskgith

A

1

ML
2o

AQarse] QMR (2P, xwud, 2A%
A

-

A3 AT Ay % u

7} A7 A4 (Growth performance)

AbE Ul sugar beet pulp (SBP)O| &8 H7p7}F 2h=9] Aol vAl= 4F



= % 14 % ¥ 113 3" 120 AElste] vEide Ad " 713 (6 F)
SO ALREW SBPE H7be Aol AF (body weight), d35A=E (ADG),
AtRE S (G/F ration)o] Z7Ftth (P < 0.05). A3 /A & 3FARE AF
2 AdFSAZ] Qo] SBP #H7F o R 8l 1 HIE e web zbo]rt ATt 5
% ©l’&el SBP #H7F+ (B, C, D A7) AT ¥ T5 A7HA FoA<
ol g Holm diZxwe] nlE] mkow, 1 F 7.5 % AU AF 2 43T
Aol 71 wol 7= ATt (P < 0.05). SBPE 2.5 % H7Fs AT (A A
g B9 tdFEzT (controD)o]th th& ATl Hl3] Fo]Hor wHAY &
zfol & HolA] AW tjxtel] HlB) MAEE BIES Bvh dGARAHATF
(ADFD) 9] A5 A AF 71z &<t ofwe Fo420 A

> 0.39). E}ﬂ& SBP Z7ho]l txatel mls] AdF %ol Frteles 43S wAe
U SBP 7} Sl wE d#d AFHAH Svhe #EEHA o

(G/F ratio)®] 7% SBP7} 5 % °1’¢ 7kl Al glof

Lo fo]ARl AolE Holw JfMEHJT (P = 0.011). A}
U dgEAFEas o7k 02 g3E noFed, A5 o

= 7.5 % w4 ATl b ugkd Wi, Al 8 &S SBP 7o
i

7}

L:m
fol
OSl MO 2§

of wet JfA A SBP7F 7 wel kel D AHE Tt (SBP 10% H7B)elA

& =9k, HE OM 7.5 %E AR AT7F FE ol SBP7F 2.5 %
A7k A XMFLA AlREES dzatel vlE] et atolE HAFA = A
9 SBP A7}k /\}y_fig 7Nd9] linear ¢ S YE L vhal Als ¥
ol A&l o] st A= 4 (wheat) 9152 Al SBPE 6 % #7186
S uf o] fAE=e A Aol JAAEATE Lizardo & (1997)¢] A¥ 2 &
AA1EE ALRY ol 15 % 7 Al AR FAIFe] Stk Martelli &
(1999)9] Hiare} AA3H= 3] o] SBP9 Algs Wl #H7b
2 °l3} 4}44 H’L

)
o, }_E
O
o,
Ho
o
=



¥ 14. AF=E Wl sugar beet pulp (SBP)9] =% H77F A= A vx=
3 3

Item Control A B C D SEM*
Body weight (kg)

Initial® 5.87 5.86 5.86 5.87 5.89 0.08
3 week 9.28° 9,73 10.21° 10.42° 10.29% 0.14
5 week 16.31° 17.16% 17.99* 18.30% 18.13% 0.26
Average daily gain® (g)

0—3 week 162"  186® 207° 218° 210° 6.22
3—-5 week® 502 531 556 562 560 10.62
0—5 week 298" 324 347° 356° 350° 7.08
Average daily feed intake® (g)

0—3 week 365 374 407 399 385 7.85
3—-5 week 838 860 878 882 866 14.18
0—5 week 554 568 595 592 578 8.80
Gain:Feed ratio®

0—3 week  0.445° 0.499% 0.508% 0.546% 0.547% 0.01
3—-5 week®  0.599 0.617 0.634 0.638 0.646 0.01
0—5 week  0.538"  0.570% 0.582° 0.601° 0.606° 0.01

a,b

Mean within rows with different superscripts differ, 7 < 0.05

¢ A total of 120 crossbred pigs was fed from average initial body weight 5.86 *+
0.02 kg and the average of final weight was 17.58 kg.

¢ Standard error of mean.

¢ Not significantly different (7>0.80).



P <0.0%

0,600 =

ah

E4F ratio
=

CON &, B o ]
Treatment

||:| (-3 week @ 3-5week W0-5 week, |

A dGSAFE vl (P < 0.05)
19 12. AFE W) sugar beet pulp (SBP)9 &9 H7}7F A=<
of HX= 3

o



P<0.05

COM

Treatment

|D 0-3 week @ 35 weel: B 0-5 week |

e Alsas vl (P < 0.05)

29 13. Ab= W] sugar beet pulp (SBP)9 < 717 A=< A

of MAl= FF

ol



. g 24 (Blood assay)

BUN (blood urea nitrogen) #4& flal 28 NA| AlFH w5+ =99 2
FRAEH ddas AfFste] S Eelste] —20CHH oA Bttt 252l
A4 B, CON #g75°] A, C, D AYFEEY BUNo| folde= ggkon (P
< 0.01), I o]|F 2= & zPo]lE Ho|x &gk} (29 13). d¥bd o2 BUN2
ofu] ;make] o] go thE thE A A ERE 2AH(Eggum, 1970). BUNLS whula
AFet 2 F4el A AREE 7 (Eggum, 1970; Hahn 5, 1995), 4
At Aol AW Ao sty (Whang and Easter, 2000). BUN value:= ¥
GZ=A 9D AR F S negative correlations zEE=th (Hahn %, 1995). wiz}
A 25zl A YERd BUNS o]2lgh ztol= 357149 dG5A% 2 Alsas
o] sugar beet pulpE FH7Fst A7} H7bebA] & tixtol vls| o A
o] njFo] AH 7hsaltial AbsE T
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18 14, A}S W sugar beet pulpd F=H¥ H7I7F A=< BUN FXo v

rr

23

ot



o} e A4 o) gAEe] MAL= Ao

3, o] FEANLRAAY  (PMWS; postweaning multisystemic wasting

syndrome) frAb $4< Rolw, 1 A% thsith WE HAE st ol f A
o o] vha, Wn, BHEES sa, A5H0l AskA A oj2A =,
AAER B Aol obleh 557 AWe BT Al dddony T
57408 & & ok MA B4 MALZ olf F 1~2F Atole] WAk EA,

i

FEA AR AR wAd o5 WS, FR AFdor gdEn. AR,
ZNAA AR AR AEo] ARk R AER dasiAY AX 987 2
e o EA YA Z, gl og AHafe|t). o] 5A Alm, 1F
E T e o] At tAlA, AjJdowM THE Fas AL W
g wAEe gk MdAapoltt. olf F AHALE fdste dJARE A, ZE
vtolg] 2~ TGE % PED wpolelx, et 7|43 13

AL 7P uwsa @ 5 ook AEe] A

i

4
Q1 % ShfelAw, Qwrslow Yol Awdel 5 it o8] Yok
AL RS A S8 gl o8 Aabs JAdel o HA

o)

¢l Soll g3t AT7ste 5
Fom, Ao ot MA} doju= X E fetatr] f8) AAERAATFS S5
RaL, 2o Pejer s Fa dUAH HALR Qleh o] o] AA=A
oAF-E getsiglon, Asts AFS F8l AWAQl S Ashgol ool 3l
= AE HESIAH

ShAIRE, ZF Az AAle] Win T Al ALE Ao A A
717set AALR R ke SolAds Hel AdETe] gllen, 5 Ao}
v AEglel 54 JNACAY weksk Awivte] pEE o] HAMIE AP B
7V akelth AAF REyY AEE FAFSHE WS thdstA EAlsiy 7 g
rol= WS o A AR (FEEH), A= AEHE 39 52 59
2 Este] s Foste] ddstA He o= &Aoo kvt whelE
A AdA el e & de Aol AUk mbof MAbe] g #F B XALE
el Z)2Est 374 (clean nursery) RUE tl8]& &7 (dirty nursery) X ElS
ZASAY, o EAQl Wl S FHste 3ol &olstEg AtmET ¥
Ho| AFZAINEL beet pulp B=E H|AEAYLHF (non—starch polysaccharide



Vb O gHE 9RE AE AR W AISRS W AR AL Rl gas
=

Gt BaE &9t (Balldl Aherne, 1982; Goransson 5, 1995).
g2t Ao Jejers #z (Morphology of the small intestine)

1) SEM (Scanning electron microscopy)

2% T FHA TS AFASY] AstAH S AAARAHS o] &ske] 100
&2 gyt (29 14). tE&+ (CON)+= sugar beet pulp”}t E7FE A=
7V &3 mlEoE Al Row #BRHT) AR o] sk

Sote] BHRE A3 BAo] Bl S ERZ Eosin(HE)oZ AAste] veta

o mAF F AUS wEe] §r wo| L g9 olF ZHserk






2) €5 o] @ g9 Zlo] (Villi hight and crypt depth)

depth) & A8 l | S4& s71slEl dAEE st dA
S el AL AbHS YeERAI dwrHor AES 2% g5 P of ¥
AFE 18 AR o m oFfh FolA il Tl Holxl o RS 3t
3L Atk Cera & (1998)0l oJ8twl §®o Aol olf F 3 <t F43] 7
Ashe, o & e dddvia Busigivh. HEitel §Ro Fo], §oko 2
of, m1e]ar 1 "l &l glo] FAH R {FolHQl Aolg Ho|A Fdth 3
gk gz (CON)eoll Hls SBPE #7tek H7b-o §=9o Foloh §ko] dol7t
AA = Aol BRHAY. 53] SBPE 7.5 %, 10 % H713 C, D A& ol A
o] 1 A7t v AFrud AAE AFS BAAT Fo4e ol ol
Aako] WAstE Y90S Ats o H7be SBP7F FxWe] FIAHEE A5}
& FRo g 9 Jddae] IS dd] st §Ro B9 @ wds &
23897 Wzl Ao w AbRET Jin 5 (1996) 3 Mathew 5 (1994)2 =2
T Aol AfaE HUEIGS W §19 Fole ot Ao §949
zlole o zlojzlttar siglom, §Ro| g 2 APy dAste A34E e
AL Stk WA, Moore & (1988)& %2 79 AFAE Fodl: S4=9 &
FES SR oue dFE FA Fevhal sgon, 7] ol fd A= A g
T RN R Hol7t oF 15%7HA HAEHJTGE Bus sk 2 4
oA ARE3E SBP= L YAEE v ZA EEls, obvkE ojelgt YAt
w9 zpoloh HAGa i Aol wiiEe] AutEl AnE HoFdodd AR
.



3E 15. A= W SBPe] = A7 A
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o] | O O [elre]
Item Control A B C D SEM"
Morphological growth (3week, m)
Villi height 425.3 490.1 454.3 545.2 512.9 16.97
Crypt depth 175.4 197.7 179.0 212.6 197.8 7.97
V:C 2.42 2.48 2.54 2.57 2.59 0.08

# A total of 15 crossbred pigs were anatomized from average body weight 7.21 +
1.33 kg.
" Standard error of mean.

¢ Not significantly different (2>0.17).



CON A B

a9 16, 52 =olek g9k "olE FAHs ] il +H TF HFAE
Eosin(HE)—stanined section3}&}o] &3k AF7l



up. | U] AE 73 (intestinal microfla) A}

AHFAFE 9ot Ay 3F A F 1575 Adste] sFE AASH
(BdAlT 7.21 £ 1.33 kg). =4&ste] AW vdE 45 =AE A IF
(ileum), W (cecum), & A4 (transverse colon), A% (rectum)olAl 43}
=S H% 3lo] —80C A2 H 3t} Real time PCRS 28-S AAI57] 9
3le] Z} o Eo]A<Ql primer(real—time PCR primer) A|Z}3Iom, dutkA
2] PCR primers PCR product® size7} #A o8 9 AX]7F o=z 100 ~
200 bp AE2] PCR product size® ¥ A]7]= real—time PCR primerE A2}
ST A28 primer+ o9 X 16 o YERNRITE Real—time PCR primer
E Az 3 v]Eo]&Ql band’} YEFY=X] PCR¥} A 7|5 (gel electrophoresis
)E o]l&3ste] &Rlekglal, vl 5o]A ] band7t YEIYA S ¥ 16 & HH
ok 4 9tk o] ¥ Standard plasmid DNAE SEHRE A5t HMZ3 9
real—time PCRE& a3t 4313t}

¥ 16. Real-time PCRo| Z= ZF #%F9 E9°]4 primer(real-time PCR
primer) 2] Az &5

% 2 Amplication ¢X Real—time PCR Primer

Lactobacillus casei Forward CCGTCACACCATGAGAGTTT
16s rRNA  Reverse CCTTGTTACGACTTCACCCT

PCR product size 106 bp

Streptococcus bovis  Forward AAGGCAGTGGCTTAACCA
16S rRNA(AB002482) Reverse CGAGCCTCAGCGTCAGTT

PCR product size 157 bp

Escherichia coli K88ac  Forward CGGTGTGTTAGGGAGAGG
F4 Adhesion antigen gene(U19784) Reverse CTTTGAATCTGTCCGAGAATATC

PCR product size 192 bp

Lactobacillus plantarum  Forward CCCGTCACACCATGAGAGAGTT
Reverse GGCTACCTTGTTACGACTTC

PCR product size 110 bp

Bacillus subtilis Forward GTGCAGAAGAGGAGAGTGG
16S rRNA(DQ112340) Reverse TCAGCGTCAGTTACAGAC

PCR product size 104 bp




110bp 106kp 102 157hn

400bp Ladder

a9 17, 2 A5 =Yg 2 v AA5E PCREH

— B]Eo]A 2l band ¥ primer dimer7} A H

ot
L
N
o2
offt



X 17, ¥, B, A%, Ao Awd AF5 2AME Y% real-time PCRS

Con A B C D P value | SEM*
L. casei 28.589 % 26.147 7 23.735° 24.740 " 25.730° 0.0449 | 1.62
L. plantarum| 23.139 | 20.850 | 17.691 | 19.115 | 19.430 | 0.0870 | 2.10
B. subtilis | 21.495% 20.817 *| 16.957 | 17.589 " 20.101% 0.0188 | 1.52
E. coli 33.306 | 30.672 | 28.834 | 30.060 | 30.869 | 0.0502 | 1.48
S. bovis 24.778 | 21.402 | 19.760 | 21.826 | 21.932 | 0.2140 | 2.34
a,b,c

Values with different superscripts in the same row are different
(P<0.05)

d
Standard error of mean

= ARdA = F 5FFY MAE #F S real-time PCRS o] &3t XA}S}
Sth. Real—time PCR2 W73k fluorescent dyed] Al&o=2 A=Fo] HAzls]x]ar
exponential phase?] &S w2 & &= oy, 54% fluorescencedt &=
copy number’} W2 dojX|= AL olyrt} o]F YA = o3| standard=
#of st Al Wil Hls|A = A (FESIE Real—time PCRe A wFol
A 7Fd F8% ldS crossing point £ Higuchi 5 (1993)e] A<lg Ct
(Threshold Cycle) value ©oJ8}= FXoJt}. o] ZkS  probe? reporter
fluorescence %t©] base line S AU= Al A9 cycle numbere]t}. o] ke
PCR W&-9] o= 3 Q4% limitinge] obd we] Fholw, targete] Sl 3
Hhal Elel= FhO = target®] &S Aed W P AFE Hwv d ¢ o A
A& ofF Ho] Al 3 PCR A= 1 plot 5 TEA Yehd
o] @& dASHA HER 3 Fd sampled] WA= AR =
= Aot} wrElA E Fo AA]E Ct value: probe®] reporter fluorescence
#tol base line #& Auve AHE ulstnz o Aoigle] W&% sample
W St MAdE 7FY T Bes YvletAl "tk

SBP7} Ap=o] w A& % H A IS ] A epar o) st ol
w3 2ok FAA dAAA RN B TR =4 A2H L de=d, 1 F o)
W7} “prebiotics”©]th. Prebioticse] 2Hg 7|22 AU FeldE0] o837 HA*
AraE Twstal 24s o83 F AAHEE A AW (VFA; volatile

fatty acid)e] ¥l pHE AstAA Fabde] F4 31 ¥d4d nAd=e H4s

X fo

e o

N r
0



ZRlste] A#Aor frolqte] WA PAER S BFS HolAl Ho #
AE 5SS 248 He Aol 19 gEo] 53] E coll binding siteE
At e Faelr] Hurhes AstEo] Afiel FESHA ste] o9
&S FEdth(Koopman et al., 1999). B3 43 W 9¥4 &5 4 0 E
o] BHlE FHste] F muAlEe 32 folatA ) (Jin et al, 1994).

¥ 178 FF (jejunum), W (cecum), HA3YAZ (transverse colon), &7
(rectum)oll A A F g 23k= (chyme)oll A AZFSE Ct valueE WERd Zojtt. L.
casei® 7% WERTo| Hls] SBPE 5, 7.5 % J7I3E Ag T FoFor &
gkow (P<0.05), 2.5, 10 % A7}t A t= F94 2ol= o) o e
AeS HAFEUY). L. plantarum, S bovis® 790l BAIAO R FE G 2}
7F detuA = gFRkAIRE SBPE H7EeE el (58] 5, 7.5 % HIFH7F dE
Toll wls Wel MAEa YW Ao RHEAJC B subtilis®] BFNE 5 %
A7FA 7HE mAdE S wew dixzTek 2.5 % H7FF HE @kt
(P=0.0188). fralldl £ coli K88+°] A5 ol &3} &LdetA v+ Buh SBP
A7e] agtEolA FAEHA o w2 A" Holuy FoAQl Aol= HolH
% Skt



3% 18. Real—time PCRS ©|&3t Lactobacillus caser®]l Ct value % PCR
efficiency

Con A B C D P value| SEM*
Jejunum | 29.607 | 28.005 | 25.091 | 26.899 | 25.616 |0.4784| 2.70
Cecum 27.681 | 27.525 | 23.132 | 22.590 | 25.172 |0.1382| 2.50
Colon 29.700 | 26.012 | 23.051 | 24.197 | 25.782 |0.3494| 3.86
Rectum 27.070 | 24.044 | 23.667 | 24,706 | 28.553 |0.1138| 2.29

# Standard error of mean

standard curve graph for Lactobaciius casel
107 v= TEF35g o2
Correlation coefficient = 0.8943
. {015 PCH efficiency = 85 5%
=
e [e]
25 g2 o
=% ® g
>
= O
(@}
-2 108 M
c -
=
[u]
&5 108
g
= 3
10 ~%
10[‘_] L 1 1 1 1
20 27 24 Pl 28 30 32 34
Ct Value

1% 18. Standard curve graph for Lactobacillus caser



¥ 19. Real—time PCR& ©| 83t Lactobacillus plantarum® Ct value % PCR

efficiency

Con A B C D P value| SEM*

Jejunum| 27.548 25.897 18.659 24.287 23.121 | 0.0594 | 3.17

Cecum | 23.043 20.465 17.137 17.843 16.920 | 0.2422 | 3.53

Colon 23.705 18.567 17.424 16.545 16.793 ] 0.05615 | 2.70

Rectum | 18.260 18.470 17.544 17.784 20.090 | 0.6675| 2.21

# Standard error of mean

Standard curve draph for facrobaciius pianiarim

1012 y:BEJere—l.ooo

o i i =
(43 Comelation coefficient = 0.9992

1010 \ DOl efficiency = 04 7

108

1086 \

104 \

102 \\

100 | L L L \Q

16 18 20 22 24 26 28 30 32
Ct Value

Starting Quantity
(No. of DNA copy/g of DM)

19 19. Standard curve graph for Lactobacillus plantarum



¥ 20. Real—time PCRS ©|838t PBacillus subtilis®] Ct value % PCR
efficiency

Con A B C D |P value| SEM’
Jejunum| 20.793 % 22.214°| 16.021°| 17.996 " 20.502 *10.0299 | 2.03
Cecum | 20.856 | 21.570 | 17.297 | 17.674 19.248 10.1029| 2.00
Colon | 24.761°%| 19.985"| 17.736"| 16.735"| 18.062"|0.0267| 2.57
Rectum | 19.570 | 19.500 | 16.776 | 17.950 | 21.671 |0.2221| 2.42
ab¢ Values with different superscripts in the same row are different

(P<0.05)

d
Standard error of mean

Standard curve graph for Baciius subtilis

hantl

y = 2E+22g N

Correlation coefficient = 0.99384

FoRcfioiohos ~
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19 20. Standard curve graph for Bacillus subtilis




¥ 21. Real-time PCR& 9|83t Streptococcus bovisS]

efficiency

Ct value ¥ PCR

Con A B C D P value| SEM°
Jejunum | 23.898 20.109 18.522 20.161 23.208 |0.0570| 2.93
Cecum 22.814 18.319 17.803 23.761 24.730 10.1290| 3.02
Colon 21.483°%| 18.537"| 19.079"| 20.568"| 20.403"|0.0354 | 2.64
Rectum | 23.334 | 27.085 26.454 22.814 21.514 |0.6336| 5.43
@b Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of mean

Standard curve graph for Sfrepfococous bovis
Tk ¥ = ZEr20e o
\ Caorrelation coefficient = 0.9978
1o PCR efficiency = 84.1%
§ \E‘L
[}
= 107
==
ng g ¢ —\
C <
=
ho— 103
(@]
: \
=
— 1o \
o]
o]
1071 : : : : :
15 18 21 24 2F 30 B3
Ct Value

1% 21. Standard curve graph for Streptococcus bovis




¥ 22. Real—time PCRE o]&3l

Escherichia coli K88+2] Ct value 2 PCR

efficiency

Con A B C D P value SEM*®
Jejunum | 33.504 % 29.914 % 26.764 " 30.583° 31.683" 0.0229 1.87
Cecum | 32.980 | 31.585 | 29.648 | 30.538 | 30.483 | 0.5738 2.53
Colon 34.364 | 30.679 | 29.457 | 29.031 | 29.460 | 0.0630 2.08
Rectum | 32.377 | 29.455 | 29.467 | 30.088 | 31.465 | 0.6749 2.58
@b Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of the mean

Standard curve graph for £scherichia colf
L v = JEr236 770
Correlation coefiicient = 0.8975
10 “~. PCR effciency = 97 .1%
g \\
=)
= 108
= o™
;3';% \\
~ 3 10 ~>
C <
= 5
B.B 103
. @O,
s} Q
= 1077 %LD
[o}
S
le]
10-11 : : : : : :
12 15 18 21 24 27 30 33 36
Ct Yalue

A=

22. Standard curve graph for £.col/i K88+




Real—time?] EX44 =A% fluorescence?t (Ct value) 2.2 copy number (H]
Am dF5)7F vt2 oA = A& 0}‘43} O]'E— e = o 3] standard%
A B A S e ol ALkS sloF gtk ® 18, 19, 20, 21, 22 & 574 7}
zZyo| = (L. casei, L. plantarum, S. bovis, B. subtilis, E. coli K88+)—% %
W, A, A4 FelA 54 Ct values YER Aolw, 7} 319
ol#fol 2+ PCR efficiency?] A2 dstd Aid=s +& 4 Ao o
gk Ct value® #7]8 olfr& A4 HASS T8l vA=E o5 AolE vlulst
7] flefiA o]t}

Bacillus subtilis, S. bovis®] 735 &7&3 fYPA7NA SBPE H7ke A2+
7b #H7bekAl e dixTrell HlE] frel Al ztelE Holm Eokom (P<0.05),

A% FAE- A SBPE 5, 7.5, 10 % H7Ie Ao H$
O B2 Ao Yeyth fo% zolE Holw Ade A7E 37 dFolA
vk ol A'FS [olF L. casei, L. plantarum, S. bovis, B. subtilis?}
SBP H7Frel A B WL, £ colit] 7 W3 F7FlA B2
S 23 &9 fibere] &7 £ coldl binding siteE
st A9 wMAHES Fedte 7|EY dAT7AdE Ed AW Jhestth
(Koopman et al.,, 1999). 3}X|wt B Ao B3 L3lEA & <
olg]gt ztol7} E. coli 7% AdbEol wWol FAEiA 1A, ol weEs] 1
B AARMAE Wo7] fddeE A= stue] Ade el F st
prebiotics= £84 AIAE Hol= Aol ofyet AHA FoE T dFS
A8 U th= mechanismes AYar Atk weEbA 2 sample®] AFH A 77 A E
APRE FoEA] 2575 ol gk A o] Folzl Fo]7] wiitel] F71AQ
5 F3% sampled] MFAES & 7|F7F FoYH B B2 ARE IS
oge} AtmErh & AdA AFES real-time PCRES o] &3 WAE #%F
sl 7)ol Fom AU wAE AT B =50 Het 7

=
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Al 4 A Sugar beet pulp (SBP)7} U4 o885, AL
thAbel] 2 HAFHol| v X = FgF

Al A E

o
=

AREEE BEd ¢ v mEA 2 AES AR W A%eR e A
7 ofA FYa AastECl oW IS =

Zshge] Wsts PHstaat skt

W Ara H7ER )lste] Al mAdE dFol Wstshd A W ks

|

vetd = Ao S Felgh vaEe] ek felgk mA
o z

Ao A A= Felo] graste] Az EuE s A9
IgA®] sk 3 Wt & Zloju. meb & A= SBPe HIPb ol fAk=9
Mool v Zaks AR flete] dF IgA ® g6 =S T

23he ARE flste] 42 £ 3 49 Hd AT 9.11 + 0.87 kgo] A
% ([Landrace X Large White Yorkshire] X Duroc) °]fA&= F7 15FE
Alste] 532 3WkEe] Ao wiXH (completely random desigh; CRD)2. 2
MAEZ Al AT 2 84, &% 8Aldl], = dFo] F How
ol wid F 260ge AP Ad AlsE Fodivh. 4U3be] AE7IRE

ol mY

(adaptation period) $-o 5¢ &< & 3 25 A, Ee& wjd AQFH3HH,
AHE e Ws By 3 F 60Tl 7243 A% 3 T Wiley millg o] &3}
A4 & ¥ dde 24 AAAE == 125N HC 25 mlE 7|
T2 gty To= vjd AQFH e Glass wools F3le] o]EHo] A

FT A e WY By

<] =
SA4stel = A &3 F 54 de B
Stk Sampling 7]3te] Euwl WE BAHIE =8 xo] & 42 &
[e]
=

I I EN R

of ML W ¢ @
o Sk XN ¢



HAAEHS Hste] 21 + 3 L& o] /3 HHFAF 512 + 0.26 kg ©|F
= 2078 ¥Alete] AYd 4FAHS dHHol| o) wixEto A AlREE &
2 FY T HE X}Eoﬂﬂlﬁ gNS AF s 5 Lipolysaccharide
YA 6.27 £ 0.99 kg). Y

T2, 4, 8, 12, 24 A3t %‘O = xHo}&l A LS zAbstaL, ELISA WS =
3t 8% immunoglobulin A (IgA) % immunoglobulin G (IgG) &HS FEAIF

At

-

o sper B4 9 B4 4 U
Adxs 2 B AR (2w, 2ud, 24 233, 24T 1
e AOAC (1995)9] ®W el wha} A Akt Al 2 & W acid detergent

=]

fiber 2 neutral detergent fiber® 412 ANKOM technology methodZE ©]-&
a9tk (ANKOM 220 fiber analyzer, USA). AlE ¥ #x9 Zgy) Qe 33
3 & AAg HAHL 713 AAS (atomic absorption spectrophotometer)
(Shimadzu, AA—6401, Japan)E ©]&3te] FA AT SAEA 2 SAS (SAS
Institute, 2004))¢] AW R F (general linear model; GLM)S& o] &3te] &
e Azl g Fo8 ABS Arskdon, HA Folxk (LSD) 8041
of ojal AHels AHE a3t

.i.z

aE

A3 AT A

A

7}, %A 43S (nutrient digestibility)

B A lojA AE (dry matter), ZE}‘E—HXE‘ (crude protein), =AW

(crude fat), Z3]& (curde ash), Z% (Ca), ¢ (p)o &g} &o] o] EE A
o o] oAug FoJHQl Apo]k W E ] Lzs»}q (% 8 #=x). vt =4

_4

(crude fiber)oll SloJA &= zFel7} Sd+=dl, tiz=a (CON)el ZAF Asl&o
7V =9kal, B (SBP 5 % H7bA 277k 7 weken, umA A, C, D A
kell= zke]7F §lTh Rijnen & (2001)9 AFZ2ddd m=E2w EE= AR
sugar beet pulpZ 0, 10, 20, 30 % H7}gtol wel B A B TEFo A3}&0]
Z+7y 70.6, 74.3, 78.4, 80.6 %} (Scipioni &, 2001). ¥ A= v HAE
Aurdie] Aol o] FolxA] gro} 1 AES o 4 glAnE, thxTtel] Hls|

=



sugar beet pulp’} 2.5, 5.0, 7.5, 10.0 %2 F 7}l we} 2R sheFol
ojHow F7t s, wekA @REEQ HAY Astairt FaekA Xe)
Adra AR HlEo] molbAy] wiEel oled A3E Hloww AlmETh ¥
W NDF (neutral detergent fiber)9] “d-% SBPE 7.5, 10.0 % 73t X279
A AstEo] 7P E=gkon 25 5 @ HIFEIF HE o)Qa, tlFto] b
of AR Ast& = dvtE ARE HAFEJT (P < 0.0001). ADF (acid
detergent fiber)¢] 4% B, D Z%EHW} tE A gtel vls AstEo] Ekon,
NDF &3}&o] 7b4 =9kdd €9 A9 B, D Ha T+ 2 A A7 sl =
o] Holx| gttt C A9 HE Oloi A AYH, gx2T T2 Aashgol
skl (P < 0.001) (% 23).

rr do

¢

AdWtd o2 vpsES R Wil A T 7HX7F Ak dubdo =
ZAFE FEG AR AAS g ot (3 1.2%)39 oFdZE] (FHd AT
1.25%) 94 ZF2F 3022 #<2 v oAFelA 3lES AQste] -8k Weende

I A7) Wi o5 B st van Soest B
] T3k, NDF &=

Mo B
>
Ho
o
2
Z,
)
)

O_u 3.9
>
w)
)
mlm

S 7719,  cellulose,
hemicellulose, lignin, Z2]3 silica =& @%5}741 )l o] F celluloses}
hemicellulose™= A4 959 HZ3 (lignification)d we} 1 A&st&o] 5
T 11, lignind} silicay 4237 A3 A &y BEo|tl, ADFE NDF & =4
A AR AA e e AdRds T

F

na
3= Ao w2 cellulose, lignin, acid

ol

detergent insoluble nitrogen (ADIN), acid insoluble ash, Z#] 3L silica &°] X%

gE vl ADFOF NDFQ] Apold-& NDFol&= t&i9 hemicellulose®} ADFo| &

o A% dwd (ADIN)S ALt FAMAN E&< BE didoe] »x3

o] gt} AHo|t}, B ¥l A9 NDF 2 ADFe| 4 3}&0] SBPZ @o| A7}

g 5 FoiAe AIFS Eied, olv A= AUl wA=Eo] cellulose,
J .o

hemicellulose 5¢ AFds & ol&sqla, olefst AFd& ol&3ste] LA

ml

AaE goopm Ak} e G Ao EEH O o]&stal UFS HAF
= Zolgt AlRETE Varel 5 (1984)°] <3t w9 EEQ HAe A=
Fibrovacter succinogenes“y Ruminococcus flavefaciens &F 728 AH-2 E&) #
AE (celluloytic bacteria)?} A28, AG49 o]&&o] ALY nAERA t}
ol o] @ 4§ (d-SBP) L &¥o] Frletal 3k xHbake] Al
Fr Srhettra silh. drstar FAEE A goe YgLh ASES
FaA7Ia, a7 FEE F F duh AR AA £ At dE s
Afrae] Jole A dYga o= Fo JEgFs A gon ddA By
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prebiotics®] 71%& &8 #9

=

¥ 23 AhR W SBPE] A7) Ao ashge] mAE 4P

Item Control A B C D SEM*®
Dry matter' 91.31 91.20 90.85 91.29 90.54 0.21
Crude protein[ 87.37 86.92 87.06 88.86 87.14 0.46
Crude fat' 82.09 80.18 79.48 81.10 79.40 1.52
Crude ash’ 68.53 58.48 62.76 63.62 63.12 0.82
Crude fiber 84.63*  80.92°  76.47° 81.63"  79.38" 0.79
NDF*® 77.94°  86.93" 87.91"> 93.55°  93.17* 1.54
ADF" 67.37°  74.06°  79.42%  78.48"  80.78% 1.45
Ca 40.26 36.37 60.06 38.57 48.11 3.50
pf 45.57 47.97 70.32 53.01 64.12 3.57

a,b,c

Mean within rows with different superscripts differ, 2 < 0.01

¢ Fifteen pigs were used from an average initial BW of 9.11 + 0.87 kg to an average
final BW of 9.63 £ 0.79 kg.

¢ Standard error of mean.

! Not significantly different (7>0.80).

¢ Neutral detergent fiber; ™ Acid detergent fiber



. A =#4 (nitrogen retention)

A FH G Qo] e AT ol ojwet FHs gy B A LEd)
ot i =7+ (CON)F sugar beet pulpE 7.5, 10 %37} C, D A FolA =
= Aol o] A2 Aol A, ol Aol ApHom HA

F= A AE A AT F *%01 A, B A FRY £
ARk 7]l = FAAR] Aol AT 24

3 24, AFR W] sugar beet pulp®] FEE H7PF Ab=e] HA FA| mA= G

(g/day)™

Item Control A B C D SEM"
N intake 7.07 7.07 7.07 7.07 7.07 -
Fecal N 1.02 1.05 1.09 0.94 1.05 0.06
Urinary N 1.67 1.94 1.92 1.53 1.18 0.13
N retention 4.38 4.08 4.06 4.61 4.84 0.17

* Fifteen pigs were used from an average initial BW of 9.11 + 0.87 kg to an average
final BW of 9.63 £ 0.79 kg.

® Standard error of mean.

¢ Not significantly different (P>0.25).

¢ N retention = N intake (g) — Fecal N (g) — Urinary N (g)



t}, HukS (Immune response)

Zt AR 253 AYEARE Hod A= 207 S
S A FH3 Lipolysaccharide (LPS; WHWHS % 75ug/kgAs)E 574
dskdeh (BAF 6.27 £ 0.99 kg). TY F 2, 4, 8, 12, 24 Ao 3

ol
R
=
T
S AFAL FA AES ST 17 221 & LPS FY F 2441754
Al
o]
H
o
i

20

v}

<o) Wsts yehda gtk A A3 WYnkg fFEAl LPS7F 57 W+
ol FE, F719 59 %%01 e o Ao 9lo] Aol wE ojufgh
o]l Aol WA ot} LPSE H4 = FYSAS wl 71 critical
time ¢l 2A17F3} 4217k o] F o] LPS Fol thdk IgAs} 1gG2] ol Eﬂéﬂ 7
Atk IgA9t 1gGel 2 LPSE FYss w Alzke] AuwA Ashe
kS Btk ¥ 23, 24 o= IgA, 1gG 59 W7 Vel 9o Sugar
beet pulpd #H7}= serum Ig A, Ig G¢ F% W3l A7t 2fo]E Ho|x ¢
Xt} secretory Ig A9t Ig GE ¥ &3 [gA H [gGe FT W] HYAA v E
A m T, 2HEE serum IgA % 1gGo FE FAHL Iy HAA v
o] A4S Wk 3th(Oh, 2004). ¥ 239 7ﬂﬂr°ﬂ M FoAQl AolE dE
WA kARl dizTtel vl BE AbAl H7Fell A IgA H 1gGe w7t =
e LPS T A 047 IgASt 1gGe] kv tE ARt W& =
A vEbtow, Ajgte]l Ay A A AW sugar beet pulp H7Fol A= Ig
Ast 1gGe] %9 A AE7E warh LPS +9 T og 9454 WY wg
FEAl A5 APolEFIS FUhekAIRE, IgA B 1gGe vE& s
beet pulpE 10% 7k A2l Dol A 1gGel s&=7F 7 AA Fasslen,
2AIZE O AAIZE A 7HE B serum IgG & 7FAAL Qlo], WA REZo THF
Aol Eal, s de] 7MY w2 Ao R YETH

rlo r
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Temperatur
w
(o)
o

Initial 2h 4h 8h 12h 24h

1% 23. Sugar beet pulpE T T8 A=ol Al LPSE 545 s16S o A

29 Wz



g A concentration
140 r
1.20 —e— CON
—m—A
100 - —+—B
C
A
—x—D
0.80 r
0.60
Oh 2h 4h
Treatment

1% 24. Sugar beet pulpE FFEH T3 A=A LPSE HAFY RS w Ig A

BEE

O



lg G concentration
350 r
3.00 r
2.50 r —— CON
200 - A
~ . ——B
1.50 r a C
1.00 |—*=D |
050 - -
0.00
Oh 2h 4h
Treatment
1% 25. Sugar beet pulpE T wot A=Al LPSE H4TY sISls W Ig G
o] ¥s}



= F7FAE 1990 SuE, oA AAtE A 27
L = " ofg) FEHEsHA EYgste] A= o
Aol UF dFAA =S BHrp B o]t
Aog Aa AA 2 AHA 59 ol T
, 1989). oleld dXteo]l YEueE ol f= ol Al
Yol FH|E A ool W) pHZF #aL, Abmel §
9] T4 (Cranwell 5, 1976)3 23td Wy §5
tt(Nabuurs 5, 1993). o] & Zy=Z o|fFA=
U}

o @e Az WS Aol
ol M ek gFAAdel AF BATE AT ASE B ANES
B B olUd £ 4% % Be AFEY BHOR FEFsldA 2 w4

A & = 22 g @ HFo] AFEA o] FoXa drt. 53] AHA
A FEE, @44, prebiotics & HY3E AR H7MAI7E SABA diALow A
T7F o] FoiA

Ut 53] oAg7HA FAA AA FolA A=o] $ul pHE
T AT AR AR A=Y G E 3

AAF HIEE AA7IE a%E 2t Zlo] FHEHI o, {7
T Ak Al e gk FAA Al gl g A7 @dbsith.(Risley s,
1991; Mahan %, 1999; Roth 5. 1998), 714 TASE = Al Eo] B
o] JEo] AREH I Sl AAelth wbA AbAlE FAAA HAA =N ZFS
WA 9l HiRte 2 A, 1 FRollE {rIAkAISE FU1AA 7 vk ATt R4
AgE FHoE bgstAl o] Folx i AARE FIAAIE Ak A= 714 ol
A FIA ARG B 5] el dA olel disk HE AT Ul €]l A
gbs] x| gtk FHE B AFHAA = FUIAE AR FEAY FES
1 A2 F71AHAE sl Aj2o] A FUIAAIE ot A9

W pH & ofo] W& AU F3 vAE dFe] FHE V=9 FU1A0A B

2

)

t

>

f



O gadoz AN 5 ot Abeg)
E3 oAl AbEol] A= e Fr1abAlel WA A fol3

<!
T /ML R vdE #Fe] o AT 2dE 1d
a|

@A FE AGelA gol o]§ Ha g AL FINAE o §F A o]t
et SRS B AREA AAAC] Woldth, BAAAE RIS v
W W A weld B ZeEe A S o

of

(HCD)# <Ak (phosphoric acid)S & 4 d=d HClo] o] A+

5 53l At
HCI2 <o 4] HQE5=9] pepsinogens pepsinl = A3t Al7]HA U pHE
S AEHZE FAAAT &S sk Edolt AR HCIE AH +

= le=] H
o =
APE o, A 2 E4E F F dvke EAHE HA I o



¥ 25, 2bAle] ¢ M WE F8de] pH WE)

Level of acidifier (in DW)

Acidifier

0.5% 1.0%
Acetic acid 2.87 2.83
Butyric acid 3.00 2.96
Propionic acid 2.98 2.93
Fumaric acid 2.41 2.26
Formic acid 2.38 2.21
Lactic acid 2.52 2.39
HCI 1.39 1.27

(Kim, 2002)

2 AFAA AREE FURHAIE B Ad A4
10—2002—0014580 ; ==} : 02.03

AEARME EdEdEe] A, A7 Edxde 2 A
Aol A Alzste] Abgsiglon, M) & X & A= e 7HF GHe]

* 25).
A2 @ Add 3y 2 AR

=

7},

it
el
offl
(il

AtFER S flete] 21 £ 3 Aol ol {3 FHEAT 7.57 £ 0.02 kgél 4
w#= ([Landrace X Large White Yorkshire] X Duroc) ©]fFAE 80FE 3+
Alate] 4x 8] 5HHEo] ATy FES 1#ste] G (randomized completely
block design)®® =W 454 vzttt A4+ vhad 2o 1) A
Al A8+ (Positive Control; Basal diet+Avliamycin 0.12%), 2) HCl 0.1% #
27" (Basal dietel HCIZFZFol 0.1%7F =% F714FA 0.95% #7h), 3) HCI
0.2% A7+ (Basal dietell HCIg=Fe] 0.2%7F =% F7]2HAl 1.90% #H71),
4) HCl 0.3% =27~ (Basal dietoll HCIEZo] 0.3%7} H %= A 2.85% H7}).
=] A 2 FU)AA Y] "kl wE HIMAE A9 e RE o



ol e AWz zpo] ¢Al 9o, NRC AFF®EZ (1998)0] uhe} 3
ARG AD2 F 553 o)FoHen, AVE oA AdT MEE gl
AAG MEheta FHAAEAe] A=Al A =3 = AT

i
>~

v A9 AR

Z 37HA 9] Ats7E wigE o] GAPE ApEAb Y 2R Ol wet o H AT F
357k =7 AF 7)1z Bt wolst AFAIE (Basal diet)o] @@ oF
3,266 ME kcal/kg 91t}. Phase I (0 — 7¥), Phase I (7 — 21¢), 181
Phase I (21 — 35¥)¢] ©AE AtnE9] uwd e 7b7) 23, 21, 21 %
Ak 2AFE A U2 BE YL FHS NRC AFFES (1998)3 A
v Bk FA8A o AAZA Hke FAAE 2 4

E AddoA MEd (5
WS 10-2002-0014580 ; 52Uz} : 02.03.18. ;F-714kA 9} FArdF =2
S TR AEARATHE ERRAE Az, 37 ERREE 2 AR)L
2 2 AP Alxste] Hrtepglorn], AeEE FUbAe] Hb £Ee] %
obgoell wet £4:42(Corn), HFF (Soy—oil)& Zdste] 2t A Fo A&
2 kel Abel7h @Al SSivh b @AE AAbs ld RS E 26, 27, 28

o “ehh At



¥ 26. AdALS (Phase 1)

Item P—-Con  HCI (0.1%) HCI (0.2%)) HCI (0.3%)
Ingredient

Corn 35.24 33.61 31.74 29.87
SBM—44 24.68 24.68 24.68 24.68
Soy protein con. 13.48 13.48 13.48 13.48
DSM* 2.92 2.92 2.92 2.92
Lactose 20.17 20.17 20.17 20.17
Soy Oil 0.50 1.30 2.22 3.14
MCP 1.19 1.19 1.19 1.19
Limestone 1.11 1.11 1.11 1.11
DL—Met 0.07 0.07 0.07 0.07
Vit. Mix” 0.12 0.12 0.12 0.12
Min. Mix" 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20
Choline—Cl 0.10 0.10 0.10 0.10
Avilamyecin® 0.12 - - —
Acidifier HCI (0.1%) - 0.95 1.90 2.85
Total 100.00 100.00 100.00 100.00
Chemical composition®

ME (keal/kg) 3266.84 3266.72 3266.73 3266.74
CP(%) 23.41 23.28 23.14 23.00
Lys (%) 1.41 1.40 1.40 1.40
Met (%) 0.45 0.44 0.44 0.44
Ca (%) 0.80 0.80 0.80 0.80
Total P (%) 0.66 0.66 0.65 0.65

! Soy protein concentrate
* Dried Skim Milk

3 Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin D3,
1,600 IU; vitamin E, 32 IU; d-—biotin, 64 g, riboflavin, 3.2 mg; calcium
pantothenic acid, 8 mg; niacin, 16 mg; vitamin B12, 12 g; vitamin K, 2.4 mg.

* Provided the following per kilogram of diet : Se, 0.1 mg; I, 0.3 mg;, Mn, 24.8
mg; CuSO4, 54.1 mg; Fe, 127.3 mg, Zn, 84.7 mg; Co, 0.3 mg.

> 2% Avlimycin

% Calculated value



¥ 27. A3dALS (Phase II)

[tem P—Con HCI (0.1%) HCI (0.2%)) HCl (0.3%)
Ingredient

Corn 45.57 43.94 42.07 40.20
SBM—44 28.31 28.31 28.31 28.31
Soy protein con.! 8.17 8.17 8.17 8.17
Lactose 14.16 14.16 14.16 14.16
Soy Oil 0.79 1.59 2.51 3.43
MCP 1.22 1.22 1.22 1.22
Limestone 1.10 1.10 1.10 1.10
DL—Met 0.04 0.04 0.04 0.04
Vit. Mix” 0.12 0.12 0.12 0.12
Min. Mix” 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20
Choline—Cl 0.10 0.10 0.10 0.10
Avilamycin 0.12 - - —
Acidifier HCI (0.1%) - 0.95 1.90 2.85
Total 100.00 100.00 100.00 100.00
Chemical composition®

ME (leal/kg) 3268.58 3268.46 3268.47 3268.48
CP(%) 21.40 21.28 21.14 20.99
Lys (%) 1.24 1.23 1.23 1.22
Met (%) 0.37 0.37 0.37 0.37
Ca (%) 0.75 0.75 0.75 0.75
Total P (%) 0.64 0.64 0.63 0.63

! Soy protein concentrate

* Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin D3,

1,600 IU; vitamin E, 32 IU; d—biotin, 64 g; riboflavin, 3.2 mg; calcium pantothenic
acid, 8 mg; niacin, 16 mg; vitamin B12, 12 g; vitamin K, 2.4 mg.

% Provided the following per kilogram of diet : Se, 0.1 mg; I, 0.3 mg; Mn, 24.8 mg;
Cu-SOy4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

o9 Avilamycin

® Calculated value



# 28. A A5 (Phase 1)

Item P—Con  HCI (0.1%) HCI (0.2%)) HCI (0.3%)
Ingredient

Corn 49.49 48.66 47.71 46.76
SBM—44 38.70 38.70 38.70 38.70
Lactose 6.00 6.00 6.00 6.00
Soy Oil 3.11 3.11 3.11 3.11
MCP 1.00 1.00 1.00 1.00
Limestone 1.06 1.06 1.06 1.06
Vit. Mix’ 0.12 0.12 0.12 0.12
Min. Mix® 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20
Choline—Cl 0.10 0.10 0.10 0.10
Avilamycin' 0.12 - - -
?g'ifgi)er HCl - 0.95 1.90 2.85
Total 100.00 100.00 100.00 100.00
Chemical composition®

ME (ke/kg) 3357.08 3329.14 3297.17 3265.19
CP(%) 21.11 21.05 20.97 20.90
Lys (%) 1.19 1.19 1.19 1.18
Met (%) 0.32 0.32 0.32 0.31
Ca (%) 0.70 0.70 0.70 0.70
Total P (%) 0.60 0.60 0.60 0.60

' Soy protein concentrate

* Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin D3,
1,600 IU; vitamin E, 32 IU; d-—biotin, 64 g riboflavin, 3.2 mg; calcium
pantothenic acid, 8 mg; niacin, 16 mg; vitamin B12, 12 g; vitamin K, 2.4 mg.

% Provided the following per kilogram of diet : Se, 0.1 mg; I, 0.3 mg; Mn, 24.8
mg; CuSO4 54.1 mg; Fe, 127.3 mg, Zn, 84.7 mg; Co, 0.3 mg.

1 2% Avilamycin

® Calculated value



T F 474 R HAeH, =
22 747 she] Atm Folrlet Us w717k AA
B} ARE AR AAES St = 2xE AY A
30CE frAstalon, s 1TH wt3o] w2 53ad= 26T
7b HA skl AeH AARAATES T SAst] dFSA (average daily
gain; ADG), dYAEAFHSF (average daily feed intake; ADFI), A2 &&
(gain/feed ratio; G/F ratio)< 3F3ith
ol v Zh =l deolw 254 S
(blood urea nigtrogen)<S w218 tt. A o
rpm, 4C AHE 158 ¢ dAEedth 1 %
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Zehey Bgrlel 34
e Zelste] EAAIZEA] —20C Bastih. BUN2 dHEA 7|5 o] §3fof

2}, a5 A3 (Anatomy trial)

iFddS skl 21 £ 3 AWl ol d H+AT 7.57 £ 0.02 kg kgo] A
A% ([Landrace < Large White Yorkshire] < Duroc) ©]fAHE 205%%
sAlsk] A 454 F 35943 AAAREE AYEE Fol3 & % 3F4 S
Aksle] slRE AAEIT (BAE 15.69 £ 0.16 kg). AH HAPELS 3§}
T Aol ZF JHAE R tiAE el WA E AL, 12A41F " F st ARt &
oleke]l Algel BS AANER vl & & A& (small intestine), W

(Large intestine), & (rectum)S F& 3t 239 HolA & (duodenum), &
Z (jejunum), 3 F(ilium) FHE 2cm dol&E AFHT T 10% neutral buffered
formalin®] 3243} t}7}  alcohol®}  xylene step@ES AX B¢ 5o
hematoxylin®} eosin(HE)—stained section (4mm)o. 2 W&ol g1 (villi) % &
o} (crypt) & #H#Este] JE|st4 54 (morphology)S ZAFSHSITE. Real—Time
PCRE& o] &3 AU mAE #F A 2 AW A ER Q13 VFA TAZES &
olr 7] 98 3 (ileum), W (cecum), B3P AZ (transverse colon), 273
(rectum)oll Al &3HeS AAF st —80TC ez Hasqltt.

nl, A A %= (Diarrhea Score)



’

AAL A=Y s A WS st EAe 7V} de] 2ol
HE 2o Az, A (FEFF), 24¥8=9] dHE 394 52 s3AE S5t
of A& Foste] At Hed ol AF 1Y ot vk HAY A
AolA He & e Yol Uk
ueba] HARRIE S-S fete], AEMA T wd 2 - 2% 8Alo AR
=2 QEeR AAsglon, ZF EEE 47 AEES ddeRE i 799
TEY AAF EAE 7E A FE Fetste] AANEE SAsGT Fdd A
A EF o] gl =wro]l XA (Diarrhea Score)E 008 =Aslgon RE
MA e &7 FA7F S AN SRS RS W] HANRIEE 4= stof, AF
71ZF 35¢Y &% S on, AAAA A sers fjste], 24 AF A
(Phase I -I-I=E vyo T4 +45 silth
vh shel A F A A
AEAES] ANER (25E, U, 2, 2238, 2A4AH) BAHS
AOAC (1995)¢] whfo] wla} AA 3Gy, Ao 243 9o 3)3kst & A4
2] #4S& A AAS (atomic absorption spectrophotometer) (Shimadzu
AA—6401, Japan)E o]&ste]l FAsIAT. TAEA2 SAS (SAS Institute
2004))¢] dwrAsE R E (general linear model; GLM)S o] &35l =d% A&
of gk oA AAS AAEF e, HA FoAk (LSD) L91iEA ol o3 A
g g A5 vl
A3 A A3 4 aF
}4 4 (Growth Performance)
Fd HJ7PE A=Y A mA = dESs £ 29 o A
712:(5 F) 50} Ats W FI1ARAE A TEEE A
S A (ADG) AtE8E (G/F ration)o] T7}sh
3FAEH AT W dFFTAZF U
At 0.1 % °]’de] HCl
AY T2 AHA FAA A
& a3E Yo,

49
el

3]
=

7

7]_' ]

HAl 5
gl wel zheol 7t
H] 523

[o
Lo o L

Abs o] F714kA €

g3sto] VR AT

T2 A% (body weight),

Atk (P < 0.05). AFS

A 7}-(HC1 0.1%, HCl 0.2%, HCl 0.3%)9] A&
o] A1 Afe] 7} §lo]

71204 A7} e 2 o H%
G ESS I E RS ERE O



% HCl 0.1% #H7F¢] Azl & Aol HlaiA & A& BEIATHP
< 0.05). HCI 0.1%¢ A&7 HCl 0.2% =12 7-¢+ HCl 0.3% &Kt} Fo
o, foldoz A At v a¥E JeEldt. d9SAF(ADG) &
AFE 713 0-3F FRtell A A F7F FUIAIE A o2 AT el v
A FoHder 2 AIFS HT.(P<0.05) AT 3-5F Ftel= HCI
0.1% A&+ % HCl 0.3% AH&F7F dAA AgFrris EAR, fofx o=
A e} v 28 a3ts YER e, HCl 0.2% HETe 35zl b
Aot Fo]Al zolg YERATE A AR 57 A= AFETIZE F3]
AFZAZFS HClL 0.1%A 2771 A A9k Fo)doez ¢e avis e
e, HCL 0.2% 2 HCL 0.3% A& 7F F2 Al 2Fel& HTH(P<0.05).
53] A= ol Aol iAol x7] dAlA A e e adtE
HeltH(Mahan &, 1999). ¥ A3l % phase I(0—3F)°l hojA F7]4kA] A
gT7F FAA ATt Zgd Aol vlaE frolAow v ke AEgS Ho
B, o] Mahan 5(1999)9] ZA¥e} AR|ert, dFAEAHFHAF (ADFD 45,
0-37F kel Fo]AQl Aols BA=d, FAA HF7F 7P =okom, 77
AbAl o] Aok fo ARl AFolE HTH(P<0.05). ©] 713F Feh A AT

w22 HCl 0.1% Ael7-o] dFARAFAZFADFD7F 7H #3kow, teo
HCl 0.3% A&7, HCl 0.2% A&+ 0]JtH(P<0.05). AAZ & & (Gain : Feed
Ration)®] 4%, A A3 7|3t &< Fo)H 2pol& YeEhA= Fdoy, A
A A7 g2 Aol vl =& AdS A% FAsed, HCl 0.1%
A7 FAA Aol ARk vl g&5 Holy thE FUAbAl AT
Foll A 7HE Ee AIES FASe™, HC 0.2% A7 AR &S (Gain -
Feed Ration)ol A 7F¢ w2 A& Yetfifdrh. o= olf $, Atx W] 1
ek AEEe] At FS AW Fr)AbAlC giEiA ARS JERNHA ALEA]
FZol Fo 5] WEolH, ol wkdstTo]l FUIAbAS] MUl g Fe
HCl 0.1% A=77F & AglTtel i FoAos w2 Als HdFAZFS Hol
a9tk olelgh o] f A= x7]Y] AR AHEY dFeE HF FEAY AT
ANA FAA ATl vlaA F7IAAl AT W AlFE Bolal 9t §hHA|
T AbES did ASETF Fokxl, 3FFHEHe d9FATE 2 AFEAAFAZTA A
Al HCl 0.1% A& +-¢ HCl 0.3% A= 77F FA8A A3 vlstAY =2
BES Holm A=717F Bve A TRAlYE o] ARl AR Aol Q)
o] HCl 0.1% Azl % HCl 0.3% A& 77F A 272k 222l Ao
E HolA &t (P,0.05) AAAoR FAA A7 FI1AA A g el B8k
o & AHS YEen, HCl 0.1% A2 +7F A5 (Body Weight) - 435
A% (Average Daily Gain) % dFALEAdF Z(Average Daily Feed Intake)of A

11

O



FAA L v adE dEhdiH A A maE Bt HCl 0.3% A=
HCl 0.1% A#7-¢k Rlset ads yehdiled, &84 A kg 53538 &
5 YRR ekl HCL 0.2% A+ 7 @32 A8 A4E& Holn 34
At M ads JepdA gtk 28y Mahan 5(1996)2 23+2d | ©]
Fe AEel HClE 0 — 0.1% #H7ber An 99 FA=(P<0.01), feed
intake(P<0.08), gain:feed ratio (P<0.08)9] 7§ a37} velwctz w3
ek 222199 o]f3F 6.4kg BWE 7Fl ©]f2k=0] hydrochloric acid(HCL)
< H713 ARE F959S W, N retention® AP < .01)3} apparent N
digestibility7} lineard Z7HP <.01)E BT} o]lAL ClY =717} protein
digestibilityE WA AT A Tetth. 2=& o]+ Alo| HCIY 4|7} &
=3skd] N digestibilityE 71437 9dlA= Cle &3] Zashy, d&o] F7}
g5 1 "ede Aozt a#ER olf & V] 25 Fetdde
0.35~0.40%°] Cl &wol &€tk &zt ZL2]al Straw &(1991)2 o]+
Z}=2] pHeF, mineral(Ca, P, Na, Cl)o] AF=2] growth performance®} stomach
o] acidityoll wxi= F&o thal] FAFe = 28U o] -3k A= pH 6.0
olgte] AlRE wolsidls W dGTAF H AIRAHFFC] /HME =t Ba
stk & AP FIAA H77E ofd A HIUMAE APE silon,
T Al HIPE A ARl vlE) AAA g A4S e AoRE o
12374=2



#E 29 bR Wl 1Al = AT Abme] Al viAls 9

Treatment
Item SEM*
Pcon HCl 0.1% HCI 0.2% HCI 0.3%

Body Weight(kg)

Initial 7.57 7.57 7.57 7.57 N/A
3 week 10.69 10.18% 9.29 9.84% 0.29
5 week 16.39* 15.65° 13.87° 15.27% 0.39

Average daily gain®(kg)

0—3 week 0.149? 0.124% 0.082° 0.108% 8.83
3-5 week 0.407° 0.387% 0.327° 0.388° 11.08
0-5 week 0.252° 0.229° 0.180" 0.220% 8.86

Average daily feed intake®(kg)

0—3 week 0.347° 0.293° 0.242°¢ 0.275™ 12.88
3—5 week 0.917 0.966 0.884 0.952 35.89
0—5 week 0.575 0.562 0.499 0.546 18.38

Gain:Feed ration®

0—3 week 0.428 0.417 0.326 0.392 0.02
3—5 week 0.450 0.420 0.376 0.422 0.02
0—-5 week 0.439 0.417 0.362 0.411 0.01

*> Mean within rows with different superscripts differ, 2 < 0.05
¢ A total of 80 crossbred pigs was fed from average initial body weight 7.57 +
0.02 kg and the average of final weight was 15.35 kg.

d
Standard error of mean.



u. g B4 (Blood assay)

BUN (blood urea nitrogen) 415 9& A& 7|A] AFH w5 =93 2 F
ZHE AAA dAS AFHs S 2 (3,000rpm, 15min, 4°C)3}ed
—20CHoll A Bt AA A 71F &, A=9] d5 BUN sE+= A
THE FYAQ AolE HolA ko v(1d 26), HCl 0.1% A& 77F Alzto]
Aol whebA] FAA AR W IS Holw A, ofn|ile] o] §-& 4
RoJA = FAA Aol HEA M aE Bk WA o2 BUNS o]
ko] ool thE tEAQ A ER 220} (Eggum, 1970). BUNS whald A
Heol 1 FA FAHAN PSS 7HAM (Eggum, 1970; Hahn 5, 1995), A
At dAae AW FAe #$tt (Whang and Easter, 2000). BUN value:
dF=A=F L ALZE F 87 negative correlations zFE=d (Hahn 5, 1995). 9]
HjFo] Bokg w), v AlFAAE BolW HCl 0.2% A<+ HCl 0.3%
A2l 7-¢] BUN valueZt AAA &2 T AT v =55 & + Atk

mlm

250
= ‘ LS \‘/\
g 15.0 | \ —+P
£ n . -+ HJ0.1%
= - O 0.29%
510.0 0.5
5.0
0.0

Intiel  1Wk 2Wk 3Wk 4Wk 5WkK
Week

a9 260 AFR W FYIAHAIY] S H7PF AEe] @F BUN X9 v X &=

05] Sk

0y



t}. AAMI %= (Diarrhea Score)

2RAAW (PMWS; postweaning multisystemic wasting syndrome)
AL SRS Heolw, o1 dE vgEith BE AALE ke olft AEe do
i, EWY, BEASES s, AEE o] Ak HAtel o2 HH, dArmwt &
s Aol ofyet TE7] AWE ey, s Aol Fdllelv|= st
uhebA ZhEol gl Ak sl A AdE Aeln o] E WAsE Ao
FAA ] FEAolgkal & 5
A A 71 &, AP Ao H A HlEE 17302 YEsY. o=
ol Ah=ell oA Ak WIRE AYS dEhll= Ao, HCl 0.2% A2 7}

g Aol mleid F2 FAE dElAT(E 30). 7IZE RS 15k A
o)Al Aol AAA, HCL 0.1% A7k 7 %ow, 2~35A =
HCI 0.1% A&7t Fodo=z 7P 9e X5 ®nelow, A A+ o
Bt} 58tk 4~5FAfo s dAA e m nleet Ao HAA WEE Bl A
A Aoz e A Eolut AFE A A A HCL 0.1% A9+ 34
g7 FA U2 o7 ol F %719 W WIEe] AT AE FU]e] A%
o & 9FS M AR AlRdEY. o|st v, A7 wE A2t A
ARl E = T8 273 2

HCl 0.1% Ag7-Eot %2 3= F7AE 7k Ae+-(HCl 0.2% %
HCl 0.3% H7H9 2 AAF W= AhAle] o2 FEQl T34k 9
A7bege] wE AAAES] AA il AF AdeA 8% o) 7] Ak
of FHUM7E AEFA v Ed AHALE ASARTE ARt {FARHEHG.
Gomez &, 1995). W} F-712kA 0.1%2] H717F AEe] AAb ool 748 &
H7b QJom, ko] FIAkAel A HAQ] 2 AL AANE Folvd & &
5 YERA ke Ao Als

2

rr



E 30 AFR W) RAARAIS 2 AL AR AR mXE G

Treatment d
Item SEM
Pcon HCl 0.1% HCI 0.2% HCI 0.3%

Diarrhea Score

0—1 week 1.76 1.83 1.70 1.46 0.06
1-3 week 1.92" 1.77¢ 2.32° 2.11° 0.06
3—5 week 1.43 1.51 1.41 1.52 0.05
0—5 week 1.70 1.70 1.81 1.69 0.04

@b Mean within rows with different superscripts differ, 2 < 0.01
¢ A total of 80 crossbred pigs was fed from average initial body weight 7.57 *+
0.02 kg and the average of final weight was 15.35 kg.

d
Standard error of mean.
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ol Aol oA A SR Foleh §94] Zol= olf F AR 9
ol won olf A7] X j&fF Fo] ool wgt thEA yEpdt &
T A7 AF4E, gEFE 58 aE §2Y Fol¢t 99 o7l =& A
S 2ot} (Hetty M. G. 1998)
Al 474 F 35U AAARE AYER F4% F OF 354S et
of FEE AAEGT (FHAF 1569 + 0.16 kg). &
(Duodenum), &% (Jejunum), 3% (Ilium) = 2cm dol2 AF 3
neutral buffered formalinoll 12783} tH7} alcohol® xylene step g AAH &
4 3l hematoxylin¥} eosin(HE)—stained section (4/m)o.2 750} §H
(vill) H &9 (crypt)E #H&ste] Pejg* 574 (morphology)s FAFSHI o1,
31 o HelA, &%, 3] FR Fo|, §oko Zo] 1ga 1 =9 H
2

3t

£ (villi hight : crypt depth)S XA} 2% R FH
= olfr ¥ AFE 1Y AR ISR oFF FrolAar TRl wmolxl o
o] BFS shal Q. Cera & (1998) <3t §&<o Zol= olf & 3¢ oF
of 5438 grastH, 1§ e wadtta Baskgith A7 7 T, AAA
o8 Aol RO Fo], §oko] dol, gl 1 H[E o] EAF R
o2l ztolE HolA &= ettt shARE, ZF e - HedE SA4T AFE B
o]aL Qltt.



£ 3L AR U RAAAY 23 A AE Ao Gest Al o
v g
Treatment
Item SEM"
Pcon HCI 0.1% HCI 0.2% HCI 0.3%
Duodenum ()
Villi height 586 667 639 654 19.60
Crypt depth 242 272 247 269 14.54
V:C 2.49 2.51 2.58 2.49 0.09
Jejunum (zm)
Villi height 505 403 601 504 22.00
Crypt depth 186 254 206 195 7.54
V:C 2.71 2.52 2.92 2.57 0.11
[lium (¢m)
Villi height 469 452 496 359 23.35
Crypt depth 199 193 202 198 7.60
V:C 2.36 2.36 2.57 1.81 0.14

“ A total of 15 crossbred pigs were anatomized from average body weight 15.69
+ 0.16 kg.

b
> Standard error of mean.



2 AAYE st dAS Zeh HE HoAF Ao,
2 R Fol, &9 o] zEar 2 =9 HE (villi hight :

skt 3 319 AolAS vtgow A vE&S =43t
b 1l 289 ATk ¥ 28904 B ¢ QL] AAAHoR §ofo zlolE v
Al A7 A ATl vla] oA

)1\_]:

A%, $59 Lol a9 Aol A2
&
.

[
o
RS
[0 fo
=
i)
g

Oﬂ"

9o we %S nyth , A9l %
Hoooll e, Ab s YA T e B A 8kl oM B S vt
olff Fell= dwkH o A9 villus heighte] 7FA9} crypt depth®] S7H7F 4
oAy, ol= WYL FF T9 HAE oo tH(Pluske &, 1997). HAIRE
Ao s Aelxel g5 dol7k HCl 0.1% H7bellA 718 AA vebskaL,
FAA AN A R ek ol R Ak HelAge &
B ZolE fAEa, dYAe F4ES Holt Aow AlEHY

—

Heiaht(um)
8888888888

mVilli

Poon H3 01% H3 02% H3 03%
Treatrent

T 28, AR ) RS £EE dotel e AE] Helxgel Fu



HCI 0.2% HCI 0.3%

18 29. A= AMo|A A ok B9 = Eosin(HE)—stanined section3}3}o]
gk AL



2) &%

a9 312 7 AYEZ AAYE st dAS g A 3 ARleR oF
HlgFo 2 %Uﬂ =o], §¢te Zo] mEla 1 F9 Hl& (villi hight © crypt
depth)S FASAY. F 309 S vfgoz A v&S =4slstd 19

309} . WM w7t 7H *‘% , HC1 0.2% A7 378 §29 =
7} 7H¢ =2, HCl 0.3% A=+7F 7}%} stk ol AelA gl AFHA
9 Ao} o2 Aol A| Rk kAl MRl HCl 0.2% H7belA 2% 59
dols FAT F dv= &HE YETH
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HCI 0.1%

HCI 0.2% HCI 0.3%

a3 31, A == 3 T4 H-9= Eosin(HE)—stanined section3}
ste] #ZoJ sk AL



3) 3%

a9 33¢ 7 z%albﬂfi Xﬁ%ﬂe st S At AL 3 ARKICRE, o F
L=k 2 59 B]& (villi hight : crypt
depth)& FA3ATH 1% 309 ﬂﬂ‘b g o2 A H&S =43t 1§
329} A} 3ol JA] I Hl%é}ﬂ] HCl 0.2% AH#] 79 §=xe] Zo
= AFSHAl YERRETE. uhEba] o] fAk=

& AT Hell= FrIAt
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HCI 0.1%

HCI 0.2% HCI 0.3%

a3 33. A= 3 FoF 9= Eosin(HE)—stanined sectiond} 3}o] &<
sk Azl



F3 Ul VFA 55 Yoti7] 98] dd 24X AEe] & 2¢8 AF 6
o], 8ml9] FHFFl 3|4 A71 ¥, HCl(Concentrate HCl) 2 W&S Wojr=git)
vl Y94EE](17,400g, 10 min, 4C)E 3o ASAES 0.22m LE
(Millipore., Bedford, MA)Z o]&3}e] A& 3, Gas Chromatography& 2.0ml 9]
Vial(Supelco, Cat. No. 27265, Bellefonte, PA)<l ol A Gas
Chromatography(Hewlett Packard, HP 6890 Series GC System)Z& ©]&3}o]
=43k t}. Standard® %%  10mmol/ml®o]™, Acetate, Propionate,
Isobutyrate, Butyrate, IsoValerate, Valerates =43} th.(L. D. Topping et.
al.,, 2001., E. R. Otto., 2003)

2 AR A E AF APS EEte], FUIAHA 2 A

%

5] 7 ]/\1 A VFA A8 =E o2l Zol7t gl o,
0.2%A 252t HCl 0.3% A2 7-91A Acetate ZAZFo] =
Hoow, WA= AAFoR ZF HeEE AstE Wl VFA @A o] u
7AekS B oy HCl 0.1% A2 7oA+ Propionate ZAHo] TS AT
HI A o2 o= vkt

Ao N 28k W Acetate Aol HCI 0. 1%%%31?7} o Al el A
A o)A o R =k om(P<0.05), Propionate A2 HCl 0.3%*18] 77} o
2 Aol vlsiAe Fodow HUATH(P<0.05). Butyrate ¥ Isovalerate A
F FA] S ofgke] zpolzt dSloy, FAALSRE Al wE FoAt
7} A TH(P<0.05).

2ol Mol Acetate TAFHS FAASE FAb7t fIAAIRE, HCL 0.1% A&
T7F 7Hd =& DS B9 o, Propionate ¥AES HCl 0.3% A&7 o
& Aol vl Fol Al 2polE Holm ZHE HATHP<0.05). W= ARG
Aol 7HE b E3d HCL 0.2%A 277} vh& Aol vlsiA, A7 oA
7+ w2 Acetate ¥ Propionate(P<0.05) TS BT Ao 4stE U
Isobutyrate - Butyrate - Isovalerate % Valerate &A= 3AA A7 7]
ZHAL A gl ell HlEl A o)A o m w2 RS Hlow, HCl 0.1% A=+
HCl 0.2%A g 7¢F #Zo] HA AHgFolA HdHoz E& WAFES HS
t}(P<0.05)

Acetate, Propionate, Isobutyrate, Butyrate, Isovalerate, Valerate:= # 33|43t
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E 32, AFR W oA 528 A7E AHES R ) &8Ee) VFA
o] mAE g
Treatment
Item SEM®
Pcon HCI 0.1% HCI 0.2% HCI 0.3%
[ium(mmol/ml))
Acetate 5.70 5.10 22.35 15.56 3.19
Propionate 0.76 0.90 1.79 1.80 0.21
Isobutyrate 0.52 1.29 1.47 2.28 0.37
Butyrate 0.63 0.97 0.51 2.30 0.36
Isovalerate 1.97 2.82 1.21 4.22 0.47
Valerate 3.23 2.96 1.18 4.06 0.48
Cecum(mmol/ml)
Acetate 83.54 89.92 88.05 83.15 2.65
Propionate 33.25 23.89 28.77 30.81 1.63
Isobutyrate 1.89 1.69 1.78 1.97 0.09
Butyrate 11.49 8.83 12.72 13.78 0.82
Isovalerate 2.11 1.84 1.56 2.15 0.16
Valerate 1.76 1.93 2.20 2.31 0.12
Colon(mmol/ml)
Acetate 79.83°¢ 106.09° 95.94% 91.89" 3.14
Propionate 26.08" 24.19" 28.86% 31.52° 1.09
Isobutyrate 2.63 1.90 2.22 2.43 0.17
Butyrate 18.09% 12.02° 15.34% 16.84° 1.00
Isovalerate 3.38° 2.38° 2.57° 3.07¢ 0.22
Valerate 3.03 2.61 3.39 2.84 0.18
Rectum(mmol/ml)
Acetate 72.54 76.19 61.25 69.03 3.52
Propionate 23.20% 19.80" 15.93°¢ 27.38° 1.48
Isobutyrate 4.48° 2.72° 3.17% 4.52° 0.30
Butyrate 15.19° 9.90" 8.77° 14.26° 0.97
Isovalerate 6.20° 3.17° 3.85" 5.29% 0.44
Valerate 4.08 2.36° 2.90° 3.12% 0.24

a,b,c

Mean within rows with different superscripts differ, 2 < 0.05

d A total of 15 crossbred pigs were anatomized from average body weight

15.69 = 0.16 kg.

e Standard error of mean.
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3E 033 . 3%, WA, A%, AEY Ay 1% 7 2AE 91E real time PCRE
o] &3k Ct value
Pcon  |HCI(0.1%) |HCI(0.2%) |HCI(0.3%) | P—value | SEM

S. bovis 21.97 24.50° 23.10® 23.87" | 0.085 | 0.377
L. casei 18.49 18.40 18.86 19.19 0.565 | 0.204
L. plantarum |  16.65 18.31 17.26 16.66 0.515 | 0.368
B. subtilis 19.55 19.67 19.71 20.89 0.257 | 0.257
E.coli K88+ | 30.79 31.61 31.74 32.35 0.176 | 0.233
a,b

Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of mean

T F 5FFY VAE #FS real-time PCRS o]&3to] ZAMS
33). real—time PCR-2 W17+3k fluorescent dyeo] AF&o2 gaFo] ¢
7LJ4 3] Aot 2H Y fluorescence #C = copy numberE 24 o

= glom, ol5 93 standard ¥ 74S AFEgt)h. real time PCR
7}3} 2% 7/d2 Ct(Threshold Cycle) value ©|2h= =] o]t}
o] %):—3— probe®] reporter fluorescence #k°] base line #<S A= AJHY
cycle numbero]t}. o] k& PCR ¥WH59 o= 3t Q4T ASHA] FSS o
kol | target?] Frol &3] WHH S O ® targetd] S oS uw s
Astal 2wy " 4 ) wgtA B Fo| AAE Ct value= probe] reporter
fluorescence #t©] base line #& Au= A|HES oujstez 1 Aujghe] W*&
T% sample Wl S48t PAE #F 771 BoS YvlstAl ®oh

A= o Al *ﬁr "4 U] EFE, HCIY ¥ 5% To= 8] A=
& A AtRE 3] AsehA] 3}7 AFow e BHuUA du. oA
A= o] Aol 4] pathogenic bacterialt E.coli®] AR =2 o] &FHT} o]F =
547 Aol AFoE duodenum # oileumol E.coliZ7b $AFE Aow B
2% 3 9th(Rantzer et al., 1996). AtA|= o|2|d =2 wA %3 4373,
oje] wWE AstEAS BFE R AW pHY e FoE Qg A B T
TAE AWAs = 7 A= FAA PAARZA gk A7 o] FojA A Uk
53] 771 s FrIAAgkE g el EHlE e dARSs AR ¥

2
w O orfe
o, —
N tu i
T oo
2 =2
_>L

o oo ¥
ol e
ol 2
_mL



wEoEA 9 pHE "ol g3t gEo] FA] AR At o] &H
At 7Hsds 7HAAL AR EA AR E AL A dARS AR AFATFoEA T
A= 7 B Ao EAdeR 1 7t “I‘Tfjoﬂ gk AAgk dAo| vy F
st ol gk A= e Ve s S Al mAE dFel S It
AAE 3FH o]G3F A=l low buffering capacitys 78 A5 E Fo 3L

o], intestinal microflora ©] 33FS 9, jejunum WY clostridium ¢} cecum
o] clostridium®t coliformsS &ote A+ A3l S (Biagi et al.,
2003), 28¥=Ed] o]f3 A= 1.8%¢ K-diformateE TS
postweaning feces W& coliformse] 7+A3%E AS & 4= 2l th(Canibe et al.,
2001).

E3] alguA & AAE=E H+oF A—9 aldle a7 bacteria®d intestinal pH
= A, ol& Qe oF-ke] pHAFel7F Wol WAl ¥ bacteriat ©1&
A=l AAE = e B pHE =d%F7] & ddd &5 A oy
A& ARt FA AFRE = olUAIZE Hojx B R F2lo] oA|E o] AbdstA
). =3 internal pH7} RolA™ bacteriatlol A glycolysis7} A5 1, &2
9] active transportE Walld}H, signal transductions ®alsFE= mechanism<
ZFA1 A Qle] AHAIE &3t bacteria A& 7F YERGTRAL Ras o] Qi)

3% 332 3 H(leum), W& (cecum), ZAZ(colon), A (rectum)elA =3t
23bE (chyme)ol Al A=S Ct valueEs: YERH  Zolg. AHAE  AdFH 3
Streptococcus bovis, Lactobacillus caser, Lactobacillus plantarum, Bacillus
subtilis, E.coli K88, & 5 ¢ n A& )3l real time PCR £A41& 2Ajs 2
I, AAA o7 FoA] Zpolrp A skA] kvt ey S bovis®] A5 A
A AT A o2 AT vl WFe Ct values Zv AFES ‘/}E]rlﬁ»/\‘jr
(P=0.08). o] A2 A H7bol AAAM S bovis 7 ThE AFAl A gt H]
& Wol AAE &S YEY. T3 HCl 0.1%°01 4 Shovis7t 74 A7
AASL AE & F Utk 53] Ecoli K8 wE A5 tE wAE
(Streptococcus bovis, Lactobacillus casei, Lactobacillus plantarum, Bacillus
subtilis)®l W& Ct valueZt W9~ & FA & YEH o, o] thE nA =
HE] WA AL 2 mAEQ Ecoli K880 Ay ol A EA A &
S yepdth AAlZ 919 Ct valueE standard A g FA2o] dYste] BH
10%¢] <kolt} 1 o]5te] <Fo] L} AL} real time PCR cycle % detection A
% sample'e v EAESAT webA SR F= wAECd diE SAA <
A= 2 ou7h gna Al s, BAAd P8 ER] Ecoli K882 A=)
W EA Al ¥ 3L, o] bacteriadll Al 7]Q1gE HAlE ATMs Aol Ues d
At wkef o] fAb=ell QlojA HALZE WA EE e o] FXE BW 1 419



E.coli K88 olet= AS & F Ut TAHS= 5 fFoxte LA
AT HCl 0.3% H7FtolA L.casert B.subtilis®] Ct value7} 7Fg o}
L.casei®t B.subtilis?} 43¢ i}O]X] ok g 9o U AAsta des &
UAT. B3 Loplantarum & AoAX = FAAQ] Foabs DA kA
T A A 7ok HCL 0.3% 747}?01]*1 W@ Ct values YERHAOH, o=
L.plantarum®] ©+& A2l H]s] @o] AAsta d5S vepdnh

WAE TFOR2E  Lactobacillus plantarum, Lactobacillus caser, Bacillus
subtilis, Streptococcus bovis, E.coli K882 A Z nAE 7} =& A& o
T Ao, fFolto] Fal Buh &8t a1, Al Lactobacillus spp.7f

Ly

o B g7 AAst dv. dAd dA d5s A W Bacteriodes,
Streptococci X Lactobacilli <9 H|&o] Ex, Ho ZAH HALFE
Anaerovibrio, Selenomonas 2 E. coli®] ¥]&o] =t 4d# 2t (Robinson,
1984). & AFAME Lactobacillus spp.?t $Ast Jow, WA nAyE-ol

E.coli K88& A9 WARA gko} o]s} A st AFL nATh



¥ 34. Real—time PCR& ©]83%F Streptococcus bovis®] Ct value 2 PCR

efficiency

Pcon  |HCI(0.1%) |HCI(0.2%) |HCI(0.3%) | P—value SEM
Ileum 21.52 26.68 24.98 26.59 0.085 0.806
Cecum 21.77 24.50 23.19 23.20 0.562 0.567
Colon 22.19 23.51 21.39 21.92 0.436 0.495
rectum 21.87 23.30 23.04 23.43 0.804 0.542
ab

Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of mean

Standard curve graph for Streptococcis hovis
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1% 38. Standard curve graph for Streptococcus bovis




¥ 35. Real—time PCR= ©]&3%t Lactobacillus caser®] Ct value ¥ PCR
efficiency

Pcon  |HCI(0.1%)|HCI1(0.2%)|HCI(0.3%)| P—value SEM
Ileum 18.80 17.49 20.84 20.84 0.492 0.913
Cecum 20.75" 22.52° 20.08" 20.03" 0.004 0.310
Colon 17.00 15.90 16.03 17.25 0.637 0.375
Rectum 17.42 19.19 18.49 18.64 0.244 0.291
@b Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of mean

# Standard

® Unknown ‘
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o

Standard curve graph for Lactobaciflus casei
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¥ 36. Real—time PCR& ©|&3 Lactobacillus plantarum ¢ Ct value % PCR

efficiency
Pcon  |HCI(0.1%)|HCI1(0.2%)|HC1(0.3%)| P—value SEM
[leum 22.76 23.53 23.24 22.29 0.827 0.508
Cecum 14.78 16.37 14.36 14.56 0.063 0.271
Colon 13.11 13.99 13.15 13.58 0.370 0.194
Rectum 15.53 19.34 18.28 16.20 0.069 0.606
ab Values with different superscripts in the same row are different
(P<0.05)
¢ Standard error of mean
Standard curve graph for Lactohacillus plantarum
eE
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1% 40. Standard curve graph for Lactobacillus plantarum




3 37. Real—time PCR& ©]&3) E.coli K88ac & Ct value ¥ PCR efficiency

Pcon HCI1(0.1%) HC1(0.3%) Hci(0.3%)
[leum 31.42 32.20 32.12 32.29
Cecum N/A 32.54 30.33 32.68
Colon 29.55 N/A 32.02 N/A
Rectum 30.69 30.50 32.30 31.87
2> Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of mean

Standard curve graph for E.coli K88ac

¢ Sandard 8 Unknown ‘
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19 41. Standard curve graph for E.coli K88+



¥ 38. Real-time PCRE o83V Bacillus subtilis ¢ Ct value ¥ PCR
efficiency

Pcon HCI1(0.1%) |HCI1(0.2%) |HC1(0.3%) | P—value SEM
Ileum 19.13" 20.97% 21.58° 22.34° 0.031 0.427
Cecum 20.97 21.74 20.16 20.99 0.452 0.269
Colon 20.37 19.61 19.44 21.04 0.563 0.456
Rectum 17.58 16.95 17.66 19.21 0.354 0.437
a,b

Values with different superscripts in the same row are different
(P<0.05)

¢ Standard error of mean

Standard curve graph for Bacillus subtilis

¢ Standard ¥ Unknown
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real time PCRE EX EAA dojx]l Ct value® HIE v AE DNA copy
numberg® 9& F A& AL oty o]F 8|4 standardE AHE3Ee] 3]
A& 3 Fo AS slok ok ® 34, 35, 36, 37, 389 Z+Z 57HA| #E
(Streptococcus bovis, Lactobacillus casei, Lactobacillus plantarum, Bacillus
subtilis)oll Wg 7, WG, A, AG FNA real time PCR 7|HS &3l
=43 Ct valueE YeEPHAT. 2 %2 ool 9+ standard L Z(LH 38,
39, 40, 41, 42)°] A2 Ct values WYstH 7} v AES] Ad A= #4E
T Atk GRk Ct value® #2718 o]+ SAA HES 3l A= 4%
o] zpol& Wl A8} 7] fFko|tt.

Bacillus subtilis®] 73-5- 317l Qojx] A AHe]57F F-714bA A2 Ftel v
) FoHom e Ct values YERINSH(P<0.05), Lactobacillus caser®
Ao WA HCL 0.1% A FolA Ct value7tb 7Hg =41 YERRTh
(P<0.01). Streptococcus bovis®] 7ol FA Zol= YEYA] LFhA|
F710kA A7 A A Ftel BlE] Ct value7t A YEhVe AES 9
ATH(P=0.085). A2l AtolE RHol&= HAE 52 fo yehd vlojr), A
HkA o 7§l L.casei, L.plantarum, S.bovis, B.subtilis®] 73-%-o& =9
23t Yo ¥ 7 &8s Ct valueZF el AL e, Ecoli K889 7
F-oll= Ct value®] gto] w9 =AY, AZFHA &+ sampleo] v EA|8},
E.coli K88 strain®] A=2] A3t ol wl$- &g EASAY, ALY &4 s
A s 4 4 AU L.masco 5(2007)2] A+ Ao\ M= Bifidobacterium
o 3l m|AE =7} FA =HE o|fE Bifidobacterium®| Eo°]Z <2l primer7}
AgsHA] 53519l 7] wlitol™, oli= sample® Bifidobacterium®| %7} 7AE38FA
5T AR W 527t A8 7] WEol AL 1 A19] PCR inhibitor7} &4 sk
7] wjiEolebar Wt weka 2 AdoA = A=A AALE sk WY
4 PAERD Ecoli K88+ tigh A& 4 BAS Arlslen, 34 4A 5
o] W R A ¢kgform 2 detection X7} W FAoR AU W3 L.caser
HAE Fel dolAE 0.1% HCl H7b7h 318 9 AdedA /M 5e 49
HAE w7 3skal e, B A= g e U AAeka 9l
A}, L.plantarum® 745 0.1% HCl F7bol A w843 2% e mAld=s 71
7P wstem, HCl 0.2% % 0.3% H7F-ellA HCI 0.1% Z7F-ell vls) -3 st
= AFE Bl B3 BAXCE {FoAQl ztole YERUA] eFkAIRE A
A7 vE AA "brel vls Loplantarume] W& 57F AAstal = A
&S et ATh. Bsubtilis) 7AS-olv A A7 2 HCL 0.1% H7H+9
g mAE w7 P A 54 Hdem, 4% 2 A AE HCl 0.1% H
7hel A 7R =& vAdE 7 SAEA T Sbovis®] Aol = Skell A Brgint

3



o ol FAA H7blA I ll mBE 7 M =& B¢ Edon, U
R A E FAAA AT e AR ATt BlE] Sbovisé] WAAE
7 Be Aow =AY HCl 0.1% H7FTE Sbovise 71 714 SEgko
w, HCl 0.2% Z7FolA 7HE & 59 nAdEe] Mt o= Ueith
wal 7o fFoddtol It wAE FE(L.caser, L.plantarum, S.bovis,
B.subtilis) WA A rRd giA=2 FAA H7F9 Ct value7l @2 S &
T em, ol Folute]l thE kAl Aol Hla) B b AAstaL S
etk @AY Hote s fafare] AbE R felare] 3ol AkbAl A

v oS g3/t & A4S Holve Zo® Atmdn. 28y HCl 0.1% A7}
TFolA Zzke] A felde] #F U $HE A A= AT v EA
stlem, HCl 0.2% % 0.3% H7F-olxx A H7ba9k vlsesh Ao w|
e #Fs Uetdl= 2o 2 yest ole F3eAs vt F714kAe] A
7b7F AW RS #F e NSk s PAE AR AlRdT AeE o]
Al @A EH] B 8l Astahe] mdgRE Qe AlR S| A3t vy FEoR
vastE A7 AR FYEL AEY A AR AREEE 7] Fe] o
g kAol A maEAM Adwe] Zhs stk (Kim et al., 2004). ke A Aol

or1

o

A EQL 7] AHAl HbE Qe W pHYF sHdshe Ads Holw, o= oM
A agE N 2 s A wiA e AR A HbRe v d A=
&S A= 2wl ® Ao=w AlmdT. w3 F7]kA Y HI7EE Qs 9
-9} bacteria We| pHAFo]7} Wol WA ¥ o]& A4 pHE =815 7] Sl& o
UAE &R A7|aL S2o] oA o] AbdetAl €k B3 internal pH7F SolA|
HA glycolysisE & A|3}aL, active transportE W36}, signal transductions
W3l 3= mechanism .2 bacterias A g}, wheba] AU v|AE dFS A

st=del] ol E7IAEAI(HCD O 0.1% H7FS AFZE + dS Ao=w Agd

.ﬂ
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2sHE A3 flste] 42 £ 3 Ao AT 7.79 £ 1.91 kgol AL
Z ([Landrace X Large White Yorkshire] X Duroc) O|FAE 7 1252 &
Alste] 43 8] 3wkEo] A oui X (completely random desigh; CRD)CS. &
NAEZ Al wi AT @ 84, % 8Aldl], = dhFo] F Heoew
ol mid ZF 200ge] A HAE A= (Phase I)E w8l 49zt 2§
71%}F (adaptation period) ¥-° 5¢ &< & 3 & AFHdo 22 wd AFH
3, QY B ¥ 2 @ F 60TolA 7243 AF 3 F Wiley mills

olgste] A4 4 T F I 24E& AAPH = 1.25N HCl 25 mlE
> o

ok
[e]
vy Fo] & Zgag Foz wld AFH3 T Glass woolS F3dle] o|&F
ol 22 & FAHE e wd FIE FAste] = FAFN &1 F FA 9
& B#sklth Sampling 717te] Eud WEEAHNAE =5 w0 AL F
LS AF & & Ah BAS AAEAT
o ske 24 3 SA 24 U
AAE B o] dNkdR (2R, 2aWA, 2, 238, 2A4HF) &
A2 AOAC (1995)¢] Wijel weh HAjsigivh. AbR B w9 Za3 12 3

el & AAT HAHS Ax AAS (atomic absorption spectrophotometer)
(Shimadzu, AA—6401, Japan)E °]&3ate] FAs3ATE FAEA S SAS (SAS
Institute, 2004))2] LWk & 23 (general linear model; GLM)S o] &3lo] 4=
e Azl g Fo8 A8 Arlskden, HA Folxk (LSD) 814
of ojaf AHelg A}E a3t

A3 AT A 4 @
7b %A A34E (nutrient digestibility)

B A 9loj AE (dry matter), 29 A  (crude protein), FAHr
(crude fat), Z3]& (curde ash), Z% (Ca), ¢ (p)o &3}l&ol o] BE A
ol o] ojwg FoAQl Apolk WHAE A FUATH(E 39). AN kA
(Crudr Protein)oll A+ HCl 0.1% Ag7-5 AlstaL, F714HA A&7 A
A A Fre w2 dmd 42385 Blon, ZA|W(Crude Fat)ollA= F7]
JbAle] At FAA AR S AskES B AkAlE Y pHE
SEoEM wulAs AstAZ F de Gk #HE FXF o RN wulg 4

P

= feie]
e o —
SHES FEAIT7IAL, olEAl 23EE wHoRM 2FHA @2 2250 &%

Al



2 oggow ool ade §RE e UL U el Mgl o g
Fo9E AANAE Awstn, AR Fuse 9 BAE A28 ¢ Ao
FeA ik 58 TobA T QAHHCHS Ak AL 9o pHE REE
A BE Gito] Bulb AolE Ag due At o83 + A= wIt
e, ol B AYNA RAMAT WS AES 9 pHE FHRAS W, f
o 4Ql Aol wolA| WA, ® 40 3} @o| T A Wrheko] WLFF
A pHF utobA: A wel Az AWl shssivin AR 474 f
o FQl Aol WolA: WA, Fate] FEel FARFE U] pHE H%
srobA 3, @atel A4 gAY, 9 pHE WA 9 Buly AW L 37}
Ao wuE A8ES AMSE Ao AnEth §71AU T4
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,1992; Canibe & 2001).



I 39. AR Wl FUIAEAl e e AP AbE e Askgl v A=

Treatment

Item SEM"
Pcon  HCl 0.1% HCl 0.2% HCI 0.3%

Dry matter 91.78 91.99 91.86 92.38 0.24

Crude protein 90.36 90.11 90.82 91.27 0.36

Crude fat 66.23 64.96 60.31 61.88 1.15

Crude ash 81.76 80.57 81.45 82.54 0.71

* Twelve pigs were used from an average initial BW of 7.79 £ 1.91 kg to an

average final BW of 8.14 £ 1.58 kg. Phase I
b
Standard error of mean.

E 40 AR W) RIS FEE A7k AES 9 W pHel WAL 9P
Treatment
Item SEM*
Pcon HCl1 0.1% HCI 0.2% HCI 0.3%
Stomach 4.65 4.50 4.46 4.32 0.08

* Standard error of mean



A s A 22 g glo] BE AT 7rol] A<l xfo]
v WEHA FUATGE 41). FIIAAY] HIFE A AR 52 da
FAE 2 5E ST A4 wEY BAS Beloy, HItRe e ojue A3
& HolA & &8t AHAIE HUbstl S Wl ol A= AE 9 AL F4&
S MAZGE AT A A (Roth 5, 1998), AkAle] 77k @wld 43}
Folu A4 FAHES Mdeted FHE a3E HolA gete AT AFE
9t} (Giesting and Easter, 1991; Gabert =, 1995). o]A& H F7] AkA| 9]
A7k gk A FA &l adrt FHeA W AAE @ A A
= rRTHAR FoH]l Aol & HolA= ehgkAINt HClL 0.1% 3 0.2% FH7H

M da H4&S Hola glon, o= YL L3tE T @Y

doaskge Ui mdet dAse At & 5 vk 53] HCL 0.1% B
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X 41, A5 W F71AHAIY] S HUP A= A F4o) v A= JE
(g/day)?

Treatment

frem Pcon HCl 0.1% HCI 0.2% HCI 0.3% SEA
N intake® 6.48 6.48 6.48 6.48 -

Fecal N° 0.62 0.64 0.59 0.57 0.02
Urinary N° 2.43 2.22 2.03 2.42 0.14
N retention™ 3.43 3.62 3.86 3.49 0.14

* Twelve pigs were used from an average initial BW of 7.79 £ 1.91 kg to an
average final BW of 8.14 £ 1.58 kg. Phase II

® Standard error of mean.

¢ Not significantly different (P>0.80)

¢ N retention = N intake (g) — Fecal N (g) — Urinary N (g)






+ 3 Aol o]Ft HdAlF 7.79 £ 1.91 kg ol A

Alste]l A 4F7RS Gl o wjxste] A AlRE T
Ao g 24417 A2A1Z1 % Lipolysaccharide
(SIGMA L-2880,LPS; A9Hg F5)& zAlTol @A 25ug/ke® H7Fo] F s}
‘?:

P\

RATHHFAZF 7.65 £ 2.60 kg). T+ 0.0, 1.5, 3.0, 4.5 A|gtol] HNS x|
# 3ol % immunoglobulin A (Ig A) % immunoglobulin G (Ig G) 3SHF
Mgt e AW AF ko] A3]E Fejel EFste] 3,000 rpm, 4C
JHE 158 5o dAEsHY. 2 F ZTkaE Bigr)d dAnks B
sto] EAA7EA] —20Col B sl

A

gBE A L B B

BAL ELISAE o] 839 o, ELISA Starter Accessory Package(BETHYL)
2 Pig IgA ELISA Quantitation Kit- - Pig IgG ELISA Quantitation
Kit(BETHYL)®] KitE& AR&stalvh. SAEAS SAS(SAS Institute, 2004))¢]
AdbE 23 (general linear model; GLM)S o83t +=HE A=z ot
o HAS At om, HA folxk (LSD) 80wl o) Ags 2w
£ Hlaskgin

32

A3 AT Ay %

v EAZ AE 7 st A4 AYE g G e fe
] LPS 5% % HCl 0.1%A 2] +7}

B FHel 7RE @dtet Al vErwth Ig AR HAoly
AL FA R oA AEE VA WY BEE A9 7 F 27 34
ol zto] 7} YEFWETE HCL 0.1% A= 77 344 A

o B3k S WY WS wolow HCl 0.3% A& HCl 0.1%A
ot AR WY whgS B o FAA Aot Be AolE: Bk S
HCI 0.2% A2l 7Fg oFst W wbg-S Holia A2dzt f2 4l zfol&-
T b 9o Ig A FEE BTk o)AY Ig

AdA & Z}o]E Hol: o|f:, LPS7F AW EAS= Escheric—hia coli

&
BAR, 34 AAE fdete dlAel7] wiiedl gl
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A EHEE g AZF 9% gl we
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Y A40M B F gl g Sl ETskal Al
Ao #& s FH7keted fldelAd x& pHE A3 HCl 0.1%A &9 W
Hol A A yet ve dds v wtE dodez ¢ w2 pH
& frAskE HCL 0.2%A 2 79] w2 &9 Ig A= HCl 0.1%A 2Rt} e
Hol Has s, o= FrlbAle A3 Fom Qo] o] F 27| AR
Aol Zopel met SR JFLE AFS] Hegla, ojd FH A
et Aol "ojAA g2 Aae fdsiglon, meby 7 v AbF A
S B3tk AkgErh Oh(2004)= A=e] W S2E1d) Wkl o 2
Gl oAl AolE dAskA Hakglomn, o= FIAAL] HIHE AR
Ao B 2 W villusll obFYl oGS WAA g AoR mltta B
At



E 42, AR W] FI1AAE) FEE A7k LPS FIA AE el mAe
o 3!

Treatment
Item SEM°®

Pcon HCl 0.1% HCl 0.2% HCI 0.3%

Ig G(ng/ml)

0.0 h 4.02 3.76 3.55 3.83 0.11
15 h 3.22 4.13 3.44 3.72 0.15
3.0 h 2.10 2.81 2.28 2.77 0.13
4.5 h 2.09 2.46 2.19 2.69 0.09

Ig A(ng/ml)

0.0 h 1.86° 1.76° 0.99° 1.40% 0.11
1.5 h 1.83° 1.58° 0.91° 1.40° 0.12
3.0 h 1.79° 1.69° 1.08" 1.07° 0.12
4.5 h 1.36 1.01 0.84 1.03 0.09

abe Mean within rows with different superscripts differ, 2 < 0.05

4 A total of 20 crossbred pigs were injected LPS from average body weight
7.65 £ 2.60 kg.

¢ Standard error of mean.
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B AL ol fAES Astw Vol EAtE VAR FEFS 4N 5
AT F Qe PP BAYRSY AHe Fa AT, oF B 2HE 4
B9 gy MR #EFE otste] olf AES MAMIAE A fIF )
BES FAS FAT 5 Qe 9, ARAL P Aratag Fasig.
AA S FES AFe ARTFRE FANL, BH(FHFrE Fashs
o) Wabol UEhbal glor ofsh e @ge] WATE olfi AETIS 20%
7 de sabEel Ak 58 @A FE BrkdAE A gl 30%7 Wi
Oa mamEam gon, o olfAEdM mMAe xmy AW, 5 4P(PED,
PRRS, PRDC, PMWS)©] ulw3] 2Asly] wioz 249, e 254 A
& gl

Mol FE wWyow MAE B
O~

|¥ TGE, PED 59 wloleizy @we 991 #Hel HsahAn A, = 1
A4 T APE G F AAE TAAA DAL v A Ram gl dgolt
olfrAbEe] xshgk v MAE L WY AR 25 7] A8 AN

ol "helgole] 3k Alth7b 20—40% Fotol AEdH7] o
At 71z2% HEHS ARESE W mAE] S FiE
o] 7)ol = 18A17F WA Fdo] ZAylng o Eo|4dy LR wAES HES
= gAZE ok mEg w1 A mAE FRe ot of A A dE A
A e MAEEFE diEEelgtar B A (Pryde &, 1999; Leser <&,
2002), WAEF7F FEe] SAo] HA &grie= Aotk AEH Q] WA Al
Foz HA B vAES B A9 F nAEe] &%

e Beh WARST HAHoer FrlEol 28tEW mid 10'MelA 107744
olZ7 ol U MAEFTE A Ask=dl JoA FATE T g %ol
Hj ko] o e wAAEQl AgoE mdxo] ZtREe] FAst=d ofEeel 9l

kv

et oy et EAHS Hesty] Y A&Ea oAl Aoz sut
H a2 dA9-e (polymerase chain reaction :PCR) 7|WH& do] <l
DNA polymeraseE ©]&3lHA EZAHo g dtdxo] 16S rDNA F#S o] &3}

of o= WA M4 =ohs d ol&¥al vk ©] PCRE2 &

o=
i
tlo
ML
Hu
_0|L
ko7
sy

Ho o4z WgAel ¥I EH FAAE WS WE SER FEAPOZA
o}F He o #E e Az Ul Aol sbsetAl "tk e, ole@
PCR 71ME A% v|4ES A&7 gais dA Fol EAss o9 A9



FEANTAL AANE S FAZ dob d, Y E e FAHOE
= AAle 29 R PCR AAA weAEe] F4 Fol olsld dold 4 9
urg 5ol gl

A
71E] TFasAM ol o AW Mt wlolgl A A9 dAE F&
2 AAZE FFELEY (Real time PCR)Wo] 7ldE o] Al
3 vlolg A5 Hwbsta HEskE o oA O Agstar A&siAl FHAlst
oy 7]ol At} mpole 2 F& AF7A] 7hsetAl skdlv 1
< real time PCR WHo=z AoA
A & E A ekl ot
kA, A 7)ES] FREaLAMNTS g HA Ay mAAE A9
SAE SHSH] 91 dijtowm AHA|
o] g3ato] AU wAE #FTE FFHL

o At ol A EH WS ol&stH HA AW vAE dFol

i
5,
N
o)
=
i)
oz
i

ot
M
X,
Q‘L
rlr
>
1
rlo
(o]
o

getet S0l 7hestar o wobrh Al frolw el I Aol glojAM o
Wo| WA gt AFRHE T gLo], FARAEY S WA At (el e}, g
o+ 0157:H7, Axdal, o Alrfo}l, 78w =ulbe)

oz |
i

b e ool AR, ol fAHE B

g S
A7 A@HA e Ageln oo e AP AFS ol Foldol dria

>
=

fr o ol

T 1dxfel= FAAAEETA 7S ol&g HH A mAET A
S At T A= AWM HEHe A E T uarE AA
Streptococcus bovis, E. coli K88+, Lactobacillus casei, Lactobacillus plantarum,
Bacillus subtilisg A73sto] n|AES] E4& AL (Barnes 5, 1986; Fuller &, 1982;
Maxwell ‘&, 1995)atlth. sHA= 173 vedk @9 S22 359 Fo
of Al AldFozE Az vt FE MAES =HA i Wl A2 e
Hed BEe @71 Mol v EAskaL vk 53] Bifidobacterium ©)4
Lactobacillus spp. ¢+ & Lactic acid bacteria?} A5t A m|AAE H4EFS
A2 Avh T3 et AFE FA A =X = Lactobacillus spp.
Enterococcus spp, Bacteroidaceaes spp. s°| T8 A%t Aoz 4dx 3l
th 53] A A= Gl Fof dEHE EAlsttr A S o2 HE v A
o AFSH HEAA AU mAdE 7S A He, ol HAe Al
oy Be WM3lE zHA ") A Fol= F Clostridium spp. Bacteroidaceae
spp,  Enterococcus spp.7} WEA  FAs  H sta, ol A=
Bifidobacterium 1Y} Lactobacillus spp.”} - 2 deA U ol
A okt F7e mA=o] =A FH delA AAsta lom, ZF AAE &
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| 2 ASAES T Al v E dFS FAskaL Aopxit

2 1dak Aol A= Ao el AAlete, AdAlENe] anE 7HA A 9l

Z 4 {dZF 0 2 [.acidophilus, S.bovis, B.subtilis, E.coli K88 tsiA m] A&

AbelSlt. olFE Al AAE mABES HESH7] 9§ PCR +3& AAlst

7] ¢ste] = A AW v AE F Eo]4<Q primers A ZSH oM, Streptococcus
bovis, E. coli K88+, Lactobacillus acidophilus, Bacillus subtilis Z¥Ztell thsl] 16S
rDNA HE& o]8&3e] PCR primer % real time PCRS 93t E9o|4 primerZE A7t
sialch AARE FEEA AHNEES g F5oF AITAHEA,
AAGGCAGTGGCTTAACCATTGT (:=3)3 CGAGCCTCAGCGTCAGTTAC (¢
el H7IMEE = S, bovis, CGGTGTGTTAGGGAGAGG (£=3))3}
CTTTGAATCTGTCCGAGAATATC (&)l VA 49s 2= E. coli,
AAGTCGAGCGGACAGATGG (s=8)¥} CCAGTTTCCAATGACCCTCCCC (¢93)
o] A7IMES Ze B subtilis, AGCTGAACCAACAGATTCAC(s=3) 7}
ACTACCAGGGTATCTAATCC(Y )] @7IMLES Zt=L. acidophilus7t ZY7Z¢
AAHENOH, FEAHS AT HSAA] AU

AdkA PCRo A}8-5 & primers PCR product size®] =7]7} real time PCR
9] PCR efficiency®] 3FL mxjmx o]E Hrx|37] s PCR product size”}
A L(100-300bp) E°]4 primer7} Bo&tta #HFE o] real time PCRE] &
o]& ¢l RT—primerE #|Zsle] AFEsETE. E3] AL 3 real time PCROI
e v EolF bandHH b ol g}l YutA ¢l PCRo|A YEFUE primer dimer®E 23
Qo] B Joks Frg olE AAFY] Yok WekoZ primer AA % PCR
condition %% —% 3T}, o] A|ZeF RT—primerES o] &35lo, v AEF F43
H| 5ol 2l band7} WE=A] Felatglon, & A4 H|Eo]%] band7} 4
EfutA] Skt

g AA T8

-

2A-SS 913 standard= TF DNA 7IAME=E #
A2 Az =7 WY E. colizH-E FE% plasmid DNAE A4 343}
g3t o] Y8 £ So]%<l DNA w#Ho] Eoi7t plasmid vectorE A%
3le] Standard plasmid DNAZE A ZsEA T, o] & 98] RT—primerE o] &3]
== wl9SE Target P|AEQ Eo]AQl bandE FEAZ &, £Z3% DNA ©H
S AA ] FHlH Vector(pGEM~—T easy vector)o] AFdstdtt o] E3A
DNA ©w#o] 449w plasmidE Competent celle] Heat shock methodZE ©]-83}
o] transformations 3 o™, A MEu| X (LB+AMP media)o] Xgal¥}
IPTGS A =3l Target F+AA7F A9 E plasmidE 7F2 Competent cell
S MEEdct. o] & AwHE transformed competent cellS At vl ks}od

plasmidE F&3t1, 9oz plasmidel] W 3d PCR¥ Gel Electrophoresis® 43



ato] Target PIA=9] SolAl AT Al AJHA=AE FH s o
A 54 DNA wdo] ASl¥ plasmidE ¥ FEF39] $%554 F Standard
plasmid DNA Stock solution®.® AR} o™ serial dilutiong A A| 3+
standard solutione 7FA]3l Standard plasmid DNAE FEZ=H=Z 345}
Standard curves ZHdstlom o= olfteE AU AstE W WAEAS TE
Xlak;d og _%xlg]y] 943]] Z[:—Esgg].oﬂq_

Ao A plasmid DNA®] th3t Target gene?l 4}
o EAjodFe sl A A, target geneol B Al
¢l atglown, o= H|5o]F wiErt =X oA oS & 7 AUATh

53 A9
StAl  Standard plasmid DNAE AZs7] Hsixe= 71 AMEE UV
spectrometerE ©]-&3F W HTIE DNA o|FUA-Zo Aty ol &3S i

3 3}
st AES 7EAA e DNA Ao &5k SYBR greens ©]-§3F #Y
o ag&Aolzgtar A5 %] Competitive PCR W o] o} real time PCR ®H &
gato] BAS AAste] ALHAS AAsielon, o2 Q18] Hatido] =
MEE W}y Jgsk ggFo] 7hssl Xt

=
T35k sampled] EAlshE WE&Ede a7 AT Sl A FEE O
ol sk FAatel AlaEurel] EA8k= peptido—glycan©] 3FSHA ¢l WO
o] DNAS] F&& Walstnz =242l WHo] Algojof glon, Bead beater
£ ©]&% genomic DNA F= WHS ARESte] mAA &2 genomic DNA F
EEES FUg stk 2 1dA FAl A= veEA AATE FHE 4441‘:’“’
WS B3l Streptococcus bovisSy Escherichia coli K88+¢] Agkol| thst A

7V A=A}, Streptococcus boviset E. colid Wi A=EA A3 99.6%9
5.3%° 3 _S.Zl\_oﬂaﬂtﬂ'o §.‘§_r3ﬂr 1.0003} 0.9999] A#AAF7F 4472 =5

=
s 222 =3ttt Real time PCR 7|¥H&
primerE o] &3lo] F Eo]F straing FAo] 7bsdle] H A ¢
1 O 483 A5 AN 5 de. 21
3, Real time PCR 7|®& ol&3ste] AUl vmAE 4FS &
e e A A% Standard plasmid DNA2] 219}
Al WA Al 59] genomic DNAE F&E3te Zlolgtal Als ¥
& Al 2d3kol A= sugar beet pulp (SBP)7F ¥4 o8&, A4 thatel
_ﬁ_ 2
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o
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= g ol A=l AIA AgE AAE FAeklar, AAL

Haskdnt. o)’ Aol matel ek 2§ 71A2 obz W Ete] W AA &
FA|mk, AdulbA o w MG A EHa n AR o] Zrbste] AW pH7F adtw
ole] whe} frafjdt WAES GAo] ATt o], AFAe EEA 5AHL
2 skl mAES Al A ze] FFpo] wajH ol ol Ak Xtk
= ol ol Aok wEbA offFAEl AdF4E HAbekd Al el Ed=
S7HAZIAL Pl S AAAA Ao AAFEH R Aol dgd A

o

olgtal AR ¥l Sugar beet (AFFF9)= 7FEHA &2 AMRHFS AAE 2
Aoz b 54 AHolA= TUE sugar beetd] ¥EE = Aol Fos7]

= 3tk HE ddY A7 AHFEES sugar beet pulpd AFAE #HH o 9o
o] gAde] HE& BrRE ol AEAY AshEo] 80~85%° gttt ®Halv}
AT

bAoAt s AARHVIAIR AREE 4 e A 4% beet pulpd] H
7b7F AW el mAdE #FY 5 SR fFEE AR 7E e FE
FAaA7lE 2347 dEAE 19A FAlA dE BAAESA VIHE ol&
g A ET SHS Soto] Ags] FHetal oo mE KFEE] AT &
HE ZAET FAOl o] frAk=e] Astddle] #o3 WAdE wFEol 3=
T A= AR Arae FJ7F FEs et sl

AFFERE flate]l 21 £ 3 Aol o] frg HAlF 5.87 £ 0.02 kgo] A
w#= ([Landrace X Large White Yorkshire] X Duroc) °]-fA= 12052 &

Alste] 532 6¥kEel AlFy AEHE rdste] ¢ ( randomized completely
block (RCB) design) o2 =wred 454 wjx|slgch Ha4ts oS3 2o} @ 1)
1z (Control; Basal diet), 2) A 2|5 (Basal diet®] 2.5%% sugar beet
pulp (SBP)Z diA]), 3) B A&7 ((Basal diet®] 5.0%%5 SBP= thA]), 4) C
2] (Basal diet®] 7.5%% SBP=E thA]), 5) D A2+ (Basal diet9] 10.0%
& SBPE WiA). SBPO| H7bgel weE dfd IS AL v BE ¢
29 e AP Ao] QA R oM, NRC AFSEFE (1998)0] wet 55
ARG AT AEAHAFES T S8t dESA™ (average daily gain;
ADG), dGALEAFH = (average daily feed intake; ADFI), AlE &8 (gain/feed
ratio; G/F ratio)& Falqlth. Ful mAE #F ZAE 9@l 314 (lleum), B4
(cecum), B3 Z7 (transverse colon), A (rectum)olA] A3}tES 2 FH 5}
nAE #5575 A8l

AbE Ul sugar beet pulp (SBP)O| &8 H7b7}F 2b=9o] Aol vAl= 4F



S A EW, Ay 27| (5 F) 59 AR Y sugar beet pulp (SBP)E #H7}
sk Ag]l o] AT (body weight), 95 F (ADG), AF5a S (G/F ration)©]
S7FETE (P < 0.05). A3 /MA F 3FAFE AT 2 ¢ %ﬂ%ﬂ Aol
SBP #7F o % 2 37 el web Apolzt Sk 5 % Ol o] SBP #7}
T (B, C, D AgH ¢ x]zg A T8 AZHA oA 2polE Holw gz
ol HlE Eekom, 1 F 7.5 % X47HL4 ANe L dIFsA=Fe] 71 Zol 7|
A=At (P < 0.05). d3AEAFAT (ADFDO A5 d A3 717F 5k oy
g fro) ARl Apolw HolFA itk (P > 0.39). E}UF SBP F7}te] thxatel
H 3] AF o] Z7)el= AES ug o) SBP H7F 3o wE Adny AdFH
S7he #EEA FAunh AlREE (G/F ratio)®] 45 SBP7} 5 % o1 H7kd
Aol AofA dhzzatel Hls] LEo] fol Al zptolE Holw JRAEAT (P
= 0.011). At 2E&°] AF Aoyt dIdsAZFd= o e a3s HoF
Mfrﬂ AF dF TAZFS SBPE 7.5 % wolgt Aol 7Hd vokd gk
AR EEES SBP H7bol SUkgtel wel N E WA SBPYE 7HE Bol H7b
SBP 10% 7oA 7Hd &9k, HE oo 7.5 %& #H7Hs A7t #

i

= °]9iﬁ1r. 2 Ao M= e 7HA vrFe AARY] Al Foll ot el
of tigk =AME 3l SBP7F WA= S ATtety shglown, #Aed og A
AL dojue A5 gotatr] 98 AlRAFAES S-S, A JEEH
IES TE FIEAE AAE Qg FY E4o] AMEA ARE Foteiglon, &
sh& ARES T3l ARk g askEdd ool dv AE HES T 7
Az A Wi e HAY ARE ZAsYl oW, A AF7IRHESE AL
2 SR v Solds Bl AFEdo] gllon, 1hE A ehe Addgle] &
54 AN A mokgk Awnto] Aol HANIE AL B7bs efgivh. v
oF MAate] tigh @ 9 FALE stEW A 5E 37 (clean nursery) E.UHE O
2l 84 (dirty nursery) 3 ElE A sHAY, o=l MA@ s st
= Aol golatalet AlmETh 2Ho AFANELS beet pulp e ML
2 (non—starch polysaccharide)”} o= d53H d85E A= Als W A7bst
RS W A= AR BA o] AT HaE St AU §E9 Fol, &
olo] Zlo] 1¥]al 1 w9 W& (villi hight : crypt depth)& 23k Ay A
ol §Re Fol, §oko Ao], 2Eal 1 v &l Qo] FAASE FAH A
olE Hol|A| = &Urt dHAINF iz (CON)el|l H]dl sugar beet pulpE H7+st

Ahrel grel wolsh gokel o7t AAE Aol BAHUh 53 sugar
beet pulpE 7.5 %, 10 % 7tk C, D A FelA e 1 A7|7F & AHgFE
o AAE ARe BT fo4e gleh old @ el WATE Qe A
2 A7he SBPYL AEWe] AMAEE AFee] £4E gue gt U o
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AFAFES fste] AgE 37 A FT 15FE Ageto sFE AAEAT
(FdAT 7.21 £ 1.33 kg). =48] AW vA= #F AME fd 3%
(ileum), W& (cecum), B3 A4 (transverse colon), A& (rectum)ol Al A3}
25 AFsty HW wAE = Lactobacillus casei, Streptococcus bovis,
Escherichia coli K88ac, Lactobacillus plantarum, Bacillus subtilis 7#Z&TS
A 132 AFARE EUYIRE 5to] FA5ESITE Real time PCRES A 38S AA|
3t7] ¢ste] zZF 7o Eo] A<l primer(real-time PCR primer) #|%}s}Stt.
AAIZE THaEA AT S kis FT50o14 AVEA 2 A,
AAGGCAGTGGCTTAACCATTGT (=3)3 CGAGCCTCAGCGTCAGTTAC (¢
el A7 ES z= S bovis, CGGTGTGTTAGGGAGAGG (=3)3}
CTTTGAATCTGTCCGAGAATATC (93)¢ <A7IHds  Z= E. coli,
AAGTCGAGCGGACAGATGG (s=8)¥} CCAGTTTCCAATGACCCTCCCC (¢93)
o] AVIMEES Zt= B subtilis, CCGTCACACCATGAGAGTTT (=313}
CCTTGTTACGACTTCACCCT (%)< F7IME= Zt=L. casel,
CCCGTCACACCATGAGAGAGTT (=%)3} GGCTACCTTGTTACGACTTC (¢
)l A7IMLDE 2= L plantarum?t Z42F AAES oW, TE501E 9% AT
Aglo] aEAY. AWbE2l PCR primere PCR product®] sizeZ} #AA ol
9] AA7F o=z 100 ~ 200 bp AE9 PCR product size® ZZ Al7
real—time PCR primerE A 25}l Real—time PCR primerE A2} & ©
o] A ¢l band”’} YEILF=X PCRY #7199 %=(gel electrophoresis)E o] 83te] 3
glskalar, H]5o]AQl band7} WEbLFA] Skth. A A AAF FHELAMNNTS
S 93 standardE= 5% DNA 7ML E 442 AZESE =5 vwld E. coliz
Bel %9 plasmid DNAE 3 3Aste] &8t th Real—timeo] EAAF
A fluorescencedt (Ct value) 22 copy number (F]AE #F5)7) vl=
= A& oyt olF flaiA= o 3] standardE A FAAS g
AHS dlob sttt 57FA Z47pe]l mAE #FQ L. casel, L. plantarum,
bovis, B. subtilis, E. coli K§8+< &7, "7, YAZ, 22 H oA
Ct valueE YeEFW o, PCR efficiency? 3|#AA ] didste] Ao
< 7okl ok Ct value® #2718 o)+ A4 AS5ES 3 MAE
ol 2 wlwaty] YA olth. AR AN FFELAMN-SlE iCycler®
Optical Module (Bio—Rad, USA)3} iQ™ SYBR® Green Supermix (Bio—Rad,
USA)7} ARE-= Aot

S. bovis, E. coli, L. plantarum, B. subtilis, L. casei ol t)3+ A=A Ax}

ot nz

o2y 2 @

MoHo
01'}4‘ 1% o



0.9978, 0.9975, 0.9992, 0.9994, 0.99499] A#A 7} 72tz E&H Tt o] 4
= A AA FFE LA ‘ﬂo“ﬂuﬂﬂ =2 A AFAAS YERH,

°]:= DNA 03717\1

?3‘}741 } = .
B AFoA, L. casere] S tlFZTtol H|8] SBPE 5, 7.5 % AL A
01174 frolHom wetom (P<0.05), 2.5, 10 % H7F3 AYFE F97 x}o

© Aoy o B2 B¥FE BAFAY. L. plantarum, S. bovis®] BFl< F
ﬁ]@ii FEE Apol7h et = &AW SBPE A7tk ATt (53] 5,
75 % FH7BH)7F dizTtel wle] ®el MAsta jld Aoz dEHJY. B
subtilis® 5= 5 % FH7bolA 7P mAdE U %oew dixzTt9k 2.5
% HAVT7E 7 WA (P=0.0188). AT £ coli K88+2 7% <l
YA dxTHT SBP 7] ashEolA FAasH B B AAH Holut
ol A9l zpol= Holx] gkgtom CFUS R Akt Ao Wi mx] gkt
Bacillus subtilis, S. bovis® 735 &3 33PA+do SBPE H7Ie Az #7)
A7VeAl &S Tl BlE] Fo Al AfolE Heolw EH2 (P<0.05) ﬁgi
YERS T fo] A zlolE Hols Ads Ad7IE 27FA] ol ARt Akl AR
S §oldF L. casel, L. plantarum, S. bovis, B. subtilis?7} WZ7 Hro}l=
SBP #H7}4olA B Be A3S HFTh T3 prebioticsE £E8A THE B
o= o] ofydt AHH FolE 3 P "= dFTS NS ‘/}ﬂﬂr*
mechanism& AYar Avkar Erh whebA - osample®] AFHAI717F A AL
woghA 25759 o= g A[FoA o] Fojxl Fo]7] ufid —r7]'—q|?l
&3 sample®] AMHAE T 737t FolxvH HY Be ARE IS F 3
o} AR E

Sugar beet pulpE 5% ©Pd F7IBIS wl, 4% WA 23t Al d9 SAE, /‘}»
gl Yebgtew, A v BE FZoM % Bacillus subtilis, S. bovis® 73
A3 FYAANA sugar beet pulp H7FE AL F7E HIbshA] &2 thzTol
H)3l fro] 2l Apol & Kol #mdth ole dY SAHH 4daso] SBPE H
7hek A7 HobskAl @2t HlE] folHom JHAE Aol dXgh
ARJt. ARAoRE, olfA=olA e s FFE o] FAI7IHH sugar
beet pulpE HAZE Ful Fg vAE HFo] FA HAY] WFo=2 AlsHT)

AE Abgel b ARt gl ARetn g folw VAR 9 F
al
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frelobe) A, AA
g st 34
ov 1 F WA F
el g o

oAk A el AgHel ok AW FrIAE
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Abel Zreel 714 oA FI ARG S $etal, HE 2 A=
710 AEE F@ Al FRE A A RS FUIAHAE Jhdst Sl
gk o] fAbE Almel AE R Fr1AbA] H7PE Al e s 7
o] FE& T/ frElie RAlE dFY 5 AT a3E 1dAk #3A
oA e FANEEA TIHs ol&d nAEST S4S ot Ags] 9
shal old] ME e e UATI adE ZANEY FAA AEs kAl A
7V s gdetalat skl

B Ao M= & 55/ vAE 72 S bovis, L. caseil. plantarum, B

subtilis, E.coli K88+ 2QA2 AGHAe] Fddd EAAETH 7[HE o] &
sto] EASEGlTh E 2WdA AT A A Gy o] fA=e] U AStERENH
Hiuj ks AAZF FdaisdAdgts WUHS 53 S.  bovis, L. caseilL.
plantarum, B. subtilis, E.coli K88+2] A= 3t A7} At A 84
A Ee] HA DNAE Ultra Clean™ Dry Soil Kit (MoBio, #]=)& A}-&3k
bead—beating WHOZ F=ath. AT FdaEL AHHESS T F50
APEA= 2l A AT THA] ol A xﬂ g Ao ARESElT. AEA AAIRE

AAHNSS 9% standard= TF DNA 7IAE=R FAA Axdd &4
%k E. coliRFE F=3F plasmld DNAE Ay s Asle] P TE AHEA

AN7F Z3 g A gurso = iCycler® Optical Module (Bio—Rad, USA)¥} iQm™
SYBR® Green Supermix (Bio—Rad, USA)7} AF2¥ At} S. bovis, E. coli, L.
plantarum, B. subtilis, L. casei °| ™3 AZFEA A3} 0.996, 0.994, 0.998,
0.998, 0.9999] Fa#AF7E 242 =& HAT. o] Ades A AN FFaL
quHu}_&z u}m,] =2 XJ:QLHJ,} /\]g/ﬂg el = Zﬂo]\q_'

Bacillus subtilis® 745 317l doAX A Aok F7140A 0.1% A2
TFolA fFeH oz vre Ct valueE YERNA ™M (P<0.05), Lactobacillus caser
o] A $-oli= WA HCL 0.1% Az FolA Ct valueZt ¥ Yl 53
E.coli K88 w9 7% t}& w|AWE(Streptococcus bovis, Lactobacillus casei,

Lactobacillus plantarum, Bacillus subtilis)o] B]3l Ct value”Z} "9 =& X

Ueldlorn, o= & nAE dl& HYAd AAF 572 vAEQ] Ecoli K889
FE el AY EA A &S UEHAY AE dFO2E Lactobacillus

]

folr

ol
ki

O{N Jl
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plantarum, Lactobacillus casei, Bacillus subtilis, Streptococcus bovis, E.coll
K889 ¢AH= WA /b B A4S & 5 glov, gl Fali nrh 94
3oL Qar, ARl Lactobacillus spp.7t B BS 47F A Askar Qi)

LPS 9 F HCl 0.1%A 277k th& A=l Ttell wls|A 1L.5AIRF Hell 7Hd
A Webgtt HCL 0.2% Aelat 7H8 ofdh | w55 woldA AHedzt
o1 Ql Apo]Z Wolx e 4547kl TE FHolk g e g A FES HY
o oW Ig AdlA 2 Aelg melr ol LPS7 AWl EAFE
Escheric—=hia coli 055:B50] tHgo] = Bd=2 J4 AALE f¥sts 94l
ol 7] wWiiEoll Gl A wHlE = Ig AZF 117 AdEfell webA FA s A vhgek A
o2 Algdy.

A3 A 7176 F) S AR TS HEe HCL 0.1% A2+ dA4
A Aol ol dBFAFe] TAA FHoR Mg =k WA AF 77
=, AP A Hy AAF WEE 1.730% YEelyth o] olf A= 1o
Al AARE e A0S vERE 3lolw, HCL 0.2% AHET7F & AT
HEl A =2 $AE el 2~3FA el HCL 0.1% A7t 4oz
7V e FAE B, A AT olB T vk AAFORE v
g AARRIZou AR A& o] HCL 0.1% A2+ A A +7F 53814 Y

& olfi ol 2719 Ae wme] HAE AE F719 el 2 gFS A
Aow ARATh #3394 AFAAE BAA, A 0145 ArhH AT

Bacillus subtilis] 7% 3] 9014 ThE R/ Ael ol wla o4
Aol% wolm oty Melug A9 Aol ol LPS F9 F 15417
Az A AT HCL 0.1%A TN IgA 57 feldom g
A ek 99 FAF Aol /Al 0.1% A7 ATl A vhe
A Aol el feldon Aan Anst AAF Angch ol ol

oA Aol g2 o] fFAIZIHH FUIMAE S92 Gl F
= 7

A

—

2N e N

%
AAZE Aol ARSI i Fold magel JRL Fol xpEe] wel
ol



s

BAow, ol FrikAlE Al mAE #Fe] WIE fEste] WY TS
]

JI

FTHALNS (real time PCR) 7]& ¥tk PCRoll H] &) A 5_/.«4/\]

ol @53 5 2ol F A el B AE EAe] ZhsetA &kl

2l & g odom o7l wAdE #FY ¥ Xé%kﬁ}x]
o 2 ATolME vEe] DNA Akl dste SYBR

greene ©]83F Real time PCRE o] &3slo] o]fAtE AU A3&Eo 9l

Mo oL o ofN
2 Ho to g X

= AR TS 7€ Adu el 54 mAdE T a8 53
T Ao, real time PCRS 54 WAES] & 504 A #4134 4F& 7t
A k. E AFolA AFESH real time PCR dWh PCRolA F33}o

a3l o™ A
10 744 A o] 7hselith webA] EARN A AFSE = ol AbES] AS- &
Moz FH|EE A2 o AxAF ARl tiFare] s dA =7 TFEES
do7 4 =d o] 3t 49 real time PCRS o]&3H A2 F9 HA=
AR G 7] "ol dE 9 ZEafleE AFEE ¢ S AR AR
cia=
g, 2 FAA FABETA VM-S o] &ete] olfAe Al HAE 5EE
T oy, A= A= vS o wAE FFo] AAlstal glom,
FAANA=AZ H7ME = AAAE s T vhdetAl ARgetar olol <k
o8 o B2 #FS B HAA GH3 A=A VM ol &dte] nAE
= AR Aol 7he & Aew AR A= AMRE AdAlds A=
Pl Mk A ERRS o] &5k Blo] ofdel, E dHA e ol vA
ol tpetAl ol&Hnt. olelgt AarAle] HItel og offAb=ol Al 3o A
frol mAdE w3 A 2 B Alool mA = el tiE Hhrh 2 HA
A R EAA = A 7S o] &8st s OH =g
E3] QAo = o]-8% = Saccharomyces cerevisiae, Aspergillus oryzae$t %
2 ERE AFAR ARRHERE B2 AESA 7|HE ol&d U 2R F S
Aol tigk A7F FIHH O R o] Fo] Aok & Fom ALmETE tjHo], A
Al dolA AR A4 mAE A 5SS o8 ¥Rk olyzt 1 A

= o]

=9 %A 8 (interaction) S ©]&% AlYA|(synergy) &FE o|&3t= A7}

& =9 AU vAE = A B oYy o] HAeAES fHES B A
5

ged A
N FAR BAYESH WS ol g3t YAl At AFel oA HS
agHon gl Jow Andn

= .
webr 2 AFE Feke] EAEESHE 7MW (real time PCR)S o]-&3fo] b=
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H 5% d7iuzntel &A%
A Seueel g BAZl 91 Qe FEae] BAn =2l AE

of MAEARA, 24 Bael olstE Eh AES] A ¥ Uk A F7
82.6%7F AwA AR 2 WelE v Ak ol AFH AT Fa 9

Q1& enterotoxing AAVS= Enterotoxigenic Escherichia colif( ETEC)EA F=2
K88°]y} K99 antigen®} #& AL 9 serotypeo] BHAHEo] Jor}
Salmonella‘y Yersinia enterocolitica, Campylobacter jejuni, Shigella <2 4
A MABERE A= Add Ao 4 d0lew B Utk o] E

Zo] oS YHME RES U wYE FEo x| g Fashy, o
24e 93 B ow—ﬂ}xﬂ'e‘ W23, A gAe 2E WAoba A7)

o

el A ok
>,

e o T
o

ot E@ olfAEe AAE WA Siakel AR Fol AgHE FAA
(antibiotics), ZnO, CuSO' 59 H71FE ZolAU AMgaA] Fus dlo] AlR
Hlel oF 5 kg oldel A mRE T £ Aok el FE AN A1
2 HlTS AAEAL e ol fAb=e #HAME ol ¢F 15 ~ 20% BERE Hilwo]
dd, A VAR FE2S 2HTo N AR AES AFSITW 59 AL
HAMES 95 T Us 2 AR, & ATt olg gt JHA &l ik 7]
®Aw R QPR o & /M7t 9

53] FEHEsA M= A& A Al (probiotics) o] AEE FH HIUME
Foto] G&AQD A ApEERk opyet Aol Folg wAE dFE]l §
A = e 9 AR AFAAY o] e Ao Atg . QA
% o) &%= Saccharomyces cerevisiae, Aspergillus oryzaeSt 2 &R LA
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(synergy) &35 o|&3li= 497F B2d A= AU vAdE &= 4 ¥ ofy
2} o] F3zgS e d JojA E A BAAETSH HoR AR
& AA AR AZe] TS 8o AeE Aow Almdth uatthu
Abazb sjeket g B4 @714 AAZE 7HE an Aoy, AlsE HIHA
2A 9 AdAlE P S F71420 AU B witel, A6 wmE
AA e 772 AR AR ATo] daste I Aol Sye 7Y
S o] g35te] AtAl dF HFE 7Hesi

LA

Eoh, 2 A7E S fEuet oAk Al PlAlE we] s 9=
A-oF mlal, ZAshs dlell 2Esk, A=) A wAdEel] e AvE AR
A 2 VS ANFoRA e Addd R SAlel Hoh &gk =
A RS ARE AGEH, oAk A wiAdw dFe 24Y 7 e
A el S A= F71AE B3 AAA ol &R AbAle] A
7b s AAE gie] AW vAdE dFe Waks o] Ao W
o Z2vE BRY 7 e AoR Alsdn.

A L Aol EAE A IS ol 8ske] A Jhed wAdw2 F 5
Foltt. ul wAdE #F e 240l A 1 el SAY s S3A
oo 7] wjel Fold MAE AuAE FTHoRE ATt ojFeixon, o
5 T 394 MABEES E Coli K882, Addoz ¥ wAEe] v&
2okeh. ARt Ab=e) Aol v st v stFol AAskal low,

Ay
At Aol = 2p=o] A A2 ete mAAETRS o]
A A= ol vAEe] thstA o &H
2 AFolA /e real time PCR 7 5 =
wFol FFs F= FAA dAAG #4E JHAE HIEAL,  prebiotics,
oligosaccharides®} 22 EZ9] 7te o]8&d 4 glom, z=9] vAE #F
ooty SAHSEY AW mAdE ATl oiE
53] S0 SEe Qo= WY &S FolAY, ERAdA g
Azt vAES] AT Al # AFAHI aRHoeRE &8 9 ¢ ds A

o
o

fi
ol
2
(L
12
olr

)
ME
59
=
=)
0%
e



o] 9o}, oA G EES] F oA mAE #F ATl ojA EAHA
234 7S AR A A9 itk AL vFo] 88w, 1 &%) v
§ =ra & F g AAFoRE A FE okl AWEst vl wol
YA 2 = AAgoln, olof] whep & AteA FHe Fu vAAE AF
o] 54& 9% real time PCR 7]}o] zt& ovj& w9 aval & 4 o 1
Hug B A7 A5 T3 AHIE Vs tig = Aol Hgo=w A
o 7Es s, @85t FAYor AFA Rofste AV 2 A2
o, 9] tedlout Ao wrxdtomay )4 SFAS Feldt £ s
Ao AlnETh

wal A5 8& HIFAZV Salmonellay Yersinia enterocolitica, Campylobacter
Jejuni, Shigellas ]l WHG vAEY ¥4 AF T U vAAE dF vA&=

Y= real time PCR 7|5 SafA Hu Aot Ao Zhestrt. d54<

Ay vigs &% CFU 79 mAdE /Al dEe R4 8siy, AR 27
AT A3 VIS AA & 5 7] witel 7)ol #HEste] AHEs Abdet
= AL BUMsste. kA9, real time PCR 7Moo & AALS fEsts HAA
nAE g ovlolg 2o T4 HFTS T3 A vAE #F 242 HH1 Ay
T SAA 7l=AAg Ao Z &5 AMEE s o E AR
=] MlatAd AR ek ofujel #HAbell QlojA AW A Q1 Rotavirustt E A

Ag AAEPED)  whelels, X AdAd FE(TGE)  wiel# &,
J

Enterotoxigenic Escherichia coll ETEC) K99 %9 7% A oS AA
st 1w AEd gk 5|4 AIA|E A Fstal B HA A Sy A=A
AAZE SFHaLANNSS 8 WA nAE dFol uigk gEsta A&EH

A W ouk ol AFRAAE Jhsstttal Al E T wEkA S F7kel ®l
HetA DA A= A Fadgd HAAY(PED) s7HdH 74 AHE 2o A
GaHA EAE g dom 7P iAW #ElE F9, Sl vpolel A AHAL
TS FH FEo2 4E & e /s AS 7M.

ueka 2 AFE S8 ol FAEY Y AAE AT 7 e A A
AF A 7] A 9 A R gEe] BAAESH VS o]gd 54
ol FYye ) dA FAEY Ju FEFe AE dAE A 2 A
offrAb=e] AR, At EFehEe] FUF 2 A Su &E VgE ¢ low,
71E] Al e A5 A EAAESH U FE HH Y A o)
nAE 7 A7V 9% @718 9 5 AL, @ X F5 =

442
=

o

fu

o

=

=)

o=

e

£

A% 5 g g

ol
AES ASTE 1B

2

o O
o
of
o,
o
O
Y
o
o
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A9l Fd el gdst mAEol EAjsh olEe UiFEES U4
(anaerobic) "] Eo|t}, HA = v AE F% (microbial community)S A3}
71 913k culture techniques ©]&-3ste] AAISHST. o] Z & H A9 Foly A%

o] nAYES BEedte] wjoks)ol 3ti(Stewart C.S., 1997). E8 ¥ = Gram %A
o] AV v AEL Streptococcus, Lactobacillus, Fusobacterium, Eubacterium,
Peptostreptococcus £, Gram ST 2 Bacteroides, Prevotella 5 °|
ot} a8y o714 Al (culture) & 4+ £ bacteria® oF 10%9] &3t
Y (Konstantinov, 2004). @] EAst= thae &4 7] vAES v
st A oA E w9 o AAoln, o]He| o]Fojx] AhujS WPOEE=
AZHA &= B9$%E A (Pryde et. al, 1999; Vaughan et. al., 2000). ©]¥
3 EAHS V| HoE fHAE AE 16S rRNAZF v]AE 9] taxonomyol o3t
B ESA marker A7) HAA FEo|tH(Woese, 1987). o] AL A9 A

2]
Well digk A5 k= doll oA w-¢ M= HLo=m iAo Al A
E 73E d7sta, vAE 759 7 dig 59 o = A Aol
U 173E T3 A7l vdd G, AFRA el tigh s dAateked
ojq wl- 83 g5t & = dti(Heilig et. al., 2002; Konstantinov et. al.,

2002; Leser et. al., 2004; Simpson et. al., 2000). w&tr] t}get A&
2 7ol MAE 7S SA4ste o AolA AFEHI glom, old fig &
€ 9 aH Fol disl & 43¢ e AT B¢k Konstantinov 5(2006)2 ARk
=L FA o] & mAE #F WHItE S48 Al =4 F 2, 5, 12, 19
(o] d&Ee] =9 3)FolA e MAE 7FS real—time PCR HHO= T4
ATy, Lactobacillus sorbrius, Lactobacillus reuteri, Lactobacillus acidophilus,
E.coli o W3] A B 3o, ol Holi= L.sobriusSt L.reuteri 7} 3
oAl st gom, 7.0 x 10%g AES wWAER #F5& Zeth a3y
Ecoli #& ZAgole 1297 AwolA 170, 2393 olf A=elA 2709
sampledl AWt AZFActar ¥l =3 Marisol 5 (2006)°f] J&}H o] FALE
Al st A A e}
time PCR¥} A thuf

1>

3 Q= = vre 8o}, enterobacteria, lactobacilli 5% real
= AAEe] HegH oz vjuiA gk A real time PCR






X 43, A3 U vAE AF BAE A3 g4 e g8 4 9F
s g8 @4
el gl
Cultivation - T+HY F =A oW A A8
w59 A
TAYEEA 7 W
— w21 APIAA] & semiquantitative
— fA vla EAe] 7hE bandE sA43t7] 913l
DGGE/TGGE/TTGE | =~ _ = = T
— gel2FE Eo|H cloning¥ sequencing
band®] F%F°] 7} 2ol g
— W= 93k
T—RFLP . ting 1 Southern blot
- ingerprinting . = =
o ° ﬁ_ hybridization®] &7}& 3t
- X539 v 7t
AE 37} ekeo] w5
g9
— A ioﬂ o]_Q_
o= o
robe design}
FISH — A5 3stE v alEA o i L st
= validation®ll th &t
s .
sequencing A X7}
EE
N A AE 2SR5
ot—blo
hvbridigats —Ad oz a9 do] Aoz ojfe
ridization
Y rRNA A 7hs vEY We
— A=
Quantitative PCR e u ey de
-t 54 7he
16S rRNA gene - = X2 monitoring
) A F4 Jhs B
sequencing 49
Non 16S rRNA o Hel 165 RNA
s e - r
gene based —wE v Ey Jhe - e
e | 240) da
diversity analysis
Diversity DNA . AL =5
— A= X =
=, oo 7}'0 8 29 ] o]ﬂJ

array




Al 2 A o]fFA= AbRol Sugar beet pulp®7H7E A 2
VUYL adE, WY TE, Al vAAE dFl
H A= FEF
Sugar beet pulp= AMEF$-(sugar beet)o|A] AEE FZ=sl1 ¢
3 FHEZN 8 o] oF 800~950g/ke HAEoIH, FEE
Al AREE AL QITh Ty w2 FHoRE F 54 ool dow,
AxEol ogHr|E vt FEH Ax IHSRE I FEA IY¢x
(water—soluble nutrients)E©°] WU 1A a1 webs 2% sugar beet pulp
d& =& 59 v AEA dF(non—starch polysaccharides) % FA9
stefo] molx A P}, o]gldt Eom zukul o} ele] ko] vrolx] A H
thoole gk 54 ool sugar beet pulp% Eﬂxl AR R ARG U A A

Fepol wob REGMT AL AFHI QS Wolth et Hfas] Frhe A
QAR DY BFl LAE Sshor] (Smith Halls, 1968, EAf B
of & ARE AAW 37U ol FAENA AT WAL gasGa, A4 R

il

A 717 ek ZFAst T (Ball#k Aherne, 1982). Drochner 5 (1978)2 Al®:
W 2AF7F A9 A W ateEgeld] &S AAAITaL Bl
53] 3F~45H 9 o] fAEol= 43t Y R Afa ol&eHo] nAds
gk o & AFE AR Fov AR AAGFS HFa1 A%
FS VA, Axbel 2 A% AW AFEAAS SR
Ba% Jth(Low, 1995). &t & dFoME ofAEd Tad Hdfi
29l sugar beet pulpE HE3 = Fog A, AFAH G FH2e Fol&
UER A ekokthar ¥ o m (Longland et al., 1994; Lizardo et al., 1997), ©]#]
Sk dbg ek AfAo AFES We WA a3 (bulking effect)9t ¥ VFA At
LAY W HE A AR wE S-S ASshe 59 olds VHAvETs
AT A= JH(Williams et al, 2001). 53] AF2E WA vBEoy
toxin®. Z5-E &FE5 HE3 4= T intestinal epitherlial tissue2] o= ¢
o025 AMgo] HTH(Piva et al., 2002). Eg HaEIF AFao &8 e
S WHSIAIA o] A= AAF o 2 A A& o2 E o] & ThsAdol
ﬂﬂ—(Mosenthin et al., 2001). T3+ o]FAE2 /\}E’.Oﬂ Sugar beet pulpE 12%

rl

¥

i e rf ox

A% HA7FsIS o #HARE B 9150 goi L 592 wgon AFe gz
ol H &y “%OM% S HEdY. Afrd 28E MR AEEeE 43}

2 SUMERAIRE gz nlE)] "HolA| &= JJr Hou AU VFA A2
) Z ol H]8l Acetic acid, Propionic acid’7} Z7}sFit. B3 nj A& Qlo]A



= el AT 7 o=+ &3S JeER It (Schiavan et al.,
2004). 28]l o] FAFE Al sugar beet pulpE 12% WAsIAS o, HAH4
o] &3} o MK AR AFZFN AlTo] Hhske Aol dar, ol
e dF SAZFE fdaske Aol vk A4 23 = dth(Lizardo et al.,
1997; Gill et al., 2000). L2Ju} o]fF2k=2] FW VFA AA o] Frtgthe A
A7y teFstAl EA5 (Baver et al., 20015 Sunvold et al., 1995), o] 2l
Add VFAE E.colid ¥ IZJEAS dAdd= A7+ 237
(Mathew et al., 1996). Sugar beet pulp®] Fol&E WLA nAE F2o]
A ar, F HAees BesH, w50 WYeHS FEAITE Rk 9l
(Rumney et al., 1993; Zunft et al., 1997; Williams et al., 2001).

ol2gk Afrae] ol thE 28 7] &2 opx WEks] WA A kARt A

ui



A 3 A o] GA= AlRo] FEI|AAIY HIF A 2 o
¥ AastE WY Y, AU mAE TFol v
A= daF

AAlE A AA EA e dE Y dex] EAEA fW pHE HAAIF S
2A A= ndsd 43 5ah lﬂﬁ: | 3o tiat MA a9 Y, 25E
S Aoz HAES A WA S ZFaAA HAA nagEe] Z=xow
A AAF B AN BAE o3 }% BAE 7ML vk dAE {1k T
7IHAl - FR7F oW, FUIAAIE 2 Abm AFRS HTMAIRA Bo] o] &5
Ao, BAEel F2 FIIAARE et A7t ol FofAa k. F7]kA
A Eolt} BE tissueE: FATOZM AAA de Bz 9t 1g
o]AL th@ o)A carbohydrated] WS LEES Zaf FAHECE F 449
pig dietoll A acidifier® AF&% il 91+ organic acid® Ed 3}ty FAS
veb} 9tk (Foegeding ¥ Busta, 1991).

fe ke iil

3 44. Formulas, physical and chemical characteristic of organic acids used

as dietary acidifiers for pigs

MM Density

Acid Formula (g/mol)  (g/ml) Form
Formic HCOOH 46.03 1.220 liquid
Acetic CH3COOH 60.05 1.049 liquid
Propionic CH3CH,COOH 74.08 0.993 liquid
Butyric CH3CH2CH2COOH 88.12 0.958 liquid
Lactic CH;CH(OH)COOH 90.08 1.206 liquid
Sorbic CH3;CH:CHCH:CHCOOH 122.14 1.204 solid
Fumaric =~ COOHCH:CHCOOH 116.07 1.635 solid
Malic COOHCH:CH(OH)COOH 134.09 liquid
Tartaric ~ COOHCH(OH)CH(OH)COOH 150.09 1.760 liquid
Citric COOHCH,C(OH)(COOH)CH,COOH  192.14 1.665 solid

MM, molecylar mass expressed in grans
oo, soluble in all proportions; v, very soluble; s, sparingly soluble.



T2 AeH3 & F714HAlE Fumaric acid®} citric acid, formic acido]t}.
Fumaric acid®} citric acidE intermediary metabolism@. =2 A %™ citric acid
cycled] 523 intermediary metabolite® ZHg3C} Giesting et al.(1991)&
3039 & o]k A=o] 0,2,3% 2] Fumaric acidE dried skim milkel &7
A71el9 S w, feed utilizationo] 7HA ¥ U™ (P<0.01, ¥ 45), weight gain?
Z7HP<0.05)%} gain/feed® Z7HP<0.001)= YEtwtia @3 tl, =3k Blank
et al.(1999)= 14U&o] %7] o|f3t = fumaric acidE 1,2,3% 713t
S u, 2% fumaric acid®] #H7}7-o| A apparent ileal amino acid digestibility 7}
4.9~12.8% unite] /NS BH¥ oM, low buffering capacity= 7FA dietel] ¢
3RS W fumaric acide}d] AR &YE YERAT D Y. Citric acide
9.6kg BWAJo| o]-f3F Rp=of FJ3tHS wi, dietary pH} stomach pHE A
(P<.05)E 7tAgo, ADGS feed efficiency —L8]a Ca digestibilityd] 714
a3 (P<.05)% AAt}t(Radcliffe et al.,, 1998). T3+ 3, 6%< citric acidE #A
71ek AR E F93%F A= A= gainifeed(P<.05), metatarsal ash(P < 0.08)<]
S7F &37F A (Boling et al., 2000).

3% 45. Effect of Fumaric acid and Citric acid addition in piglet diets

‘éf(gg olf(eé)g)ld. V&f(eda;r;iglg ADéErg;rog%e(zt/kg) Basal diet Reference

FA 2 303 320° 580"  Corn/SBM  Giesting et al.,(1991)
FA 1.5  21#£2 99 278  Corn/SBM Risley,(1993)

CA 15 21%2 85 272 Corn/SBM Risley,(1993)

FA 2 24  265%28° Corn/SBM Giesting and Easter(1991)
CA 3.0 28 340 500  Corn/SBM  Radcliffe et al,(1998)
CA 3 21 379° 547*  Corn/SBM  Boling et al, (2000)

gz W foH el Aol 7t (p<0.05, p<0.01)
FA : fumaric acid, CA : citric acid

Formic acide FAo] Ew3l A2 wlS W7} U Jactobacillel 28|
lactic acid®] AAFS s T H= 71A WA Eo|t}, formater FE59 tissuelt
blood®] T4 &EZ&o]H, purine bases? ATAAE H3 7[Ad=2HN% L3t} 1



23l formic acidt &2 acidulanto] A ¥+ catalase?FS & A9} microbial
decarboxylaseE A st} (Partnen and Morz, 1999). Canibe =(2001)& 28<
Ho| o] F3 A= 1.8%¢ K-diformate® F93 A3 Growth
performance(P>0.73)2} gastrointestinal pH(P>0.30)o+= <3Fo] gIAA 9k,
gastric epitheliumol]l FAZAS &S 712K &gkoe™, stomacholA small
intestine, cecum, colon 7}*] WA E-(anaerobic bacteria, lactic acid bacteria,
yeast, coliform)® 5 ZAAZ|AY(P<0.04) o]+ AP < 0.10)°] U3
&5 Az w3 K—diformateE growing—finishing pigdll &39S o
growth performance”’} WA E A th+= A3 %= A }F(Overland et al., 2000).

AA &= Aol A Wol o] & Ha e A& organic acidE ©] &3 acidifier
olt}. 13 Y organic acidifiers & AFEEM ZAAA o] "HojxM, Inorganic
acid¥ organic acide} BlagS w 714 WHeA R AALES 7 5 A
inorganic acid®+ HCI¥} PhosphorousE & 4 =4 HClo] o] A&
th HCIE $rell A ®.8k5o] pepsinogens pepsin® = &/d3} A7|WA 9 pH
s 92 AHE FANAFE T3 Edolt}. sk vt HClS A A

= ogss s
Folge W, A A% £4S F 5 AoHE BAYE AT A

3% 46. Effects different HCl levels on pH of experimental diet and

gastrointestinal tracts of 3—wk—old weaning pig

Con HO.1 HO.2 H0.3 SEM*

Diet 6.30 6.13 5.96 5.82
Stomach 3.22° 2.70° 3.15° 2.90% 0.08
Ileum 6.82° 5.07° 5.73" 5.84" 0.18
Caecum 5.57° 5.75 5.66" 5.91° 0.04
Rectum 7.70° 6.89° 7.19° 7.20° 0.09

abed Neans with different superscripts in the row differ(p<0.05)

* standard error mean

Oh(2004)+ Inorganic acidifierS ©]83}¢] growth performance, nutrient
digestibility, 22| morphology, WY ¥gS A3k 2304 6.28 kg BWel
o]+-3 Ao HCIE Fol3t9S wl 0.1% HCl o794 stomach®] pH7} t}



2 AT RYg o $%S(P <0.05)S HisATHIE 46). =3 0.1% HClL H7h
TolA dETAZF(P<0.01)} ARAFHZF(P<0.05)0] St o, AR
HCl #7bEol S5 /\}E'”%akg Aadte A4S Bdvha ®askgl
31, 2279 morphology®t k=9 1G9F AGuEgol gk A= Fo]H 2k
WAsA] Ssto] Fr14kAl e H7F7F X} o W % &% u villusell o}
S n x| G= Aow mpolttm Wudtdtl )k Kil(2004)2] A3 o
= F712kA 9] "o o) &) AAe] Z7181 2™ N utilization®= A} 8= 7 k0]
w1 o HCLOl 7ol o gk Ast7]a o P 2 A uhg-o ojufgh fa)4d
WA SFA Z38Fe] inorganic acidifier7} organic acidifierE A& = d+= SHE3H
TS 7HH Y RaEdth T3 Mahan 5(1996)2 232U o] #3 =}
o HCl& 0~0.1% 7k A3 43 FAZF(P<0.01), feed intake(P<0.08),
gain:feed ratio (P<0.08)¢] 71 &7} YElSHar 8hgic),

14
5o
’9

oy
FHT 3 Pﬂ
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