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Colibacillosis in pigs remain a major swine industry bruden worldwide. Although some progress has
been made in treating collibacillosis in pigs by using biosecurity and antimicrobials, it still remain a
considerable problem. The use of host-specific bateriophages as a biocontrol is one possible
alternative. The purpose of this study was to evaluate the effect of bacteriophage against enter-
otoxigenic Escherichia coli (ETEC) K88 infection in piglets. Twenty-eight piglets were randomly div-
ided into four groups and each group was allocated with 7 pigs. Group B, C and D were inoculated
with 5 ml of ETEC K88 (1x10° CFU/ml) per head of piglet via oral. Group C and D were fed with
bacteriophages (Group C, 1.0x10° PFU/g; Group D, 1.0x10° PFU/g; CJ CheilJedang Corp., Korea) or-
ally as treatment. In piglets administrated bacteriophages and challenged with ETEC K88 (Group C
and D), Clinical signs and the growth performance were improved and antibody titers were maintained
low level compared with piglets challenged with ETEC K88 (Group B, P<0.05). Group B were
shown high pH in the alimentary tracts compared with other piglets (P <0.05). In quantitative analysis
by real-time PCR, the results of Group C and D were lower than those Group B in faecal and in-
testinal samples (P <0.05). Severe villus atrophy and crypt hyperplasia were observed in Group B con-
sequently V/C ratio increased, compared with other piglets. These results indicate that feeding with
bacteriophage has effect to prevent ETEC K88 infection in piglets and suggest that use of bacter-
iophage can be considered a valid antibiotic alternative.

Key words : Bacteriophage, Enterotoxigenic Escherichia coli (ETEC), Quantitative real-time PCR,
Gastrointestinal pH, V/C ratio
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Bacteriophage+= 1910 d =9 Twort®} d’Herelleo] <]
A MR HAENoH At Ao oat A
YO E AREE QO 27| bacteriophageo] tgt &
T AAR] ARo] »quA] ghoron] AT T
=9 gl olF, RS wakat setael
W2 HF2 O & bacteriophage A ZWol tigt A7}
R &5 3 th(Barrow?} Soothill, 1997). < 3HAY
Aol WAs 7k B Aletel &3 2 S7F &
A7b =i gleow, old BAE ddst] ¢8I
A7F = 7] Ao} A mrol et Talo] w=obx|aL
Utk Wt At B2 =0 YA WAl &
Bote M2 FAAE It sl =22 &
A WS 7H BEAZE 28T s/l Slod,
o] ofte] neE|E #7] 9l FAAE AT A
"7 Ao] I Qs AAo|ti(Matsuzaki 5, 2005). o]
A& Z*%‘: oAl bacteriophageS ©]-8-3t= 7]®H o]
- &3t Ao ' YEh thA] 24 2%1312
o] EH??_P w2 A7 A= 9l
2002).

Bacteriophage= Al S5+2 dho] 7]A5)k= v}
o] AR life cycleo] welbA] Iytic cyleX} temperate cy-
lez &3 4 QUth Lytic cycleZ ZFH¥ phage
DNA7} phage (progeny phage)= A|%|il AjZuhE
B U WA FA2E {3l viE% progeny
phage52> FHE AlwtEol A E th(Barrow 5,
1998). Temperate cyle> 2] E 3t phage DNAZ} A2
DNA°| 4F¢l=fo] ¢4 ¥ prophages FAJ5to] At
o] DNA®} A EA=w, Aol 93 prophage’t
7 Aleto] FAA oA F2] & o] lytic cyle® W3}
7| gtk &5A|329] 85l phage EA| D719 2
7}A] phage-factor7} o1 8h=H] lysin A3 2] pep-
tidoglycana E3||5l= F 40|, holing A|ZE}o] ly-
sino] FEW 4 gl PEE Bk Bdoln
(Matsuda %, 2005; Sulakvelidze %, 2001). X2 =3
o= Iytic life cyleg 7}A= A2-51H
(Guttman 5, 2005), temperate life cyle2 7} X|+= phage
L L2 RE 2993 DNAS o2 Ax=z A
9o 4 ] U] Az BHoR AgaA o
Q) th(Bertani, 1953; Johnson % 2008). E3} bacter-
iophageS |2 BH o2 LGl AL HA|
%9} phage 7] AW HAES Leholotstn] %
FA| 22} phage 7ho]l E-o]d(specificity)2 LEF o oF

phage S

Fch(Fiorentin 5
2006).

2|2 7= AlotAd Aol sl bacteriophage A&
o] At7h EstA Ay Ea Qlon, 53] Salmo-
nella, Escherichia(E.) coli®} Campylobacter 51} 72
A AAH ez Skl & TsiE 7, AXtolA
= AYEol 5RO £A7F H= Aol A
bacteriophage 2| Z ol 3t HA3+7} Wo] R x| Qch
(Barrow 5 1998; Gill 5, 2006; Goode -5, 2003; Higgins
5 2005; Johnson &, 2008; Loc Carrillo &, 2005).

E. coliz= Ao A o]f7]9] A=A AAE A2
7= 74 £Q3%F ¥0lo 2 postweaning enteric col-
ibacilosis2hal= 3t A A|A|A o= @St gl
o, B colio] )3t Ak mAL ol sl st
o Azl o AA £ ot A
Eol} ol§AEN FEAoR EASEL A
Enterotoxigenic E. coli (ETEC)®]| ¢]gt A Alo|tH(Moon
5, 1980; MoonT} Bunn, 1993). ETEC & A} =AA}E
oA BA| = UL F4, F5, F6, F4l 5 4719] A
meoz oA WS ETEC 5 7 wWol
Hhat AL ETEC K88 (F4)o|tHKwon 5, 1999;
Mainil =, 1990). ETEC= & 0|9 3o A7} 5
=4 LT} ST, 27}#] AEAE EH|3HcH(Fairbrother
5, 1995). LT= A subunit¥} B subunit® 2 A & o]
U=t B subunito] FAES] EHA F25to] A
subunito] A|ZA=Z So]Z = A A dFo] A subunito]
A3 U cyclic adenosin 5'-monophosphate (cAMP)E
%_7]‘/\]7;] /K]—EO]—_/] tqgﬁ olo;q /\_Q_/H /\«1,\}.« 0]
S 714 gtcH(Levine, 1983). 3t ST STa®} STb7}
U=t STaw A S x| o)A STb= A A R
S u| At} STals LTQ B subunity} upzt7}z] & 2
AES] Bo] chila HgAo] Agehizt] STak Al
3 Y| cyclic guanosine 5'-monophosphate (¢cGMP)E &
THA A2 FE HATZIAL #HE STHA

, 2005; Higgins 5, 2005; O'Flynn &,

A AAE 4o 7IthRao, 1985).

ueba] o] Ate = Abgoll wreieh AAIA 1w
A 2l wHx MY AelH F shbel ETEC
K882] o] 8-A= 7+ Z=o] )3} bacteriophage?] o]

3IE FHolsy] —,—]oH A3 =] Qlct. ETEC K88 &
0] A2 7}4 bacteriophageE Atz ol A 7}5ho] ARES}H
Mv«‘:q ETEC K88 7%} bacteriophage TO% Oﬂ 11]-_
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ETEC K88 £0I|A bacteriophage E¢dl

S?L

Ho|& 2o AFLE Coli= 1.0x10° PFU/g, Al¥
o Dojl&= 1.0x10° PFU/g2] bacteriophageS £=0]3}9]
t}. ETEC K88- LB brotho]| FHZE3}o] 37°Co]| 4] 184]
Zb wjeFatol AR-gatylct. wjekdls PBS (pH 7.2)&

FEA] BiAeHolH ETEC Ksgo] Holzo  34ste] L0x10° CFUMIZ 243 b 4% AA4
2 Aok §ib4 bacteriphage® Helstgich Am 2R 7949 ETEC KesS A ES] FEFNE
24000 pmOE YUY T F, 045 um BEE o] ok YS9 9% B AL 23
Sofo] AAeIsolct. ETEC Kegs} 472l A shsiou, FTEC K8 2 450 T 02 444 4

37°Cof ] 184]7F Bk Babuforat B, 4,000 pm o2
241 B2 ¥, 045 um LE S ol golol A4FOI 2
3ttt o] AEolS ETEC K88 ZolE plateo]
o™ & bacteriophage plague 55 &lst3ict. &
Q1 plaque= 2]t ST B S 33] =35t
B9l plaque AISHACE HAE bacteriophage=
SM buffer (0.1 M NaCl, 1 mM MgSOs, 0.2 M Tris (pH
7.5, 0.01% gelatin)=2 3| A5} 4°Col| B s}t

E r

Bacteriophage ZE % ZH|

E2]% bacteriophage= ETEC K882 0]—9-3}01 =
Z519it}. ETEC K882 OD=0.87}%] ujoksl 3, bac-
teriophageS MOI 0.00019] =2 HE3ch HE
g W FA-E 37°CollA] SAIZE Bt =7 wieFekaict.
HfjoFolS- 4,000 rpm O & YAl Hejsh T, AF=e
0.2 um ZEE o]&3sto] AA AT AAE bacter-
iophage 82 spray drying Y52 F3) EU3}SI3
om, AFLS 234 10° PFU/g, 10° PFU/gO. 2 ZH]
shict.

=2 2%43te] Aaksteirh. HAI4E Sherman 5
(1983)2] HIHol 2]3}o] fecal consistency (FC) score
CHAHRL 2 0 28, L e A, 2 49 )

=

HE 79, 99, 129 Telm 14U HBE shick
WA 2A1E §I90) ETEC Kss3 A% (T, A9
) FAREAO) 2 ABER AR A
A Ass SHst] BALISA(ADG, average
daily gain)@} A= Q T-E(FCR, feed conversion rate)=
A rkskoATt.

Enzyme-linked immunosorbent assay (ELISA)

0 5(1992)9] indirected ELISA ol ulal A
Oﬂ/ﬂ ETEC K88¢| th3lt IgA9} IgG A= &4
3}t ETEC K88 LB brothof ulj2F3}o] 3,000 rpmoi|
A 1087 YAEZSE & AE9S coating buffer
(KPL, USA)o|| 3]43}o] UV spectrophotometer (HP,
USA)o]| 280 nm Z oA OD %}O] 10] E|l=2 3}9
t}. 3] 4] 98-8 microplate (Costar 3590 96 well assay
plate)o]] 100 ul¥ HZ2adlo] 4°CoA 16A17F o]AF
coating &}%it}. Coating® plate= PBST (0.15 M PBS,
0.05% Tween 20)= 33] A|&AgF 3 2% bovine serum

Olr

AT 28U 9] 0] 8-Z}=(LandracexYorkshire) 285 albumine®| 3£3tE PBST £9HE 200 pl¥ EF3514]
£ VN APFe 2 EFstoi(Table 1) 1497 A< 2o A 2A17F 52t blockings}tE. 73] washing?t
At AAAEES AT A A PAA A2l F vBerE BAL dilution buffrs 8)413He] 37°C
2 5193 B4 PRS 3| ETEC/E @257 o4 24170 ¥hgA17] 3, @40l tah secondary anti
o= AL Zholsttt Ad JJA| Y E bacteriophage body:= Z}Z} anti-swine IgG-HRP conjugate (KPL,
Eol2 Al 1 kgd bacteriophages 1 g &35} USA)®} anti-swine IgA-HRP conjugate (Novus, USA)S

Table 1. Experimental group design for effect of bacteriophage against ETEC K88 in piglets

Groups No. of heads Inoculation of bacteria (CFU/ml) Administrion of bateriophage (PFU/g)
A 7 - -
B 7 1.0x10° -
C 7 1.0x10° 1.0x10°
D 7 1.0x10° 1.0x10°
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o 1087t AL RGN BAVSE ST
stop solution (KPL, USA)©. & W3S JA|A]7|L mi
croplate reader (Bio-rad, USA)E ©]-83}¢] 450 nm
AoA ZAIAT.

I =Y

ETEC &&

Conventional PCRZ} real-time PCR: ETEC K882
DNA F=-2 QIAamp DNA mini kit (Quiagen, Nethe-
land) S ARgstel AzARe] Aguo] et Al
At 3AHS & ETEC K889 LT geneS conven-
tional PCRS ©]-&3}o] ZZ% PCR productsE se-
quencingdt &, BAT Q7|4 GE EUE real-time
PCR-& primer (Solgent, Korea)S A|2}5}l% T} Probe
(Solgent, Korea)r= 5' ko FAM (6-carboxy-fluo-
rescein), 3' Who] BHQ-1 (Black hole quencher-1)&
FQFtH(Table 2).

ETEC K88 LT gene <2 9|3t conventional PCR
2 DNA template 10 plo]] 100 pM&] forward?} reverse
primer Z}7} 2 pl, SolGent™ Smart Taq Pre-Mix 25 pl
(Solgent, Korea), nuclease free water 11 ulE Z7}st
Hh2- ol 50 plE initial denaturationS 95°Coj| A 5E-7t
13] AJ3)&F & denaturation’= 95°Co]|A] 30%, anneal-
ing& 57°Cof| A 30%, extension2 72°C 189] Wh&x%
Aol A 303 HHE5}9 a1, post extensionS 72°C 587+
13] Alddslitt. 5% PCR products®] 2912 2%
agarose gelo| A 7|95 AAISH £, 40 mM ethi-
dium bromide -&HoA] gelS HMSto] UV trans-
illuminator (Vilberlourmart, France)® A% bandE
shelsreh

Real-time PCR-2 DNA template 2 plofl 100 pM for-
ward®} reverse primer 12] 3L probe 0.5 pl, Premix EX
TaqTM (Takara, Japan) 12.5 pl, nuclease free water 9 ul

£ 73t vk 25 ul= initial denatureation= 95°C

Table 2, The polymerase chain reaction primers used in the present study

oA 108, 13] A3 &, denaturationS 95°Coj|A] 15%
annealing/extensionS 60°Col|A] 60%, 453] HFES}S
=

Real-time PCRZ 0|28} ETEC K88 MZEA: 71 A
Fto] B9l U ETEC K88 uj&2e %ALY 93
A= oA BEHS FA-TY, HF 2Y
A, AE SEA, FE 78R AFIet e, A I
2 5 APAENA ] ETEC Ks89] 27 v T4l o
=43l7] S8l A T Aol TH, FH, 2
et 9m A e AFsisich ETECS] 4l of 3
AL 1.0x10° CFU/mIQ] ETEC K88 ujjoFollof A =&
5t DNAE A2 @A 8143t 3 Smartcycler software
(Cephaid, USA)E ©]|83}9] standard curve (Fig. D&
Azt on, 7k 7)ot EHo) ol ¢S standard
curves ©]-gsto] AL

=
jas)
v
ol -
)
|m
A
/lz
=
]
2
&
2
=
p
c
17
Z
[
o
ofo
21'4

o 10 = 0234 3,48
= 2433 ¥ 0.224x + 1348
oy s 2860 A2 = 0098
= - 3162
& T 3758
=] e S
4 ——
2
o
15 0 25 30 35 A 45
Cr

Fig. 1. Standard curve of the real-time PCR for LT gene of ETEC
K88. The results of the real-time PCR were determined us-
ing decimal dilution of E. coli K88 DNA. The threshold val-
ues (Cr) were plotted against the corresponding bacterial cell
number (logio CFU).

PCR Target gene Oligonucleotide sequence (5'—3") Product size (bp)  Reference
Conventional LT Foward GGTTTCTGCGTTAGGTGGAA 605 Lee et al, 2008
Reverse  GGGACTTCGACCTGAAATGT
Real-time LT Foward CCACCGGATCACCAAGCTT 84 This study
Reverse TGTGATTGTTCTTGATGAATTTCCA

Probe FAM-AGAACCCTGGATTCATCATGCACCACA-BHQ1
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A TR = AEAEY Ao, 34, 3%, 2
F AR B9 23S 47 3 em¥ AT &
10% F/d=2dof Jol 48A1zF 1Astgict. Uyt
2l 22 AY RS AZ & 22 whepdo] 2
Wi, 3 um FAE BPEgE & 24 HAHe gupet
Astste] Qg B2 A% th2 hematoxylin} eo-
sin (H&E) @412 skt ol Feishs] 242 &
BO| o], Feofo] olE FAste] EAsHI. &
EJ Fol¢F =eke Zol= AHolAH, 34, Y

s, 2 $ ul H$E spot diagnostic insight
(Olympus USA)E o] &3}o] & & gm(V)Q] =o],
S2HO) 9 Zol& Z45kaL, 59 %ol 29ke] 2lo]
o] B(V/C ratio)E 75}t

SAH xdl

o
of i

-

+ SAS ver 9.1 (SAS institute, Inc., USA)
Eﬁlﬂﬂli stk A4 A4S AA
A= Kruskal-Wallis A2 sF3 o,
= BAkol =24 AALS AFH BALo)
LSD HAS shgom, Hite] 5

A= Welch 78S a3l
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Fig. 2. Rectal temperature change of piglets according to challenge
with ETEC K88.

ETEC K88 =24
b A= Fig 33

HE ¥, A0 AN ASE 23

4tk ETEC Kis 52413358 34105 £ 204
R AR AR A7} SRt T 2
4ot AFS B FANF F 7UF phage
Foliol AFT Cob D ETECH 32458 4%
T BEECH B AAASE FASEH, 34
F F 19, 29, 3%, 790l4 FAAE BGrkP<
0.05)

Y3

ANAEEY F48F A 7I1XKPhase 1), 34
3 7|7K(Phase )T} A3 2 A7) 7HOverall) A&
% Ai}= Table 37} ZTh. Phase 110 4] phage Fof-
ol fj_lfﬂ% Ce} D2] ADG: 185 g, 208 gO & ETEC

T AH 23 B HA=AH ¢l 166gR T =3
gu:], FCRS A2 C7} 3456, AH T D7} 24632,
2 AT BO 36680 W A8 B §ol

Jl}l' ol

ETEC K88 A {F52] IgG OD valuet:= 327
T 5 245H FAE SUker] AlArekgl e 7
A FA7V7F F7VeHs FA1E 2Tk ETEC K88
s —ﬂ;fj*":rL o] 1gA2] OD value:= 1gGe} nhz7pA| 2

e o

2ANE T 2U%H AL ko] AEe
F . .
c 251 | I
s * "
c =
? [ - A 5 —+—Group A
€ 15 """ /’\ b w----m___ | “* GroupB
L 1 /// . RN 1 I Group C
- [ Y — “Group D
0.5 - -\W/ —
. |
1 2 3 4 5 6 7 Day

Fig. 3. FC score of piglets according to challenge with ETEC K88.
Asterisks indicate significant difference among experimental
groups. There was significant difference in 1 day, 2 day, 3
day and 7 day post challenge with ETEC K88 (P <0.05).
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Table 3. Growth performance of piglets according to administration of bacteriophage and challenge with ETEC K88

Groups A B C D SEM*
Phase I (d 1~7)
ADG (g) 197" 216" 26" 207" 0.023
FCR 235" 235" 2.00" 2316" 0.291
Phase II (d 8~ 14)
ADG (g) 247" 166" 185" 208" 0.029
FCR 2.05" 3.66" 3456 2.463" 0.609
Overall (d 1~14)
ADG (g) 220" 191" 206" 214" 0.021
FCR 221" 2.96' 267" 238" 0.346

*Standard error mean, T *Means of within rows not followed by common letter differ significantly.

Table 4, Gastrointestinal pH of piglets according to challenge with ETEC K88

Group
Organ P value
A B C D

Stomach 2.2+0.40* 3.8+0.71 3.5+0.67 3.1+0.68 0.0112

Duodenum 6.0+0.20 6.1+0.29 6.1+0.15 6.1+0.19 0.38

Jejunum 6.0£0.08 6.1+0.15 6.2+0.17 6.1+0.15 0.2719

Ileum 6.3+0.39 7.12£0.54 6.6+0.21 6.4+0.30 0.006

Cecum 5.9+0.28 6.9+0.25 6.6+0.20 6.6+0.29 0.0017
*Each value is meantstandard deviation.

IgG % 26 1 IgA
2 . | *
o X [ 0 22 4 y
D
P 164 x - 18 | l ___________
- & —Growp A v J," =
\' 4__._—‘— __:_..-—""" ~ Group B . 14 1 * ”,;/T_ AI —+—Group A
a 127 1 Group € I ll;,’/' - % Group B
| 1 4 Group C
-+ G D

v os roup : i // [ 5 -Group D
e 06 -~

04 T T T 1 0.2

0 2 5 7 Day 0 2 5 7 Day

Fig. 4. Antibody (IgG and IgA) response of piglets according to challenge with ETEC K88. Asterisks indicate significant difference among ex-
perimental groups. There was significant difference in 2 day, 5 day and 7 day post challenge with ETEC K88 (P <0.05).

gouf 29lol4] 52 Abolo] YA/ BAS] ZAkE Atk 9T AAelA REAARZE Al
At} Phage E0]FE9] [pG I IgA OD value= 27 ETEC K88 ZAMEIERT} o pHE 2ot} 9
HZE 2o A 7U7IA] ETEC K88% 34X =3t B 71 A F-9] pH+ bacteriophage Fo{-2l Ad+ C D
o] OD valuelth §olx o v 9xEglom(P< 7} zb2F 35, 3.12 ETEC K889 ZAHE 3t A3
0.05), A3 Cet A DO OD valuer= H|<=517| BoJ 385t} W& =215 HAATH(P<0.05). 342] pH

SA = ATKFig. 4). £ A%F Cok D7F 247 6.6, 6.4, AT B 7.19]
1, Aol pHE Alg it CeF D7} 2+t 6.6, 6.6, A

SO—— 37 B 698 phage EoFE9| ETEC”} TAYE
3+ AF S BRTE 22 pHE HGTHP<0.05). 4l0]X]

A TR 4 ATETY A= 9B pHE & AN A= 4 AP 2 g pHY 79
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Z}7F 1 tH(Table 4).
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A7HA] EHo R HE

ol soluthrt 7dell= Hadts TS B
- FARE S 2ollA 7} ETEC K88 3 A4XE5
Holl 4 9] ETEC K88 A% Aite F2xh7t
O}, 5Uo A AT C= 4.76£0.42 log CFU, Al
DX 4.17+1.85 log CFUE A3 BY] 5.49+0.64

g N QLrr
1o
{

L oxe

log CFURTE oo oo sk AnE Helon
TUNM = AFT C7} 4.10+1.84 log CFU, AFE D
7} 4.07+1.81 log CFUR A3t B2] 5.03+0.40 log

CFUZ §o]9& the 522 1 rHP<0.05)Table
5). 342 ETEC K88 A=Z i} bateriophage 5o
ool A3 Ce D7} ZzF 4.29+1.93 log CFU,

3.48+2.38 log CFUR ETEC K88yl 2z H=E 3t 4l
o B9 5.81+0.48 log CFURLT} & AH=F A}
ATHP<0.05). AgolAE ARE €9 Dol
3.46+2.38 log CFU, 3.88+1.72 log CFU,
4.6742.09 log CFU% ..

ke

FeE otk B2

N

f
fr N Hooe

w 4

Az HoAe AP Ce D7 Z+7F 3.48+2.39 log
CFU, 3.39+2.35 log CFUZ Bi2] 5.42+0.47 log CFU
Hop gre A 435 AP <0.05)(Table 6).

Table 5. Quantification and detection rate of ETEC K88 according to administrate with a bacteriophage in fecal samples

Day™ Group A B C D Pvalue’
2 Qauntitation Cr Value 0 31.59+13.6" 27.63+18.90 27.47+18.78 0.2022
Log CFU 0 4.45+1.97 3.41+2.34 3.45£2.36
Detection rate (%) 0% (0/7)° 85.7% (6/7) 71.4% (5/7) 71.4% (5/7)
5 Qauntitation Cr Value 0 35.5242.84 38.76+1.88 32.83+14.5 0.0098
Log CFU 0 4.45+0.64 4.76+0.42 4.17+1.85
Detection rate (%) 0% (0/7) 85.7% (6/7) 100% (7/7) 85.7% (6/7)
7 Qauntitation Cr Value 0 37.58+1.81 33.15+14.69 33.28+14.71 0.0792
Log CFU 0 5.03+0.40 4.10+1.84 4.07+1.81
Detection rate (%) 0% (0/7) 100% (7/7) 85.7% (6/7) 85.7% (6/7)

*Day post inoculation with ETEC K88, TP value was calculated from results of log CFU, *Each value is mean<standard deviation, No. of heads

detected/No. of heads tested.

Table 6. Quantification and detection rate of ETEC K88 according to administrate with a bacteriophage in tissue samples

Tissue Group A B C D P value™
Duodenum  Qauntitation Cr Value - 11.05+18.84" 16.74+20.90 5.34+14.14 0.6661
Log CFU 0 1.36+2.34 2.0142.52 0.72+1.91
Detection rate (%) 0% (0/7)i 28.5% (2/7) 42.8% (3/7) 14.2% (1/7)
Jejunum Qauntitation Cr Value - 26.39+18.15 27.35£18.71 28.29+19.46 0.7448
Log CFU 0 3.69+2.56 3.47+2.38 3.26+2.29
Detection rate (%) 0% (0/7) 71.4% (5/7) 71.4% (5/7) 71.4% (5/7)
Ileum Qauntitation Cr Value - 34.09+2.13 32.29+14.3 27.31£18.6 0.0127
Log CFU 0 5.81+0.48 4.29+1.93 3.4842.38
Detection rate (%) 0% (0/7) 100% (7/7) 85.7% (6/7) 71.4% (5/7)
Colon Qauntitation Cr Value - 30.62+13.61 27.40+18.76 34.12+15.07 0.1609
Log CFU 0 4.67+£2.09 3.46+2.38 3.88+1.72
Detection rate (%) 0% (0/7) 85.7% (6/7) 71.4% (5/7) 85.7% (6/7)
MLN* Qauntitation Cr Value - 35.84+2.11 27.31+18.7 27.71£19.01 0.0468
Log CFU 0 5.42+0.47 3.48+2.39 3.3942.35
Detection rate (%) 0% (0/7) 100% (7/7) 71.4% (5/7) 71.4% (5/7)

*P value was calculated from results of log CFU, "Each value is meantstandard deviation, *No. of heads detected/No. of heads inspected,

*Mesenteric lymph node.

2
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Table 7. Analysis of intestinal morphology in small intestine
Group
Ttem SEM*
A B C D
Duodenum
Villi height (um) 540.9" 305.6" 334.5" 322.9° 274
Crypt depth (um) 287.0" 3453" 343.5" 3162" 35.8
V/C ratio 1.957" 0.921" 1.097" 1.108" 0.153
Jejunum
Villi height (um) 414.6" 221.4% 243 8 35117 294
Crypt depth (um) 2339" 2580 264.0" 210.8" 243
V/C ratio 1.798" 0.885" 1.013" 1.747" 0.152
Ileum
Villi height (um) 406.0" 228.0° 282.7% 402.0" 215
Crypt depth (um) 256.0" 307.2" 244.4" 2223" 287
V/C ratio 1.640" 0.804" 1.235" 1.868" 0.130

%
Standard error mean,
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