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(Development of diarrhea prevention technique using fiber
of unconventional feedstuff, feed processing and
manipulation of nutrients concentration in weaning pigs)

919 3 oh(F)



SAe WA R AT

(?j?_”

s

kel ¥

PN
AR A Vs

=

F 2}

24

74

20124

S

B
‘mo
7

B!
)
N

)
o
N

‘mo
)
B

o
Mﬂ

—

!
o
B

0
®

B
o
oF



1t
-

R

2

-

5

&

S

R4

B
==

ol

7 =2

=

[e)
191,2219¢, 82,412

H]50]

=

FAIZ17] $1%E g o] A

o

B

12] 717

A
?g:

- o
) Y

-
o] o
T —

[e)

1o]tt. 9 &4 #2115 B 4do)zt

—

]

e
pis

7hel AR
lel o) ohu] 2

°©

718 2

-

o) Harel 917lel 2da] vk 2011del Al whgo] 2y

A 7%

°©

-

R

=

H
Ioh ol @ A 7hao

PR

AR=71e] AALR

=

H] 2tz = 2006

of &

7))

PN

=
glupel =i

)

[e)

5

A

HRom, vmeAe] vo]leds (biofuel) ©]§ F7FeL FLARl FEAWF

AT ok 744 %

Ab A 7]

[ox
i

&

ojglom 20109 - 27 282,987¢, 58,014

Al ZEol A A RE Aakn] 7L 7H A B 7]

=
al

A

e}

o wrlg ®Alo|ch, $-2]utet

—

SAF 2 A o

Eis

<l

ke
T

o] A% 2004 At

[e)
T

o]

g ool 2009 1€HE 7%

Eis

Ui

AEe] At 3A

i

9
gl

°of o]2f3

=]
RN

1e17]
o BE ARAA ARA, &

S

g

At AAZE A

<

o2} 714

2 o=
= °

=

il

A

1.

<

SH|

51415

s}

tholl Z5AIRE of A 7HA]

oA #H el

o

AO

}

o] =gk

Efj o] o},

NS

&

S

[e)

i

st

°©

2 59

[si3
=

3

(e
3

A

d vz Aol

=

A=

(e}

ZA8A A A 7
o Aol dFas AselAl 549 A e 78 vid=e] V1A

kel



o2 AFrart A= AdelM el =4S wiE AAFT

ol A8 S 237F vebd ¢ At d7A% e Qlvh oles A9 A EA o AR
A5 Aol e wd AT 8l O ol§E e T ofFA=Y AAF WAVIe RS
715 A A Al 2715 =8 W obdEh wiolzl #Ad 25 9 A= AR W8
OsE Fall SE7HAE s VI Aoy, Ao A A4 AAbES A
sto] ARt F=ke] AAES FEAE e AR CdddEn

]

o] A=e] AU vdE dF YW ISL AstEe] 7
T7F ol B Als Wl Ard Y Adaady A Bl
HZXA sugar beet pulp, oat hull ¥ cassavaell st 7]&2] AFUgE0o] AvHEl Fit
A 8kl

1AxE A5 Alo A= A3 Aol A€ A9 sugar beet pulp®t oat hulls ©]F
A= Abgol Aol ARadl Fuol AwolA viAe 9 W AW JrrEs AAs,
FAA AAZA Y] g3E AFARY] f1F Aol AFHUT. A WMAR o] FA= AR

W A FEf B Wkl mE wolrk A Al vAs Tl et d-SAE,
(e}

dIAEAFAT 9 AAREE FES Foto] ATAHENL, F UAR FEL 23E AEe
T, FUI FEo] AE, 2o, £3W, AN 9 ALFH G oud FFS vA
=A ATE TS o] Htell AFFAE T3kl dAAES AFS] dTeawds
BUN) ol A= F&Fe &3l @do)gES FrlsiEston, dntdo=r S o
AbEH, AU A S Basts 9Es sk A Aot des B4 Ao R A=
o] AGHE AAslrh WeeHdd AR2= IGF-10] 2AMEgloH, siFdds s

: |
ojFo] A= EF MES ol&st, &% Wl FHehd W gl A vdE dFel
F&ol ikl Brbstar, viAg e R EW HEe AFste] G A A v A=
As 33l

2t A Aol Afrado]l H7Ee AEAbRg aaAle] HIPE Ao AN A, E
M2, RIS, A s 7F W JSahs g vAe T Bt AP 73
sglom, AbRS YAl T ETE A= AR A, daA R, AN, dEaasHE,
i Ul VFA 2 o E 24 vA = Il dd A5 dde F3selth

AHolgsrad A7 1 F59 ARl met prebiotics2AM AW F =0l °] &5k
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o
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o ARAE TESL, WY AP AU B pH A BAE ool FAT
0o ey VAR ARE fuste] 4EQ 4 FQ W A FhEAF ke wat 9



SR AR B FolRe AEY £38e AL g9l @ 4 7] Gl
AR HYEE] AR Ul & FHow FolahA agtid B ARelA L olejs BE
2 BES) Yste] EaAE Wb B e @R vAE 9 D A4 AS Fohe

=N le=

3d% AT AL GuAe] A Folsk AL HF, MANME W Gk 23] v
A G wpetel FHGon, AR ARA AR ol AES Y, AANE
Jops sl U@ &% 4T AY Ed FPAQL

QpH Zwold AYE £HHA e ARE O eld BEES AoA HAE FUSH
Huf olelgh e AEe] Aol T vA Ak 7k AL oA + 9
Aol ANt AR HAIA AR 4G ASHE Feistel B £EL wol: Aol Ut
O 2354 B GUH FRE F/MI7E 49e] Ha ek oled WAL wgow 34
A APAAE AES A% 49 B $EL AFHE Aol Yo, FE 4
A, AANE B Gghits Aol dFesAL, AdctEd 2 FF A& AL A
Aol v Gl e 4F AW T@ FPAAY TH wNA AT AL FF ol
of AHE W AR g oE AY Wt £EE 4EL gHoE FE
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Ta9Y9E sugar beet pulp, oat hull ¥ cassava 3t} Sugar beet pul

st7]e] Ui Alfrd §Fo] mol =gl Agolut AAor AHgEHY AR
qF FH el Barg wpef] oJebH o] fAk=olA 80~85% o9 AdES HAT
o] = AR el ZEA el st A 77 AlaeE e o]
TOoR ot o= d82A, =uid o] oF 11% JLz SFFnt A%
A < Zlo] EAolth. Ag7HA Adde JAl =2 AL g% " 2
AHA 0w ARREo] gtal HTe] FAY Wl AEF ] B —glucan?] ol
A A2 du2A 23ty Qo). vpX e O 2 cassavars BRI Q@ 7F T
tezteta E2e duAd 29F AEEA, @i 9 dda g wg woy kg
HE3bE SEo] ol A dUA ¥ERoE AEA ZHta Qe dsoltl o] 371X
7ol 987F FEE AAHoen, ofF vgor 37 AYS Fdet. I 19t
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)8 A= %ﬂitﬂi phase I, II oA A& 2o] 7P H3d PCHE T 4444
o] A FdatA 7HE wqow, AoldRE WS A= PC AT it dd FAF
o] w7 YERAIRE NC ﬂﬁl?iﬁ‘r% 9%il, sugar beet pulpE 8% F7Fet SBP8 A+
o] A9 PC A+t 553 A2 BHATH (P<0.05). 49 AsAAZ A= e A
oA ol F ]l Zpol 7k yrEbEA] ekgtom, Ab R @ &l QlojA = PC A 27-9 SBP 8
Aol 7HE WA UEhd 1kg FAE QS AFR Q0] v Ao R yEsiorm, NC
AT oA 7 =2 ARLTES UERIH 2oldia FEd Y HluelA= oat
hull2t} sugar beet pulps H7FsH A2l ddSAZo] =4 Yetgoy A7 5
vl oA = Aolidfas 8% 7t Au=e Aol =A yekwth diab Ad A3
sugar beet pulp? 7E (dry matter) £3}&9] oat hulle] Hl&] FoACE H=& FXE 1}

Eflon, Hrtge] wet 8% HIMrEEo] 2% 7 SR e ddh 28ES YErlth

"

Z A (crude protein) Z3pEolAl FdE A2t F FolH Q) zpo|rh Ao, AFa
As 27 8% A7FsE HA7bEol 71ek Aol Hla @2 gL AstES B 95
Q4E AL FEA = sugar beet pulp”F oat hullel H]E] 553 Feldozw e &
A& WEb I, sugar beet pulpE 8% wolstAS Agol vzl v fFAHoR o
4% ded FAF AR A5 veRlnh aiF A A3, B 9lel A sugar beet pulp
= 2 9 8% H7 et Hul+¢ oat hulle 8% H7Vst A 4-9 Escherichia coli K88+ CT

valueh S debstonl, A4 U FHSE wsE dudow Baw 43 Sua ot
VERLEA] kgt o] dlel® HASFA S, AdlotEd, 9 W A A S A5

ou BAROE FHA AolF wolA Yob, HAxE WANAE AF FH hakof of

FFs AA des AFEAAH
2 AT Ad, o] A=Al sugar beet pulpE 8% 7HF JO%ﬂ A AR AL g

AR @A ARAA Foglon], A fel wAEQ Escherichia coli K88+2]
2 Folt AT U= Ao vehdth o] yhel AAFHE, Fejokeld B W )
H =
[e]

Pabell S @& mAA e Ao yEhy aaAQl FAA dAAZA AREE
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Fe7h e A}%Mgza, AAAT, APE, Ak 4o
of WAL Gl vstel ARG A Y A, A
Aol A PC Aok BAAE 0.05 % A7HE A Hel T
VA ko, B2AE 4% 01 % 015 % A7 B, C AT 4
G G T ADTA W S U AE S A olh o) AnEEE
A7kel e ARAE AFE UET (P>0.05). AASe A 25 719 A
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279 A§ 0~253ke] NC A5t} 52 AAAFE B3lom (P>0.05), E4A49 7t
Fol et linearstAl 7B %= A&l UERRTE (P<0.05). 3 Ad A3, Aol &%
HE9 Fol, gokol do], Il 1 HlEol Qo] FAHCR FoF <l AolE HolA = ¢
%t (P>0.05). skAIRE NC A2l vlal aiAE J7FsE Aeate] g8 @ g8 vl&o]
quadratic 3HA] F7Fshs Aol #HEHAT (P<0.05). ZW vAE vF AR A7

of whe} NS Lactobacillus casei (P<0.05) ™3ollA Bacillus subtillis (P<0.05) &
Alejetar A= Fhol| FAA R opf-§l Aojup TR AN A Skt Aol A= B
£ 0.2% H7Fst CAH=lTE At A, BA277F NC, PC Ag7Eu diesiAy @&
CT-valueE R &% U Lactobacillus casei’} 9733t & AS & 5 o, W
o\ M= w7 VA 2 Bacillus subtillis?’y 3% W Lactobacillus caseiolx12] A #9} v]<=3k 2
HE WA 73] v EQ Escherichia coli K&8+2 A% BE A oA HAx HEV]F

FERT HS FES Bl B8 1 o5 £ e 4L o ek of wel 714
o7 231 AF il As, Aoty ¥ BF Asd AF FAAA FEANE A T2
SR Fol 4 Aol7k vehi @

FgHos B AW A3, a2AS B A9 AF Yol AAEE ATl Ut Row
Geptow, maAl A7kl WE AE Al 2 &% £# AZHAY. FHow AR
Gelsta W wd Yol ATl ANEE Row vehgov, £ MAEY $HL F
A e AR B4e FPACR WA &3 EE Qe 2o® dehh s

Ty aaAE @A w1 A AR AAE AN 3l Thed S FAEith
o

2d7 ATA 29H AP geln AAE vhe} o] Atme EAA 7}

A% Aeldrh Ak A A3k, 4P AN F 149, 359 @ Y WA 5 F0 AFHA
%, A AR AHF] Qo] omF KA Aot FFE vehbA Gttt (P>0.05). 7

sHAl oA zo] 7 vERd FiEE 0~2 A9 AtR Q78 %A mash A E79 crumble
+ mash 257} crumble A &F-e B3] =2 A5 885 BT (P<0.05). g 4358
APFA, AE (dry matter), WA (crude protein), A% (crude fat), 3|
(curde ash), A (crude fiber) Q] A3}&o] Qo] BE oM ojudt {2l 2}o]
T EA ke (P>0.05), & WEE FdEE MR SHEgE Zol7F yEhbA ¢k
UL of7)e] FrtHo® dF o4 dA, AdotEd, 5 eEd AAAR, FH U ot
T 32 W A AR s SAHUMANT AFR S EeAR] e el wEe S5aE

I = éElOH B 598 vgo] BAE = ThEAYE kil st Aol

2 a3bEe 718 0% IS Kk Jlo® yEhgon, 249 weo] nEIdt
2w 270l @FS A F oy ool SHEe TS vAA Fehs Aol
= ARRS TheEEel wet idE S AR AREHNE o I
AT FAE e 7hy AR ARGl Aavk Best Ao AlgHET



3 ATANAE GuAe] A Folrk AES A, AANE Y JFa £3HE]
A el Wil FHHGOr, FAANoE ARA AR 7l AE AR, WAL 3

Yo ashgel W 5 A A9 £ s I
Aet 3dAk A WA HYelM= AFFRAEE AR 1FA ATl @A FEel wE

quadratic effect7} YEF o™ (quadratic, P<0.05), 5Fx}2] AFAdo = Al ff o
A FEo] Al wet Aol FadHs AdE UEille (inear, P<0.01). CON A2 ¢}
P2 Azl Als A37t P4st P6 A9 AT AR FoHoz =2 Ao] vE
wom (P<0.01), phase IelM P6 A el77F vh2 Aol wls) o5 ez v ADG <
= YeERUSlaL (P<0.05), F7F9 2 % linear effect’} WEFS T (P<0.01). G'F ratio® 4
Ho| e w7k 2 AbR o &l Fo] g wEbA linearstAl fHAsk= AdE u
EFWl 3l (linear, P<0.01), ADG$} G'F ratioe Altm ol @A G=Fo] ZHAshe] wel &7
oA = Aeks vEllth (linear, P<0.01). w2 e® CON A9} P2 A9 A%
d#o]l P4gt P6 A7 AAAARY Fdo® A4 vEisEt (P<0.01). EF ded
FAF Azl A9 A A 3, 1539 554 (linear effect, P<0.05), 352} (linear
effect, P<0.01) A¥ollA &z FFo] Friekel wet d5 Wl IGF-19 557} lineard}
Al S7 sk A¥e HERT ol @l £ Aol EF dad fAF AAJAAEY =
Fdae FFe vAH 4%o)de] @A o AT o fA=e] Aol FAEA) dEFS
)z = Qte As gudth dYa askE A A¥, A= (dry matter) & A%FES
w2 o] At 4=<Fof wel F7FsFS ™ (linear, P<0.05; quadratic P<0.01), P4 A= -7}
e ATl wvls b =2 4s) e T (P<0.01). Hbde] Zawd (crude
protein) Z&3t&> AR Wl whEEo] ghgko] fhadhel| wheh fhAste] uEbsk o™ (linear
effect, P<0.05), &3]3 (curde ash) &s&o] QoA = AR W] @A o] FHAgho
we} Z7kE = Adko] vEbsth (linear effect, P<0.05; quadratic effect, P<0.05). A4}t
(crude fat) o] &3t&2> F7ksh= A &= Weblon P4x el 79 =AW Askao] 7H =
Al JERSTE (quadratic effect, P=0.08). A4 2§ AiloMs, & ArFE7t AR
W e o] ZhAghe] whed Zraste] yEbsk o™ (linear effect, P<0.05), =74¥
W AasiEE: Als W @ o] Zadte wet Fraskes A¥Ee dErSld
(P=0.067). ©] gfel AAAlF, 5 QAada 9 Feoted FHo] SAHYJAAT Be %
gk oo w FAAQ AolE yER A ekSkt

THA R @i S A wek Aol FaE= Aol yYErgARE 7]ER Y

o
o

o

tr

WA GFS 20 %E P2 AT A% ha2To wimstel Aozt Gtk o7l F7HH o
2 U FRAME S0A Ao & Ll Pop o f AE AR U] ©MA £E2S J1ER
0 AHFF RAE AE YFYA FIFS VA4 For] ARNE AFE 5 UL A
o7 AtzHrh

3 T vl AL AAY At 3-4Fe) AFFAFNM FpAp FAE G2



o] we} A Aol AA ¥+ linear response’} YEROW 3-4F 5-6F W 0-6577F2] Af
SAFEAA FRAE FARES] bRl solde s 4 X|7F £9/E=+% linear response’b 4
ElStth (P<0.05). A8 A 717 F<ke ADFIS A$ FHAHF FAbE Abg kol uet S
HOEAI T o] o]l AF A VI sk AHE YW ARaEE dFE AAE de e
ERSETE AARRIES] A, AR A 7I3F skl Hegs] Aabeta 3 ARl TS Hol
= MAE Hole= A2 fldnh 4 AEE A3 als o, 7 S el mE o]
A YRR Fgkoy 0-25 F7kellA Control A Ftell Bl3l] FHAbuE FAbs 5% 3 7t
CoA- g7 @& AARIESE o
FHbabE 7R wol H7Ee C15 A9 s&=7F uE AgT=el vl fFoHor u

YETE (P<0.05). C15 A7 FA4 o= v Adolede 5= HAAMNA FHH
A&H o R yest 1R R JhabEE FAES oAb ARR Wl 16%7HA Hoteke A

2b=0] Aol oA FAAR] S vE FE S SR AndEY. dUdr A3E AY
A, ZGwWA (crude protein) 2] A23F&S JHAME HUEFo] =84= ZU1Et9 o m (linear
effect, P<0.01), C10 A7+ C15 Ag77F vh& Ag7ol vlsf 2 &stas HEhdSl
th (P<0.01). =A% (crude fat)e] Ast&% JHAE H7bEo] S5 S7tekglon
(linear effect, P<0.01), Control A&7} 7F w2 AW A3&S YeERST (P<0.01).
da AT 7 Fabkze] JA7PE S7hE s Sobsksler  (linear effect, P<0.01),
Control Az 7elA 7Hd A& AFHZo] Aot (P<0.01). & W dA49] g2 C10 A8+
o} C15A- g FolA 71 wekom (P<0.05), = Wl A49 32 Control A F-olA 713
shokal (P<0.05), A& FA 5 7HAHE 5% H7FsE A2 oA 7Hd skt (P<0.01). A
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A GoFr 28E DY A3} b RAE PAFE FANRRE zuwA, 247 U
283 2stEo]l PYTE Ao o, Aa H489 A% C5 AT s A
o 3 o Z7bol web WS GES WAL g o vehgth ® o WAE #

& Aol = phase I @Al FHAMLS] H7F Fo] mobda= izl BlsiA Falldt
?l Salmonella$} E.coli7} Fo A 02 £ ZA0 2 Yehgtt (P<0.05). o]#]dt 4 &S phase
28} phase 39X % E o] FARE A2 15% H7F 58 A= AAPEAE shA X
st Zow AlRdY. B AT TolA FdstAl C5 H7F 52 4% phase 1T 7°3H
A Control AHgT-¢l| vldl W& Salmonella w5 YWEH O, dftdos & H7l +F
of ula Control A F-oll vlal HAA &= 5 HERUH & ol 384 AAE 5524 o
e Ch A F+e A Control Aol Hl&l =2 S YeErlon, C10<2 Control
279 T3t 7S, C15 A2 72 4 -$ Control A9l
TEACR AR Ul FHAREEE ShEFo] Frhekell whel ALRAIF ol

ARE, A 2stE @ AR I, o 3 Al e A
A2 77k Control A g]7-ell Hlal of2] Zwelx 7|4

&
5%9) A7Hs AHES AAEA W AR weol D & Qe Aow AbmE
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SUMMARY
CEXTE

'|__| JJ—"—' 1__'

One of the main issues affecting profitability of the swine industry in Korea will
be lowered production efficiency resulting from the growth check after weaning.
Weaning pigs require an intensive management, diets contained high nutrients and
well—prepared facilities compared to growing/finishing pigs. Weaning pigs are very
susceptible to gastrointestinal disorders and digestive disturbances as a result of
their immature digestive system when hard grain based diet was provided instead of
liquid type of milk. Consequently scours are observed very frequently after weaning
which induced retarded growth, increased mortality as well as high production cost.
Because of these problems, dietary antibiotics was widely supplemented in weaning
pigs’ diet to improve growth rate and prevent diarrhea(Hays, 1978; Zimmerman,
1986; Cromwell, 1991). However, increased public concern about food safety in
animal origin and antibiotic resistance issues resulted in trying to search for
alternative materials toward antibiotics in animal diet.

The possible development of bacterial resistance due to the use of antibiotic
growth promoters (AGP) for growth promotion has resulted in the ban of AGP in
EU from Jan. 1 2006. Although this decision can be seen as a precautionary
measure in the interest of human health, the ban of AGP could lead to a
deterioration of animal health such as increased diarrhea, weight loss and mortality
particularly in postweaning pigs.

A lot of alternative materials toward antibiotics in animal diet were evaluated by
many researchers. Although there were several studies reporting possibility as an
alternative materials, the results were inconsistent among the studies. Therefore,
this study was conducted to try to find the method for decreasing diarrhea incidence
and reduce growth check in weaning pigs without using antibiotics in their diets.

In the first year study, the alternative materials toward antibiotics for decreasing
incidence of diarrhea were selected by the results of previous experiments. The
selection criteria were yield, cost and the effects on growth performance and other
parameters to evaluate the condition of the weaning pigs. Among various ingredients,
sugar beet pulp, oat hull and cassava were considered but sugar beet pulp has been
supplemented limitedly in the swine feed industry because of the high fiber contents

which was not able to be digested by endogenous enzyme of monogastric animals.

_10_



However, a few studies suggested that the weaning pigs are able to digest sugar
beet pulp and its digestibility was approximately 80 to 85% without any detrimental
effect on their growth. Consequently reevaluation about sugar beet pulp as a source
of ingredient is needed. The oat hull contained higher levels of starch and crude
protein than those of corn, but essential amino acids are relatively low. This
ingredient was reluctant to use in the swine feed industry because it contained high
level of undigestible fiber. However, a positive effect of undigestible fiber was
suggested because health status of weaning pigs was improved when A —glucan by
oat hull contained diet was provided. The last candidate ingredient was cassava
which contained low protein and high soluble starch.

Based upon the characteristics of these ingredients, a study was conducted to
evaluate effects of different levels and sources of dietary fiber on the growth
performance, nutrient digestibility, diarrhea incidence and intestinal microflora in
weaning pigs. A total of 240 weaning pigs ([YorkshireXLandrace] XDuroc),
averaging body weight of 8.69%0.45kg, were allotted to 6 treatments by sex and
body weight in 5 replicates with eight pigs per pen by RCB design. The treatments
were 1) negative control (NC: basal diet), 2) positive control (PC: basal diet +
antibiotics), 3) SBP2 (basal diet + sugar beet pulp 2 % supplementation), 4) SBPS
(basal diet + sugar beet pulp 8 % supplementation), 5) OH2 (basal diet + oat hull
2 % supplementation), 6) OH8 (basal diet + oat hull 8 % supplementation). All
nutrient except dietary fiber were met or exceeded the nutrient requirement of NRC
(1998). In the results of growth trial, the pigs fed PC and SBPS8 diets showed high
growth performance compared to other treatments during the whole experimental
period (P<0.05). The feed efficiency was also improved by providing these two
diets and the piglets fed NC diet showed high feed to gain ratio compared to other
treatments. Sugar beet pulp treatment diet showed high digestibility of dry matter
compared to oat hull diet but digestibility was generally decreased as dietary fiber
content was increased (P<0.05). The BUN values in the 5 weeks were lower when
pigs were fed SBP diet than those of OH diets and the IGF—1 was increased by the
supplementation of SBP8 diet compared to control diet (P<0.05). In the results of
anatomy, Escherichia coli K88+ CT values of the piglets fed SBP2, SBP8 and OHS8
were lowered than those of other treatment diets. However, dietary treatment did
not influence on intestinal morphology, nitrogen retention, creatinine and fecal
volatile fatty acid contents. These results demonstrated that sugar beet pulp up to 8

% can be supplemented rin corn—soybean meal diet without any detrimental effects
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on growth performance for weaning pigs. Moreover, health status of pig was
improved when a diet contained high fiber was provided to weaning pigs
consequently this kind of ingredient resulted in reduction of using dietary antibiotics
In young animals.

In the second year, an experiment was conducted to investigate effects of
supplementation of dietary fiber source and enzyme complex on the growth
performance, blood profile, diarrhea incidence, nutrient digestibility, fecal VFA
contents and intestinal microflora of weaning pigs. A total of 140 weaning pigs
([Yorkshire X Landrace] X Duroc), averaging body weight of 7.30%1.83kg, were
assigned in a b5 treatments in 7 replicates with 4 pigs per pen by RCB design.
Experimental diets were formulated for two phase and the treatments were 1)
negative control (NC; basal diet), 2) positive control (PC; basal diet + antibiotics
0.1 % supplementation), 3) A (basal diet + enzyme complex 0.05 %
supplementation), 4) B (basal diet + enzyme complex 0.1 % supplementation), 5) C
(basal diet + enzyme complex 0.15 % supplementation). The enzyme complex
mainly contains the enzyme to digest A —glucan and xylan and all diets were
formulated to meet or exceed nutrient requirement of NRC (1998). In the results of
growth trial, the ADG and body weight of piglets fed PC and A diets were higher
than other treatments (P<0.05) and there was a tendency that the feed efficiency
was improved when the enzyme complex was supplemented (P>0.05). There was no
significant difference on the results of diarrhea incidence from 2 to 5 weeks, but
that was improved from O to 2 weeks, resulting in improved diarrhea incidence of
the piglets fed enzyme complex (P<0.05). In the results of anatomy, the effects of
diets and supplementing enzyme on intestinal morphology were not found, but there
was a tendency that the crypt:depth ratio was increased quadratically as the enzyme
supplemented (P>0.05). The piglets fed A or B diets showed higher ileal CT value
of Lactobacillus casei (P<0.05) and cecal CT value of Bacillus subtillis (P<0.05)
relative to those of NC or PC diets. There was no significant difference on the
results of BUN, blood creatinine and blood IGF—1. Based upon these results, it
could be suggested that the growth and diarrhea incidence of weaning pigs are
improved by the supplementation of enzyme complex and the positive effects on
intestinal morphology and intestinal microflora are also expected. Another
experiment was conducted to evaluate the effects of form of feed on the growth
performance, blood profile, diarrhea incidence, nutrient digestibility, fecal VFA

contents and intestinal microflora of weaning pigs. Total 288 weaning pigs
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([Yorkshire X Landrace] XDuroc) were alloted to 3 treatments based on body weight
and sex by RCB design in 6 replicates with 16 pigs per pen. Treatments were 1)
crumble (the crumbled diet containing high dietary fiber), 2) mash (the mashed diet
containing high dietary fiber), 3) crumble + mash (the complex of previous two
diets. Experimental diets were formulated for two phase. Throughout the
experiment, average daily gain and average daily feed intake were not affected by
treatments (P>0.05). However, the feed efficiency from O to 2 weeks was higher in
the piglets fed mash and crumble + mash diets than that of crumble diet (P<0.05).
In the results of digestibility trial, there was no significant difference on all nutrients
and this trend also remained similarly in the results of passage rate, blood urea
nitrogen, blood creatinine, blood IGF—1, fecal E. coli and fecal VFA contents. These
results suggested that the growth performance and nutrient digestibility of weaning
pigs were not improved clearly by the form of feed and there is no need for
increasing feed cost by this processing.

In the third year, evaluation of the effect of different dietary protein levels on the
growth performance, diarrhea incidence and nutrient digestibility in weaning pigs. A
total of 128 weaning pigs ([Yorkshire X Landrace] XDuroc), averaging body weight of
7.68+£0.20kg, were assigned in a 4 treatments in 8 replicates with 4 pigs per pen
by RCB design. The treatments were 1) control (basal diet, NRC requirement), 2)
P2 (2 % lower protein level than basal diet), 3) P4 (4 % lower protein level than
basal diet), 4) P6 (6 % lower protein level than basal diet). Experimental diets
were formulated for three phase and all nutrient requirement except protein were
met or exceeded NRC requirement (1998). In a growth trial, there were quadratic
protein level response in body weight of first week (P<0.05) and linear protein level
response in body weight of 5 week (P<0.01). The piglets fed CON and P2 diets
showed higher body weight than those of P4 and P6 diets (P<0.01) and the P6 diet
affected negatively on ADG from 1 to 3 weeks, resulting in linear protein level
response (P<0.01). This trend also remained in the results of feed efficiency,
resulting in linear protein level response (P<0.01). Blood IGF—1 concentration
(P<0.01) and protein digestibility (P<0.05) were increased linearly as protein level
increased and the nutrient digestibility of dry matter was decreased linearly when
protein level was increased (P<0.05). The nitrogen retention was affected by the
protein level with linear level response (P<0.05) and there was no significant
difference on the results of diarrhea incidence, blood urea nitrogen and blood

creatinine. Based upon these results, it can be suggested that although the growth
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performance of weaning pigs were suppressed when protein level was decreased,
the diet containing 2 % lower protein level than basal diet could replace the control
diet without any worry of growth check.

From these experiments, it is shown that the production cost of swine industry
could be lowered by the application of sugar beet pulp up to 8 %, enzyme complex
expected to decrease diarrhea incidence, the limited feed processing and decreased
protein levels of diet in weaning pigs.

In the third year, an experiment was conducted to demonstrate the effect of
different levels of cassava on the growth performance, diarrhea incidence, nutrient
digestibility, fecal microflora and fecal volatile fatty acid concentration in weaning
pigs. A total of 128 weaning pigs ([Yorkshire XLandrace] XDuroc), averaging body
weight of 7.98£0.83kg, were assigned in a 4 treatments in 8 replicates with 4 pigs
per pen by RCB design. The treatments were 1) control (basal diet, NRC
requirement), 2) C5 (basal diet + 5% cassava), 3) C1l0 (basal diet + 10%
cassava), 4) C15 (basal diet + 15% cassava). Experimental diets were formulated
for three phase and all nutrients except protein were met or exceeded NRC
requirement (1998). In a growth trial, there were linear response in ADG from 3 to
4 week and linear response in ADFI of 3 to 4 week, 5 to 6 week and overall
(P<0.05). In total experimental period, ADFI was decreased as cassava level
increased while G/F ratio was not affected by cassava levels. In diarrhea score
result, the piglets fed C5 diets showed lower diarrhea frequency than Control diets
(P<0.01). The blood creatinine value in the total experimental period was lower
when the pigs fed C15 diet than those of other treatment diets. It means the use of
15% of cassava could affect negatively on growth of piglet. However there are no
significant differences on the results of BUN and IGF—1 values. And crude protein
digestibility, crude fat digestibility, nitrogen intake were increased linearly as
cassava level increased (P<0.01) and the nitrogen retention was not affected by
cassava level excepting C5 treatment (P<0.01). In the result of fecal microflora,
only C5 treatment showed lower number of Sallmonella than control treatment in the
phase 2 (P<0.01). However there are no positive effect by dietary cassava level in
the number of FE. coli and Lactobacillus. In fecal VFA concentration result, C5
treatment showed higher value than control treatment while C15 treatment showed
lower value than control treatment. In many result of C5 treatment was improved
than control treatment. Based upon these results, 5% of cassava can be suggested

to reduce the incidence of diarrhea of weaning pigs.
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Through previous results, models for reduction of incidence of diarrhea in piglets
were suggested and analyzed by economical and practical aspects. Addition of 8%
sugar beet pulp as a fiber source in piglet's diet reduced the number of Escherichia
colil K88+ which was one of factors causing piglet's diarrhea. In enzyme addition
model, supplementation 0.5% enzyme revealed positive effect enough on piglet
growth. In case used fiber source in piglet diet, addition of 0.5% enzyme improved
of piglet without impairment of nutritional digestibility. The third protein restriction
model was reduced 2% of crude protein level in each phase of piglet diet. In the
results, growth performance of piglet was not influenced by 2% of crude protein
restriction in piglet diet. Provided excess nutrients, piglet cannot absorb nutrients
efficiently and excretes undigested nutrients causing diarrhea. Considering previous
results, this model could be used for the methods reducing incidence of diarrhea in
piglet. The last cassava model, 5% cassava level increased VFA concentration in the
intestine and reduced incidence of diarrhea in the early stage of post weaning. It
has been reported that cassava containing high level of resistant starch control
production of VFA and the passage rate of the chyme in the intestine. For this
reason, 5% cassava level could be utilized in piglet diet for reducing incidence of
diarrhea.

In economical analysis result depended on growth performance, there was no
economical profit in the cassava model out of four kinds of models. However, fiber
source model could save approximately 34 won per kilogram of carcass weight, 680
won per head which meant about 9,940 million won per year could be reduced in
production cost of swine farms in Korea. In enzyme model, it can save about 25
won per kilogram of carcass weight, 500 won per head and totally about 7,310
million won per year could be reduced in feed cost. And the last protein restriction
model could save 55 won per kilogram of carcass weight, 16 billion won per year.
These models could be expected innovative financing method for reduction of
production cost in postweaning period. These results demonstrated that dietary
ingredients can be utilized for development of diarrhea prevention technique and
non—antibiotic feed production in industries and practical farms without using

antibiotics in animal feed.
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£ 25 Afads AR AR W ZaAY 7PE A vlE #F (CT-value) ol PIX= 9%
........................................................................................................................................................................................ 74
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% 26 AatS AR AR Ul axAe] B A ) SR sl mAE GF 76
%27 A9 A7 AR U ZaAY AL JERLBE] vIAE GF 77
28 ABAFE HTHH] (Dhase I, 1) e s s 30
% 29 RS Bl e Aed FHAL A7PF AR AT GF 84
£ 30 AR hEFHd e dea FEAY At dFezxdHds BUNA vAE o
BE et 35
£ 31 AR A Feel e A2 FRA H7bt ukeEld (creatinine) o P A=
151 OO OO OO T OO OO OO PO OO EUOTP PRI 36
# 32 AbRS Zhed el mE daa aEde AP 2 ed fAF At
(IGFE=1) o] T R|12 Q3 BE oorrrrosimreemsssmsenssssssssse sttt 37
% 33 A2 BEA 72 FE7F A= ok 23S U)X GTE s 89
£ 34 ARY bEFdel e ek FEdd A/ A2 G U8E Fosnd oA
OF BE  eeuessseisssee e ess eSS 39
% 35 AR AFHE B2 Afa FFEY A7 B U el nAE GF 90
¥ 36 AR = A 7ty 7 A= B U VFA FA o] Bl XE ABF 99
37 ABAFE HIBH] (DRASE 1) orrererereeeressessssmssssssssssss st s 95
38 ABIAFE HIBH] (DRASE II) rrerereereeseseesssssssssssmsssss s st 96
3 39 @@A}g BH?}}H] (phase TII)  covssesessustssssssssssssssssnsssssssessssassssssssssassssastssssissssisssstsssssossssossssassssesssssssssssssesd 97
¥ 40 AR Y g A =0 Asto] o] §GAFEL] AlAo] Bl E= O BF 101
%41 AR ) 9w R AlSe] ol fRbEY Yok 28 W Az olgEel WAL I
..................................................................................................................................................................................... 105
% 42 AEALE W@y @ 382 2A (phase I, d 0 to 14) . 108
% 43 AEA R W@y @ 382 A (phase II, d 14 to 28) e, 109
¥ 44 AR W@y D 382 A (phase 111, d 28 to 42) e, 110
£ 45 Ol FAHE AR U ARkl RALE ] HIbsk ol fAE] A v A T 114
£ 46 OJFAE AR U] shAbL AR AP} olfAES Ydh Astgol vAE I
.......................................................................................................................................................................... 115
47 O FAHE ALR ) FhAb RAEe A bh ol fAEe] MAREe] v g 116
£ 48 O] fAHE AR ] JHAb RAE ] FAL ol fabEY ¥ ) WAE @l vAE o
BE ettt 117
% 49 FRAMFS] S2W HIF DA U I A A A o] TR B e 118
3 50 ol FAE AR Wl FRARRE FARE O] H7E o) fpAkEe] A el miAl s R 120
% 51 A2 70249 sugar beet pulp B (FHET] 8% HTP) rrererermrmremersnssenssseeeeen 124
%52 A=Y G4A "7 Bl Wl AA AT} L2 (0.05%) e 125
¥ 53 A =3 A S Kl (F]F TH] 20 ZEAR) e 126
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A1 A ATiETAL] e
A 1A AT e %A % B

A1 F AT %4

dE HS= 59 e 9 57F #2747y 191,221, 82,4124 ©]8l

9 7Z}7} 282,987¢, 58,0149 22 4dolgh= Algto] AR nt AakH|7F A EV =AY 2
sl 479 din] AA|ek= vlFol & Fom FUMHTE AS 4 F Ak o9 #e Aol
LS ol fF2E oY JHAE B F QAAN 53] FAYA AFE FA ol e AF=7]9] HA
& 7 & s AAE R Ak @A lolA] ook dEe] Ao e HARE
AAEH, o] o]lF Jg ZatFs (MSY) el Adigt &S vzt 53] dA = s7tel
A A HARE] 30%7F @t RauE 9low, ol o]fAES AnA AW, = 4P
(PED, PRRS, PRDC, PMWS) 7} ¥1¥3] 2Agsty] wjEog 3 XmE‘r. $HA ARA A
TH WHRoR dAxE 5 7 dEd olfAEed oA A AbR (EH) Q) AFHVE 1 AR

o]

(APR) 2 vk A e dert wor,
o Adart Hausa gloh webd gR-ek S|, AAQAl B S STl mAdEe] o
o ARIAS A7) S oFE Aol mEo] o] Folx AL 3l
A9 A3 ol A4 GA] v i
=0 Ry 2] &4 gl mAEs A ﬂoi l T A= 2k el vdE
ol I

of &al ¥ Ul*ﬁgﬂr do] Erhe vk

o] A A (Ducluzeau, 1983). EHE AFH sl T H7)oe RE 93 % HAx
Atz s FA e Ao B AFE AAF A RIETE Stk AJgto] A dtstar
olfF-5 shAA aslr| T S-S MAE HFFo

g3
58
flo
o
o
o
=)
2
1
ke

ol

X]J 7% "”ﬂ]oﬂ webA] 437 141 $Asle= vABE fE5 Wlel=d, A3
= A Y Bacteriodes, Streptococci 2 Lactobacilli £2] v]&o] =11, ol A4
= Anaerovibrio, Selenomonas % E. coli®] B]&°] %t} (Robinson, 1984). ©]

= 3y AR A% £5 wde] A, 87 (B4 olF, &5 5) Wat 9 A

A

o

%Jl
w©
offt 2 pe v M o

J?i o P
4@
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Soll upeh AL wbY Wb ek Wk 53] AR WA Y BA B3 e A4
o A5, WAy 0B, S E colvh FAAITh ueh AEe] gule] fod nAE 3
AL AL olf T AR Rol WINE BN F2 2 F A

A

4
2 o Utk o] Alel o] A= Aol ot vAdEo] AFE 4 gvkd

_—

4
LoAEe RSN 4GS AAT 5 U Zolth EF ofF Betel 4EQ MA WAE
TR R T f%“@xﬂ (antibiotics) & A F Q& Aoz AmEth @A FEZIAE
= A7) A5 ole Wlol AHgHE I AT, obkA Sus
e

z
FF AEL PAA RAT IRE BIA7] AT Y F A2 A8 0 4
[e)
o

1o
X
>
lm

XN Ho

a

= of
Al ot %—O] H“‘EO}X] %S’kj’_ (Smith¢} Halls, 1968), =AF &Fo] &2 A RE
AFHsE 3798 olfAb=elAA Ad AAbrE Fasila, A 3 7IRF w3 Zhasklvh
(Ball#} Aherne, 1982). Drochner & (1978)> AR W ZAIR7F A ¢] Ehy
gHgote] &S Azt Buskqich olgst Af4e @] u 2]
W] WA A ARARE, ARt ow HFa HOH =L FAdo] Frhetel Al pHIZE
Aot ol wEl Fafe v AR EAdo] ATt olEd, Afal w84 5HoR
sto] mAEe] A Ay A o] FEo] A 5‘Hﬂ°1 gufell A2 ]
 APL olYs wiAE Mo E Aol AfA Fu dEE olfAbE AR el HUtsllE
A5 A= A4 9 el nA e TS ABF L

uE 2dE Sdstetr] fd o Bl dal 2S5 8l

A2 ATNEe e

A FElvEhs AFA R FTA, vl=atk Ha7] $YANE F= Akl Sl o8&
& A3 A3, AR E 7tsEe A, AARTHE 5, &R 3 9 AR Qs 5
A T Y TR A8 Sl FEETke] A% Favr GAA Ha e s o
ok 2Ela H oA B3 FMDO Eato g FAkdd ] dAvt 2 AlEe AUk AF7t
A et FE A A S oA FE A T s olf F AHEZ Y AL
A ZA HAR 2 A A FE dQlo] Hu, #AA = srhEel WAA SR AL e
ddoltt. ¢Evete] =5 7ML ol AuUlAan|ate] =5 av] AF gitel =A /A4
Hi o w8 A= dAxER A FAE VFske w7k 28 2R 2 Ao,

A7t AFEFE FE s E 343 gAst

= /\I-ﬂo] 1:]-



= 03FolAM 26F 0w ZAFTHH ole], 2009d 14FE 7F9 AFyE FAAY
AREE F7H R SAARAL, 2011d 78R H FE8 AR W AL A7HE A9 oA
sh7lel o=ty 1wt A s=0 23] 9 357 A A fle AREEo
stor v =l nla] L &3rF A YEb sHARE $= 2 AR W 8AS] WS
TrAISE oledt WEkes ol fFAES] HAE S SUMAYIE 280l HY, A= ARl
A4 %= vE AR Addn T8 AR W A H7F Al tiAsk] Sls ol
v okl GAA A=l gk BrF Aol FRE Stod, I HH e R &

=

o

HE Hole =4S V] oHa, 7beA e dAEAY T2 oln ool Adds
X7 AgFolnh. ko 9=9 fE Xy vluste] 7H4 AAHE SR f& v

FolE GAAY 57E AT 5 Qs AEQ A BA 7% Aol AFa.
mebd B ATNE A9 ATHA e ARAR Ao ARt THFAL Aws] 1 ol
2 Ea ol fAEY AAL WA 719 Awstnx

GAA Al Al 8718 Bele Wk ohe, FE AW 9ol A4Y 5

o

> O
re

o &
St

1o

f

N

:Jd

(b

N

Ir

10000

N
B2

9000 -
2000 -
F000 -
AES7leE so00 -
5000 -
4000 -
3000 -
2000 -
1000 -

2007 4/4 2002 4/4
=
dHz, 271

J% 1. sgyE e @2 (FA%, 2009)
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A2 =] Vs d%

oAl LFARRE oldEHY EZYAor & W3 (&FE, xR, 24,
AA H=d olelgh AR e] ®WisteE B FEE g Al7IH A nAES]
AFS FEA 71 E o] Har 3tk (Le—Dvidich®t Herpin, 1994).
F7HH o R AFRAFAT A W AP AE e, HARES AT
v 7 2 oA ut (Leibbrandt 5, 1975; Nyachoti 5, 2006) A&7H4& 244
AME & Fal a2yl AskE o dAlE o gty (Verstegen$t Williams, 2002). o]# gk
Ao A AR E FAA] WA dRel tdt 7 mobA TAYA Agel dist A
weHERoH vt AHAl FAYA AFE A 227F dEAA =i
AHESl B A= A F7HA ol AkES] e Algtete] gk b & 291l KAlE 9
vEhs Aoz Byste] tiAlsty] $e thE wekel] tidt At wlg- AlEEE Agolt)
EU9 49 2006dFE olu] 715 Ats ol FA AHS-S dAud oz F438131a1, o]
et 7 ol ARE FEe AUt o] A9 A dAAZEAY ass ATE] HE F
Pt FAA HAA FREA AAE BAZ fF - FI)AA, JEFEE, A 2 dY
SAEA 5 o] X7 AN, AAZ EUY Q5S v HAE @ ER kA o}
A7tA GASH FAAS PAD ¢ e HoR FHrHn e BAL Qo o3 A
oA FHZo] Aol i FHdo]l MEE A AA FREA AZHL glow, AF 4
e FYste] 275 AT F S AT 7=l o)lFAR" &= Ao & % o wet
7 %

= J
V= AZ7EE s AR o

i

Alo

o N
d

.,d
S
2,

L O

2% 9 pelc.

B AT olgd Mge Bal FRHen, A ATHA G ARAR Hol Hir F
FA2 Pustel 1 ol 88 FHL Fal ol RAEY HA BA A1ES Adstung @k B
A7 BA Aop A FAA A Al BT ele Wb ol FE AN
olo] AAY A5 9 AEAL AR9 hARE Fa FEAAARGAE 7@ Aol
Ao @Alel AZAF g Adel Bk 2RAQ AR AL F dx AV 2
ol t}.
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SO Qldl s = ARl vlE v v IS fAsta Utk A AAIF o E &

AAl Ha e EFdE, FAY T2 AW ofyel fElvetds 53] 4P (PMWS,

PED, PRRS, PRDC) 2 <&l vpekst dro] Aty glom wdste] g5s7t=2] v

7F weetal Qla, o]y s Ao R Q] AA AT SIS E &

TE 23] Folbx dito] vEtda vk AAE

d o]F =717F A AHEHJS W, 71 Folde A AHHI A S Adstelth
o AT HH) A o] who R o]f F HAREO] 40~50%°] B A

A FEE AR U ALY HUF A= ol & A1 AR QIS HAF W A A

0= ofstal7l= QQlel & Zlow oidnt oAM= olnl 20049 ALEE F=CokE

53Fo|A 25F0 7 7+E3Hd o]o], 2009d 1€XHE 7F9 QFdE IFAA| 2 ALES =7}
Aog FASA I, 20113 7TE€RH T2 Al U A HF ddd oz A

HAA  AA]  (probiotics), =44 (enzymes), %7]4kAl  (organic- inorganic
acidifier), 21& F=%& (plant extracts), &]H (herbs), H|AEAH}EF (non—starch
polysaccharides), =@ 114 (oligosaccharides), w=d2E]= (nucleotides), BJEFY
(vitamin), F=4 (mineral) s W2 T79 =4d=°] &84 hAA $R=A T 537}
AlFE e Abs Wl AL grAlE e oy A A Al dE TS st A
nou, @A 1 daeol FAACR FTHEHA &2 AEo] diFEolvh HE3E HIMAIEA
A A AL ko] vl dEAES] W 9 Utes T AR = 34 wstel

o

YFad 24 5 A= ol FAAL UA b= AA oI

E L e sEYALGS ¢ BE 58 v GEBOERD
% 9 z = 2006 (A) 2007 (B) 78 (A/B,%)
1 ol = 8,405.7 7,857.5 - 6.52
2 5 A 3,609.3 3319.7 - 8.02

(&"HH, 2009)

£ 2. 5F9 A4S 2 F3 9 (200549)

= A 359 A g
HAMS (%) 18.5 ~ 31.5 1.28~5.39 2.7~6.83 8.3
6,953 (H %)
glaf el (oY) i 403~1,695 427~1,081 685
= ~11,840(A)

(EZ73 A4, 2006)



¥ 3. 20099 1¥€%H FAEHE A &=

TR ¥ 5
HEgxo| 33 Ald SEZEHEgHo|EH, SAHEGR O EH4TUE T
S a = HIAEgpilotd, ks g, by eutol ], Ak sivto]
?_zl:o‘g‘ %L}\(Ex_ﬂ }1\_], Ylﬂq’é?ﬂ = i

(&#HH-, 2008)

Al 2 A =edy A%

WA ANE FARAD olelg BE go e E HWTFEE pAel
of el meely) ALy, ANAS A% ) FAA
2o et Qo] arE gt we] A%, 1997

ArrE 259 FAAGE NS A 7] F Akl

)9 BB 26709 AR AEI) TN 20010 AFAUAZ A zeksie. o) e
A4e RFAA] B 2T Fobm &S vk F7h wele AAWA o &

T Aeels =7 §71432715 s OBE 3AMAAE F3AA ASAske] Fofsta
Atk 19956 317 AR FF o2 223 OBE 3|Ab: SAAY ste-Ex

=3
A kaL AL EEoly ofxE AFRER olgste] HAE HAst = Ao® dyA 3l

N Aol

FAA ] AFES FAEE WA, EULES 20019 AFASHAA 2 A dAEA=R
potassium diformateE %% %< (EC No. 1334/2001)3t 11, 13 2 AH4AE A
A QAELZ FAFATE FAA 7 FA o wE A3l tiAsty] & o5 FAAA
Al =2 Fre st HE Aol FRHogoy, I Ao Hlg] F3E maIdE Hol=
EA4S 3] oy Aseln, 7hsA e diAlEA e s QoA oln] M itk
(% 4, % 5).

A e 2lolA FAA RAELAZA et A ATHIL A= FEE A (probiotics)
of Zulo] @ ¥l A (prebiotics) & WHEA] A3t ¥ glom, ofg] AFo] Al olw
o e Aot AvAl= =7 Al vdE #Fo ¥ FAXNFSEN 55 T
Al o2 ¥ vE 7 e AdollE vAE AR HIHAIERA A4 e AEe] g4t
Hlal d7F matel thgh ojdo] Aol #] Fgt Aot

o9} WF 2§ /A4S AL G Zelutol ot AFAS AW FHA i, F

£

ol

1
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oA F&3 vAEe] T F e VIAE Fuste ol AR oE folgk B
2ot AAS X811, Escherichia coli, Salmonella spp., Y Clostridia spp.8} 2 W
A4 MAES JAStE A2 g A 013‘4' 2hg 2l fEA ol tiste] HestA gl A

4
=,

U Aor Wuwo] Q. FHTols Aol AsAl okgd sdrt e Fow &

A Qe Al 378 AEe wigk S5 E A% 6]— s & F=& (plant extracts)o|ut B
(herbs)ell dist #AE mopx i et HA v oA 9} wpzb7pA 2 A FA47F B2 45
At FHAbaE (cassva) ol Wish A7t F-55 Holw, Ap=dAa WA HHoRA AFH
A ol 8AE FXA77] 9% aaAY 7k el tiEd 82 Ao A7 o] FolA

WA @2 Aot

¥ 4. EUA AF3 AES AIZH7MA 7l4 ('06. 4. 30)

Linked to a Person Not—linked

4 Years 10 Years 4 Years Unlimited
Antibiotics
Growth Promoters 1
Antioxidants : : : 15
Appetizers . . . 4
Emulsifiers : : : 52
Preservatives : : : 35
Binders : : 3 17
Vitamins : : . 4
Acidity Regulators 1
Micro—organisms : : 11 3
Enzymes : : 31
Trace Elements : : : 48
Colorants : : : 3
Total 2 : 45 182

(EU Council Directive 70/524/EEC)

_30_



E 5. EUYA Q53 EUASE F7lolA FEfo2 dvsa Qe A 45

Brand name and EC
nbr

Micro—organism

Authorized for

(1) Toyocerin
(3) Biosaf Sc47

(6) Levucell SB
(9) Bactocell

(10) Cylactin

(11) Microferm
(12) Biacton
(13) Oralin

(14) Biosprint
(15) Lactiferm
(16) Bonvital
(18) Fecinor plus

(20) Bioplus 2B

Bacillus cereus var. toyoi

Saccharomyces
cerevisiae

S. cerevisiae

Pediococcus acidilactici
Enterococcus faecium

E. faecium
Lactobacillus farciminis
faecium

cerevisiae

faecium

faecium

faecium

cHCIIC OIS

. licheniformis et B.
subtilis

Piglet, sow, fattening pig

Piglet (O -4 months) and
SOW

Piglet and sow

Piglet and fattening pig
Piglet, sow and fattening
pig

Piglet

Piglet
Piglet
Piglet and fattening pig
Piglet
Piglet

Piglet
Sow, piglet and fattening
pig

REGLEMENT (CE) N° 2200/2001 DE LA COMMISSION du 17 October 2001 (JOCE L299/1 du 15.11.2001)

_31_



2
it
flo

o

1 F Zfold nPAIEE oldd Eejgor & W3 (Y92 23HE, 11X,
AA ==, o] A7Ie] FXIARD AbR e WskE Ao §RE € A7
TS WHIAA AEQ HALE f23tt (Le—Dvidich$t Herpin, 1994). 1

T& "9 AA, A (=AF o, % F) W3 9 AR A s
9 a]le wet AAF A R FolxAl "k 53], o] fA=oA b At Ha 9l

= A A9 BeAd mAdE E. col7} Yo% #g3t} A=) Aol E. coligt

e WA nAE
AAre]l WHAlS a7l A S A = Qloh A= HANEAE N7 8 A
= A= Ay fEst RS AAE o), 20009 o] winlT oA

2 5F @A AFEo]l A HHEA A= ol F AApdAo] FFeldlthe
T} (Callesen, 2004). vIzt7FA 2 20129 Atg Wl SAAA H7t2A7F HH o
FElvetel e 2p=e] AAl ZAlE A shr] Qs i Fo] Al e E L QT
Afrae 37 B A=A =:iA9 s AL BaEJARE o= A4
o FTwE el wet =AY Ao Ego]l Hus AMELRE TFsAdo] AVIEIATH
Furctooligosaccharide, mannan— oligosaccharide, B —glucan®} &2 Af-4A+ prebiotics
A9 HITH I glow, 7HgA 2ol f (SDF; soluble dietary fiber) 2} &840l F
(IDF; insoluble dietary fiber) H]&o] AAto] w]X]i= &JgFef tfst A5 3 o]Foix] 1 9l
t}. Trowell 5 (1976)2 A3tae] FulEo o3& A3}¥ A Y+ lignin?} polysaccharide
ALz Jo3on, o312 dietary polysaccharider #& (starch) ¥ v ZEA T
(NSP) 2 w735 +<d, dukdor df4et 32 NSPZ A AsH7| % $tt). Total dietary
fiber (TDF)$, TDFE A48k 7HA Aol B &84l < @9ls=clr NSP
E S4et=d 7P #8% o R wolEo o i, o= olEdh BRTF A%kl A
A gAbe] d8ES v X &= 7F8A NSPQ pectines, B —glucan, fructan 2 7]E} 7184 957
v 7HA AoARE 7T T 7] WEo|th
2 S8 ARl Wl prebiotics®2A FW o0l ol &5t F
Aaaz Zgsth AfLe 52 PAd=e] dAmb=Edl A AWAk (volatile fatty
acid; VFA) 3 ZAto] A HES sto] Fv o pH7F AstEAl etar fabdte] T4 2 ¥

~ Qi
A A= A7 gty Avrt Aled Afae didatelA #2HE9] (binding site)

s 1T

_32_



krt
_Olh
rlr
olrt
=
o

o

o}

8

N

jm

ol
—
©
©
L
1o
o[l
oX,
12
[-‘O
N
olr
o
=
)

= AFgste] For9 HE=

HA AT Azl olskd Af

AA AAARIE S AAE A 7]ko] FHASEI T A7 Atk (Ball?t Aherne, 1982). T3
Drochner & (1978)2 A= Wl A /7F A2 43873 Wl HHgobe] A4S HAaA
thal Basiglorm, o9l e wMEow uE dAyddelds Alw Wl 2T H7E el
v AW E<Ql Escherichia coli®y Clostriduim perfringens® 3735 AR+ By ot
(Wang® Gibson, 1993).

webd] ol fAHE Ab W) Aol Ak AU fe#e BYL
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N
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Jo
ol
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1o

o
o, AHE AbEel 9ol fEd A
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%}t polysaccharide”}
ot (Low, 1993; Grieshop &, 2001). AH4% &7
2 Weende™ 2} Van SeoetH], Total Dietary
Fiber o] At zF E4ol] mE A8 AERE] AFadds 3£ 60 Yepdlisich

2 ATl E Aol T AU PAE T b stel AP o] 7 2 dEFS vE A
52 AlsY¥+ SDFE 7 3l sugar beet pulpE AA3dH 1, SDE7F =53 FA
B —glucan® 2 13 A QAN & d5Fol v AdFrihdozre 7eo] s e
2 2 484 Sle d8A5Ed AZT (cat hulDE Akt T3 A o] wo] 3
H cassava® AdAste] o]Fel diE JgstA JHXE EAEGH ol AdEAIES] 5L
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6. 7 A2At2Y Hfs BF (Lee 5, 2003)

Feed Ingredient CF, % NDF, % ADF, % TDF, % SDF, % IDF, %

Corn 2.6 9.0 3.0 6.4 1.7 4.7
SBM 44% CP 7.0 13.3 9.4 33.1 1.6 31.5
SBM 47% CP 3.0 8.9 5.4 27.6 1.4 26.2
Alfalfa 26.2 45.0 35.0 56.7 4.2 52.4
Oat bran - 19.2 - 15.8 7.5 8.3
DDGS 9.9 44.0 18.0 42.9 0.7 42.2
Oat straw 40.5 70.0 47.0 76.6 2.2 74.4
Soybean hulls 40.1 67.0 50.0 83.9 8.4 75.5
Wheat straw 41.6 85.0 54.0 71.5 0.5 71.0
Corn straw 34.4 67.0 39.0 77.3 2.9 74.4
Sugar beet pulp 19.8 54.0 33.0 65.6 11.7 53.9
Potato pulp - - - 33.3 11.0 22.3

(1) Sugar beet pulp

Sugar beet (PP E AFHA S AFES AA ° .
A% 161 sugar beetl WS AAA FOANNE Bl el A BE FEES o
ofuf BEC Abzel 7 AHgHh A% sugar beetd] Bt ofd

il
o
)

(¢}

%

"
N
(o]

i

o

i
I

o

N
e

(O e

I’FL

5O FE9 o84 eItk el sugar beets HPAZE o AHE A
i At AAS G AR Feld HA0w Aaslw Ak w1 ARt el

=

A APER olgE dole SHAl ¥ WY FASE $ o] g HojoF it} Sugar beetol A
AYS FE3t Ui 3A F 7Y FAbEo] ALy =4 ®FZ sugar beet pulp® sugar
beet molasses (AFEF-¢ @)ojt}t. o] F 7Fx]8] HAMHES F58 AlEA|Ze] @Wol] 2ol
Qlt}. Sugar beet pulp (AFEHF9-HF OECD 2002)+= A9AZHA oA AAE =Y FFO =2
o]5% sugar beet= AF s, gFAl M1 WA =o @ iR A"”E FETH ol
FZ9 & 3S 7 7]|S sugar beet pulpgl 3t o] AFEl 2] sugar beet pulpE FE-EHEF
o] A9k &

°F 800~850g/kgel™, &l=ellAE olefet e ItZ A8AIRE WuE7|E 5
g o or dl Adx (T 100g/kg) Hol dvjE ojglA FEH X
7] wjEo 84 %A (water—soluble nutrients) E©| WA W77] wfjFo] dAZx¥ sugar
beet pulpollE BJAEACYEF (Non—starch polysaccharide) % FAF &= (¢F 200
glkgd=)ol =A yebdtt olgst 54 wiite] Zdwdol} Q19 Hl &S AE 1kg & oF
100g# ©uto] d-&-5o] it}

Sugar beet pulpt FULTAHY 54 wEel HA ARE ARRSH ol U dRs T
o] ol EEo] AbmoARt AR AREH I QIS ol sHAINE HE dHe AFANES

i)



sugar beet pulp®] Hftaiz HA 9lo] ol&4do] = BN ofyEh o] fFAREClM 9 FFa
ashEo] 80~85%c°l 3tk Bt Qluh olgdt w2 ol o ® s A=A
15%, W=l 20%704] Abgstole ofwf gt o] Afo]S HolA derhs Hilkw
c}.

¥0 19

(2) Oat hull (#2]3])

olffAfw=oll gk Ao AfAe] o] stk de FE 70 HE ARridl I %
A7brEs ol &% AF7F FE o]Fol4 gtout (Li, 1994), 712 (oat) 9 &4 (Soluble
Dietary Fiber; SDF) ¥ &84 2]o] A4 (Insoluble dietary fiber; IDF) SHeolA 2] A
AR A gl Aol w x| a el wigh At AL ARE Aol
7tMEAbR 924 AT o]gs Ay, A8 (Avena spp. L.; oat) & =2 AfHa &
Fow Qe JNEE= ALRC A7 ARGHo] gith olfAbE AFRES] o] &2 TlaE (JAE
FA, JaAE) AYrE A=ARd &% FoH 7= & (Morris, 1989), #7 1970l
e ) H7ER A A= A i B AR By BaE 42 9loy (Mahand
Newland, 1976; Moser, 1977; Rivera, 1978), o]&¢°l oist d5-2 ax= wj-§ wjw|shH,
2 o] F ol A= AAPEA] B Aol diE MEE B 1S AL o] FofAA
2 3ktt.
dntAow Fle= vE F79 AR FAES AR (starch, SDF)e| 1,
Fe oF 11% 452 STTFHEUs FFoh dgobr| Aty ek vt §hA
ZF (12.3%)°] =obA FA4 - %] 2
H =t (Morrison, 1965; Johnson &, 1959). &%l wa} A4 n]&o
Aot diek AA L F 30% HJEE AFA g
A F4EE § p-gluicans 7S AEaAEA @2 d4ds 21
(Maier &, 2000), A8 B —glucanS 7+x24 22 (1—-3)(1—4)——-D—glucan® & 7}A| 7}
e HAEA o i"i 3’43]-4 i 9 Sl o drEo] Stk 7S] A ARt
1o, #Agfa] el -9 (oat bran) °F 7~10%
af’* FTHeE AHgd Afeole olRe kol
19%°174°] H= A% & Hf"’i‘jr (Wood &, 1989). A&l B—glucan—o— TE9Y B84
2 Fased, oF 80%7F FEAeRE dF F st (Estrada <,
1999), 9 H&=2 AAde T7H71aL, 91 F5AIe A7, EE%% s2eko] wjAd
3}53 de57ket g Hoto & Jded BHE =
Fato] el A Hre ol Falol A3 =5
Aloﬂ S ST Aer RuEgt Bel &, 1999). dnbAoz Ao g

—glucan= Holskls A, 5olF Wy n|5olx wWos ZXAFHo2M (Chendt
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Ainsworth, 1992; Jeney®} Anderson, 1993), A47&2 /Ao a37} Uty I+ Qo
(Schoenherr 5, 1944).

(3) Cassava

Cassava (FMAHH & B9 27} (tapioca) H+ W27} (mandioca) 2tal =2l Ao
I AEEA, EdAd" dEgakge] wie a9 o Jga IR v
o, 7HEA wstEdEel Fol S 5o IRAIERY 28] @Y odyA Fudol
tt= AolA dB8AEEAN Z+% w1 9l FRAREE (cassava whole root chip) & A4
o] et AxIAAH T HA47E AEE 540 Atk UL qF T Aol M 79
dEQlEl (Gomez, 1979), 7Hd Aoz de 2ol= 7t SAE AxAA H& v
=7 E4ete] AFRR ARRshe Zlolw, ki uh3 glol AVIRF ®ato] Jhsst 7t
AbRE 1 EC] FAES Ao EA AEe Af 26~30%F AAst dx By ek vt
SHALE T 70~80% F=olH, tatl YA &% 3,090~3,430 kcal/kgl = 714
) 58S SFFRT £ A07 yeiyt a8y dwdoy 2, 9 59 FEE u
HIER O] ghafe s wa dA e opw| ik 240y AstE R EEFStth Alvrt 9y

fr
N

of glyvtdl (linamarin) ol 2k w3 A17F 0.01~0.04% J 5= g oqle], o]Ao] &3l
=7do] wlg st FAaks BAAAA ol mA=olA dlE 71 ThsAde] Sl

A& AR (resistant starch)o]@ Addl AR o] EAet= AR ZA, dAg S 7}t
o Tl I dFe =AY 5 s Al 39 AoldRohe 3ol e ARE A=Y A
o] A AAE 29 4stEe] 9 S5 dehs o a¥ gds Jlow OLEq
A 9t (Bahndari, 2009). ol#13t AFAES A4 o= H7F Al SAA AR =
AAF A Z9E BY O 2M prebiotics®2A o FA tiAA BYE VIS 5 Ao HnL

&% ot (Bahndari, 2009). #| 3¢] o] et w8l AL cassavadl o] E0l3l&
tl cassavarx 7hs FHEHOl wEb AAl AR drFo]l 70~80%% Feoem depon,
cassava?l A& & A& AT FTF2 oF 70~80%F LA AoZ ®IHEo Ity (Calvin,
2006).

Cassava? #7la¥E A B Chalorklang & (2000)2 23} v wstR S w A=}
AbEEEo] FhAbEEe] Ad7F Adke) Blszstthal B askITE o] Akl ol A FhAbEEe] b
T Aa3tEE w1 AANE FAaATIH, el A7 FAAQ 9FS A9 sldvta wEst
ATt o]+ RS HEg R dEAo] 80% o)/ ofdEH W (amylopectin) O F ©]Fo| 4]
Aol AES QQAME o] fEO] T o7 KL Ayt gE FE dsAlEHY Zd
W A3} (gelatinization) W 43k7F 2o vy AA nA=2 T4 FIAA VFAS
A, pHE AstA7]& 8oz BAAd mAd=s ZAaE Fiditts Riuk itk

FhA uEe] ATl E 2] EAJo g o]l59 EAW H=FH
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A28 ARe FEA A9 Ak 24w A A G T

oL

Al & M2

AR FeivEte] e Aol ol M 2 A T dtvbe A= 24
Aol HARES] thE S ATl vlsiA m=2 Ao =E, 20089
G 23.8%% ©] @AM HAMES SFT7] St A7F dAs] destth o Pﬁ—o—i o] <t
=o] ol Al ol FAEHAR g A AA W AHAAF Fo] WA H=d, ol st dAdE
ol AlFC] Ao QoA FEe Fo] AAte] EH|H A kol flu pHIF FiL AR 9
AR-ERYH FYE FavdESS T4 (Cranwell &, 1976) % FAle &8 W g2
get dyz st Aoldt & 4 Qlok (Nabuurs &5, 1993). 918 & AAE o] {fAk=
o WIS AAatel ddide] A #EEM, A3t Afdds 2 AN S UEdE B
ofyel 5o A 2 Be SEFe=e dAoR dFssTteA & dlE T A olE
71 18l HIZ7EA @A ARGo] o] Folxl o, 2011d 749 o]F R FeEwiEAls Wl A
Aol HA7PF AW wAHden, oz Q] Al thAAR A, AAFEE, a4,
DFeblOth o TSt AAlEel Wek A Ay vk 2y o] 59 AFEo R QIS A

Sk gzl tist A F widsta JEE AAEC] e Aol H

’}Eﬂ]?—z thAlsl7] 218k ZH7kAlel st AR uhs F2 AR ARG AN, S 2EH s Ss
GAA o = 2 A Sist W AAF Fhael] sk A5t Edbs] X3H Qo

ol & A= Adel Fold vAES A A=HARE WA A W
W AoldwrasE 4% Hoksks Aotk A A4 Aol st Adwrart B At
st A A Gt FFol WA gkal (Smithet Halls, 1968), A
Ko

AR AAT 37 o HAEAAN A A} gastgon], HA A 717

02 ‘{0{‘
r lﬂ i
ol

Lo

N

B

1o

oX,

=
=3 A3l (Ball?d Aherne, 1982). Drochner & (1978)2 Alg W /71 #HA 9
ast7le o vtelgote] S-S FAAaANYL Baskgith. o2 gk Aol Ao myte] thsh
2h-g 712 oA WEks] B A A kAN, AWtA o w AojAd A I mAdEe] &40
S7Fetol Al pH7E #HAstar o] wet fafish mAE ] &/do] HAagiteE olE3, dR
o Eel4 5EAo®m Qlate] mAEe] Al Ayl stel] F-2po] whal o] Fufjol] AMAskA] Fot
U= ol Fol Atk mebA ol fAte Wl ARraE H7kskd AU o 242 7MY
I fraliete] S AAAA A= G E B Babdol &dd Zlolgta deEA
Sugar beet pulpel %& Y AP AAYEF (non—starch polysaccharide) % %=
A &% (eF 200 g/kg, AE)o] 5o Avk. ABAF oA sugar beet pulp B+ H]%ﬂv‘i—"é

SR O BHE QRS ol fAE AR U A7FSHAS W ol fAE AAb Mol s

4

olt
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Att= BHaE Stk (Ball¥k Aherne, 1982; Goransson &, 1995). =3 Ay A&
A ZF B-glucane 7154 AFaAZA B2 #4E E1 dow Maier 5, 2000), ¥
ol B—glucan ¢F 80%7} TE8ACE 5 ZFHAHE ALAaHR7E st (Estrada &,
1999), 91 H&=9 A= T7HA71a, 9 F8Abs AR, TS FA o] wA
stne dgsrbel L Fofel] mE dad vl

Bap/do] -reto] thgelA whelelof Zefioll A= 7] wiEel Wel &
& ot

A,
o
Jo
DX
ro,
w
=
09
Q
=
o
19
o)
@
o
=
o
1o
)
[ab)
&
=
=3
o
-
Jo
)
(i

>~
Do
krtl
=
12
ofo

ol
o
2

A2 d A 3] 4 AR

7F AdEE 9 A7 (Experimental animal and experimental design)

282U H 9 o] -3t A 8.69*0.45kg?] A o
([Yorkshire X Landrace] X Duroc) 240F%E 3 A]8}%], phase 1 25, phase Il 352 % 5
F AREAIR S et AA 638 HHHE O R = o 8FA AW AT uel ) H

(RCBD; Randomized Completely Block Design) ©& vzttt A3 Ayt v
Zt} : 1) Negative Control (NC; Basal diet), 2) Positive Control (PC; Basal diet +
antibiotic), 3) SBP2 (Basal diet + sugar beet pulp 2 % 37}), 4) SBP8 (Basal diet
+ sugar beet pulp 8 % #7P), 5 OH2 (Basal diet + oat hull 2 % #7b, 6) OHS
(Basal diet + oat hull 8 % 7} % t}. Sugar beet pulp$} oat hull® H7bFol whE A
A S AL vE Be YU dFE Aot skglew, NRC (1998) AMgE<s

7Rt WAL A AR,

. A3 Atg (Feeding program)

S Qo giFuks APANES] 7|Z2AFE (basal diet) 2 o] g8kl om, 7k AR Al 7)ol @
Fol wigs Akt F 671412 AFETE s E o] WA ApEAbeF Zr O] et 5o
oAt F 35¢U%te] AT AFFAY VIE st wolst AAE S ArelyX|7F (net
energy)+ phase I (0—2 ) 2,562 NE kcal/kg, phase II (2—5 ) 2,547 NE kcal/kg
T o2bzy AAeto] AFFAE, YdL astE dAkAE, alFAE el o] &8ttt Phase T (0—-2

), phase II (2-55F) 9 ©AYE AlgE9 Zuwz sheke 717y 20.57%, 19.87% ©] At
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Sugar beet pulp®} oat hulle YAEE ZHA 24 ste] H7sld o, 2glHE  Sugar beet
pulp®l oat hull®] 7} FFo] Fobdel et S5 (corn), W54 (soy bean meal), 2]
= (vegetable oiD) & Zdsto] Zt Al FQ & =] o7t gl skt &8
+ PC AHggent ofzegtulol il Elotads ARYF A7l E A Fto| wel Z442F &
(phase I, II ; ofxZelmto] Al 0.10%, EloHad 0.04%)< A7kt o, Afik A+l 4
L BE A}SE A7) sugar beet pulp®} oat hulle Z+7; 2, 8%S Folstgct Fo AHAL

g9 dg 4 A AL ¥ 7 (phase 1), ¥ 8 (phase 1Dl AAH wvle} 7}

=
T

¥ 7. A Al vigH] (phase 1)

Ingredients NC PC SBP2 SBP8 OHZ OHS8
Corn—wheat 22.83 22.73 20.70 16.12 21.16 16.56
Corn Ext 17.00 17.00 17.00 17.00 17.00 17.00
Wheat flour 10.67 10.67 10.67 10.67 10.67 10.67
Full fat soya 10.00 10.00 10.00 10.00 10.00 10.00
SBM (dehull) 18.53 18.53 18.60 17.25 18.20 17.13
Sugar beet pulp — — 2.00 38.00 — —
Oat hull - - - - 2.00 8.00
White fish meal 2.50 2.50 2.50 2.50 2.50 2.50
Vegetable oil 3.07 3.07 3.13 3.60 3.07 3.20
Whey powder 12.27 12.27 12.27 12.27 12.27 12.27
MCP 1.07 1.07 1.07 1.07 1.07 1.07
Limestone 1.27 1.27 1.27 0.73 1.27 0.80
DL —methionine 0.09 0.09 0.10 0.11 0.09 0.09
L—lysine 0.17 0.17 0.16 0.15 0.17 0.18
Threonine 0.06 0.06 0.06 0.06 0.06 0.06
Mineral—P* 0.20 0.20 0.20 0.20 0.20 0.20
Vitamin—P* 0.20 0.20 0.20 0.20 0.20 0.20
Choline 0.07 0.07 0.07 0.07 0.07 0.07
Antibiotic - 0.10 - - - -
Chemical composition
NE, kcal/kg 2,574 2,572 2,560 2,552 2,563 2,548
Crude protein, % 20.66 20.66 20.72 20.28 20.61 20.47
Lysine, % 1.33 1.33 1.33 1.31 1.32 1.33
Crude fat, % 7.08 7.07 7.09 7.42 7.09 7.28
Crude fiber, % 2.52 2.52 2.86 3.86 2.68 3.17
Ca, % 0.98 0.98 0.98 0.80 0.97 0.80
P, % 0.75 0.75 0.75 0.73 0.75 0.75

-

Provided per kilogram of complete diet: 12,000 IU vitamin A, 2,400 IU vitamin D3, 60 mg vitamin E, 2.25 mg
vitamin Bi, 5.7 mg vitamin B2, 4.5 mg vitamin Bs, 0.036 mg vitamin Biz, 3.6 mg vitamin K3, 27 mg pantothenic

acid, 34.5 mg niacin, 0.19 mg biotin, 2.25 mg folic acid, 7.2 mg.

o

Provided per kilogram of complete diet: 159.2 mg Fe, 126.8 mg Cu, 89.1 mg Zn, 31 mg Mn, 0.37 mg I, 0.33 mg
Co, 0.17 mg Se.
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¥ 8. A48 AlZ uig] (phase II)

Ingredients NC PC SBP2 SBP8 OHZ OHS8
Corn—wheat 42.10 42.06 39.72 32.63 40.16 34.52
Corn Ext 10.00 10.00 10.00 10.00 10.00 10.00
Wheat flour 10.67 10.67 10.67 10.67 10.67 10.67
Full fat soya 10.00 10.00 10.00 10.00 10.00 10.00
SBM (dehull) 16.73 16.73 16.87 17.07 16.47 15.47
Sugar beet pulp — — 2.00 8.00 — —
Oat hull - - - - 2.00 8.00
White fish meal 0.83 0.83 0.83 0.83 0.83 0.83
Vegetable oil 2.40 2.40 2.67 3.60 2.60 3.20
MCP 1.40 1.40 1.40 1.40 1.40 1.40
Limestone 0.73 0.73 0.70 0.67 0.73 0.77
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Cheese powder 4.00 4.00 4.00 4.00 4.00 4.00
DL —methionine 0.07 0.07 0.08 0.09 0.07 0.07
L—lysine 0.19 0.19 0.19 0.18 0.19 0.21
Threonine 0.05 0.05 0.06 0.06 0.06 0.06
Mineral—P* 0.20 0.20 0.20 0.20 0.20 0.20
Vitamin—P* 0.20 0.20 0.20 0.20 0.20 0.20
Choline 0.11 0.11 0.11 0.11 0.11 0.11
Antibiotic - 0.04 - - - -
Chemical composition
NE, kcal/kg 2,549 2,548 2,546 2,546 2,548 2,547
Crude protein, % 19.88 19.87 19.95 20.04 19.84 19.64
Lysine, % 1.27 1.27 1.28 1.30 1.26 1.27
Crude fat, % 7.65 7.65 7.86 8.61 7.86 8.48
Crude fiber, % 2.83 2.83 3.17 4.18 2.97 3.38
Ca, % 0.77 0.77 0.76 0.76 0.77 0.77
P, % 0.76 0.76 0.76 0.74 0.76 0.76

s

Provided per kilogram of complete diet: 12,000 IU vitamin A, 2,400 IU vitamin D3, 60 mg vitamin E, 2.25 mg
vitamin Bi, 5.7 mg vitamin Bg, 4.5 mg vitamin Bg, 0.036 mg vitamin Bio, 3.6 mg vitamin Ks, 27 mg pantothenic

acid, 34.5 mg niacin, 0.19 mg biotin, 2.25 mg folic acid, 7.2 mg.

o

Provided per kilogram of complete diet: 159.2 mg Fe, 126.8 mg Cu, 89.1 mg Zn, 31 mg Mn, 0.37 mg I, 0.33 mg
Co, 0.17 mg Se.
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t}. Aok d (Housing)

AFFAR N2k F 53 AdEon, APES 0.90%2.15m° A719] EelA] A E
Atk ZF =wWels sl AR welrlek 8719 UE w7 AAEH Ao HA Ad
717 &<t B9 AR e FAS AR A (ad Lbitum)dt S5 SFITE AHEV] ] B &
AIA = A dFAEE 30CTE FAlen, w5 1CTH W0 AE=7] 5574k 2
6CE FAsH sttt AT 9L AR AIAFS AMS ©A D AR T/ BE AlHE 1
o] A= WAl AlA (initial), 25F2F (phase D), 5%} (phase 1D =43dto] A=A
(average daily gain; ADG), ¥3A543 % (average daily feed intake; ADFID), A5 &

T4 (Feed per gain ratio; F:G ratio) S ZAFslai T
gt g A4 (Blood assay)

g2zt A7) (phase)® A & 6745 Adsto] AWM A5, BUN (blood urea
nitrogen), creatinine, IGF—12 #243¥ ¢}, N2 disposable culture tube°l] X3 3}¢]
3,000rpm, 4T AHZ 1565 &<t 4l stk 1 % micro tube RE¥HE7]o] A&
welste] B4 A7bA -20CE BAsklth. BUN, creatinine A543kt #47] ADVIA
1650, Japan< ©o]g3te] 46191 IGF—12 Immulite 2000, USAE o] &3te] A3

oX

Al sugar beet pulp9 oat hull?] F+H¥ Fo97} o] FA=2] ki A3}Eof
T GFS dotr7] 95t ol fAES H AT 16.631+1.64kge] AAM= 18FF 64
RbEo] ehdlouAo® 1vpe¥ Yol wjAstdn. A€ A= ved #o 1)
Negative Control (NC; Basal diet), 2) Positive Control (PC; Basal diet + &4, 3)
SBP2 (Basal diet + sugar beet pulp 2 % %7}, 4) SBP8 (Basal diet + sugar beet
pulp 8 % A7}, 5) OH2 (Basal diet + oat hull 2 % @7}, 6) OH8 (Basal diet + oat
hull 8 % 7h oAtk

asks A2 AR AFHeE JqHRom, 457 (adaptation period) 643 =47
(collection period) 5%, & 119 &<t FaqAtt. 5 7o) & AF7] &<k spFe s+ H
A LT Aol F3 =E AFH SIS, APAIEE H A
atgel F ¥ (07:009F 19:00) A% Folstgith 2 A3 7
ol dof Weryt (—200)sklem, fdx7]elA 60Tl 72413 &F Axst & A9 A

Fo

7ol 1mm<Q! wiley mill& o838t ettt AFHE == dEYorY FAts WA
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13 10% H,SO4 50mlS v Fo] =& Zeprg Fof wjd HF k9101, glass woolS
Bato] o]BAL Ay ¥UZ ZAF T, ZA YEFE HP (-200)FR 08, i o]&FE
Ao g AHEEAT AR, B o9 ok T E 2End, =AY 3 238
AOAC (1995)#+el meh $43k90 3, d%a 28he3 A2 o) §82 243 93 o
H 9,

oo rlo r«[n:

o]

(1) &3ka A9 34

99 ALE AE AFR 0 A
AE AR ) H‘rri-J A7
APES WAL ¢

- ==
‘ .ﬁw o
!Miz g
Ed

FIrasE ARG EF w9 FHAFCE v AFHS FYsto] v o®
ZHEA7HA HeEH 2EolA B =5 AaE A (3. LE8F% A AdEY



RO gAbE @ 1nkeld AR mgolt (9). dAES B ko ARAQ #
JAAE FH5aA stolo & BRolL, AUEY AREL 49 (HJE AAL gkt 4

o]

=
L)ool g ofof strh. f1o] WHS Folo] FUA 4SS AYS IS
v}, 3 H-238 (Anatomy trial)

gFAddes flstel 21£3 Aol o3t HwAlF 5.15+0.23kge] A
([Yorkshire X Landrace]l XDuroc) ©]#= 18FF FAIste] A & 574 & 21Y
AALRE AHHER FoIs & 1 FoA 3FE AEetd] SR & @*]3}95\‘:} (BiAF 7.2
T 1.33 kg). At Ag=E sk Aol 2 MAERE thArSel vl =L, 12412 A4 %
S F A 3AIZE FUFY AR ES ANES QT &4 & 4% (small intestine), U
% (large intestine), A% (rectum)S w23t th i%iﬂ Aol#x & (duodenum), &%
(Gejunum), 3] (lium) F9E 2cm dol= AHS & 10% neutral buffered formalin®ll
1A3E T alcohol®  xylene step IS AXH E543+9]  hematoxylin®  eosin
(HE) —stained section (4um) 2.2 "F5o] €5 (vill) ¥ 82 (crypt) & #zste] FJefshA
E2 (morphology) & %A} Th Real—time PCRES o] &3 A n|AdE 73 A 2 %
W m =R sk A A WA dotr ] flel 3% (leum), "B (cecum), &3
A% (transverse colon), A% (rectum) oA 4sHES AFHs] —80TC FHI = R3S

m o\

—_—

1

—

A

2
s o} o] T tFE AAGE Fol dE U]*‘E Al 5 7—17—1@4 U]
AT o] T A=l Aol teE AAEE F ] 1213 B s T
e X A v AE F Sol4] primerE Xﬂﬂo}oﬂ‘jr AREA QL PCRoll A}
25 specific primers real time PCRES F33}7]o+= PCR product size’} #14 PCR
efficiencys "ojxg]”7] wi&e] D AeFol error® g3 7hsAdol gloH, wEkd 2%
of thsted o]& WA 4+ 3= PCR product size7} 22 real time PCRo| %= primers
AAetaint. vl150]2Ql band9t primer dimer?] FAE HY oAE LAIATY] wel
RT—primer A& % target DNA ©]2] 2] BH]E0]| A<l band’} YEF=XS &<l&}9it}.
Real time primerE ©]83}o] =4 vjdH target "|AWES] genomic DNAS} 34 PCR
AgS Ao target WA= 5ol#<Ql bandE FFHFAIZ|L ©]E PCR product

=1
purification kit (iNtRON biotechnology, INC) ©]-&3lo] A3t 3 Z2Z=

DNA ©HS =
B E Vector (pGEM—T easy vector system, promega)°] A&ttt o]& 54 wHo]

Al ® plasmidE ¥ ¥ competent cell o transformation A%t} ©]% transformation
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¥ competent cellS At ®jeksted 5% DNA wHo] 419l% plasmid (plasmid DNA
purification Kkit, iNtRON biotechnology) & W& F%3to] DNA =& 54t} o] &
standard plasmid DNAE sE¥W=E 343+ serial dilutions AAEF] sampled} $H7
real time PCRS 33}t

o}, 3}st B4 dl 27 B4 (Chemical and statistical analysis)

B A% 9] datax= SAS (SAS Inst., Inc., Cary, NC)2 MIXED procedureE ©]&3}o]
d A designe®A  FAEAS AAEAH ARAAA datadl BF @ =wo]
experimental unit® 2, ¥ JeFi 43, A, 244 54, AU uAE A5, F
Al s A9 A¥EE 1570 experimental unit® @ AP EATE MIXED
procedures model®] 1ol A&l (treatment) 7} fixed variable®, WHE (replication) <=
random variable®= A=At} {214 *fo]= SAS (Saxton, 1998) 2] PDMIX800 macro
£ o]&ste] AR FREHAT. BEe SAF FA4 Qo] 194 AolE HAsH] QT «a

F32 0.050] AT
A3 F AT Ay 4 uF

7}. 3734 A (Growth performance)

oAb Atm Wl Afae Fwd ¥ HVF FFY Aolvt oA=L el wAE
ggkel that Axo] i E 9o YEFNITE Phase 19 AAAAS Avny dG5AH
(ADGQ), 4 A=5AF%E (ADFD, Al 27E (F/G A FA8AE 0.1% H71s PC A2+
o AFsgol FoFor =A YyEET (P<0.05). H3F AF4A¢9S 53 sugar beet

pulp®} oat hull= H7FE A2 A Aol w2 Zlo] #FE T o fFAh=2 ol Al
lactase &3ta A7t FAo] F2 W, 08 JULE Walsts Al WY ES ol ol
A S7vek=d Afae] H7EE Qlete] #HlE Zart AdelA Atz &8HA Zae

m, o] & s AdFe] PC AzlFel nls] FHAHx 2ow Azt

Phase 9] 44422 AW phase I3} o] PC 79 @420 7 =4
ehath Zeu AR A2k AR Tehe] vmeAs foAel Aoz vehtA] ghgor
phase I Xt}= phase oA G429 H7IE A& AE Ao /MAE= AL A 5
7b ARk Aol fas ke AElTe] A4S FAAE HUbeA & NC Mg THvt A%
o] A YEbth B3 sugar beet pulpE 8% H7F3H SBP8 A9 A% PC Az
o} T 4P AE Bl
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A AR7I7E (0-5 7)) A4S A4 R2Y phase [, oA 4] 7H4 =9k
PCAHE T A& Aol 7 e, AoldfE H7te Ay 52 PC Ag7Ho 49
Eila‘wl A YERE AR NC A g 7tell vl 4] Yebsk o, sugar beet pulpE 8% 7t

SBP8 @72l A9 PC A F9 TE3 A4 AAS vt} (P<0.05). Td 2o &
A %T}% T2 zbollE B8 8% el 2%t SRt dPS Al A%
=A WEbstoH, o= phase 1 71%F &3k A FAFS zoloA] 7|k oz gtE
o dAtE AR E Be AgTelA felAQl Aozt vEA] kstoH, Al Q&
o QlejxE= PC A9} SBP8 Az FollA 7Hd 9HA vebd 1kg SAE 918t AAs Q7%
o] W& Aow yetwor, A7 (NO A 7 2 AR 8788 Yebddth 2ol

2 FEFY 7He] vlwolAE oat hull®Uth sugar beet pulpE HA7FsE gl 7-2] AdFSA| ko)

O;

= dEb o H7F = 7 vl s HoldwrAas 8% WM AYTEe] 4ol =
LFERSL T

2 AT AYE g o ® ol fAtEelA AR Hbe FAAE HUbe A TEg A%
dA o] YA YEbAIRE SBP8 A el 9] o] Apw=o] PC A7+ A= tiedt A4
= UEH o] sugar beet pulp® A=ANR W H7be FAAE diAD 5 Sle 7Hede Be
o} ol st Ay= AW (wheat) 9159 AlRel SBPE 6 % H7Iskls o o] x=2 A%
Aol MAESTHE Lizardo & (1997) ¢ Al vlszsioh, 3 4o Yehy Ql%o] sugar
beet pulp®] Alt:E Ul H7FZ Ast &2 53] 2~557 A Fod o= YelRLTE o= o]
7 SOl A= wAdsst Fako] W= FAlel sugar beet pulp?l AlrAado]l g
of S84 FF= VA AAHOoR AFeH Mol TAHARA FFE vA= AoE ARd
th, B Ao AL oat hulle] A A 717 EQke] AlekAl Aol NCeF =Fol7} gl
2~4%7v2 8] A3 (oat hull) = X}E AlZ o] AFE39 Y Lopez 5 (2003) ¥ Mateos =
(2006) o] AFAHe} dAst= AAE Btk ARbH o2 oat hulle B84 2oldfa ¥
g 1d o] ¥ 532 XY &=d (Bach Knudsen, 1997; Manthey %, 1999), ©]
=9 A7Fh= sugar beet pulpEt B2 ARl &S YR Zo®2 YERH. o= oat
hull Xt} sugar beet pulp”Z} olAb= Al U /4 5902 ¢ A4S el

Aegf oz 2 AFAysE AgAA d= 835171 fdlA = oat hull¥} sugar beet

pulpd] £ F o ARSE £EE AU FAL0R APs] 49 WAEES 19
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E 9. olfAE AFR W AR4d FH F HbeEed wE Fo7t ARl A 9%

Ttem' NC PC SBP2 SBPS8 OH2 OHS SEM*
Phase I (0~2 week)
ADG, g 323¢ 369° 324° 347" 324° 329 3.968
ADFI, g 494° 533° 491° 503" 480" 500° 4.573
F/G 1.53° 1.44° 1.52% 1.45% 1.48% 1.52*  0.011
Phase 11 (2~5 week)
ADG, g 548" 5842 566 583% 561% 570% 4.177
ADFI, g 975 993 986 990 974 975 5.544
F/G 1.78% 1.70° 1.74% 1.70° 1.73% 1.71*  0.010
Overall (0~5 week)
ADG, g 458° 498* 469° 489% 467¢ 474b 3.407
ADFI, g 783 809 788 795 776 785 4.333
F/G 1.71° 1.62¢ 1.68% 1.63° 1.66™¢  1.66™  0.008

"'NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP8: sugar beet pulp 8%, OHZ2: oats hull 2%, OHS8:
oat hull 8%.
% Standard error of means.

¢ Values with different superscripts in the same row are significantly (P<0.05).
v goka 4318 (Nutrient digestibility)

oAb Ats Wl AfrAe] FF 2 FEE HUPL ol A= YA Asts 2 AAFA
fol v Aol disiA E 100 JdERlSIth dFAh AsES B ola Al AlR
o] 44+ (Le Goffe} Noblet, 2001), AF&E7F& 3 (Lahaye &, 2004), 7WA k] =]
o} AtmFo & (Noble¥} Shi, 1994) Sl o8& 22 4= Stk Van Soest (1982) 9]
ol W= 2o] Ao AR wet AE, gl 7o AgEo] A TS wev
ISk a Eg i i A3tEe] SHEEE gebxitka skgith S Rijnen & (2001) 9
AFAye] w2 = ALE W sugar beet pulpE 0, 10, 20, 30% #7}go] wal v H
AogFo 43H8&0] Z+2F 70.6, 74.3, 78.4, 80.6 %}tt. Varel 5 (1984)°] &3t 9]

EF5Q #HA 2 AUlX Fibrovacter succinogenes\“y Ruminococcus flavefaciens & 2

A4 sl v A& (celluloytic bacteria) 7} A A8tH, AfF49 o]l&&o] EAY vH|HdEA
thdol shako] We A9 (o: Sugar beet pulp) I 3o Zrlsla 3 x| HMAS] A
NEFE S7Fst

o]

o stk st FAAS ARAl o YL A%ES gAaAT L

s = 7 v 294 4 o 23 ZdEe 2G4 Joe §iﬂf’4

© FAAA G TA gom A BA Y prebiotics® 714 F3
2 AdA47 AE (dry matter) @] A3b&olA HEF F /94 Zo|7l ARl oH,

sugar beet pulp® H7} oat hull® Folol vHld =& AELZI}ES AT 3 oat hull

o] B A7l wet 8%t =0l 2937 R W2 UL 23ES YEY £
G2 (crude protein) A3b&olA FESE A 7F Fo 4 zfolrt HAEHS oW, AFAY
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= 47 8% HrE HbrEel Z1E AgTEel vlE W AL AsES o}
sugar beet pulpE FH7F8t A2+ F3& (crude ash) A3H&o] w2 ATdFS YeR)id)
dedon dda 4389 Add3sE HadS o AR O R oat hull 8% H7h= AR
23ES AaATE ASE AtsEH

© AdY Ay AF2d®Y St wel fecal CP, DME A3h&o] Hashlvhs
wilfart 5 (2007) 2] A3}tel FAFSEH, Calvert (1991)7F Haldk AFtollA] oA ¥ FF
1, A4, oy A ol &&S AstAZ 4 vty Busglth At B84 A
AF=E 1 o] g&o] "Wojxltty R (Shi®t Noblet, 1993),
B84 Aol fa ol %2 oat hullg AHEARC] ARES - Aol 2874 AoldH
& I

et Baelh AR sk AaE FAD 5 AT

fT
32

AasAge A 2 Aoldfad A7 dAaFAZ] dx=ol vla =4 Yebwe
g, ol iz AFRES FAA7F AR B @A YEsy] fE oz Alsdnh AASA
o Af g Fot AA vERelA ARAdY HrbrEel wek dA wiEgo] SUHEE
Ao ® YR T3t 22 AFRREAATE WA et s fcbsteEtE NCeF PC
gz Mugs Al AFAd JH7t £5 §3 Al wESS A SUF Al7lE Al
2 e

E 10, FAE AHE U Afad FE 2 BrEel BE gt 9% 4% ¥ Ak

A go] WAL 9

Item" NC PC SBP2 SBP8 OH2 OH3 SEM*

Nutrient digestibility, %

Dry matter 91.06™ 92.46* 91.73* 91.45* 91.43*  89.50" 1.468

Crude protein  93.94*® 93.41*" 90.25" 88.93° 90.16™ 88.24° 20914

Crude ash 59.83°  67.83*  61.34" 67.39" 62.00"° 56.20° 6.487

Crude fat 84.63  88.28 88.99 86.77  87.35 86.58 2.661
Nitrogen retention/day, g

N intake 6.45 7.08 7.52 7.74 7.63 7.77

N—feces 0.39" 0.47" 0.73% 0.86" 0.75" 0.91* 0.243

N—urine 0.90 0.96 0.93 0.93 0.83 0.81 0.119

N—retention 5.16°  5.65° 585" 595"  6.05" 6.04*  0.376
! NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP8: sugar beet pulp 8%, OHZ2: oats hull 2%, OHS8:
oat hull 8%.
% Standard error of means.

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

ABC Values with different superscripts in the same row are significantly (P<0.01).

_48_



t}h 85842834 (Blood Urea Nitrogen)

olft2k= AR W ARaY T % FEE H7PE olfA=9 BUN (blood urea
nitrogen) ol WX = @3401] el 32 11 et B Add AFEE 713 w2k A
A@7MAS] BUN 5% H9E 9.3~16.5mg/dlZ UNHAQl BUN values WER AT

BUN= o}n]=Ate] Ol%oﬂ et gEdel AR 2ol (Eggum, 1970), BUNS
A AFAL 2 F- AHA] dRES 7AW (Eggum, 1970; Hahn 5, 1995), A3 %

Azl AW FAe gttt (Whang? Easter, 2000).

AA 0 F BUN valuer: 495 A% 2 A28 &7 negative correlations 2t Zo=
dHF oy (Hahn &, 1995) & AdoA= AGA A BUN value:s A#AES HERA
ZoF3ith BUN values A9 EWH, A F371<2 NCAHET7F 2 ‘/]‘FJ"XLO— . AT
U Adwa T 2 AUkl e FE AdS & 7 Aoy, 57 A A4zt vl
Al AFE Wl sugar beet pulp®] FH7h= NCAHE 9] A9 o] 847 F24 72}0]?——3 LB A]
AR oat hull 8% FH7H9] A-fol= NCAH# T2 A¥Ett BUN value?b 240 =
SHA dERg T (P<0.049). ¥]E BUN valueZb 435" 9 ALS&EE7 negative
correlations ZHA|qF & Al A4 YERE BUN values 37 348t &A= A
B Bues YL ashE Ayl dvA Ak & Flo®w AlRHTH

11. o]f At Ate Wl AF4ad d8 2 JA7lsEe] BE 971 52444 (BUN)
o] m|x]= 3k

Item’ NC PC SBP2 SBPS8 OH2 OHS SEM?
BUN (mg/dL)
Initial 9.91 9.91 9.91 9.91 9.91 9.91 —
2 week 14.30° 14.86™  15.14™  14.74™  14.42° 15.46 0.099
5 week 1274 13.42*  13.18"  12.52°  12.88"  14.02° 0.139

! NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP8: sugar beet pulp 8%, OH2: oats hull 2%, OHS:
oat hull 8%.
% Standard error of means.

¢ yalues with different superscripts in the same row are significantly (P<0.05).
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2}, A#otE]d (Creatinine)

A= Abs Wl A4
= Ayl disiA & 129
olFE IS A FEelA
= UEREA okgith mEd 55

-
o
-

A otE 9]

]

FA7h =7 deps o X%F/l?ﬂ
Aol YoIE Ael Tt F

dutd o AotEld 2 ¥, I, A& qUAE B

Holel o7 A=}
e A &

olE2 tiAbR ol AR
SollARE A,
Agotelde] AsetA dvk webq AotEdE
th 2 AdA9 AFE Y sugar beet pulp$} oat hull?] H7F= %

Sk

ot

= &0l iﬂﬂo Ej o]t}
Eotke] wAd s =d A
=

1ol H7E7E ol A=e] A#otEld (creatinine) o] WA

Atk £ Agd I of Adoteld

o -
O -1

25 2] A
Go] Al x}o]
T AT
A% s el 2
o= =dlo}t¥
o F&7s°] YA dF
A% lﬁ%— vebdtta 3 4 9l
[RIRES- SR R = PSR

RAH JFE MAA g Aow AR
12. o] A= AtE Ul AF4d FH 9 JAUlgdo BE F9971 2 otEd (creatinine)
o] m|x]= 3k
Item" NC PC SBP2 SBP8 OH2 OHS8 SEM*
Creatinine (mg/dL)
Initial 1.16 1.16 1.16 1.16 1.16 1.16 -
2 week 1.12 1.12 1.16 1.16 1.18 1.18 0.016
5 week 1.16 1.18 1.12 1.18 1.16 1.20 0.020

'NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%,

oat hull 8%.

% Standard error of means.
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ko Ed3 ded FAF LA IGF-1)

b= AFR W AR T 9 e AP oAb 9 F Jded
(IGF—1; insulin like growth factor—1)°l ®|X]i= A ¥o] ths]A 3x 13 YeERSITE A
A A= A2} Vo] ladd AR aARAIRE e s gy Al
Oﬂé‘ st Ad7go] Qg Ao oUAE o lEd fAF A AR EE
Aoz FHlE A4S A #ste] wolsts AR AduA Y 729 Vs =4
I st W o] o= g Fogt 98-S sth (Bayes—Genis, 2000). YHHE o %

JoF el S8l A BT FRHt B A A& HAF AgARe) 2o} g

o>

p
ok
@

A
H

MW

rir

Frt

2

==
K
A

NS

(o
0%

3
A

Oft
il

A

© A

+

il
2!
)
de] Aol st 252k} 5FAFelA Al ko] FolARl Zpolv} vEbth 25
Fell sugar beet pulp 8% H7I77F 7HY =2 % IGF-1 55 Eon, A A+
BF A AT ApolE HolA ikt 5FA R 257k} wiRZIA| 2 YA A
T2 F A ﬂa?ﬂfﬂ zho] = YERUA] SkAI T, sugar beet pulp®] 77} oat hull

A7t nlEl] =2 8% IGF-1 55 Eoﬂ‘:]-. 552} sugar beet pulp®}t oat hull® &
Aelgzo] EF F3AA ATy 52 A3E Bdon, ol A Ao A3
Allstal= AP A 2] Aol o= X ARG Ao ® AR E T

Q2 lo w lo v

i

£ 13. olFA= Atg W Af4ad FH 2 HrkeEd e 3971 IGF-10 v|A+ 4%

Item' NC PC SBP2 SBP38 OH2 OH8 SEM?
IGF—1 (mg/mL)
Initial 113 113 113 113 113 113 -
2 week 155" 158" 146° 1717 153 159" 1.691
5 week 202° 206 2947 236" 213" 207"  3.087

'NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP8: sugar beet pulp 8%, OHZ2: oats hull 2%, OHS8:
oat hull 8%.
% Standard error of means.

¢ Values with different superscripts in the same row are significantly (P<0.05).
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vk, A% U FJEe4 W3t (Intestinal morphology)

& 146 RO Fol, gk o] a¥a I &4 vl& (villi hight : crypt depth)& 3%
718tk 2 AEd 3 AR Wl sugar beet pulp@h oat hull®] Fd7be] whE A2 el g9
o], goke o], zEla 1 HEel o] BAHoR FoAel xols YEhA ehokth 1
Z} NC Aol vl&] OHZ2 A FE #Aes SBP2, SBP8, OH8Y § X2 o]l H|&o]
S 7Fete A eko] #EE QY. 53] sugar beet pulpE 8% F7tst SBP8 A9 A9 &
o] A717F A3 RO Fo|7F Fof I v o] £ AE B F U FoHoR Aol=
Aok olg st AHrt yeRd ol fFZE AR U HUEe SBPZF AulEWe] AUAEE A=
sto] &4E §EE BYA7IL, 9L FES 9483 st R Hd H Igs S5

W71 W] Ao AR EU

Oft

At o A=l 2% 8 FH olf F AFHT W AFRS FFem ot FopAa
Fe] Folxl 3o Rk skal gtk Cera & (1998)°] <shd 1o Aol olf
< S 113k th. Mathew 5 (1994)

2
= woldlE A= BN Rl oW JFE FA devha dglor
A=l A e 3F9Y g5 dolrk oF 15%7H4] fAaH s BAE sk 2
TolME 99 AAdel ke Ads BolFolil o, ¥ AdelA A sugar
beet pulp®t oat hull 71 YAEZ w5 A7 Tkl El, ofef et A= Apojeh s

Amabel apo] wEel el Festa Male] & WAL Aow AmHLh

E 14, OFAE AR W ARES FH B AAEEel 2 Folst e IHSy Az
o WA= 9

Item" NC PC SBP2 SBPS8 OH2 OHS SEM*
Morphological growth (d 21, zm)
Villi height (VH) 411 421 430 417 397 418 1.53
Crypt depth (CD) 209 207 195 201 206 201 1.77
V:C ratio 1.97 2.05 2.22 2.08 1.94 2.08 0.02

"'NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP8: sugar beet pulp 8%, OHZ2: oats hull 2%, OHS8:
oat hull 8%.

2
Standard error of means.
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AL A v A E #F (Intestinal microflora)

AutA o0 7 o] FA=S] wAE #F O %= Lactobacillus plantarum, Lactobacillus casei,
Bacillus subtilis, Streptococcus bovis, E.coli K882 A2 v|AE 7 2 3& &4 &
Qo Folqto] Falld By $@sta Qa, FAHFQ Lactobacillus spp.7F B B2 47}
AR s Qo AZst A d4-= A W Bacteriodes, Streptococci X Lactobacilli % 2]
Hl&o] F11, to‘ﬂ of dd #|AXY4= Anaerovibrio, Selenomonas 2 E. coli®] H]&°] =thil
o2 % Slth(Robinson, 1984).

gl ‘EE e AR &4, 34, B, o, A% Ul A3 dE 1g9 A
3l+= Lactobacillus casei, Bacillus subtillis, Streptococcus bovis, % Escherichia coli
K88+ Z}7te] m| A& #FE real time PCR 7S o] &3] 43, 3% 159 YERES)
o 2 AdAT WAF QY Escherichia coli K88+< A&st Yz FQ| 4 thE uAdl&E
ol el A3t vl ofu gt Aot FolAl ZpolE vrehAl ehgtth mWAE-9] ol A
+ sugar beet pulp® 2 % 8% FH7ISH Ay G2 oat hulle 8% FH7FsH A9
Escherichia coli K88+2] CT value7} %7 vetd A3E 3l 2old+E A=Ats W A
7F Al 3l mAER] Escherichia coli K88+2] dFFE AAAA v|AE H#Fo T2
FEFE A F doeE HES et EE o vdE dFolAde WEut gle A
Kol Aul dwtrow EAjst= wAdE dFFo] AA HH A Edtee e 29dE
ol oolg st HAAd dgTe] 24 dAaE tdte] mucosal receptorol F-EEh=
w3 AgtEe] H28 4= 9l binding sitesE Al¥ste] YERG Ao =Z AAV|7F A4

AT A AR d fF3l nAE 7T FE =Y 7 ATE VS8
At} TAUst A3t} (Ishihara 5 2000; Naughton 5 2001). & sji 23 @TJr
sHel R o] A= AR W] sugar beet pulp® oat hull® H7l+= AUre|ABE o
|

BFL v 5 Y o ARA

1<l

10_1

Fﬂi

o, W
o 1 kol 32

2

i

ki
N
oX,
=2
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E 15. oJfFA=E AR Wl AF4Y FH 2 HubeEe ©E s A S EF el 7
e P&
Item" NC PC SBP2  SBP8 OH2 OH8 SEM?
Tleum
Lactobacillus casei 27.49 27.47 27.94 28.33 27.91 27.77 0.13
Lactobacillus plantarum 26.99 27.10 27.18 26.92 27.22 26.84 0.06
Bacillus subtilis 20.85 20.64 19.92 19.84 21.11 19.64 0.22
Streptococcus bovis 22.26 22.26 21.51 21.67 20.67 21.68 0.78
E. coli K88+ 31.12 31.36 31.52 31.16 31.12 31.04 0.09
Cecum
Lactobacillus casei 26.85 26.74 27.22 26.96 27.05 26.76 0.09
Lactobacillus plantarum 22.74 22.98 23.06 22.82 23.05 22.92 0.08
Bacillus subtilis 20.29 20.30 20.50 20.06 19.63 21.09 0.15
Streptococcus bovis 21.34 22.18 22.36 22.17 22.25 22.31 0.15
E. coli K88+ 30.99*  30.89"  30.47”  30.45"  30.91°  30.31" 0.08
Colon
Lactobacillus casei 26.21 26.00 26.10 25.82 26.26 25.82 0.08
Lactobacillus plantarum 18.48 18.29 18.66 18.40 18.44 17.97 0.08
Bacillus subtilis 19.69 20.60 20.67 19.99 20.56 20.63 0.16
Streptococcus bovis 20.94 21.31 22.61 20.81 21.40 22.02 0.25
E. coli K88+ 30.21 29.96 29.76 30.26 30.21 30.03 0.06
Rectum
Lactobacillus casei 25.10 25.36 24.99 25.33 25.51 24.93 0.11
Lactobacillus plantarum 18.41 18.81 18.36 18.54 18.76 18.31 0.10
Bacillus subtilis 20.26 20.32 20.44 20.07 19.73 21.15 0.15
Streptococcus bovis 21.23 21.27 21.31 21.64 21.25 21.57 0.12
E. coli K88+ 29.92 29.52 29.29 29.27 29.40 29.71 0.09

! NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP8: sugar beet pulp 8%, OHZ2: oats hull 2%, OHS8:
oat hull 8%.
% Standard error of means.

abc

Values with different superscripts in the same row are significantly (P<0.05).
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Wy 3|k xHRAE (Fecal volatile fatty acid) 5%

o

M

o]-_
ol A= AFE Wl sugar beet pulp® oat hull?] FH7be] w2 ¥ U 3P FX5
X g s w169 JERIQGTE 2 AFF Y A7k 5989 2ol p YERA] 9
Wk s AR ko)

TEoM FAA dAAEZA B FRe EdEo] AeH ded, 1 5 stdrt
“prebiotics” ©]t}. Prebiotics®] #g 7|ZHe Zh) foltSo] o]&E7] AL HFLAE
"ot IR ol &gt & AAEE WA AL (VFA; volatile fatty acid)o] &3 Wl pH
=2 AN A GAFEY Z=A w WA m AR A2 =25k Aotk AR ow GOl

e mAEs R AAsHA Hol s #4F
_‘I

2

o

st
Mo &
R o r

’

ol
15

H

9

ol
o
21_1(

_olh

~N

=

_m

i‘l

i

1o

o

Jo

B d

Aol E. colill binding siteE #|&3sto] 3 o
H2s A st Fozo wlEs F%dh (Koopman %, 1999) g, LH AL T Y
H =9 #HE FA8to] & ZHAxe] 35 &olstA sttt (Jin 5, 1994). %3+ 94
WAks isobutyrate$} isovalerate$} @& A A WA aminel F7h= A=S] ol
AAbe] golo] #Htha ®uFE Y (Bolduan 5, 1988). Gaskin 5 (2001)2 A4 A}
o, o]f F A= AU A3E T isobutyrate?} isovalerate9} #-2 3| x| HFAF3}
Yot} 2 olulF A2 ol F WS (post—weaning colibacillosis) ¥ &2 A
FsAMek 431719 FollE dozivty Husigith T8y & Ao A= sugar beet pulp%}
oat hull®] F7hel w& % W A A AL so ojwsh sty o] A eksk
.

w2

I D)
I

>

E 16. o]fFA= AlE U A48 FH 2 HUleEd OE 597 ¥ U VFA A4
X = G3F

Ttem' NC PC SBP2 SBP8 OHZ OHS8 SEM*
VFA concentration (mmol/ml)

acetate 60.87 64.51 52.63 53.55 58.51 49.50 1.42
propionate 23.28 25.25 22.90 23.59 23.00 22.21 2.67
butyrate 16.29 16.31 17.27 17.19 19.67 16.03 0.27
valerate 2.42 2.56 3.93 3.74 3.09 3.94 0.51
I—butyrate 2.99 2.76 3.56 3.67 1.84 3.99 0.40
I—valerate 3.69 3.26 4.62 4.90 2.21 5.34 0.22

''NC: control diet, PC: antibiotic, SBP2: sugar beet pulp 2%, SBP&: sugar beet pulp 8%, OH2: oats hull 2%, OHS:
oat hull 8%.

2
Standard error of means.
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A3 A Afadel ke AEARS o84 FaE AW Ex
AL A7F AEY 4R AR, AN, 29 3
Bsta A A U AT FE 2 gk 20

of MA= IF

Al & ME

A= o)y - Rl APARR ojdEY Fejdom & wk(astE, vx, 24, U

F7DE AA Hed ol d AbRe] WIte Ao §EE 2 AW, Ad PR dFE
WA 7] 31 o] Eﬁ"l’ T2 Wz <l Ap=of MHALE [F-EA| 71tk (Le—Dvidich®t Herpin,
1994). =8 % WA #AA, A (=AF olF, 25 5) W3t 9 A3 2 dE Fo wet o]
T AAE R W ]‘lﬁ;o]'x]ﬂ] H.

AR AR T ATAE B B2 dATE0dA YRk o HF o S Attt By

&
RARE, FHZol= ARras] FRe ol ‘q"j/]r MER 7FsAol A7EAe™, furcto—
oligosaccharide, mannan— oligosaccharide, B —glucan®} #Z2 prebioticsZ419 H+ 4
7184 2lo)lAdf(soluble dietary fiber; SDF, &=-87]210]A# (insoluble dietary fiber;
IDF) H|&o] Aol wA]+= o“?“coﬂ st A7 XE = gl

Aol A4l H7he 1 TRk ARE=el wel prebiotics®A FUl foltEeol o] &3]
£ ARAE Fysh, U]’}EE-J A= QD 3] %Ak (volatile fatty acid; VFA) ¥}
ko] ¥k Wl pHE ASHAA FAkte S 9 WA v8=2 AstE #F=Eot,
of H#7-9 (binding site) & Al&ste] F o 29 WES sk & (Koopman &, 1999) 2

s T ol AoAf dEE F olfAE AFREMN ThsAlo]l & dEE HEE o)+
o w4 AR A A= A W AA A G Rad A2 glov, AApdA v
el ek A2 Aol A o] aEL AL o] Fo A A ok AFstoltt
Belol= B —glucane] ¥l Ql=d ol 7leA AFAAEA B e 21 3
ot (Maier &, 2000). A2 B —glucan F8497 ELAFoR FRE=, oF 80 %7t 4
Aoz dF FuiHE #AL2ayrt ¢35k (Estrada 5, 1999), ¢ W&=9 %

S
AZ1aL, §1 FEARbE AQATIH, RS St sjdstEge ddsrhe x5 F-8t

€ dad #9] Adfeds Basta lor, dd 584 B —glucand HFA o] ¢ 510
ool A vreelol wEafoll A S 27| wiEel Wel & FIAAIE GSHA7IH FAlO] v
Fe /7 Aer d4HA vk (Bell 5, 1999). ol AfF4& 54 7L A= 7
Y= vAlE 7 2E 9 Fo FeHshy A forE s, dHoEE 84 A
of o3 & WE&ES HE (viscosity) & 2l = 7and



g TXIAA Aol AAE oA ¢ o AEA e E3E JEhdl= A
A ek BEE AHE® A9 &4 xylanase®t B —glucanase®] HHALAE AHE
sto] 2k o] &8 M BEIE A 5 AAT F&A ol § W ofy e AAPYA SWHoA g
Het7] Pz H7brgel Wieh AR 9 HEZE d5Folet & 4 Qv whebA
o= o] A= AFAadS &85 93 xylanase$} B —glucanase’} £3¥ &

?_
& 22AE Arlekle W, olsol A, AAlE, A, I askE 9 A v
It

7} AdEsE 2 A7 (Experimental animal and housing)

T ARFAFE S flste] 24 = 3 AFH o o] {3 HAlF 7.30 £ 1.83 kgl A
% ([Yorkshire X Landracel X Duroc) ©]Al= 1405 5A 8 7HEEO ATy AHES
472wl

a#H skl ¥ (Randomized Completely Block Design; RCBD) 0.2 =W
st B Ades =Y 478 iR Een, =2 v FAYE-&X vke (0.9 X
2.4 m®) FEE 47 e AbR Fol7let UE F5717F AA o] Agzt Fer B3
AEE AT A (ad Lbitum) B ST AR AT thed 2 1 1) Negative
Control (NC; Basal diet), 2) Positive Control (PC; Basal diet + &4 0.1 % 7},
3) A A2l (Basal diet + &44 0.05 % ¥7P, 4) B i113]?(Basal diet + &aA 0.1
% 370, 5) C A7 (Basal diet + &4A 0.15 % H7PD ATt Aol dfFdd Hils Ee
AT T3 &S HUMEN L o8 BE YA S AEE AolglAl skl o,
NRC AFFET(1998) o wheh T5A 3T =8 25 A9 44 § 3 d5d3k2 30 TE
AR e, MF 1 TH yFo] vpxu 53 Aol= 26 CT7F A sttt AT ALRA S
FS uwlF =A3te], ddSAFE (average daily gain; ADG), UIFAFEAF S (average

daily feed intake; ADFI), A5 &4 (Gain:feed ratio; G:F ratio) < 73}%ith.
1. A ¥ AlE (Experimental diet)

SEF-Fu-HE & AALR 9 7| Z2ALS (basal diet) 2 o]€3t 0w, Zt ALS A7)
o] wlgS AAskth F 3597t A=Y AE 7IzE B9 Fodt AFAIES] ME (4
A4 A]) 7}= phase 1 (0 — 2 )3} phase II (2 — 5 F)7F ¢F 3,265 kcal/kg o.M,
phase I, phase 119 @A AlREe] bl = 747} 20.57 %, 19.87 % ©|Sith
2 AP AR BEs JAEE ZA Este] Hrkskglon, o] 59 HbrES 24 %=

TE ATl FEskA Hzbskdth e 2 A3 AlgE aiaAE 2 xyland 8
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—glucans Tdllste 53 a4AE H7bstlow 247 H7kagEel wek 0.05, 0.10, 0.15
%* A7yt Tt

248 A DA, GREFH B ATWHl BE ofel s BFWeIR lshe] Fi
X%H AL el 5 e EALel G WA B AR AP A WE A EEAS
AR ol F A S ANA Ggpor), Az JPARY ¢ B T/ 9 AL
A Aol o5 At Az WA + YED AYARES AFSAY Fo 49

>
i,
=
fo
iy
v

Argel g 4 38hA ew= % 17 (phase 1), 3% 18 (phase 1)l A
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¥ 17. AgAIZ vigy] (phase 1)

NC * PC A B C
Ingredient, %
Corn 17.74 17.27 17.55 17.27 17.00
SBM—44 32.61 32.59 32.59 32.59 32.59
HP300 * 7.81 7.82 7.83 7.82 7.82
Whey powder 3.20 3.50 3.30 3.50 3.68
Lactose 12.00 12.00 12.00 12.00 12.00
Barley 24.00 24.00 24.00 24.00 24.00
Soy—oil 0.00 0.08 0.04 0.08 0.12
MCP 1.02 1.02 1.02 1.02 1.02
Limestone 0.92 0.92 0.92 0.92 0.92
L—Lysine - HCIl 0.13 0.13 0.13 0.13 0.13
DL—methionine 0.03 0.03 0.03 0.03 0.03
Vit. Mix * 0.12 0.12 0.12 0.12 0.12
Min. Mix * 0.12 0.12 0.12 0.12 0.12
Salt 0.10 0.10 0.10 0.10 0.10
Choline—CI1(25%) 0.10 0.10 0.10 0.10 0.10
Zn0O 0.10 0.10 0.10 0.10 0.10
Enzyme complex 0.00 0.00 0.05 0.10 0.15
Antibiotics ° 0.00 0.10 0.00 0.00 0.00
Sum 100.00 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00 3,265.00
Crude protein, % 23.70 23.70 23.70 23.70 23.70
Lysine, % 1.35 1.35 1.35 1.35 1.35
Methionine, % 0.35 0.35 0.35 0.35 0.35
Ca, % 0.80 0.80 0.80 0.80 0.80
P, % 0.65 0.65 0.65 0.65 0.65

! Diets contained 0, 0.05, 0.10, 0.15 % enzyme complex on an as fed basis and were fed ad libitum from d 1 to 14
of the experiment.

2 HP300 (Hamlet protein, Horsens, Denmark).

3 Provided the following quantities of vitamins per kg of complete 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 Bjg,
12 g; vitamin K, 2.4 mg.

' Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg Mn, 24.8 mg;
Cu - SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

® Antibiotic : Avilamycin 20 mg/kg.
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¥ 18. AgAIZ vigy] (phase II)

NC ! PC A B C
Ingredient, %
Corn 36.02 35.84 35.93 35.84 35.71
SBM—44 29.78 29.68 29.73 29.68 29.66
HP300 * 3.17 3.27 3.22 3.27 3.31
Lactose 4.00 4.00 4.00 4.00 4.00
Barley 24.00 24.00 24.00 24.00 24.00
Soy—oil 0.74 0.82 0.78 0.82 0.87
MCP 0.89 0.89 0.89 0.89 0.90
Limestone 0.72 0.72 0.72 0.72 0.72
L—Lysine - HCI 0.14 0.14 0.14 0.14 0.14
Vit. Mix * 0.12 0.12 0.12 0.12 0.12
Min. Mix * 0.12 0.12 0.12 0.12 0.12
Salt 0.10 0.10 0.10 0.10 0.10
Choline—Cl1(25%) 0.10 0.10 0.10 0.10 0.10
Zn0O 0.10 0.10 0.10 0.10 0.10
Enzyme complex - - 0.05 0.10 0.15
Antibiotics ° - 0.10 - - -
Sum 100.00 100.00 100.00 100.00 100.00
Calculated composition
ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00 3,265.00
Crude protein, % 23.70 23.70 23.70 23.70 23.70
Lysine, % 1.35 1.35 1.35 1.35 1.35
Methionine, % 0.35 0.35 0.35 0.35 0.35
Ca, % 0.80 0.80 0.80 0.80 0.80
P, % 0.65 0.65 0.65 0.65 0.65

! Diets contained 0, 0.05, 0.10, 0.15% enzyme complex on an as fed basis and were fed ad Iibitum from d 14 to 35
of the experiment.

2 HP300 (Hamlet protein, Horsens, Denmark)

* Provided the following quantities of vitamins per kg of complete 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 Bjo,
12 g; vitamin K, 2.4 mg.

* Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg, Mn, 24.8 mg;
Cu - SOy, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

® Antibiotic : Avilamycin 20 mg/kg.
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t}, AAx]4= (Diarrhea score)
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2}, g A4 (Blood profile)

oo 7t A7) (phase)™ A7 @ 6FRS Autato] AAMo)A A3, BUN (blood urea
nitrogen), creatinine, IGF—1& #4353t} gL disposable culture tube°l| >3 3}o
3,000 rpm, 4 C H% 15% F<k 94% stk 1 F micro tube H¥HE7]] YW
S Halate] A A7bx —20 C® R #a-9th BUN, creatinine, IGF—18 & 3}8F &
217] ADVIA 1650, Japans ©]-g3}o] F413513i ).

r

vl 523 (Anatomy)

SPAEe skl 28 APl olFF BIAF 6.36 = 0.92ke® AAWAE

([Yorkshire X Landrace] X Duroc) ©|f#H= 3555 wAlste] He 3 554 F 3547+
HAAXNEE AHEEE FoAs F, I T 4FRE Adete] siFE AASSY (EAAF
15.74+t1.03kg). B& A¥=2 =99 5574 vixEoH, =92 ®F S E-&F vhy
(0.90%x2.40m* Tx= 77t shte] Als 7r

—
ofl
=y
__)&I

A)
% 15.74+1.03kg). Add AFES sk Aol 2t JHAERE thAtEe

A2 o £A % 4% (small intestine), 7 (large intestine), 2% (rectum)-< IF/]‘C‘T
o A9 ¥ (ejunum) HFHE 2 cm ZHolZ AFH T & 10% neutral buffered formalin
of AR T}H7F  alcohol’} xylene stepdS AAH E35l9 hematoxylin®t eosin
(HE) —stained section (4/m) 2% W&ol 5 (vill) ¥ §9 (crypt) & &zt FEefsh4d
57 (morphology) & ZAFSFSATE Real—time PCR= ©] &3t A w|AE +F A 218

-

o
>
32 A
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A eko] —80C

3% (leum), W& (cecum), A4 (colon), A& (rectum) oA A=
1 =S AFH AT

deiE Basigion, A ndEe] =] VFAE £435H7] 919

m[o ﬂllo

v, A v E 7% 4 (Intestinal microflora)

A=) AUl AE s vAde #59 54s 2ARsk], A= Adlel =

A 3
Aol de 2R ol T O4E Ades ol @ VAT 4% F 479 nAE

T
54e AT o F AES FelM g s F 4%l b8l A3 F, PCR
BAE A1 57 A AE F 501490 primer® A4A9T, AR PCRA AR5

specific primeri= real time PCR& <33}7]ol= PCR product size’} #A PCR
efficiency® "ol™e]”] wioll DNA gZol error? 2-g 7hsAol o, wehs 2%
of tfste] o= Wx|g 4= QlE= PCR product size’} &2 real time PCRe| 9 primers
Alzbstitt. v]5o]4 <2l band®t primer dimer® WA A AE ATV el
RT—primer A& % target DNA ©]2]2] H] E0]|A <l band’} YEIH=XS &2l&}it}.

Real time primerE ©]83}o] =4 vjd target "|AWES] genomic DNAS} 374 PCR
AYdE AHAAste] target WA= 5olARl bandE FEHAIZIL ©]E PCR product
purification kit (iNtRON biotechnology, INC) ©]-&3to] FAIs §, F%¥ DNA @HE +
H] % vector (pGEM—T easy vector system, promega)°l] A3ttt o]|F 54 wHo|
AlEl plasmidE  FH]¥  competent cell ©] transformationS A A]3th o] &
transformation ¥ competent cell& At ®jdste] 54 DNA wHo] AH]l¥ plasmid
(plasmid DNA purification kit, iNtRON biotechnology) & W& FZ3}o] DNA 55 =
sty o] & standard plasmid DNAE FTEEHZE 3A3}= serial dilutions A A|sH
sample®} 7 real time PCRS 33} t}.

Ab. %2 X (Histological analysis)

Formalin 9 3% &2 BA4S 93] paraffind] 248 & 4pum FAZ Ao,
haematoxylin? eosin®Z A=A (Owusu—Asiedu &, =

(Fisher, Pittsburgh, PA)S o] £3}lo] cover slipsell #ztd & Fstadn]7 (Carl Zeiss,
Thornwood, NY) & ©|&sto] g FFHqtt. 2t &8 24 & 2709 HHA, Z+7+ 371
o] & £°] (villous height) & 871¢] &% zlo] (crypt depth) 9| B gke S48k =4

4S5 $1% experimental unit 2 ARE3FSI T

of, A& U 3AAA YA 5% (Rectal VFA concentration)
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A4 ) AWYAE FEE Fohuy] 8 AV TR 4ge] VFA S AR
APe B FHE A9 POz FHSAO, AAYAPY AWy PO A% F
e v, 3o 5 YES AR B A% AH Az Fol do 35 FAL

== 2 g¥ AFste] 8 mle
ol FAAZ ¥ HCl (concentrate HCD 2¥-&& d"ojmddn), o]% A4 (17,400
g, 10min, 4TC)E 3t A=aS 0.22 m ZE vial (Suprelco, Cat. No 27265, Bellfonte,
PA)o| HolX gas chromatography (Hewlett Packard, HP 6890 Series GC System)E
o] g3l  =ZAFHtE.  Standard® F%+  10mmol/mle]™  acetate, propionate,
isobutyrate, butyrate, isovalerate, valerate® =743}3it} (L. D. Topping &, 2001., E
R. Otto., 2003).

2}, Gk 3HE (Nutrient digestiblity)

Hrd Absel oAl Fol7 ol fah=e] Jdh Adtge) A & dotry] fls)
o], o] FAHES HAFT 10.63 + 1.24 kgo AAE 205%5 53] 4ukEo] -9 ol A
oz 1w dol vl A M= v 2k @ 1) Negative Control (NC;
Basal diet), 2) Positive Control (PC; Basal diet + &A#] 0.1 % #7P, 3) A A+
(Basal diet + &241 0.05 % H7DH, 4) B A2l (Basal diet + &24 0.1 % H7h, 5)
C A=+ (Basal diet + &E4A 0.15 % H7H Ath,

23be A¥e AR AAFHW  (total collection) 0&F HPEon ALV (adaptation
period) 543 2237 (collection period) 5¥, F 109 Tt F3l5At. 54 ko] £
A7) FF efFoll WA FAIE AlZte] #3 =E AFAENY, AR B AsE 7]
TOZ 1.0 %E AEste] aFol F WA (07:007 19:00) Agt Fosilon, &2 A
wolstlth, & Ad 713 Fot AFHE B2 ZEAE W] Yol YEEA (20 TO)sile

Az71904 60Tl 72413 Tt AxSE & A998 Aol Immel wiley millS ©]E3}

Atk AFHE =v= dEYokY] IAks WAE] flall 10 % HxSO4 50ml= 7] g
Zetag S Wi AF skl o, glass wools F3l9] oleds dE FyE
W (=20 O)ier, da o] &E #A e fld AREEHIT AR,
Gl AR 9 2352 AOAC (1990)wHH o uhef -4 8k
gat7] S8l ol &EH AUt

b4

=

oo 2 e ;1
o b
lo o rlo

N e

>,

o%

.

g

M e o

3

jﬂ

b
X

b

ifo

=

i)
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o

o]:o J
o

o

Ay

z}, B AHEA (Statistical analysis)

B 239 datar SAS (SAS Inst., , Cary, NC) 9 MIXED procedureE ©|g3sto]

A AE designo A FALAHS A A3 E, BAAS data®] A9 =Rl

i
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experimental unit® %, JbH FAGA, AU v|AE 5, 2 FEistE 32 A F
WA XA 5 Ul gokh A& A A= 1571 experimental unito® A AT
94 #ol= SAS (Saxton, 1998) 2] PDMIX800 macros ©]g3le] A2 TR,
aAaAel H7FFEo] wE linear B quadratic &3+ orthogonal polynomial contrasts
of oaf AU Be A EA4 Aol 14 AolE HAS] A o« FF2 0.05
o] ATH.

A3 A A 4 uF

7}, 3734 4 (Growth performance)

A= AbE U ARAa Fad A0 HUF £ Aozt ol fAbEe] Al v A=
FFE E 199 HERUTE Phase 19 434S Adnd d35A% (ADG), 43AR
A% (ADFD, AFEES (GF ratio) oA BE A FolA EAAQ foxh) E3ha A9

Zdeel whE A o] vebubA kgt (P<0.05). FAAE H7re PC HElTor 2 A
RS BRon, aaAE HUke AT A9 FAAE H7Ee PC ATl vlg) s
AAAAE Jepddth 28y AREasS AFEY uE FAAQ FoAE JEAE &
o ZaAY H7be AFREESS AT ZoE vEET (P>0.05).

Phase 29 4444 E A HEY phase 13 o] BE AT ojufdt Aot
o4 zpol7k glo] wizet ang yvehdllow, FAAE 0.1 % H7Hs PC A+ 435
ol #2144 = etk (P>0.05). 22y 4415 0.05 % H7be A ATt A5 F
AAE H7He PC A7 uu 5 444 vetd 2& & 5 Adrh =3 phase 1%
IR G AaA 9 H7be] W Ats Zgo] MAEE S #FE 7 A

A AR (0 - 5 7)) 438 4E AR phase 1, 29014 A4 7H =%
d PC A9 &4A% 0.05 % H7Iet A A7 A Ho] =A Yelwor, a4A
E 0.1 %, 0.15 % H7Fs B, C A&7 A5 A 40] ko F Aol nlsf A v
B Z1E = 4 vk ZEu 2 AMRAEAY ol AE Ats Wl a4 HUbe AlREE
S SUMATIE AR YEETh (P>0.05). ¥ AT AoE g oR dfadde] thah xdy
olf A= Atmel mAAS e FAAE HUMS AHElgEok AAA Aol vt v A
G215 0.05 E H7FeE A A9 ol A=o] PC A9 A= disd A4S
UEhjo] SEf-tjFut-w 95 FEALR U 0.05 %9 &44 H7te AAS oA

T U TP Bilow, ARrAas MM Al aaAle M7k olwAEe] ARS8

o|
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= ¥oF Jo® Helth

HIE AR A A ol Al ATbel whE mabrh FEo] yEhbA oksk
=t o= ABALRS] 24, HA9 dF, 540 A, A 5 WS 2Qlel da &
A gdte] dFS w2 Zow ddEn wEh AFR Y oS5 &85 fsiM e okl
M At FESol e aaAe] ads Fats] dofsjor & Aol

o
sp7] el A Erleks A mase] Fall & 4 gl 9RANRE AR 54 AFF9E el
Ao zA o &2 a2k @99 i
= =9 F Ak o]z Qe YA AT w2 Afrads EHHoR o8 VtedtER &
b, wpxjuto 7 o] {A=o] AstA|A|7E eHs] R E ] kL AselA A FelE =
Hslo] AAF o= UEd F Qe AREA EAE S5 7 vt RauEgit Ao
2 b= AR ArRase AMAsH] flete] A7beks AR HI7HAIRA, ol fAbE AR U
Aol olEg FHulE #Esta Al ol&str]l Slal Hrtetes Aozt & & it
Hesselman®} Aman (1986)2 AFoA+= RIS 5= 3+ Atz o] B —glucanases 7}
st SAo] SAEY AlRasS MAAZIYG RSkt o3t ol f 2 a4 HUME
w9 WulfelS Al gle (1-3)(1-4) B —glucansE 3 3te] o] 59| o] &4
= S/ Ao FddEn, o] fAbeEe AeAo® olf Ao lactase &stE AT G40
Eo W, U8 YEEE Fdleke a4 EHEe ol Sl A FrketH, 53] At
a9 EdS O H7F Al YL AdtES HaAA e At B2 d7E At

AAZE 98] g AA e FRAA o fAE Abm
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T 19. AH29L AUIS Alg Ul E4A41Y HPL o] 8A =Y AR wXE P e

Criteria NC PC A B C SEM ?

Body weight (kg)

Initial 7.30 7.30 7.30 7.32 7.29 0.16
2 week 9.82 9.85 9.69 9.77 9.72 0.18
5 week 16.99 17.13 17.08 16.92 16.78 0.29

Average daily gain (g)

0 — 2 week 180 182 171 175 173 4.79
2 — 5 week 342 347 348 339 333 7.78
0 — 5 week 277 281 280 275 270 5.97

Average daily feed intake (g)

0 — 2 week 243 248 228 235 222 4.65
2 — 5 week 694 699 691 664 659 17.39
0 — 5 week 468 474 459 450 440 10.10

G:F ratio (%)

0 — 2 week 0.742 0.733 0.750 0.747 0.780 0.01
2 — 5 week 0.492 0.496 0.504 0.510 0.505 0.01
0 — 5 week 0.592 0.593 0.609 0.611 0.614 0.01

! Least squares means for seven pens/treatment with four pigs/pen.

2 A total of 140 crossbred pigs was fed from average initial body weight 7.30 * 1.83 kg and the average of final
weight was 16.98 = 3.23 kg.

% Standard error of means.
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. AAFA]<= (Diarrhea score)

ok

A Fud ¥ aaAe Hrk o+ Zpo]7b o] F A=l AARA gl ]
e ek A5 d¥ 0 — 2 TS AARIEE AFEE o]
7I13F FRE AAAFe] 2 S v AdAHY T /e, owst SAH FoAy A
S YEhA gkt (P>0.05). 28y &AAY Hrheso] Sl whel AAMA| 7} linear
SHAl smobx= A@de] vEbtt (P<0.05). 18y 2 — 5 F7EA ] AARA gl QoAM= &
AAE AH7FE PC A7 FF R 52 FAE Bilon, alAE 005 % 7 A
A 77k PC A7} o3 AAATE Yepdiglon, AL ahAE obF A% st
A S NC Ae77F Aoz ve AAATE BATHPK0.05). T o] A7l AHALA|
T 0 — 2 FY AApATFe] vl W2 EEs =5 5 Qe ol oAk A At
glato] HAMAF7E YA yehd Zlow Atmdnh dRbxow 2 — 5 F3e] AARI RO

NoIM= B ATttt SAARJ]D A UEhbA] AR A4S AR Ao A
¢ NC Hggrrh 5 AAASE Bolon (P>0.05), &iA H7bgwed met hnearo]-
Al F7vek= A&l vEkstr (P<0.05). A3 oz Aiid AR W G449 H7k= o)+
=0 HAARE o= AR ST AoE e

F2HO] AFAHAES A e MARAAHEGHE A W HUbsidle o A= AAF
Aol sttt HaE 313t (Ball#t Aherne, 1982; Goransson &, 1995). &9
FUAHEY SAAAYS @5 IAEFTH FHASE oAWste] ol fAbEAIR S Aol #
H7be 9L 3SRt s aFolA e 54 F&o mE et 9 dFeAe {714k
*‘E’\Hﬂr prebiotic T NA FLo] o] FojA L Utk (Moller, 1993). ojo vk Uxt# o=
29l H7hes A Aall " ol fAbmol Al &8 YEE AL
2 °]°1X4 F=A = Arade ¥us Agtsta low, Hristtdts AT
FaAE FHst, dRadol prebiotic 7w fol AUolA o] &HA U= HAuids &
2A7F ko] o] & o] fARES] oA Yo o] & £ QEF W AUl W Foluh
HE 2 Agodes AFad AR Wl 24418 7ol oE AAtaasE YepfA] 3sklA]
ARl digk o] 59 myE BY] fsiMe FrhH o R AARE 4 (clean nursery) KU

AE AR W A
0l

R = O 5T
FFS 7 2

[‘

o 1:01’

£ Hele 874 dirty nursery) & 24, dEHA PAT F9E FEsHs Fejel
ATZ APHHA AH2d AR U BaA Arke] B8 MAERE TIE 5 A AOE

Ars A,
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¥ 20. AGA9S HUME AR U £449) H7} o) A=Y HAIR G uX = g 2

Criteria NC PC A B C SEM ?

Diarrhea score

0 — 2 week °© 3.18 3.26 3.22 3.28 3.34 0.02
2 — 5 week 2.61¢ 2.78% 2.74% 2.66% 2.70" 0.02
0 — 5 week °© 2.90 3.02 2.98 2.97 3.02 0.01

! Least squares means for seven pens/treatment with four pigs/pen.

2 A total of 140 crossbred pigs was fed from average initial body weight 7.30 £ 1.83 kg and the average of final
weight was 16.98 £ 3.23 kg.

% Standard error of mean.

abed 1 oast squares means in the same row with different superscripts differ (P<0.05).

¢ Linear dietary response (P<0.05).

o AN
(1) d% 24824 (Blood urea nitrogen)

A AR W ARE aud 9 3aAe W7 59 Aol o] fAk=2 BUN (blood
urea nitrogen)oll "X Azle] thsiH FE 21 JERfQITh B A¥4A3 105 ~ 19.9
mg/dLZ ¥¥HAl BUN values WebIISIth &4 H7F 7 9 S04 H7besel &
FE Fede B 4 ¢t (P>0.05). BUN (blood urea nitrogen)< @z AFH e} 1 &
Aol AR[A AddS 7MW, F22 ofvAke] o] & thsh tfEA Q] A EE o] g o
gt (Eggum, 1970). Bergner (1997)+ ¥% W Uread -s%7F A9 A&7}
(biological value) 2} 919 AaAaAA7F Aoty ¥y on T3 BUNS Aol 2lo]opu] Ak
&y Ao AAAA (negative correlation) 7} Q= Aoz dHA gt (Eggum, 1970.,
Hahn &, 1995). webd BUNS =9 @94 e 7%S A4s7v (Hatori &, 1994,
Cai &, 1996), @ o= Atke] Q492 AAst=d (Taylor 5, 1982, Coma & 1995)
HES X2 A AREE o] gt} T3k 24 Al (nitrogen metabolism) &= 20| oln Al 5%
of wteb wh=A Wek= Zow d¥A gl=d (Fuller &, 1979), W A5+, BUNOJ
A 7 T APRE ARG ES o oAb gidt o] £5S OiHE 4 Qloke Flo] v
Aot (Nam &, 1995). BUN valuetx= 49@5A% % AFEEE3 negative correlations 2t
v Ao® d#F o (Hahn &, 1995) # AdoM= 444243 BUN valuers ddAS

e A Eatltt

R4
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¥ 21 AfA29E 37 AR U 5449 Hyb EFeAHAA BUN) O 9= 93!

Criteria NC PC A B C SEM *

BUN (mg/dL)

Initial 10.5 10.5 10.5 10.5 10.5 -
2 week 18.7 16.9 18.9 16.3 17.5 0.67
5 week 17.7 19.9 18.6 18.8 17.9 0.45

1A total of 140 crossbred pigs was fed from average initial body weight 7.30 = 1.83 kg and the average of final
weight was 16.98 = 3.23 kg.

2
Standard error of mean.

(2) AdetEld (Creatinine)

A= AR W Ara Fud "2 52aAY] H7F e Aolrt offAk=e AdotEd
(creatinine) ol WA= A3tell thalr & 22¢] HeERlSI & Agdxt Do of AdotEd
s 253kl a4AE 0.1 % A7Fe B Aol Adlotelde] FA7F £ yERst o
A FoH ]l Apol= YEREA 23 E‘r (P>0.05). 552kl QoM FAAE M7t
PC A7k $HAl vebstont a3t =38 ddF2 2 5 v (P>0.05). LnbA
oz A#otelde AuHol tAtEE ¥, 28, HAZelA UAE Reshs €S o
Gl Aot o AWME L o] 5] tiAbg oM AE k=0l AdotEdoltt ol&
Aeoteld S AU ZHAA BEHY FES Foko] wMiddEn. 28y Ayl F27]50]
vk 5 Aot do] AgstAl "k weEbM AdlotEds TS dAdARR ST
o Ao 2 A4E T daad AbR W 2] H7F 7 8 A0
Aeoteldel FFe FA ¥ Ao AlmdET

2

o
N
flo
e
12
=

¥ 22. Av2dE FUMe AR U 54419 3717t A8 otEld (creatinine) o] WXE 9% !

Criteria NC PC A B C SEM *

Creatinine (mg/dL)

Initial 1.4 1.4 1.4 1.4 1.4 -
2 week 1.1 1.1 1.2 1.1 1.1 0.03
o week 1.1 1.0 1.1 1.1 1.1 0.02

1A total of 140 crossbred pigs was fed from average initial body weight 7.30 = 1.83 kg and the average of final
weight was 16.98 = 3.23 kg.

2
Standard error of mean.
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(3) d% d&d FAF &L AGF-1)

A= Abm U Afa e 2 281G " 7] Aol o] f A= HF <l
34A2 (IGF-D el m A= Azl dial & 23] Jepiigivt. & AFA74 A
W g&aAe] Hrke 8% Jded A AdA o3 d¥Es o
(P>0.05). ¥l&F &4AE 0.15 % 713 C ﬂal%J 2 AP F 2539} 5Fx0 F
Jdad A /AR A JEbt oy, aaAe] % P of W& &= YEhA gkskon,
5 F2A aAAE 0.1 %5 H71s B Ay T A dF Adud 54 AFAA £x7t
A debt aaA F ded §AF AR %i@ H= Holx] oo} o]Fef
A A dale F7HEA A7 Hed Aow dukd

Aded FAF AZJAAE T2 750l AdEdd Fdi AR Edns g A

el 10%% 3?‘31 Aol BT Ao ouAE FHEH. ded FAF A
A

9 ?ﬁéﬂ-oﬂl{ ZQ3ka w o /*473}01]5 - Fod oS It (Bayes—Genis, 2000).
IGF—12 gl el A #H%Hm FFdE7E EFE 45 dad FAF A4
WHIZF ZastA fok Aol Qlo] ol Al ol d® el #Agle] 7 IGF-10°] Hadvn
deA dom, dF IGF— 12 ol A9 ouyA] A el o]=ZA ¥H= wfjeo} vjszeh wiel o]
T 1 - 2 F7HA%= olfr A FFoE Fo/kA deta A Qv & dTelA R olF

o1F BF AW A4 AFANE TS AT e e,

¥ 23. A549S #IsE AR U &A1Y J7P 8% A€ A AAAJAAAGE-1) o v]X]
£ 9%
Criteria NC PC A B C SEM 2

IGF—-1 (mg/dL)

Initial 59.5 59.5 59.5 59.5 59.5 -
2 week 62.4 55.2 49.5 54.3 68.5 3.60
5 week 64.8 78.6 61.8 45.3 68.3 4.42

1 A total of 140 crossbred pigs was fed from average initial body weight 7.30 = 1.83 kg and the average of final
weight was 16.98 £ 3.23 kg.

2
Standard error of mean.
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gt 2 §5 o] W §olzlo] (Villi height and crypt depth)

OJ-L/
(
ofk

2 AR Al ) EA ﬂu A7 2ol §R ol W gotzole] mAE o
9 20 dehgglth A ow AEe] 24 §R G ol f F AT 13 A
Ao o1 Beldn E0RYel Hol4 A9 HAE H7 ULk Cora S (1999
s ]

el

=

=

of

o Aol olf F 3% <ol FAs| PadkH, 1 F Aqs] waHn W
°] £

s}

9

£, 1o lo
T o

s

oo

A7kl g o], g9k Ao, 1Eal 11 HEef 3o FAHeR
= okolt} (P>0.05). AT NC AHaFo Hl& a4 H7Hs A
q

f
o
N

Ir

o] Hl&o] quadratic stAl S7Fsk= A Eo] #EHAT (P<0.05). UwHA 52 59
H &2 #x8 A #do] Qivkes AFA AL Sl Al 1 AFAA A 19 A3
vl Al o)Akl Aol FhEel wel gE e HEo] UM Ae =B %L
ol olde] AFtet dAetE ARE UEFAT B AelA mAaAS] HItel wet &
gkl HlEo] SIS olfrEe AfA AR Wl HUME 4417 B —glucan ¥ xylang

Palate] ouAdow ol FAlof

2%
%W gFne] TR AV so] gro B
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W &aA H7P7E Zwe ek ®sle] v

=1 1,2
3T

Criteria NC PC A B C SEM *
Jejunum (gm)?
Villous height (VH)  558.17 616.25 633.00 597.29 605.25 7.64
Crypt depth (CD) 289.08 284.42 283.17 258.50 294.80 5.54
V:C ratio ® 1.94 2.19 2.27 2.33 2.08 0.04

! Least squares means for four pigs/treatment in an individual pen.

2 All pigs, average body weight 15.74 = 1.03 kg, were anatomized at d 35 of experiment.
® Morphology measurements were done in three parts of middle jejunum.

* Standard error of means.

% Quadratic dietary response (P<0.05).

Height(um) [=]

1000.00

800.00

600.00

400.00 -

[ui}
1n]

200.00 - m 50t

0.00 -
A B c

Treatment

I 2. AFade HUME AR ol &4A1Y HOPT Zae] FEeHE wEe] vAe dF
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v, A v E % (Intestinal microflora)

AU AdE dFs Akt E%, W, o, A7 Wl A3E dE 1g9 SAlsks
Lactobacillus casei, Lactobacillus plantarum, Bacillus subtillis, Streptococcus bovis, %
Escherichia coli K88+ Z}7te]l u|Al&E #F7F % 250 Yetuglty. 2443 Hr7leE
of wet 3l Lactobacillus casei (P<0.05) "o Bacillus subtillis (P<0.05)%
Alejetar A= Fhol| FAA R opf-§l Aojup TR AN A Skt Aol A= B
£ 0.2%= A7kt CAHEFE AlLdd A, BAE7F NC, PC ARy teatAy v
CT-valueE X 3% W Lactobacillus casei’} 97383t e A& & 5 o, Wy
oM % w7V A 2 Bacillus subtillis?’y 3178 W Lactobacillus caseiolx12] Ax}g} v)5=3 4
HE B 3 v|WEQ Escherichia coli KR8+ = e A FoA HA AE7+
Tt 9 FES Hol FH  ol59 & Wy A JoE yeHt aaAe Aot
o] W& linear, quadratic response FAEHANA = o|5Y FH7lgTol WE {2 Al #}o]
= HAEA Skt

HA L] thgels B T v wEgert AAsta glew, Fo wHgolR:=

Lactobacillus, Streptococcus, Bacteroides, Prevotella, Eubacterium, Fusobactrerium,

fol

Eptostreptococcus, Selenomona, Megasphaera, % Veillonella7} 1t (Jensen, 2001).
2 AFelA = =A A dellA wol MAskE Tl vrEH g okl L. casel, B. subtillis, S.
bovis®} =45 Ak WA il E coli K88+ 7%, 31, W, g, 2
stz ARG H#FTE FARH] 9@ ARESE A real time PCRE 37149
A 2ol F WEEe dxoj el Auglel 4A%e DNATIe =% 54 e eols A%
Ao M = aaA8 A7l mE dUvdE o5 243

IS v A A gkt ol st A= ofbmte AYANRC HIbE ®HEE wA sk &
stlow, T3k o] § 5F7F Y olfAteme Ad=o® ARSIV witel o] ARAE
oke] &4 &Eo] FUtE]l EAaAl AR wE IF= AT Jlor #

A HAAG =R E coli K88+0] Aztr|delA AZEHA &sk=d], ©
Y= AT AR 284 Aol AFAE A= AbRol ARESE o] A-A# s}
(Bertschinger®} Eggenberger, 1978; Mateos %, 2006). o]&|st HAA )&+
AA a¥= 1ol mucosal receptord] F2ehi= RS T AstE FARE 4
+ binding sites® A|F3dto] & Al o] F7IZF Aol Hfd dR7E Fo43t AR
AT B AE d F3 vl E T TE Y 7 e Ae®E dHA Ut (Ishihara
2000; Naughton & 2001). B3t A3lE] fiberd =47} E. coli K88+l binding site
Agstel A wMAEds Frsttts A7 A+=d (Koopman &, 1999), & A5-9 A3}
V1o R =, Be FSelA AT WelM E. coli K88+o] TiHA] b2 Ao0® 1
of Aol il o AadE Asd. Aoz & A4 aaAd mE Gy v
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Be g5l & &S Ao F WA F7 S7hs Ao a4 Mot
of wet AU mAE 5ol 445 = il

¥ 25. AF4AY9S U AR Ul 84419 J7E A uABE 7% (CT—value) ol v|X&= 9%

Ttem NC PC A B C SEM °
Ileum
Lactobacillus casei 21.49° 22.83® 22.23® 21.49° 23.61° 0.23
Lactobacillus plantarum 19.96 20.09 19.37 19.58 19.85 0.32
Bacillus subtilis 20.82 21.90 21.10 22.79 21.76 0.43
Streptococcus bovis 25.86 26.05 26.31 26.27 26.01 0.14
E. coli K88+ ND ND ND ND ND -
Cecum
Lactobacillus casei 21.81 21.49 21.88 21.87 23.44 0.27
Lactobacillus plantarum 18.14 17.60 17.42 17.11 16.96 0.21
Bacillus subtilis 21.95% 20.30° 20.44" 21.41%° 22.57° 0.28
Streptococcus bovis 26.44 26.35 36.30 25.71 25.90 0.27
E. coli K88+ ND ND ND ND ND -
Colon
Lactobacillus casei 17.75 18.70 18.13 17.85 18.45 0.17
Lactobacillus plantarum 18.82 20.04 20.58 20.38 19.92 0.29
Bacillus subtilis 20.77 19.08 19.86 20.71 20.62 0.26
Streptococcus bovis 25.89 26.63 26.00 26.25 26.40 0.44
E. coli K88+ ND ND ND ND ND -
Rectum
Lactobacillus casei 18.53 18.38 18.25 17.81 18.90 0.31
Lactobacillus plantarum 21.00 19.91 20.23 19.53 19.92 0.24
Bacillus subtilis 19.28 18.67 18.55 18.74 19.10 0.23
Streptococcus bovis 25.88 25.54 25.32 26.37 25.07 0.58
E. coli K88+ ND ND ND ND ND —

! Least squares means for four pigs/treatment in an individual pen.
2 All pigs, average body weight 15.74 = 1.03 kg, were anatomized at d 35 of experiment.
% Standard error of means.
3¢ [ east squares means in the same row with different superscripts differ (P<0.05).
ND
Not detected.
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vk, 2% Y VFA 5% (Rectal VFA concentration)

Arads A7 AR Wl 84419 7P ol Ab=e] A% Wl VFA s&ol mA= oéf%k:%
3£ 260 YERSIT A=7] 5F ERF A AP E vlusidls W Be At 594
z}o)l S ERA 9kgko} (P>0.05), propionateo Al &AA2] H7FgEF0] Z7ske] wel &
o)A 0% quadratic Al F7Fet= Aol HERGH (P<0.05). HIE A3t #2241 Afo]
2 HolAx 4oy FAAAE 0.05 %, 015 % UM Ao AF acetate,
propionate, butyrate, valerate® %7} NC 2|79} vl A] 0|9 HE7} F71st A S

[‘

233 B3t g HABEA (endogenous loss) FUA9F A
S Fog wjdE7] A tgelA] v & 2%k @F (fermentation) I}
de AAA do Faddes AAEA gsts (Aad)2 A (acetate), TEI|ZAE
(porpionate), At (butyrate) ¥ -2 3|4 X ¥4k (VFA) S 2 AT, dubdoR oy
AT A S0 2sHH, acetate, propionate, butyrate, valeratex= AU njAEo] AT AF
A Ao ® o] 52 Al pHE W50 E. colith 22 tdte 42 JAlste] dALE
WA ehE g st ol A AMAEES F=el oA T AuA Ao AREHA
L, oA s oJefA] o] §H o] g E Fe] WHItE FRFT ol R AE #F ] W=
AUl di4A FalE&S v 4 Yk (Burroughs 5, 1950). AUl v|AE 45 W3l o3
AshEe Wt g0 A dFs 7, SR olfdE B3 WY Vs S
of AAAow A% T a35 & F vk Al VFA 552 e 8 At 443
71 el o8 b & 9 A ¥tk (Manzanilla, 2004). W3 Uil A u] 8 Eel o)g As)
9] o] 5o od AAdE VFAE Hgd oz #ast 4 Qi)

FAAA AAZA B FFY =4=0] AL d=H, I 5 St prebiotics &=
A4 W3 o]F prebiotics®] 2 7&E M= Ao R dE AT AU FedEe] ol &
7] A AFAE FEsty IS olg3st & AAHE 33 Al (VFAS volatile
fatty acid)o] ¥l pHE AtAA At F24 9 ¥4 n A& HAaE FXsto] 4
WA o w frolato] WAL A=Y IYA BAEe HolA Ho mAE dFEs AT B
15U (Koopman &, 1999).

O AMsE Wl @4A19 H7ke A% il VFA 550l Qlo] o9 F3
T ARAAR, dAF HUbes dde VFA sXo 2841 dFE vAH Al Fo ol
P o

=
d ¢ e #4e A F 3US AoeR B

™

A

d

H]E PS5

o
ol
::l‘
ﬂllﬂl
f
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: 1.2

Ho°
Bo

)

FEof )X

WA

A7 1 9

4717}

5=

As ) A

7t

. -
29E 3

A0
v

£ 26.

Bk

1

2.64

1.32
0.30
1.01
0.43
0.54

el v A
H

SEM 3
t}

-

o

C
70.62
28.08
4.02
19.32
6.96
6.42
o 43

=

A

[e)

59.16

18.84

2.16

12.30

3.90

3.18
&

e 29kt (P>0.05).

66.18
20.76
2.28
12.06
3.60
3.30
=
A, C AHg+71 A

?g:

i
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)
pal

7 5% Aol7} ol

i

=]
(=i

o
7}

]

%
j=

PC
63.84
19.62

1.80
9.84
2.94
2.40

=

s )

=N

2.64
3.78

19.86
al

NC
60.24
12.00

4.74

2

A Folaht ofw

0.05 %< 0.15 %

=

(Nutrient digestibility)

[e] 31 L
T T H

=
=

Criteria
=3

A

=

7FEsEo] ut
o] &AA

J

S

]

™
A

(e;
(e}

e

Acetate, Cy
Propionate “, Cs
[so—butyrate, Iso—Cy
Butyrate, Cy4
[so—valerate, Iso—Cs
A= AR U

ol

All pigs, average body weight 15.74 £ 1.03 kg, were anatomized at d 35 of experiment.

! Least squares means for four pigs/treatment in an individual pen.

2

Standard error of means.

Rectal VFA (mmol/ml)
Valerate, Cs

3
A 2]
_!E’_

3

? Quadratic dietary response (P<0.05).

A

B
=

7

B
Sl

=

o

Fed o]l

°©

&

S

of ¥ w HAA O FAEY 2
o9 YeiE B

£ (Le Goff¥} Noblet, 2001), A}

7V (Lahaye 5, 2004), 7§A17te] zpolg} AlgHo] 4% (Noblet®} Shi, 1994)
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of FelE & 7+ Ak 2y AA s AspF AEHE ARal] 5ode AAY dYa o
Fol= Fo JFS FA gow JokAd w9 prebioticsd 71FE Fadl FJT S+
Ek o]59 o] 8AS FolV] M8 BAAE = AMEC HUbsta e, gAY AsE
= MAE7] Y ZA o7 AR H7lE+= @49+ phytase, xylanase, B —glucanase &
o] At} ;A= A37]FWlA xylanaselt B —glucanases WH|HA] X317] wlFol At
< X%H NSPE ouAgdoz o] §stx] Fotal #x=st ¢ widd Fyte] gloy. 28 2=
olF divE Hyu "W 2 HRe FREHo Sl HAREA tdiF (NSP—Nonstarch
polysaccharides) & #3l|37] §3F H&H o2 H7FAt}. Graham ¥ Inborr (1993)+ Wi}

AE Y52 o AbR| xylanasett B —glucanased #71ste] oAl whid 4gkgS
(/)y]\

9% AT MAAZA & oty B Eich

32

NC PC A B C SEM 3
Criteria, %
DM 91.38 90.43 91.93 90.91 92.20 0.42
Crude protein  91.24 89.65 92.06 90.42 92.13 0.45
Crude ash 70.51 69.96 73.54 71.01 75.21 0.97
Crude fat 70.69 67.13 71.04 66.50 76.47 1.36
Crude fiber 68.94 61.11 71.14 65.31 70.48 1.44

! Least squares means for four pigs/treatment in an individual pen.
2 A total of 20 crossbred pigs was fed from average initial body weight 10.63 * 1.24 kg

3
Standard error of mean.
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A 4 A AR =84 7t EEHZE A=Y A AARRIE g
AN, GYA AsE, 79 U VFA W n|AEZRA o n)X

o
=
A1 F A
ol F A=ol Aol frold mAES A7 S WY F oshue AR Wl AR AE
A% A7ree Aotk #A AT Aol 9std AFarh B AIRE FoId XA T

A F-Fol A %9&1 (Smith¢} Halls, 1968), 4+ o] ¥

3538 ol &A= AN ALl WIEs Ak, A} vk A7k wak kst (Balld)
Aherne, 1982). Drochner & (1978)2 Als W ZA {71 =X 1)
A S AaATGn Bausgth o)y d Aaae date] fst #g 71Ze ofx wWeks| u
A A EFAE, ARbA o7 A4 el vAd=e o] Frhete] AW pHIE FHAskal o]
of wet gk mAES] o] HasithE o2, AfAd EEd EAo® st wA
=9 Al AFAae] F3ro] W e o] o] A2 ekA] ZgtthE o] Fol Utk wEbA] o]
T U ARAE A7k Ad §9:t 848 SV el 2495 gAAA A
=0 17dE 9 A do] 3k Flolgtal Alsd

1o
B~
Lot
N
r
=
T
huj
AL
o
1o

A Agad 9859 Be A

o tJdt = Qsto], AAZA O T AFF A A

B
27goltt, ahARt ekl A A R gkRol Afade] AL

A= 75”4 = T7F A o, AR o5& &3] %’4611 Abs
W Afirads weEste] oAuAder #Ear] flg anAe H7F sol olFelAa Sl A
ol t},

tghsty] gt AF FaAEa glom, 7]EAd AlRdREe] 4 9401] %j o o}
3t expanding, extrusion, pellet, crumble & T}FsH WHo] A L¥ 11 Q=
W ARl by Aol a2 - 119k stell A AP DA el E sk expander 7}J— Ao Aty
o2 I TV w2 e 9859 ol P (Wettstein?t Wild, 1990), 12]al
 MAES] APEERE 7| S Avty BuEd o, Peisker (1994)% expander 7}

AFR ol gES EolV] fIF tE WY T shue AR =24 Vs % ol88E
=
|

Jo Xt oo J|

Fol FF AR ARG FORA HaRAT FANA F AL B ohin FIFAR

A
(anti—nutrition) 2] %}E Xﬂﬂ BA A
]

Tl olgde =



ZAFSt AL #oh B AP AlRe B 7k FEHTE AHEe] A AAmE, gy
A, YA Asks, B9 oW VFA 2 mAE Ao A& Gl diste] AEE s
o, F7H o x AT ddste] @A The A of ol disto] AR R gk
A 2 8 Ad v "l g
7} AdEsE 2 A3 47 (Experimental animal and housing)

T3 AFFAT S fete] 28 £ 3 AHof o] /3 HtAlF 7.40 £ 1.15 kgl AL
% ([Yorkshire X Landrace] X Duroc) ©]f-A= 288FF 342 65H&ef A5 A=

183 JdH (RCBD : randomized completely block design) 2% =Wd 1654 HjX
stolom, A3 A vh5 ¥ 2ot i 1) Crumble (BH4 $159 AFSE crumble HEZ
7}s), 2) Mash (A4 Y59 AFEE mash FHZ 7}¥), 3) Crumble + mash (B4
52 AFEE crumble, mash FEHZE 7Fy 5 23, =W 25c AF /A F 3 dFd
2 30 TE FAsten, w5 1 TH v3o] mpxa 554 ¢= 26 CT7} A stk Al
T AEAFAFE Wi 545k, dESAZF (average daily gain; ADG), YGAIEAHFHF

(average daily feed intake; ADFI), Al5 Q7§ (feed:gain ratio; F:G ratio) & -3}l th.
1}, A dAlg (Experimental diet)

S -gFure AYrrRe 7| 2ALRE (basal diet) & o] g3 o, 7} ARS Al7]of] WS
of Wi Akt F 35U A=Y A VIR &< woid AEAIE S NE (e
U A])7F= phase 1 (0 — 2 )3 phase II (2 — 5 F)7F Z+2F 2,5529) 2550 kcal/kg A
o v, phase I, phase 19 @AY Ala59 ZdwAd =k 717} 20.35 %, 20.10 % ©]%)
o 2 Adel AR AAREEH (sugar beet pulp) 2 UAEES ZA w4lske] HIbeRelo
W, o]=9 HItrES 8 %R Ev ATl sEetA A7k & AdAIR S 7S H
= crumble®} mash 781 mash® crumble2 £33t 371% ez FE3to] AIAIE =
ol gatdltt. 2 AR dx 9 sty FEi= 3% 28 (phase I, phase IDel AAlH
uke} 2o
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¥ 28. AgAIZ vigy] (phase I, 1D

Phase 1 Phase 11
Ingredients, %
Corn—wheat 16.12 33.22
Corn Ext 17.00 10.00
Wheat flour 10.67 10.67
Full fat soya 10.00 10.00
SBM (de—hull) 17.25 16.53
Sugar beet pulp 38.00 8.00
White fish meal 2.50 0.83
Vegetable oil 3.60 3.60
Whey powder 12.27 -
MCP 1.07 1.40
Limestone 0.73 0.63
Salt - 0.30
Cheese powder - 4.00
DL—methionine 0.11 0.09
L—lysine - HCIl 0.15 0.20
Threonine 0.06 0.07
Mineral—P ' 0.20 0.20
Vitamin—P * 0.20 0.15
Choline 0.07 0.11
Sum 100.00 100.00
Chemical composition
NE, kcal/kg 2,552 2,550
Crude protein, % 20.35 20.10
Lysine, % 1.35 1.32
Crude fat, % 7.35 8.57
Crude fiber, % 3.87 4.30
Ca, % 0.79 0.76
P, % 0.72 0.74

! Provided per kilogram of complete diet: 12,000 IU vitamin A, 2,400 IU vitamin D3, 60 mg vitamin E, 2.25 mg
vitamin Bj, 5.7 mg vitamin B, 4.5 mg vitamin Bg, 0.036 mg vitamin B;., 3.6 mg vitamin K3, 27 mg pantothenic
acid, 34.5 mg niacin, 0.19 mg biotin, 2.25 mg folic acid, 7.2 mg.

2 Provided per kilogram of complete diet: 159.2 mg Fe, 126.8 mg Cu, 89.1 mg Zn, 31 mg Mn, 0.37 mg [, 0.33 mg
Co, 0.17 mg Se.
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o}, AReFAA (Housing)

AFARE F 5570 ABHYOM HPES ol fAHEA BN ASH Lk, 2 Bl

o] AbR wol7lek 8708 HE w7 AR E dslen AA Ad 7|z E]t =3 A

2t A AR A (ad libitium)FES SATh AEI O] £ LEE AFAN F R
FAE 30 TE AASHGOH, WF 1 TH R3] 4E7] 573elE 26 CF 48
ﬂ #sto] AE A

sttt Als 3 AR AFZEFS A B9 2 AR TR WE ARE
Al (initial), 252} (phase 1), 552} (phase 1) o =7%3o] A=A
gain; ADG), 43AtEAd# % (average daily feed intake; ADFI), AFZ Q7% (feed:gain
ratio; F:G ratio) & AAtsk3ith

(average daily

2}, g A (Blood profile)

N 7} A7) (phase)d A & 6745 Adsto] A AF, BUN (blood urea
nitrogen), creatinine, IGF—12 &#43¥ ¢} N2 disposable culture tube°l] X3 3}¢]
3,000 rpm, 4 T AHZ 15% &<t A& stk 7§ micro tube B ¥-E7]o A
S Fgste] B4 A7EA] —-20 CZ H3sgth. BUN, Creatinine2 AFgA3lst £247)
ADVIA 1650, Japang ©]€3l #4331 IGF—1-2 Immulite 2000, USAE ©]43}]
A 8kl

nb. kA3t (Nutrient digestibility)

Adra AbRCl BaAle] Foi7t ol f A= U astEel A= dFe dotry] S5t
o], o] fAHES HHAFT 10.42 + 0.51 kg AAE 12F5 33 4ukEo] <) o w2
o® 1wk gof wiAlednt A A= v 2ok 0 1) Crumble (A4 159 A}
5% crumble FEHE 7}¥), 2) Mash (BH4 959 AFEE mash FHE 7H), 3)
Crumble + mash (4 9159 AFRE crumble, mash FEZ 7}y F &3,

2318 AEe AR AFHWM  (total collection) &2 AP E o AH-L7] (adaptation
period) 643 E23l7] (collection period) 5%, F 1149 &9t F3q5At}. 54 3+ 4
A7) < eFFoll g WA FAI AlZte] #3 =E AFENE, AR B ATs 7
TOo 2 1.0%% A%=ste] skl + HA (07:007 19:00) AgH Foistglon, &2 %
ostih & A3 73 w9k AHE B E9AH W] Yo YEry (-200)sk% o

AZ71e4 60T 72A13F &<F AxsE & A7 Aol Imm<l wiley mill& ©]-&-3}o]
Atk AFAE == GEYoRY faks WA 9@l 10% HeSO4 50mls vl F-of

o Zory Bol A A AYOv, glass woold Fakel o|BAL e HuE =7

[
do ﬂl
ML =~ fl

ol

o o

.

_81_



4z

, SA YUE B (-200)890 1, A4 o]fEF BAS 3] AFESIY AR, B E w
% 2 AOAC (1990)®H o e} #4319 1,

G UlgE SHEEE S Sst] d%a A3 VIRE T 2 AIEY] 5dAkel] AR
markers 0.1 % #7}st] Fo1s FH ol marker’} Y& AlZbS SAs0T S9A
1A 7S 71502 ato] marker?] F7bell wE EWe] Ao] WstE AlHE SAHTRE A
7 AAste] & e FHEEE S

A B U E. coli (Fecal E.cold)

Ul E coli S 9ot YA 43S FAHOA AFHIE wHS AYAATE ol F
sto] Alds A 2 Adujx|o] HEeATh E. coli 75 S35t S5t MacConkey agar
(Difco, BD science, USA)E o] £330, 37 TolA 24A7F wjeFste] njyES] =5 =%
Abstaith ARE A EC] = logios Fotel YEFHISATH

—

O

b2 W A A A 5% (Fecal VFA concentration)

M

Hod A T = FUdL
2skE T8 AR SAsGT o AF= 4 Al & 4red FE AsHeR e AF
stglom, b gAate] Ay ERdow e s v, 37|99 HEFS dstEE A
FH F AL A dA Fo Yol 55 sde ¢ F —70CE FHRA AT sEA
1 WME & 2 g¥ AFs] 8 mle STl AAIZ1 & HCl (concentrate HCI) 2%
=5 dojxmdr), o] A& (17,400 g, 10 min, 4 CT)E 38t FS5AS 0.22 m ZH

Vial (Suprelco, Cat. No 27265, Bellfonte, PA) ol Bl gas chromatography (Hewlett
Packard, HP 6890 Series GC System)E& ©]&3to] FA3}3th. Standardd &%+

10mmol/ml®]™ acetate, propionate, isobutyrate, butyrate, isovalerate, valerateE =74
skelth (L. D. Topping &, 2001., E. R. Otto., 2003).

ZF ZAEA (Statistical analysis)

= Aol P2 Amel gt A

(one—way ANOVA)S 3}, Ht

A2 SAS (1996)& o]&ste] dHUEFAt

H| W= Duncan® tsAAS HAAER o Ao

M
™ X

N



T & dolH+E GLM (general linear model) Axfol] whel 7| 2A s U] AP H 9 AF4¢
o e 9 W AL gIE AT

ok

A 3T A dx 4 vF
7}, 4344 (Growth performance)

At EE 4 7he FE7E o] A= A A v AE S & 290 el A
g A % 149, 359 9 AF HA 5 FF dETATE dY AR AFHZ ol owE
T4 Aoy A veEbdA ekt (P>0.05). 28U 0 — 2 F7HA AFR Q78 9l
Al mash A 2]7"¢} crumble + mash Ag7"9] Al Q7&°] FoHo=® 2 A& & 7}
Atk 2EY 2 - 5 F& AA APV Ats a-Ee oA FAAR FYAE vERY
A ekttt (P>0.05).

ARbA o ® WE ATE Fsto] AFRS 7heE AFRS] ol &&S FAAITA dEA sttt

B OARANE H% ol fAEY AGFAYNE JFL vIAA GRA st FR G
57 ¢S 0-2F A AREEO M A B 5 Uk AAHOR AR o] F)
A7) A FE ARE e Y e old A ey 2

el

=
o7 AMEE = W2 A YR X8 E 53 expanding WHo| tjxHolg &
o] WM AR FZ2E WHIIAA FAAFTIIENS ek, A4 571 wet 559 A

A A3taas
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Aol olfFAkEo] o5 ]%OPZH] 0101 Al dgs st
<> & JgAA (anti—nutrition) o] &=

gl etk 2y dUgid 5 ARE SN A7 AR
Aol wA= B AAEs] vleksk Holuh thFEe] AA Y Aol st e A o
W gty e Al " 72E FAA A4l oldAd S v SAE 9l
BuE AR AA g AAle] o3t dfae] shehd Wiy o] g4 S ad= 719 Idist]
7F olH{al RuE ik webs AFRS] e E e mE ARl o84 FRTE FUHA
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)

=

2 AFRS =94 7t olwA=g AR S ANAAATIA AN AFR &

o] 4= 9l S Aol AR ¥ Tl w3 AFE9] crumble
% Qlsto] =4S A A

T e Jlo® Holu, Ut ALREd AR I AahE A ¢ Qe AeR

¥ 29. A2 7HE e WE HAid TFLY Ut AFRF nX e 9F T

Criteria Crumble Mash Crumble+Mash SEM ?

Average daily gain (g)

0 — 2 week 355 349 346 9.85

2 — 5 week 562 554 566 11.92

0 — 5 week 479 472 478 10.19
Average daily feed intake (g)

0 — 2 week 451 505 509 16.36

2 — 5 week 885 907 939 20.50

0 — 5 week 711 746 767 17.27
F:G ratio (%)

0 — 2 week 1.28 ° 1.45 ° 1.47 * 0.04

2 — 5 week 1.58 1.64 1.66 0.03

0 — 5 week 1.49 1.58 1.61 0.02

! A total of 288 crossbred pigs was fed from average initial body weight 7.40 £ 1.15 kg and the average of final
weight was 24.07 kg.
% Standard error of means.

® Values with different superscripts in the same row are significantly (P<0.05)
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Atg9] &84 7?% JE7t ol AES F g AL v s dFS & 300 YERES]
z! AtRO] Zha e mE dFeiHAAL §97 Aoy AT

=B oam_aoL 27} 7FA+= BUN valueE YER ST
Ak o7 FF Ao AAT ddTAH U AR 883 negative correlations 2= A S
722 1995) & AdeM = 43443 BUN valuew 84S HERHA]
Fepainh & AdAdelA veze] 254 dFeAHALY s Aol7t Yt 1
Fapel = BAAA FoAE AT crumble A EF7F BUN F57F 9A vebyt
AF %ol mash A2l crumble + mash A g7~ Hlal Yo} ojzgt <l

7;

Lo %S vz How AddEn
i /\]@@3401]/\1 Ueld BUN valueE d&stA slAsh7] Yeids A AT Joki A3}
olof 3 Aow Almdtt A ow g g 43 stadH el u

B azecdasd 988 $4 20 Aoz Ana
F 30. AHR Y 7HERE ] e daak IEdY AP @F o4 A4 (Blood urea
nitrogen) ol " X& FF
Criteria Crumble Mash Crumble+Mash SEM *?
BUN (mg/dL)
Initial 13.86 13.86 13.86 -
2 week 10.10 10.02 10.10 0.45
5 week 13.48 14.32 14.53 0.60

1A total of 288 crossbred pigs was fed from average initial body weight 7.40 = 1.15 kg and the average of final

weight was 24.07 kg.

2
Standard error of means.
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(2) AdetE]ld (Creatinine)

At=el EE A 7 FE7E ol A=l AdotEld (creatinine) o Pl A= Aol thaA

1ol yepfigleh 2 Addx do f Feeoteld X% crumble A2 77} mash A2
79} crumble + mash Ao vla} A2l FHE AFS TAD 7 AR A oE
SE7F WA UErd s B 5 Stk dubdo® It dS Aol giAbEE i,
5, A AqUAE Batets 98-S b 9l Idolu oz HHE I o] 52 dA}
ol AEE wHEo]l AdotEldoltt. ol A#HoH WS AW EL%OHHHJ BT F
Z5 Foto] widE . Zey iﬂlﬂoﬂ TE7]s0
ok mEbA AeeotEld e 7S 1
g

% =
B 7Fgol AW Aelobdl BYL FAAA ol fAES ABYE FYA RoE AR

i:lil

e & ol ©

i
>
fuied)
iy,
:i
lf
i
)
l
>
b
1o
(@]
s
=)
=5
(@)

*

# 31. AtRY ZHEFH wE A4 99 7 ZdolEd (creatinine) o w| A&

A

Criteria Crumble Mash Crumble+Mash SEM ?
Creatinine (mg/dL)
Initial 1.18 1.18 1.18 0.03
2 week 1.15 1.25 1.17 0.05
5 week 1.18 1.23 1.25 0.03

1A total of 288 crossbred pigs was fed from average initial body weight 7.40 = 1.15 kg and the average of final
weight was 24.07 kg.

2
Standard error of means.

_86_



(3) d% d&d FAF &L AGF-1)

ARl EBEE b FETE ol Al EF Adad A Al mA = Aol disiA
20 YR dF Aded G ARz ARE ARy 2 F9 5 Tk 9o
&EJ ZhedEe] wE o5 FAXA fFA oAuwd Aol wAHA gkt
(P<0.05).

i:lil
-

d

Aoz Qlad FAF AJAAE T8 Veo] deddt AT FARBHARE /lae’ly
© 22 Aol #AE sk Aol Bt AEe AUAE FHEEH dEd FAF A
= AR EEY Ao SHEY 2HEY] AF Bdtel dojss AR dddEAY T

x9 75 FHEoE Tty Mo AAelr wle Fad 9¥s dh (Bayes—Genis,
2000). IGF—12 ool el A %5 ¢t 228 3 dad A A%
AARe] EH7F At A=l Qlof o] Al ol dd el dAIRIel € IGF—-19°] A4ttt
I gEA lem, dF IGF-1& olf A9 oAl Aiel ol=2A == w9l nlzst vl
olf F 1 — 2 F/HAE °olfr A FEORE oA denal A v & dATeA R
ol olF dF d&d FAF AEJATE Trbeke A dEhidith HE SAAR FofAtk
= UERA SepdAIRE 57k AdE AHEW crumble AT 7F ARAINAl Al FEET
g olgal A} ARz} =7} R %—574] s7Fe Zl= & 4 9lem, o] expanding ¥
crumble FEC] 7hgo] o] fFAHES] FF A&Ed A AR FHAA TS vHTHL
& 4 ol

f

E 32. AIRY ZFEEHCd wWE Afa TEdY P 2% ded fAF ARAA
sk 1

(IGF=D el "X = 9T

Criteria Crumble Mash Crumble+Mash SEM 2

IGF-1 (mg/mL)

Initial 63.91 63.91 63.91 10.29
2 week 109.95 151.17 125.87 11.40
5 week 197.33 173.67 157.00 14.55

1A total of 288 crossbred pigs was fed from average initial body weight 7.40 = 1.15 kg and the average of final
weight was 24.07 kg.

2
Standard error of means.
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o

ot FFaaskE (Nutrient digestibility)

AR BHA AT GHt AE Qs gl wAL dee ® 330 Uehigl.

[e]
2 Ao o AE (dry matter), W2 (crude protein), &A% (crude fat), %3]

.
i

B (curde ash), A4 (crude fiber) o] 43t&o 9ol RE Ao Qo] oyt 8- 7l
Zpo] = WEA R X ekt (P>0.05). A/ FUA 4skEed QAT AR T FE o o}

3
f olg&0] Aol7h et ghgkor], WAL olfAHES] sohEnNT ¥ Ao

2 x4
S BT olgst Ayt YEbd o] f R B AFe) AMEE AR A9 BE AT
PFa o] Featlon, Thao] wet AstEol AREE AFAIESY dUdAh ol =
=4 2ol BEAAT FAATH AL FEd e eIt A3 AA oldel AR &
g4 7teE ot AR AghEo] MAdE AR POy 2 A AH ojust e
U zpolg A XEkelth ole ARAd S H Fx2E dAHYE Fd ol fA=S A%
S FAA7IA sk BloR Holn, B AFef 222 A 9 crumble 7FEHEHE A4
A el v X = &7F meket o R |t vl AFRS Thael| WE Y AgEo] A
A FE e & o AT AukAl G & O F Qg Pk
A asgkEe A JFS vHe Aolet AlRd

2 Ao Al8-¥ sugar beet pulpt FEAAAFALAE F UEEY AEE ST7HAA olESH
&l A IS FrEs A2aAE 5 AT (ekins 5, 1978). B3 84 Aras
AbE W) A gAabA el F3kaE (emulsification) 2 Al a@ldke] A WHEE] (lypolysis) S %
A 77 , o

|% 3t} (Pasquier, 1996). o]} #2 EA wjio, AfA o] How ut

e =
2 23HEe] BHALS FRAIAG BE JFrd FrEn

274 (Lahaye 5, 2004), /MAZEe] 2ol 9} Atam3e] 3 (Noblet? Shi, 1994) 5o 2]
g2t oty BaEdvh weba g A5ES I HE AR Thes E
23ES FAA7I7] S A A FoE, 2 Ao AMSE W F shue
expander WO E ol ovx] A5e] FIHE FdFste] =9 AMEE SUHANI] ¢
3 AFEE I 9lom, o592 Ve FFAES Augds FoRA maRHE FIANA F
Us W ooyt AR Hat, el WA, ALY S 9 F GoFAIAte] s A
FozA TEY A3t W AFE FAAE ZoxE HiEo] glth (Chang? Johnson,
1977). webA AR 7 457 ZEE ALY Joleh @ ol59 o]&AE Eolv] 4
s o AR B4 st A FUdh olgelv FHA TS v o5 A
e NN ABAE TN F s AoR Atsdn



£ 33. k28 E93 71F FEt AEY Y% 28HE vAE 9F 7

Criteria Crumble Mash Crumble+Mash SEM ?
Criteria, %
DM 89.63 89.36 88.56 0.69
Crude protein 90.37 89.90 89.92 0.53
Crude ash 41.40 41.56 41.55 3.30
Crude fat 70.55 77.53 76.04 1.82
Crude fiber 76.90 76.80 74.60 2.10

! Least squares means for four pigs/treatment in an individual pen.
2 A total of 12 crossbred pigs was fed from average initial body weight 10.42 £ 0.51 kg.

3
Standard error of mean.

2t & U8E T35 % (Passage rate)

ALRS =94 Tty FE7E A= AUEE sHSE = =
o 2 AdA AFRS] =24 e Hed e F diE S3ER A= 4 A gt
oAl Apo] 9l Aol yehuAl kst (P>0.05). Iy FAGCR
crumble + mash A&7 & WE&E FHHE=7F =4 HEstth

=8A Aoldfas ditdor E¥e FaE ST AU 4stEe] olsHEE
Al71w (Spiller &, 1986), ¥hde] F8&4 Aoldfwas & HEE FA=E S7HAA ol&
E 9 AN YU FTrEs FaAA 7 v (Jenkins 5 1978). 18} 22 54 #)

=0 77 — WAA L SIS FAATIAY Be YR S5

S5 ASAA YA 4astES AAAZA 4 9t (Bach Knudsen¥ Hansen, 1991). 71
A AR P AR HEEEHTE A WEs RS RdE 4% vA
o, ol W= J&Fe AEs] ryaty] A= ARk ALE9e] Tt

WeE BEREES MRS F ARAT B2 BAE FUD £ AS A

=)
N
Ir
2,
of

&Lt

XN

[o o
HU ot
> =
o=
&

rlt

o

E 34. A9 a9l wWE dad TEEY 3P A=Y F HEE FHASE vA

Criteria Crumble Mash Crumble+Mash SEM 3

Criteria, hour
Passage rate 36.5 39.0 39.0 1.19

! Least squares means for four pigs/treatment in an individual pen.
2 A total of 12 crossbred pigs was fed from average initial body weight 10.42 = 0.51 kg.

3
Standard error of mean.
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v, 29 W )&+ 4 (Fecal E. coli count)

AFRS] =814 7y FE7F ol Ab=e] W Wt ol WXl @S 1 350 uE
dch 2 Ad4d39 AFa2d AFRE crumble FEIE 7438 crumble A2 #8¥ U O
At 7F SA YERSE S H mash$} crumble + mash FEIS] Wit & s shAl UERE
th ey AFETEE Ol mE /594 Zpojut B vEREA e (P>0.05).

ALE W Agadl Fd7ke J#AY AW AstEe AR (viscosity) B S7HAI7I AL, Ak
v &st=e] AR AbE S7HAIRIT ol® 18] AstEA 2 AgES VIFEE skl 3
n A= wart S7FATE Medonald & (20012 &3HEe HAEe] S7he didd 79 <+
7V opZ|sttal Huskgith A RE HZoll= Alradel tiet Au 2§ 7]Fo] uhe A A
Afradel st 5
b oiFE itk #HS Od?oﬂ% Ara

prebioticO.ZA]

444 ﬂ
X r

=2 o oy
DX
ro,
o
o
Jo
L
rit
~
i

ﬁ =2

; )
oL
ol
~
do
o
Q
-

U

.

o

PHE AstAA FAHFe F4 U 8 s e, Qgze RIS A

Tt $owd WEL fEGTHL WA Atk old meh AL HirEAd TS

Folte FAAA B AN PR ARE FET F Y AOE BeErh T B

ﬁ?ﬂﬁf%%%m%ﬁﬂ,ﬂ%%ﬂﬂ wwmmm;%ﬂ%-%ﬂﬂ/4ilﬁﬁﬂ1ﬂ%%%w%i
A

% 35. A2 7HEHH e OE MAa TFLY AP B o digdel nxe 9!

Criteria Crumble Mash Crumble+Mash SEM 2

Criteria, cfu/g
E. coli 4.53 5.35 5.49 0.28

! Least squares means for four pigs/treatment in an individual pen.
2 A total of 12 crossbred pigs was fed from average initial body weight 10.42 = 0.51 kg.

3
Standard error of mean.
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ol

vl B A A WAF 5% (Fecal VFA concentration)

H

AFRS] =84 7y FEE ol fAb=e] W oW S A s ol WA=
3E 36 uEhddd. A7Aad AR EgA 7he FHlel wE &3 dEhA
(P>0.05). Z18v} Fuleld A= AAGA 5 71 B2 HlES AASHE acetate,
propionate, butyrate®] H]&©°] mash Ag|7"2ke] vl A] °o]52] £Ao] FEdY =
et As & 5 Qv

ArtH o7 JFart A3HE SHstE HBAgolA UAEE (endogenous loss) G FA s}

3 O Wi ET] A gl v =l &gt Ba (fermentation)
Hgs AAA Ao Fagde AXHEA gestE AF4E) S A (acetate), ZEI|2AE
(porpionate), Y4t (butyrate) ¥ 2 3|24 X|ukil (VFA) o2 AT, AntE oz oy
AGFAFE] o8k, acetate, propionate, butyrate, valeratex= W n]AEo] AT A
A Ao ® ol 52 Al pHE W50 E. colith 22 e S22 JAlste] dALE
WA ehE g st ol A AMAEES FEel oA FF AuA Ao AREHA
w, oA A Ee oA o] GH o] g E HFe WHItE FEF ol R AE #F ] W=
Gl Af4 Ball&S vk = 9 Burroughs 5, 1950). U v E % A3} o3
AshEe Wt s8] A 9% 7, YFAR] oS % W Ve S st
of AAAew A% T3 a3E = 5 Ut

kg A WAkE isobutyrate$} isovalerate®l & ¥4 A WA aminel] S7hE ©]
= AxSAY dRle]l "oty Wt (Bolduan &, 1988). Gaskin 5 (2001) A5
Aol ostd, ol § A= A 43HEF isobutyrate$} isovalerate9 2> 34 A
b kR olel S ofNlR{ AL ol F s (PWO) H 22 AASAIE &3f ol
£ doivtay Busgith ey dAFelM = A3t ol A Ak 2Ael o
T PAA] FeE Ao ek

= AR e =214 7Fy deo] WwE ¥ W VFA 249 Qlo] ol=9] F3e anE =
TE AU AT, mash FE|Y Abzel vldl] tha 2 VFA &S Yehdo] 42 9Es
ud Aoz Atg

62
32 ot
£t

il
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¥ 36. Al2Y E8F J1E FEUL A=Y B9 Y VFA A4 uXE 93 1A

Criteria Crumble Mash Crumble+Mash SEM 3
Fecal VFA (mmol/ml)

Acetate, Cy 52.70 51.75 47.70 1.32
Propionate, Cs 19.00 19.95 14.80 1.00
[so—butyrate, Iso—Cy4 2.55 2.50 1.70 0.24
Butyrate, Cy4 12.80 12.15 8.10 0.84
[so—valerate, Iso—Cs 4.45 4.30 2.95 0.48
Valerate, Cs 3.95 6.60 2.20 1.80

! Least squares means for four pigs/treatment in an individual pen.
2 A total of 12 crossbred pigs was fed from average initial body weight 10.42 = 0.51 kg.

3
Standard error of mean.
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Al & M2

2006 oAM= AR Wl AL HI7F Al SA Ao, ol9f vjd wFor =
ol M &= f= Fgitokel oA A F&o] A Sl oo wel 2 2012744
AR W A H7HE S A8kE Hete]l SR E AT A=Y= #A S Al Sl M T2
stal g A7l F shupolth. =S ou|EHE EYHo tE HASH A MELE =Y
o % olgsty, &<t AFstd B Wi oE dEe nFAEE AFSH HHA oA
o] FAlel AEHAR ZEelHA olf F AAAAY AAE FEE AT o]Ed ol f =
288 o] AbE AR Wl Y HUhe ARSI &3] AW did AR Ao
AFEE ] ¢ttt (Verstegen and Williams, 2002).

AFE W 384 A7 a4 =5 Wl A R EAE i sk WetozA AA A
S}, Dermot 9 Helen (2003)& F=AtE Wl @AE HA7FE aAstH ol o A=)
AAZE gAl FAE d g low o' JjAlES AARZE v s Hof W57 7kA] ol
Aot Baskelvh @3, divpaelA = &3ty Ao A5 HAHOoRA FAAL Abgo] F
7hatal Qlvk Abs U A AR SAE QS AEC] o] AARRIES] FThel thA 3]
el #Hel el FFA Sl dijte] B sttt

Az AastEA o2 AFEE i deld Bas doA AAE fFEeA Hed #HE A
3 U 2w FF0 A A= &3] Zele] B REE Aldehsd avoh v
Hyg vk Qloh AbR ol 2w d e opn| ko] AL 552 E-AUALS] FEjo] 93-S v
A AypA oz g U vAdE wae] 93-S vt (Hobbs et al., 1996). 18|31 %7]
ol gt #A 9] Atz FAACE ARE HAUW w2 Y Al Wl 2dd e 48t
A 9k @R stolg i W R AE dEE ST A Yo B rAEY S

S FXA71A "tk (Ball and Aherne, 1987). o|fF#= At Wl vl S5o] A7
ol F A=o ALY MAS AT AAE E4E Y 5 ok mEbA] 2 AFeA

=

FAES ALR el w@md S daAle o, A

-

——

Ny

-

N

e /\é;g-/\ézﬂ, gou/\qm /\4/\]_3]1:
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A2 d A 3] 4L AR

7} AdEsE 2 A3 47 (Experimental animal and housing)

557 AFSAHS fste] 21 £ 3 Ao o] /3t HtAlF 7.68 + 0.2 kgl ALuHF
([Yorkshire X Landrace]l X Duroc) ©|FAFE 128FE 48] 8WtEo AlF3 AHS 11

#3to] ¢ (Randomized Completely Block Design; RCBD) S &

At B A¥EES =WY 4574 aixFHdoH, =% v FIYE-&F vig (0.9 X
2.4 m®) FEE 47 e AbR Fol7|g UE F4717F AAFegle] A

AEE AT A (ad ibitum) B st Aol AgTe w3 Zv 0 1) Control
(Basal diet, NRC regirement), 2) P2 (Basal diet 7|22 CP+= 2% #|3h), 3) P4
(Basal diet 7|22 CPF+F 4% Algh), 4) P6 (Basal diet 7= 2.2 CPF+ 6% #AlghH =
T ATMA S Aot = SR A A F A A5k 32 TE fAser, b
T 1T YFo] wpxur 5FAo= 27C7F WA s AFTH AAEAHAZFS Wi SA st
o, ddFAHF (average daily gain; ADG), YYA=AIF = (average daily feed intake;

ADFID), A2 & & (gain:feed ratio; G:F ratio) & T3F3it}.

L EE

B4 B B

1. A8 Alg (Experimental diet)

AdALE = phase I (0 — 79), phase II (7 — 21¥9) 3 phase III (21 — 35¥9)& Y+
of A on, 7k AR AZ]el sao] wighe ek F 3593t AET] A¥ 713
Fek g3t A TSl ME (WAL #]) 7}= phase I, phase 19} phaselll &5 ©F 3,265
kcal/kg¥lth. Phase IolA+= 13.35% lysine, 0.44% methionine, 0.80% calcium and
0.65% phosphorus® AIAAITE FA39 1, phase 194 += 1.15% lysine, 0.37%
methionine, 0.75% calcium and 0.63% phosphorus, phase II°|A+ 1.05% lysine,
0.34% methionine, 0.70% calcium and 0.60% phosphorus® A AL E H|35}3 1 tFHE
BEA <l tist AL NRC (1998) 98] &% AW =u =4 +AH30H

Adatg e dg 49 geA A4S F 37 (phase 1), ¥ 38 (phase I, ¥ 39 (phase
D el A|A € vkl 2
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¥ 37. AYAIE 8] (phase 1)

Treatment’

Ingredients (%) CON P9 P4 PG
EP Corn 22.11 26.87 31.63 36.16
SBM—44 34.09 30.26 26.47 22.68
HP300” 5.15 3.59 2.00 0.39
Lactose 3.21 3.21 3.21 3.21
Barley 12.00 12.00 12.00 12.00
Soy Oil 20.56 20.92 21.27 21.91
MCP 1.08 1.18 1.28 1.36
Limestone 0.93 0.90 0.87 0.83
L—Lysine 0.20 0.38 0.55 0.72
DL—met 0.13 0.15 0.18 0.20
Vit. Mix® 0.12 0.12 0.12 0.12
Min. Mix* 0.12 0.12 0.12 0.12
Salt 0.10 0.10 0.10 0.10
Choline—Cl(25%) 0.10 0.10 0.10 0.10
Zn0O 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical compositions®
ME, kcal/kg 3265.02 3265.01 3265.00 3265.02
CP, % 23.00 21.00 19.00 17.00
Lysine, % 1.35 1.35 1.35 1.35
Methionine, % 0.44 0.44 0.44 0.44
Ca, % 0.80 0.80 0.80 0.80
Total P, % 0.65 0.65 0.65 0.65

! Treatments: CON (NRC CP requirement), P2 (NRC CP requirement — 2%), P4 (NRC CP requirement — 4%), P6
(NRC CP requirement — 6%).

2 HP300 (Hamlet protein, Horsens, Denmark)

* Provided the following quantities of vitamins per kg of complete 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 B,
12 g; vitamin K, 2.4 mg.

* Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg; Mn, 24.8 mg;
Cu - SOy, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

® Calculated value.

_95_



¥ 38. AgAlE wEy] (phase II)

Treatment’

Ingredients (%) CON P9 P4 PE
EP Corn 31.34 36.78 42.16 47.58
SBM—44 33.85 28.40 22.95 17.39
HP300° 0.75 0.57 0.39 0.27
Lactose 8.00 8.00 8.00 8.00
Barley 22.69 22.72 22.81 22.98
Soy Oil 0.75 0.63 0.52 0.37
MCP 1.08 1.19 1.30 1.39
Limestone 0.80 0.77 0.74 0.69
L—Lysine 0.13 0.30 0.47 0.64
DL—met 0.07 0.10 0.12 0.15
Vit. Mix” 0.12 0.12 0.12 0.12
Min. Mix" 0.12 0.12 0.12 0.12
Salt 0.10 0.10 0.10 0.10
Choline—CI1(25%) 0.10 0.10 0.10 0.10
Zn0O 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical compositions®
ME, kcal/kg 3265.01 3265.00 3265.02 3265.02
CP, % 21.00 19.00 17.00 15.00
Lysine, % 1.15 1.15 1.15 1.15
Methionine, % 0.37 0.37 0.37 0.37
Ca, % 0.75 0.75 0.75 0.75
Total P, % 0.63 0.63 0.63 0.63

! Treatments: CON (NRC CP requirement), P2 (NRC CP requirement — 2%), P4 (NRC CP requirement — 4%), P6
(NRC CP requirement — 6%).

2 HP300 (Hamlet protein, Horsens, Denmark)

* Provided the following quantities of vitamins per kg of complete 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 By,
12 g; vitamin K, 2.4 mg.

* Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg; Mn, 24.8 mg;
Cu - SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

° Calculated value.
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¥ 39. AgAlE vEdd]| (phase III)

Treatment'

Ingredients (%) CON P9 P4 PG
EP Corn 41.59 47.36 53.18 59.08
SBM—44 27.72 22.18 16.64 11.10
HP300” 0.28 0.21 0.15 0.09
Lactose 2.00 2.00 2.00 2.00
Barley 24.77 24.48 24.14 23.72
Soy Oil 1.19 1.04 0.89 0.73
MCP 0.98 1.10 1.22 1.34
Limestone 0.69 0.65 0.61 0.57
L—Lysine 0.18 0.35 0.52 0.69
DL—met 0.06 0.09 0.11 0.14
Vit. Mix” 0.12 0.12 0.12 0.12
Min. Mix* 0.12 0.12 0.12 0.12
Salt 0.10 0.10 0.10 0.10
Choline—Cl(25%) 0.10 0.10 0.10 0.10
ZnO 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical compositions®
ME, kcal/kg 3265.00 3265.02 3265.02 3265.01
CP, % 19.00 17.00 15.00 13.00
Lysine, % 1.05 1.05 1.05 1.05
Methionine, % 0.34 0.34 0.34 0.34
Ca, % 0.70 0.70 0.70 0.70
Total P, % 0.60 0.60 0.60 0.60

! Treatments: CON (NRC CP requirement), P2 (NRC CP requirement — 2%), P4 (NRC CP requirement — 4%), P6
(NRC CP requirement — 6%).

2 HP300 (Hamlet protein, Horsens, Denmark)

3 Provided the following quantities of vitamins per kg of complete 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 B,
12 g; vitamin K, 2.4 mg.

' Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg; Mn, 24.8 mg;
Cu - SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

° Calculated value.
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ot FFaaskE (Nutrient digestibility)

At W] @ 0 Algha ol 7t o] A=l A AstEl mAE dFE dotry] ¢
atel, S AlF 16.28 £ 1.82 kg2 AAME 1675 4Ag 4ukEe] ghddomx oz 1v}
2w xskith Ad AHel gt v 2tk 1) Control (Basal diet, NRC reqgirement),
2) P2 (Basal diet 7|22 CPF<+ 2% #1§), 3) P4 (Basal diet 7|52 % CPF+ 4%
A%, 4) P6 (Basal diet 7|59 % CPFF 6% AHE F 4714 <] Ael7-o|nt.

2318 A¥e AR AYFHH  (total collection) ©F Mo AH-L7] (adaptation
period) 543 #A37] (collection period) 5¢, & 10¥ &<t F3F3qltt. 5 ko] A
A7) < eFFoll 3 WA FAI AlZte] #3 =5 AFEE, AR B ATs 7
eFste] sk F w4 (07:003 19:00) At FoIsksich # AF 73t

ZEtAg wle Yo WEr (-200)3k o™, Ax7|ddA 60T 724
b st Axe & A3 AAo] Imm<el wiley mills o] g8t Fasksith AT =&
dEYote] AE WA 98] 10% He.SO, 50mls mlE] Fof & ZetidE Fo wd
AF e, glass wools &3t olude Ay FIE AT ¥, FA ¥E By (-2
00C)stRom, A o5 A2 98 AFEEAT AR, # 2 =9 AR (&, 2o
4, =AY 9 233> AOAC (1990) el whel A48 la, i Astaa A4 ol &

= S5 fd ol &=k

-

2}, AA}R]4= (Diarrhea score)

vl AN (Blood profile)

o> 7k A7) (phase) o] Tx Al AHY @ 6545 Awste] AAWe|A A, BUN
(blood urea nitrogen), creatinine, IGF—1& FA3% . A disposable culture tube
of Zste] 3,000 rpm, 4 T AFEIZ 15% &< A48 3tk 2 ¥ micro tube R#
£7)0) S BEgste] B4 Al7kA] -20 T2 B#A3FF . BUN, creatinine A58 3}
g Bx7] ADVIA 1650, Japane o] &3] 245ttt IGF—12 S 28 BA7|5 o] &3}
o] £43t%tt (Immulite 2000, DPC, SUA).
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v}, B A1EA (Statistical analysis)

B 2389 datax SAS (SAS Inst., Inc., Cary, NC)2 General Linear Model (GLM) %
o] &3to] W A3 (randomized complete block; RCB) designl. ZA ZEAEAS 24

st ARA A, AARA G datal] A% o =Wo| experimental unit© =, H¥hH A AJ A}

A A= | FE experimental unit®Z AAsATE. G4 2ol= HA FYA (LSD)
A e os] A2zt d3E vl w9 ™, orthogonal polynomial contrastE ©]-8-3}
of A AstFo wE linear ¥ quadratic effect® ZAMSFSATE (SAS Institute,
2006)

A3 Ay A 4 uF

7}, A A (Growth performance) 2 A AFx]<4= (Diarrhea score)

A= AR W @A o Alghe] o] f b=l At sl wA= TS £ 40 HERY
At 1572 A5 A, quadratic effect’} YEFTE (quadratic, P<0.05). 18|31 553
o AFAFH}NAE Al Wl @A o] AgtHe] wel AlFo] Fraste] yEhpow
(linear, P<0.01), CON A2} P2 A& T2 AF A7} P4t P6 A+ A5 d7x
o freldo® =74 yebsth (P<0.01). Phase HolAE P6 A 77F b Az Fel vls)
fo)A o7 e ADG FXE e (P<0.05), linear effect’} YERSTE (P<0.01).
G'F ratio®] A¥e|A% w742 AlE of @z =0 fHAghe] webA lineardshAl 74
sl A5 JERATE (linear, P<0.01). Phase 119} phase III, @A 23877k (0-55) 9
AyEo] HeA JERR O™, ADGS GF ratiox Alm df @z o] 7Hadhe] uel
aste] YERRtE (linear, P<0.01). 22]31 CON AHgF¢k P2 A5 F3/d 4] P49}
P6 Ao AR FoAer FA yehEtd (P<0.01). Htoo & (2007)¢] 179
AMeE AR W 52 5o @A Fao] A=l e Ads] AT a3F o,
sAACE fFoZl AolE YA et A3 dERstth E=3E Nyachoti &
(2006) 9] Atell W=, ADG, ADFI9 GF ratiox Abs W @z S=39] Aste] ojs) 7
a2sto] Yebdthy HaEkgith Ayl e AdATEe] A3, W o 9 Al s
AMEAFAZTE A2 ADGEE ADFIC] 9%= VAL A= GF ratiodl®= 9% v
B35kt (Southern and Baker, 1982; Le Bellego and Noblet, 2002). 184 ¥ <
o 5]i= phase IIIeIA €k7ke] A3 (P=0.073)°] Yebd RS AlQsta, AARAdHHF> At
U g sFef od S WA 2= ZoF YEelyth dyHoR Ats o 9@ #F

of AT A= Al AR dEFS el Ao dERen, NRC (1998) 9] o]+

2T
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A=) i ] AFYEEG 2% Ak Adsts A2 olfAE] Al AW 4F
& HERA %= Zlow Amdh

aElar A=l glo] AAks AR Adlske AR dEow FEEor & F-E4d], Ball
7 Aherne(1987) & ¥ Alm Wl £ FF9 99ldS Fdsts o] A= AAkE f
A 4 Qv Baskgith Atk Le Bellego$t Noblet (2002) 2] dtell A o] fAF=q
e FEY 9
Aot sARE 2 A

o abEe] Wyl

—

o nA= FFe 78kl °1€4T a7t UrEP
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¥ 40. Atz | @A FEY AFo] oA=L Al wAl= B

CON P2 P4 pe  SEM? . Lvalue
Linear Quadratic

Body weight

Initial 7.68 7.67 7.68 7.68

1 week 8.81 8.61 8.75 8.95 0.193 0.204 0.042

3 week 13.72  13.69  13.28  13.19 0.253  0.096 0.913

5 week 20.45%  20.04% 18.22° 1767 0371 0.001 0.876
ADG

0—1 week 162 134 153 182 6.693  0.201 0.042

1-3 week  350° 363" 323° 303" 7.751  0.009 0.259

0—3 week 288 287 267 263 5.789  0.087 0.907

3-5 week 481" 454* 353" 320" 15.753  0.000 0.900

0-5 week 365" 353" 301" 286" 8.195  0.000 0.883
ADFI

0—1 week 234 225 237 258 5.914  0.111 0.189

1-3 week 621 606 619 607 9.796  0.746 0.937

0—3 week 433 422 432 426 6.817  0.849 0.870

3-5 week 669 601 607 613 10.115  0.074 0.066

0—5 week 528 494 502 501 6.603  0.217 0.209
G/F

0—1 week  0.692  0.587  0.648  0.710 0.021  0.470 0.037

1-3 week  0.564"" 0.599" 0.525°° 0.498° 0.010  0.001 0.079

0-3 week  0.663  0.677  0.620  0.616 0.009  0.037 0.658

3-5 week  0.721% 0.759% 0.584" 0.521° 0.024  0.000 0.163

0-5 week  0.692"% 0.717% 0.602° 0.569" 0.015  0.000 0.234

DA total 144 crossbred pigs with an average initial body weight 7.68 £ 0.2 kg

2
? Standard errors of mean

ABC

Mean within rows with different superscripts differ, £<0.01

® Mean within rows with different superscripts differ, P<0.05
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. 4%

to

A& A (Blood urea nitrogen)

A= Al W gl =50 Aglo] o] A=l BUN (blood urea nitrogen)e©l v]x&= 4
o]l tallAl 29 3o e d%F ) BUNY F%e A8 U wdwlgdol Z33 o)
glom AuelA= Aojopu|Aitzo]l AA g} Fo] A#A (negative correlation) & ZH=

o)

(Eggum, 1970). Z1¥|A4 BUNS| k= Ao & ofv|Aiba} whulzl o ko] A E 2 A}
5o ¢t} (Cai %, 1996: Taylor &, 1982; Coma &, 1995). ¥ A¥9 153 43}
Control AFEE FoI8 o] fFA=2] BUN ¥Xi& thE A5 v& oz =4 et
wow, AbR ul gl o] F7EEE BUNE LR #HobA & linear effect® WERJIQITH
(P<0.05). A&7 2rell FAAR] o4 ztol= AP Fu7HA 6720 ol AT A&
Ao 72 yEsth ole g Aye AlE W @l o] FHAaghe] W, PUN (plasma urea
nitrogen) &] F%X% linearstAl 7FAste] Uepdt= A# (Nyachoti &, 2006) £} 9745
s Ayolth 2 Ao AxeA Control A2l wild FF2 T A2 gl
Tzl vls] AdelA Abgst7lel REFE Fqlo] T E AT

I9 3. AR W @A FF9 Algto] o|fA=Y BF24HAL (BUN) O WA= 9

[e]

32.0
| —+— con -m- P2 —aA - P4 -%-p5 |
29.0
*
26.0 /’“\
23.0

Serum BUN, mg/dl

200

/
17.0 e B 3
14.0 e e e LT T

11.0

Initial 1 week 3 week 5 week

* Linear effect of crude protein restriction (P<0.05)
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. A otEd (Creatinine)

A AR W @l o) Algko] o] fAkEe] Adoteld (creatinine) ol P A= Ao
thef Al ¥ 4ol yEhhglh 2 A¥da dof f Adoteld ke Ad A 7|3l A,
A zbel] o)A 2ozt YERA] okgkth, AREH o R AolElde FE ¥} o &
Aske aeluA AT Agotd el sgEQd Aoty AAake] ®RaaEelH Aol At
SE2 AAtE o5 AdotEldE AU ZHoA AFHY FES Sk vl
A Aol F&715c] A dF Aot do] sl k. weba] A otE
o AdARE A

o U ZeolEl el FFL FA g o ArH

9 4. Ats f @A FEY A Fo] o] FAES] A otEd (creatinine) ol PIA= FF

15

—— CON -l P2 —h - P4 =% — PG
| |

14

13

12

11

1.0

Serum creatinine, mg/dl

05

(R

Initial 1 week 3 week 5 week
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gt %5 Qa4 AR AR AGF-1)

A= AR W @A 0 Agho] o] fab=e] dF aEd AR AR AGF-1) el 7
A= Adel disl 2¥ 5o yEiie Ad A 3, 1578 553 (linear  effect,
P<0.05), 354t (linear effect, P<0.01) A3} ©#d o] F7hgke] wet I35 W IGF—-1
o] %7} linearstAl F7Fekitt. SHAIRE 1574 Ao M= P64 272 IGF-19] =7}
Control Ag7-9} P29] Aol Hla] FolHor w2 FAE 75830t (P<0.01). ©]¢} H]
=oF Aol A 3FA Aol E yEbten (P=0.078), A FEQl 552k AielM =
P6 A2 5= Control?] skl Hla] FolFow v FFoz yegt (P<0.05).
IGF-12 A3z =20 A5l o8 EHlEm 2249 A3 Esto] #ojste] Adgo] Fadh

Mzl ANUAE Fastes 9T st Aot 7B 8%t Vs o® AFAAL Fx8) 7
Y Ay wmo] QAo wjg FQ3 9IE sttt (Bayes—Genis, 2000). & A3 A
= @ FFo Aste] dF ded fAF AAJAS] L il dFS A 4%0]
Aol A £Fo] Ak o] f =S Aol B AR JdFS v ¢ Qe AS 4S5t
St

I% 5. AR Ul @A FF9 AFe] o]fA=e EF ded wAF AZAA AGF-1D el =A

—— CON @~ P2 —A - P4 =—3%— P6

Serum IGF-1, ng/ml
=
=l [=]
Ln [=]
=} =
!
F 4

50.0 = —
B it
[ -

250

0.0

Initial 1 week 3 week 5 week
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nb. kA3t (Nutrient digestibility)

AbR O] whulE =30 A gho] A= 9ok AFEo] WA= JFTFS E 410 YRS
= Aol SloA AE (dry matter) o] &3pE2 @A) Ag s wEt Fskl o
(linear, P<0.05; quadratic P<0.01), P4 A&7} o2 A& o vlaf] 718 =& 2385
HYERASTE (P<0.01). Whd 229 (crude protein) A3h&S AR Wl @ o] gheo] b
2%ho] wpgl AAstke] YERSTE (linear effect, P<0.05). 12]31 %3]% (curde ash) A3}&
of M= Abs ol @A FFo] Fade]l wet Frhete] yEbth (linear effect,
P<0.05; quadratic effect, P<0.05). ZA|% (crude fat)® 432 F71eh= AEFS YE
yglom PaxE o] AW &s&o] 7Hd A JEbth (quadratic effect, P=0.08). &
& F45 Ao, B ol AasErt AR W @ o] HAdhe] whet ghAske] u

o™ (linear effect, P<0.05), SHE = W AiLsrr Als W @A FFo] At

0

067). ¥ A7 A3 Deng 5 (2007)¢] ®Hal
N

=
W Ak FAEE dadts st AT AT B AW Avelds AR ) @
Gol TGl wet, W40l WEe] FAHALAE AFAA A Ak HHFo] F/h
of ekttt (PO.0D). o] A %o o g 2382 Ueh

£ 41. Atg W @9 FE9 Ago] o]fAEY FYL £3E 9 AL o]EE A= FF

P—value

2)
Lo B2 B B SEM Linear Quadratic

Apparent nutrient digestibility, %

DM 91.54% 91.95" 93.61% 92.14%  0.236 0.014 0.005
Crude protein 92.70* 91.97*® 92.97* 90.84"  0.300 0.030 0.114
Crude ash 60.91° 64.97* 70.20° 65.34">  1.084 0.033 0.024
Crude fat 76.43%  71.33° 84.57% 74.01"" 1.412 0.359 0.080
Nitrogen retention, g/day

N—intake 9.81 8.71 7.83 7.00 1.346
N-Feces 0.72° 0.70? 0.55" 0.64®>  0.116 0.021 0.105
N—urine 2.82 2.45 2.14 2.15 0.659 0.066 0.466

N-retention” 6.27% 5.56%°  5.14" 4.21°¢ 1.100 0.000 0.682

DA total 16 crossbred pigs with an average initial body weight 16.28 = 1.82 kg
? Standard errors of mean

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

ABC Mean within rows with different superscripts differ, P<0.01

® Mean within rows with different superscripts differ, P<0.05
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A FAb Hgo Rre] F A4 (T-N) 5449 40mg/L ©l3t, 7IEH-A1% 60mg/Lo]

= A BAAEC] aEElop 3 ARbolth FARERS A& wEHS A
APEAIAE oA A otu| Al @ e #eto] FHdotn|iAbS HUtbeta
ojtt, AskE AP AFeA A=T] A
% A7 AT AxFAE] txTo vE FolHel xolE e
A ke A AEAE o ©@A QS 29 APAARE A= @A o] fof]

MW I
4>«
2
ol
i
sk
X
9
rlr
N _111
Mr

S A=A = Aow vehygth 3 Ao AuE nFojrol FAELE wEEHE
A0 g TN e Aoz ey (Deng 5, 2007), o= 37 B39 o

Al 6 4 FHAeE BARE (cassava residue) @] Fol7} A=) A A

YFa 2skE, =8 W VFA, vjdls 24 B AAF HlEd

Al & M2

o
A\l
1o
o
_&
D)
ik
o
kit
i
=
2u!
N
N

WAl S FE AGE )] olo) B T YA F
2 akeloltt. aAw Hsrol 2
A% WAL F7F Fow Qd 9718 %

@ -FTA ¥ ofg £ A5 FT

A Fdel Al Aotk vt A 53] A=) dAbEe] =

rir
\]
S
—
—
rL
-
2
o 12
5=
o
ro,
i
1

] )
E A F Sl o] AR Estn Ak X o] AlgE Fojt, o]y S
l Bl =40 /i B AN dAA7A
I Eee AVHOR TS vpvb gla, esly SHSE a3 glo] dwk w7k AakH|E
w$EE 49 F9 shuE A8 v

J AFE¥ FRAbE EAE (cassava residue) S ZRAFEEE choppingdtyl, AES
FE Fo H2 FEORE 2 AR % 9 Aia o] S dEon 98 M4 =
3 £9 175 USD €8 JE=2 &4 (340 USD 28/8) W v 935 Atz nls) 43
< 7HAE FAskL otk 9 tE HeAE ol A AF AN =& 2 =
A= AU 8 =] AR & Qe VIAERA FEee] A e EE AL

o ™=

o
)
2 AdE, 8 vAdEe] Fade] F3 & ¢ 3l FeE E0 294
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U+ 9% o du

B AP oleld WAL WO bl FArEe] Folrh AEY 4, Yk 23,
B VRA, ol 4E 24 9 AApnEel viXE 9% st A4 AR A
4 % e Feae Bk Bgn

A2 d A ] 2 AR

X

7} AdEsE 2 A7 (Experimental animal and housing)

28 = 3UHo] o]f3t HA AF 7.98 + 0.83kgel AHY wHEE ([Landrace x
Yorkshire] x Duroc) ©]f#b= 128F% ¥ AI8tY], Phase 1 255, Phase II 25, Phase III
2FE F 67 ¢ AAPE s AA 448 8RR = & 474 A AlS
w2 ‘r_hl]‘ﬂ (RCBD; Randomized Completely Block Design) &2 ®jx| &}t A& o] 2 g
T U= 2tk 1) Control (HJ27) : basal diet ; NRC (1998) 9] Q7%H& FHAI7I&
corn—soy bean meal based diet, 2) C 5 : basal diet + ZFF8F 5% 3) C 10 : basal
diet + ZMFF 10% 4) C 15 : basal diet + ZHAM}F 15% %2 438t A8 S 3383},

1}, 218 Alg (Experimental diet)

S -dFus AYPALES 7] ZAME (basal diet) & o] &3FgloH, 7 AS Al7]wirh
NRC (1998)9] FU4 7%s 7|22 sto] Mds AT A3 AR diAbely A
(ME; metabolic energy)+ E+ PhaseolA 3,265 kcal/kge] gt} 2Fol Al (lysine) & Phase
I, Phase II, Phase III o Z}7} 1.35%, 1.15% °©]Sitt. 7Rkl FAES S555 diAshs
Foll Wt 2k 5%, 10%, 15% & A7bstlvh. &, vlepnl, &g ad 9 o& dY
< NRC (1998) 9] e=3 27 =4 sigetalon, Az Jhakal Fike2 A7t
| Fobdlel waf diFutat 7159 s Aste] 7 A Fo dUda T Zolrt
QA skt Fo AdAR dn 9 steld AL E 42 (phase 1), ¥ 43 (phase 1D),

¥ 44 (phase IID o A ¥ wpe} ot

=
=
==
LS

4 b
O

flo
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¥ 42, APAIZ vign] 9 3srd ZA (phase I, d 0 to 14)

Ingredients, % Control C5 C10 Cl15

Corn 23.14 18.14 13.14 8.14
SBM—44 39.09 40.40 41.70 43.01
Barley 17.82 15.07 12.33 9.58
Cassava residue - 5.00 10.00 15.00
Soy—oil 0.04 1.51 2.98 4.45
Whey powder 2.00 2.00 2.00 2.00
Lactose 12.00 12.00 12.00 12.00
HP 300 3.00 3.00 3.00 3.00
MCP 1.04 1.09 1.13 1.18
Limestone 0.96 0.90 0.84 0.78
L—Lysine—HCL 0.15 0.13 0.11 0.09
DL—Met 0.12 0.12 0.13 0.13
Vit. Mix' 0.12 0.12 0.12 0.12
Min. Mix? 0.12 0.12 0.12 0.12
Salt 0.20 0.20 0.20 0.20
Choline—Cl (25%) 0.10 0.10 0.10 0.10
Zn0 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical Composition®

ME, kcal/kg 3265.06 3265.05 3265.02 3265.00
CP, % 23.70 23.70 23.70 23.70
Lysine, % 1.35 1.35 1.35 1.35
Methionine, % 0.44 0.44 0.44 0.44
Ca, % 0.80 0.80 0.80 0.80
Total P, % 0.65 0.65 0.65 0.65

! Provided per kg of diet : Provided per kg of diet : Vit A, 16,000IU; Vit Ds, 3,200IU; Vit. E, 35IU; Vit. Ka,
bmg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin, 32mg; d-Biotin, 128ug; Vit.B;s, 20ug.

% Provided per kg of diet: Fe, 281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

¥ Calculated value.
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¥ 43. AgAIZ vign] 9 3s-3F ZA (phase I, d 14 to 28)

Ingredients, % Control C5 C10 C15

Corn 26.51 21.51 16.51 11.51
SBM—44 34.08 35.38 36.65 37.98
Barley 26.94 24.19 21.46 18.70
Cassava residue - 5.00 10.00 15.00
Soy—oil 0.91 2.39 3.86 5.33
Whey powder 1.00 1.00 1.00 1.00
Lactose 8.00 8.00 8.00 8.00
HP 300 0.00 0.00 0.00 0.00
MCP 1.02 1.07 1.11 1.15
Limestone 0.79 0.73 0.68 0.62
L—Lysine—HCL 0.13 0.11 0.10 0.08
DL—Met 0.08 0.08 0.09 0.09
Vit. Mix! 0.12 0.12 0.12 0.12
Min. Mix* 0.12 0.12 0.12 0.12
Salt 0.20 0.20 0.20 0.20
Choline—Cl1(25%) 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical Composition3

ME, kcal/kg 3265.02 3265.23 3265.31 3265.46
CP, % 21.00 21.00 21.00 21.00
Lysine, % 1.15 1.15 1.15 1.15
Ca, % 0.75 0.75 0.75 0.75
Total P, % 0.63 0.63 0.63 0.63

! Provided per kg of diet : Provided per kg of diet : Vit A, 16,000IU; Vit Ds, 3,200IU; Vit. E, 351U; Vit. Ks,
bmg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin, 32mg; d-Biotin, 128ug; Vit.B12, 20ug.

2 Provided per kg of diet: Fe, 281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

* Calculated value.
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¥ 44. APAIZ vfgn] 9 3srE ZA (phase III, d 28 to 42)

Ingredients, % Control C5 C10 Cl15

Corn 59.58 54.58 49.58 44.58
SBM—44 29.51 30.81 32.11 33.41
Barley 8.22 5.48 2.73 0.00
Cassava residue - 5.00 10.00 15.00
Soy—oil 0.19 1.66 3.13 4.60
MeP 1.00 1.04 1.09 1.13
Limestone 0.72 0.67 0.61 0.55
L~Lysine—HCL 0.18 0.16 0.14 0.12
PL=Met 0.06 0.06 0.07 0.07
Vit Mix* 0.12 0.12 0.12 0.12
Min. Mix” 0.12 0.12 0.12 0.12
Salt 0.20 0.20 0.20 0.20
Choline—Cl (25%) 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical Composition®

ME, keal/kg 3265.27 3265.06 3265.07 3265.17
CP, % 19.00 19.00 19.00 19.00
Lysine, % 1.05 1.05 1.05 1.05
Methionine, % 0.34 0.34 0.34 0.34
Ca, % 0.70 0.70 0.70 0.70
Total P, % 0.60 0.60 0.60 0.60

! Provided per kg of diet : Provided per kg of diet : Vit A, 16,000IU; Vit D3, 3,200IU; Vit. E, 35IU; Vit. Ks,
bmg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin, 32mg; d-Biotin, 128ug; Vit.B12, 20ug.

% Provided per kg of diet: Fe, 281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

¥ Calculated value.
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ok AFY A™ (Housing)

AP R =S ZAYE-EF viHeA 1.90%X2.15X0.40 m' =712 =Wl ARG E ST
b 2ol skl AbR HolZlek UE wavIvE AAEHAR A A 7IE gk &3 A

)
2E FAS A4 A4 (ad libitum) TS AT B exE A3 A F R AFANS
=

30CE fFAeton, w5 1TH wtao] 657l 25CTE XA itk AR E 7|3k
2 Z}7Z} Phasel 25, Phasell 25, Phase III 25 WAZ AFSEHST AF W Al HF

o
p

F AR @A 9 ALE FRY vs AR agske], A A (Initial) 71bE VIR0 R 2
=74 3sto] AddZ=A% (average dailygain; ADG), AUAIEAFH = (average daily

feed intake; ADFI), A5 &% (gain/feed ratio; G/F ratio) < AAFsF T}

A 4 FA HdAF 7.79 £ 0.37kg 1 AHAuFE ([Yorkshire X Landrace] X
Duroc) AAlE 16575 &dAux"] (CRD; completely randomized design) &= UIAME
of 1 74 #ixletadnt. 549 Ae71E 7F1 H 644 & Ad= /A8t AARE
A o 7TAeE @F 7A]e] 100g¥ Foetlon, B2 AfEA AMAeEE selth A i
A Al FolEk= AFRCRY] 0.5% T ASEE (Cr203)S Fatel A4 X]/\]Xﬂi Argahal
on A¥ F5 Adde Fodts AFRYS 0.5% T AbshE (Fe203) S AHstel T5 A
AAZ ARRSRT  AFH = EelA Astass gl AFFE AstES 1 w7t
AAlERTE =E AA7IRE s Y 2% Aol AFASAT. dRYote] FkEs ]9 E)
= L7 0.1N H2S04&9 50mlEs H7bstlow Falidfs = FHE7]d AX st
ARgt wE AFHsT ARV S AAF w= AEFEE 2,000 mlE mass up ¥ F
100 ml A FHO @i 2 FAE A F -20C9 Y 2474 asrgich. 57t
2 H 2 AEHE 60T drying ovendllA 72A17F AZ3 § Wiley mill (Imm A~3#)

o] gsto] AT &, =9 ARE AR FA4= 9@l AOAC (1995) HHer A&, +

o
=
A, 2ER, 2HF 5L A,

d
-
s
>~
-
[-‘U.‘.
kr
FN
>~
-
~
=
Q)
=
)
j=n
@
ay
9]
(@)
@)
=
(@)
~

o AHE 39 EL 5 EU#]E cpael A “0%0}0% Jmo}
A A ol 43

= E
o meEbd AAplE S3E flske] A9 JRA] %3— el e 8/‘l°ﬂ *P%‘E ddeEs de=
AAetglon, 244 = MR 4579 AEss HEeR 1 T FPY 2AF (watery
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diarrhea) B4 742 A 58 sherstel MAMIEE SHSHAC £y HAF BHo] gl
Ee AANIES 002 AsYor, BE A FE FAk FPY HAF E4S A
Al W U 4 el ?;g m 129§ SR, BE AAFe S Ay

vl B W m| Ay E A (Fecal E. coli, Salmonella, Lactobacillus)

AFNA 9} 7} Akt %74194 FTEAIE 72+ A7 F vty oA or sty i

& 1g¥% 9ml FFT9k 4ol AT AR dA S
Al 1mlE #ol 9mle %—%#oﬂ 345 stk thAl A7 %O“oﬂﬁ ImlE $#of 9mlo
ZHFe FAS ato] F 1,0008 FE=(x10H) 082 A4S &t & 1,000 34T A=
A 1mlEs Hol U]}}EE %] (AFYERE, LTS Korea) IEAHES AE A5 gNg A
| sk oAl e ANE AR 92 o5 bl A 35TelA 24417t wleke 83

L R e HHXloﬂ wAE s 5 ARSI

|

2
=3

% HCl(concentrate HCl) 2%

FojrH ), o5 YAEE (17,400g, 10 min, 4C)E “]'01 AZS 0.22 m ZE o
H A7l F vial (Suprelco, Cat. No 27265, Bellfonte, PA) 9] @o}4 Gas Chromatography
(Hewlett Packard, HP 6890 SeriesgC System)E ©|£3lo] Z43F3 ;. Standard® &%

Ir

= 10mmol/ml®]™, acetate, propionate, isobutyrate, butyrate, isovalerate, valerateE
Z4sk3itt (L. D. Topping &, 2001., E. R. Otto, 2003).

o}, gAAA (Blood profile)

A8 WA A dF 24 EA A (BUN : Blood Urea Nitrogen), Creatinine ¥ IGF—-1& %
Atet7]1 918l oA om AAwelA 82 HAE APston, A3 JIAl A o] Fele 2 At
SHAE A SAA AEE 674 T 2479 A4S AFSIUTE AL disposable
culture tubeo] XF3}to] 3,000 rpm, 4 C AE|ZE 15F F<F dAEY 34tk 7 & micro
tube H¥HG7]o] dAwha FEsto] 4 Al7EA] —20 CTE B8kt BUN, creatinine<>
As4gker 2471 ADVIA 1650, Japans ol &3te 483t IGF-1& 222 $47]&
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o] g3l EA3FE9 Tt (Immulite 2000, DPC, SUA).
ZF ZA 24 (Statistical analysis)

2 ¥ datax SAS (SAS Inst., Inc., Cary, NC) ¢ General Linear Model (GLM)E
o] g3sle] Wy A3 (randomized complete block; RCB) designl ZA ZAEAS 24|
3]_031;]__ /\473}/\4%4 /H/\]_xlz,: dataiﬂ 7:10 Sl EH]—O] experimental unit©C. =, =1 3ez) gou/ﬂixlrvq
9 A3E 15E experimental unito® AASAT. 724 Zol= HA FYxF (LSD)
A He o8] A2zt A5 v w2 ™, orthogonal polynomial contrastE ©]-&3}
of @il Ao WE linear ‘%l quadratic effect® ZFAlstth (SAS Institute,
2006). P<0.05]1 A% w227t ol Ze®, P<0.0191 4% 1Ee] #Foa7h 9 Alew
FHIFR O, 0.05=P<0.10 & At Aol Q= Aoz 3R v;. T3 linear-quadratic

=

response® #A1317] 98 orthogonal polynomial contrastsZ 2 A&k T}

A3 A A 4 uF

7}, A3 4 (Growth performance)

A= APR W FHAbEE AR S H7E7F o] f A=l A H el vAE IS % 450 dE
welrh LSD test A3, A A 3 2 A4 w28 #-dste] 5 #oa7F YEuA|
okert}. A WF orthogonoal polynorimial contrast A3, 3—4FxFe] A oA FHA}
Fabz bl wel AJFol JAE= linear response’} WERstow™, 3-45, 5-6F El
0—

6572 AR FElA FHARE BAES] ULl soldess FA7F E£o]=+= linear
response’} YEFTE (P<0.05). Ad A 7|3F &<+ ADFIC] 7% 7FAME F-A4
upel PSS WSkAIRE o] J¥Fo] A H V|3 Bt AAE W AARage] 9T
U Zow UENET (SAFCE Fo40 Aol gla).
Bell 5 (1999l 9atd HAfFa FHdsEs vAE % 248 9 & Jugz i
el shy, o RE Aol g8 & WE&&2 Hx (viscosity) & F7HA]
A AEAFE B S L3tES TaAE S B it Basgith & Aol R o]
o & 7lZro] AMRAFFE HAATE H dFe vHE FoR odHY, FUHHeE A
AR e SEc YFe ol AAF = A Akl Al A

°H E].o]: 3k 74 o7 /\]_Jej_g_

S
Y
§S
rlo
po
flo

>,
fuieu)
N

S MmN A AR AR AR HARE BAAD + At Aol
ot Ao ehgAR, 44F W AREElE 9L A4 ¢S P 04 57
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Rom, drd 7l mE A TA mys #Es] faide 49 AR % &
7

oM e ARG AAF RIEe] gk F7hAQl A e Zos AbgEh

¥ 45. ol7AE AR Wl JME FAEY HIPL olfAES ARAAC vA= FF

P — value

Criteria Control C5 C10 C15 SEM®
Linear Quadratic

Body weight®, kg

Initial 8.00 7.96 7.97 8.00 0.14

2 wk 11.04 11.47 11.02 10.95 0.20 0.49 0.30
4 wk 18.14 18.08 17.49 16.99 0.28 0.07 0.64
6 wk (Overall) 25.71 24.82 24.98 24.01 0.40 0.12 0.95
Average Daily Gain®, g

0—2 wk 218 251 218 211 8.53 0.49 0.25
3—4 wk 507 472 463 432 10.96 0.02 0.91
5—6 wk 541 482 534 501 14.70 0.64 0.68
0—6wk (Overall) 422 401 405 381 8.23 0.12 0.92
Average Daily Feed Intake®, g

0—2 wk 351 383 363 330 8.44 0.16 0.02
3—4 wk 808 769 789 713 13.91 0.05 0.52
5—6 wk 1112 1034 1028 984 21.49 0.04 0.68
0—6 wk (Overall) 757 729 727 676 13.09 0.03 0.65
Gain:Feed ratio®

0—2 wk 0.623 0.655 0.606 0.628 0.017 0.83 0.87
3—4 wk 0.629 0.615 0.586 0.603 0.009 0.25 0.45
5—6 wk 0.490 0.464 0.519 0.512 0.012 0.33 0.73
0—6 wk (Overall) 0.560 0.551 0.557 0.563 0.008 0.85 0.70

A total of 128 crossbred pigs were fed from average initial body weight 7.98 £ 0.83 kg and the
average of final weight was 24.88kg.
b Standard error of mean.

¢ Values are means for four pens of four pigs per pen.
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. Fda 4238 (Nutrient digestibility)

FHAbaE AR 7 AR=e UL astEe] vAle A £ 460 dERSlH #
Ao lojA] =@M A (crude protein) @] &3F&S FHAHE 7ROl =S5 F7FSES
o (linear effect, P<0.01), C10 A&l G-} C15 A& F7F & Al Fof vldl =2 423&S
YeRf e (P<0.01). =AW (crude fat) & &st&% 7RAkeE H7bFo] &5 F7kekgle
o (linear effect, P<0.01), Control A& 7} 7F4 w2 AW 42352 JeERgAG
(P<0.0D). Aa AAZFS 7ML FAHES] A7V S7HE = S7Eekl e (linear effect,
P<0.01), Control A#7olM 7 Ao AFHZFo] A3tk (P<0.01). & W A2e] F&F2
C10 A2F9F C15H g FelA 7k wekom (P<0.05), &= Wl AA2 =2 Control A
TolA 7 wska (P<0.05), A4 FAES 7S 5% H7Me A2l FtelA 7Hd Skt
(P<0.0D). AAAQA Fda 4sts A A3 7R Fabs Ve S7RIAFE 2
A, AR B 23R Aspgo] FHE dor yeten, da FA489 49 C5 AT

o= FHARRE HAbE A7V Skl wel SEc d3s = ¥
F Ad Ay FRreE FARE H7bel wek ARAFHTZC] 2ol F Ae Ao

AstEolA 2358 F7tEAVE Ueh dntdow A AR S w3E ¢ Ugd Ao
AbEH T

o
o

N

Oé] OO]: A~

!

¥ 46. o] FAE ALE Y FRAE BALES HIbt o] SRR J%A Ag g uAE 9

Criteria Control C 5 C 10 C 15 spvz _ Dovale :
Linear Quadratic
Apparent nutrient digestibility, %
Dry Matter 87.24 86.25 87.23 86.68 0.29 0.81 0.75
Crude protein 83.17" 82.76" 85.01* 86.23" 0.46 0.01 0.15
Ash 53.71 48.17 59.36 58.73 2.09 0.20 0.58
Crude fat 66.66" 76.19% 82.96" 82.60" 2.10 0.01 0.12
Nitrogen retention®, g/day
N—intake 5.79° 6.00° 6.17" 6.25% 0.04 0.01 0.01
N—Feces 0.97% 1.03 0.92" 0.86° 0.02 0.01 0.07
N-—urine 1.24" 1.80% 1.71% 1.65% 0.06 0.01 0.01
N-retention 3.56" 3.16" 3.53% 3.73% 0.06 0.04 0.01

! Sixteen pigs were used from an average initial BW of 8.79 * 0.36 kg
% Standard error of mean.

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

APPMean within row with different superscripts differ, P<0.01

Mean within row with different superscripts differ, £<0.05

abc
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t}. A} W1% (Diarrhea incidence)

o

ZhAbe kel F7PE ARl dApiEe] wAE S % 47011 YER ST ARk
Z, ol § w4 49 Wiel FF AEHA ARuAC] BE dF ~EHS FOoR
gtol ol 27|l A= AAPE ol A (Van der Poel 5, 1989). Kil & (2004)
ol Al AAAY AR Bl @AW = AERHAR Qlste] Y vlAE #Fel o
Fol Azteh Aapk ddtka Baekglom, Pluske 5(1997) Aol olahd, AE2 o]
= ]le] a3 T8 Ywe] Wbk dojubzE, ol e wAEdl FREAE
Atk digarel 23 713 W gees Aaph fldva Buskgith & AdelMs ok

],

F 247k FrhelA] AVIR R Aol YA R AA A 717& Eake] AAb MR A

o

=]

T
5
-7

ot
o ox o flo rlo

S

rl

o o
¢

g Zpol7F vrERUEA] kSkeh A AR TIE wt YA AEE ot AAF WS
FASHARE Pes] Aatetal & AeE dd SAS Bole 7Hiﬂ% fLelct. ool whel A=
AL g glolar, FHAbaE AF e wE dF =3 A9 yehuA ¢k Jow Alsdnh
Jhx] ZEE "o MAlsb A wEEA] WAE= 0-23 77keA Control X a]Ttel H]d
ZhAbE HAMES 5% H7EsE C5 A2 v Fdd ® E2dES dElvs Aot o]
Aol 7 AZ1ARL ou], A A 9 Fda AskEe AY A% s A a8E w gt
At AR S 5% 71 7R AS olfr AEe] AE ARl e didt otgE glo] =7

AE A MRS 2D 5 e Ao ARH

¢

¢

¥ 47. O)FAE AlE Y FHAMEE BAES H71) o] fAES MAMIEC wAE g

P—val
Criteria Control Cc5 C10 C15 SEM? . vaue
Linear Quadratic
AR =
0—2 week 2.614° 2.37¢ 2.64% 2.47%¢ 0.17 0.55 0.55
2—4 week 1.95%8 2.10% 1.82° 1.88" 0.10 0.07 0.39
4-6 week 0.78" 1.01* 0.79" 1.06* 0.06 0.005 0.65
0—6 week 1.79 1.83 1.75 1.80 0.07 0.97 0.95
U'A total of 128 crossbred pigs was used from average initial body weight 7.98 £0.83kg and the average of final weight
was 24.88kg.

2
Standard error of mean.
AB°Mean within row with different superscripts differ, P<0.01
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o® 0 AR #E

(Intestinal microflora)

b R A AR AAES vAE JFL

Ay
o o= -
= g AR a1 gl Aol gRel PR AN F 54T A4

a5 AAT A= AU dEdEee
A gL AALE SHAl Hie AR dE AL UTth Nabuurs (1998) 9] A7t ostd, 4]
4 AAME dO7l= E. colid Salmonella®t 22 54 A vAEES &% W crypt cell
o i FHE TV 98-S sto] AAME Ao S

A 4

J9 A3, phase 1 WAl FHAbuEe] 7 o] o5 tixTrof HlalA el <l
Salmonella®} E.coli7} F9A0 2 =2 ZoF et (P<0.05). o|#H 3 H 32 phase 2
9} phase 3°lM % Ao A HAbES] 16% 7t 52 A=Y ‘4/\]'”;(]% I~
st Zlo® ALREY. B AT FolA FAdskA C5 A7t %4
A1 Control A7 ¥l W& Salmonella 4% YERNOH, %
o Hl&l Control A |7l Hla] FAAA = F5 et

.

¥ 48. o]FAE AR Ul JRAME BAME S HIM o] A= & U uAE HdFo "R =

o 3!

Criteria Control  C5 C10 C15 SEM? _ Povalue
Linear Quadratic

Initial (cfu/ml)

Salmonella 491 4.91 491 491 -

E.coli 5.64 5.64 5.64 5.64 -

Lactobacillus 6.70 6.70 6.70 6.70 -

Phase 1 (cfu/ml)

Salmonella 3.90° 4,14 5.29° 4,94 0.18 0.01 0.32

E.coli 4.27¢ 5.12" 5.90% 5.13" 0.18 0.01 0.01

Lactobacillus 8.23" 8.06" 6.56" 6.93" 0.22 0.01 0.33

Phase 2 (cfu/ml)

Salmonella 3.99* 3.248 4.50" 4.50" 0.17 0.01 0.11

E.coli 3.84" 4.16° 4.47° 5.84% 0.24 0.01 0.11

Lactobacillus 8.09* 8.10" 6.36° 6.86" 0.20 0.01 0.03

Phase 3 (cfu/ml)

Salmonella 2.94 3.21 3.58 4.07 0.16 0.02 0.72

E.coli 3.84 4.01 4.14 4.14 0.16 0.36 0.73

Lactobacillus 8.04" 7.48" 7.13%  6.77° 0.14 0.01 0.53

LA total of 128 crossbred pigs was used from average initial body weight 7.98 =0.83kg and the average of final weight

was 24.88kg.

2
Standard error of mean.
ABMean within row with different superscripts differ, P<0.01

abc

Mean within row with different superscripts differ, P<0.05
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np B g 3w xWAF (Fecal volatile fatty acid) 5%

ZL'
—|-‘

A77F A8 W s At seol miAls dEE E 490 e
& FEvgEel s B E=

UAgoR AgE ¢ 9t BRIt o] VFA FEE o vAE 7 4

A A3, R ST Agah SEFelA FdstAl, C5 AT+ A% Control A&7
of Hld] &2 TS YErH o, C102 Control A8 Fd3 75, C15 AT
- Control Aol ®la w2 gz vebdllty, Bdste] 7papba BAkE 7k mE
linear response %! quadratic response®™ YWE O™, & VFA =% A Gvfty & =)o)
E UeRlh SlelA A A, A Asts W AA W AY A3E A8 B Ch A
2|77} Control A7l Blsf 2] SHolA /IHE AE&FS dvebd 457 wokth 8
AR 24 AdE sdstA Co5 A7t A" VFA g 7HAE Zo®E YEEe

FARow A7t gol wobd A9 esld BAS BN 5 i How ApmEh

|

Y

s

¥ 49. FRAEY) £33 HAUbE AR J AR BE nXE g

P—value

Criteria Control C5 C10 C15 SEM? - -
Linear  Quadratic

Rectal VFA (mmol/ml)

Acetate, C» 69.87"  103.97° 68.47% 42.32 7.40  0.03 0.02
Propionate, C3 17.79%8 28.42% 19.29%%  12.16" 2.05  0.04 0.07
Iso—butyrate, Iso—Cs 3.07*" 4.54° 3.77° 1.91° 0.33 0.03 0.10
Butyrate, Cy 6.06 10.15 8.65 2.34 1.26  0.13 0.32
Iso—valerate, Iso—Cs 4.12% 5.97% 4.92% 2.31° 0.46 0.03 0.08
Valerate, Cs 2.12 3.09 2.68 1.51 0.24  0.09 0.31
Total VFA 103.3* 156.13*  107.78" 62.55" 11.03  0.03 0.03

' Least squares means for four pigs/treatment in an individual pen.

2 All pigs, average body weight 15.74 £ 1.03 kg, were anatomized at d 35 of experiment.
% Standard error of means.

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

ABC Values with different superscripts in the same row are significantly (P<0.10).
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vl g A (Blood urea nitrogen, creatinine, IGF—1)

2= AR U 7P FAEES] H7E7E ol f-A=¢] BUN  (blood wurea nitrogen),
creatinine¥} IGF—1¢] w2 A3l thair & 5001 Hepligith. 5 Wl BUNS §k+e
Atg ol @ d ] Faa Adte] glom Ao = 2ojotm it o] A9 Ko A
(negative correlation) & zt+=t} (Eggum, 1970). 234 BUNQ X+ A wed ofv]
AR @A g el AR E AFE-E O] gtk (Cai s, 1996; Taylor 5, 1982; Coma &,
1995). ¥ A¥°] Phase 1°] 5% Al SH A4 A3} A= Als W 7ML F
AHES] Mol wobd s BUNS| $27t linearstAl oAl AE&FS Atk (P=0.09).
g% BUN ggo] drp= 21 dld o8 g0 =t As u|stEE 7pAbE FAks
H7Fe| W& linear response’} YWERY whlzl A3ls-0] A3 Ayl AdXx|eh= A UE

ST
Heol ZHo EAskE Loy Xx|QlAtkyt Adobel o] shehE<l
atEolm Aol AdA £z AT o5 AdolEde A
5

APANA FHE AKH o depgth 28 BR sk BakES o] fAHE AFE U 15%7HA
HA7Veke A A=) Aol vha A dFS vE i e AoE ARdH
IGF-12 Az =0 Ab=ol o8 Erlum 29 Agdat 3o vojsto] Ao e
Sk Ao AUAE FEshes d8S dh Aot 7HE 8% Ve E AdaA x99
7158 =283 W AFoE v Fog o%ks dth (Bayes—Genis, 2000). A4¥ A
kel AxA IGF—19] % 55 AgTitel F27<Q AolE RHolx it dxpdo=
b= AFE W FRARE AR S HUkE 9 W IGE-1 el I3 s T4 ¥ AoE AR

et
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¥ 50. o] &AE ALE U FHAMHE BAME S H L o] fAES FAAA v E g
Criteria Control C5 C10 C15 sgm? . P-value
Linear Quadratic
Initial
BUN 9.4 9.4 9.4 9.4 - - -
Creatinine 0.9 0.9 0.9 0.9 - - -
IGF-1 60.0 60.0 60.0 60.0 - - -
Phase 1
BUN 17.8 15.5 15.2 12.7 0.87 0.09 0.96
Creatinine 0.6 0.6 0.6 0.5 0.03 0.37 0.73
IGF-1 93.1 87.0 101.9 94.5 8.63 0.82 0.97
Phase 2
BUN 15.7 12.9 12.7 16.9 0.86 0.68 0.06
Creatinine 0.7 0.7 0.8 0.6 0.04 0.52 0.47
IGF-1 107.7 120.3 149.0 77.6 9.80 0.48 0.04
Phase 3
BUN 13.7 13.0 10.7 13.0 0.51 0.26 0.12
Creatinine 0.7 0.7% 0.8? 0.6 0.03 0.15 0.06
IGF—1 95.8 112.1 151.8 117.4 9.77 0.27 0.23

VA total of 128 crossbred pigs was used from average initial body weight 7.98 £0.83kg and the average of final weight
was 24.88kg.

! Standlard etror of mean.

®Mean within row with different superscripts differ, P<0.05
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A2 d A 3] 4L AR

hoAES A A W Y S1S A% FIYA AR AL P A

He A AE WO AE) M WA w1 A FEAA Abs AN Y
ke AN AP AP A7 T 1 we} phase W% AFR 989 44 W 2 AT
WY 5 AASom, AA AwA AR Al FYA FAC) ofet thgvhe g
AT R AHAAE SHIA B3l A e RS W R wskd, ol
# AHES SUE &% glo] ARNE Bolt Aol 1 £ glomw ¥ @9 ARt AM
AL AL U ORE b walstel APoR AbgE F 9e AR waldh

EREEte] GE e 9lo] BA B AEY MAE ZaAd 5 At
WetowA B8E F QEE dvh ATl AW} SEAd AREA ANHES B of
)

1l ] 1l
2 7 mee] @ AAREAS o A4 AE AR Aol 48E 5 e A
H z]

A3 A A 4 uF

7h A= AAF 'R W A SRS 95t A Al AAE Wk

2 AGgA oA AP A7 AFE vpg oz =0 AP Hx W A 2S5 95t
A AR AQF RAlS ol ¥ 51, 52, 53 2 540 A|AEYTE E 518 AGA H
O 79 A= AU sugar beet pulp BEE FAIS O F 8% H7F FEolq9 Ab

=3
'BeF Aot dd AHe olFE A VU ¢ Qe 2 A i Aol

-

N

ro,

]_

Jo
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3 wAWE] 2AE<Ql Escherichia coli K88+2 w#+E #7HA|7]+= Zlo|t}. Sugar beet pulp

= ol A= AUelAM 78 A=Y VERA FEete] e w5 f8l g Ee] A

of ¥ = Sl sitem: AT AUolA FFEehA] FetES AAAT= AEs o A

g Ay, ddFor #f3 vAdE Tt Folbe ATe WER L, ol A= A W o

S Y4 gdlelx 5 ofgeds vxA = Ao® yehd 84 tAAEA AME-E

T e TS BT X 520e AEV] &4 v Bd 9 AR H FES A
A

Aletalnt. AA Ao AbgE &AA H7F FE& 0.5, 1.0 B 1.5% AAR 0.5% FFlA
T FE3] 895 Holx= o yElt Y enzyme complexs 98 AR E AREE W

Ql xylan¥} B —glucane w3 F e 34AZE F=2 FAAHY Qo o=
ol g35te] & A8 A} ﬁ%iﬂ TH &2 4

=
Fa 23HE A Qo] AES A W 2F WIS BAHO

2 o}
Ehuth 2 Aol AAE maA 2 9] thE Aol Hik FHAY AR HH EaA
A Bo 9%a £SES ANATE E 02 BAA AE A4 A wdE AbgE 5
9% Row Rt X 538 Wl 53 A% mdzA, 719 7} phased) WU @
THEE WE 204 ALGAZ Adolth AR, el IFL vA AL St
Sud wEe o7l wal i Ft APl AL, 4Y A% 20 Fw A1E] vle)
B FES AFAAE olf AL HFHA] GIFS 04 = A0 ehd
Gorah Atk AR A Aol ARHOR FREA EH GPa AN WEHe] Al
g 4 A71E 290 | F Advks 49 4 2B FARAS W AF AL mAe o)
F AE AN AT E OB PUA0E A48 F 9e A0 ARE E SdelE A
BAFE A7 Bale AASHh bk JRHoR A% ARe e B zdstn Q)
WEe] VFA 28 9 23429 $3 £u8 2Ased U Dbt 9E Aom Auro
2 RuHI Qeh B AT RANAE skl Bkl whE 9 YA 58] wAHA G
S

7}
I, Y askE] As iHEE Ads UrEP‘*‘ﬁ‘r. o] Btelx=, 5% 7t FolA= o
] =

g9 7 v AR FEEstel A 9% ARE AW FHME
AgE 7 A 8 ALY 54 3 4§ W, AE A B o JFL )
ALA PP Ak Aok B, QA WgS MO BAF Aot NRHOR AE

A 712k A3 ZMW aA Gao] JEGA 2o} 0-2F phase 1 Al7]ol #gahd, o
& oy B 28 S o] A=Y olgx7)d AAPRME 7aAZ Aow oadc)
o] 79-ol+= sugar beet pulp 8%2 F7ts B A9 AlE U FHAS H

S RS ekl A3z vFo] BokE w, phase 1ol 872
#33s W, NSPE #alE

ﬂll

Zolth. Alth7} sugar beet pulpel AF47F FHE SHS

K
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Al

i

A7kstel A gahy,

phase 119 #AE=9] JU&FA o] &4

flo

¥ 51. A{A A7 o2 A9 sugar beet pulp B2 (R=7] 8% HID)

Ingredients Phase I (1-2 wk) Phase II (3—5 wk)
Corn—wheat 16.12 32.63
Corn Ext 17.00 10.00
Wheat flour 10.67 10.67
Full fat soya 10.00 10.00
SBM (dehull) 17.25 17.07
Sugar beet pulp 8.00 8.00
Oat hull - -
White fish meal 2.50 0.83
Vegetable oil 3.60 3.60
Whey powder 12.27 -
MCP 1.07 1.40
Limestone 0.73 0.67
Salt - 0.30
Cheese powder - 4.00
DL —methionine 0.11 0.09
L—lysine 0.15 0.18
Threonine 0.06 0.06
Mineral—P' 0.20 0.20
Vitamin—P” 0.20 0.20
Choline 0.07 0.11
Chemical composition
NE, kcal/kg 2,552.00 2,546.00
Crude protein, % 20.28 20.04
Lysine, % 1.31 1.30
Crude fat, % 7.42 8.61
Crude fiber, % 3.86 4.18
Ca, % 0.80 0.76
P, % 0.73 0.74

-

Provided per kilogram of complete diet: 12,000 IU vitamin A, 2,400 IU vitamin D3, 60 mg vitamin E, 2.25 mg

vitamin Bi, 5.7 mg vitamin Bg, 4.5 mg vitamin Bs, 0.036 mg vitamin Bi2, 3.6 mg vitamin Ks, 27 mg pantothenic

acid, 34.5 mg niacin, 0.19 mg biotin, 2.25 mg folic acid, 7.2 mg.

Provided per kilogram of complete diet: 159.2 mg Fe, 126.8 mg Cu, 89.1 mg Zn, 31 mg Mn, 0.37 mg I, 0.33 mg

Co, 0.17 mg Se.
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¥ 52. AE7] 24A HU 24 2 Y HIE =5 (0.05%)

Ingredients’ Phase I (1-2 wk) Phase II (3—5 wk)

Corn 17.55 35.93
SBM—-44 32.59 29.73
HP300 2 7.83 3.22
Whey powder 3.30 -
Lactose 12.00 4.00
Barley 24.00 24.00
Soy—oil 0.04 0.78
MCP 1.02 0.89
Limestone 0.92 0.72
L—Lysine - HCI 0.13 0.14
DL —methionine 0.03 -
Vit. Mix *° 0.12 0.12
Min. Mix * 0.12 0.12
Salt 0.10 0.10
Choline—Cl1(25%) 0.10 0.10
Zn0O 0.10 0.10
Enzyme complex 0.05 0.05
Chemical composition

ME, kcal/kg 3,265.00 3,265.00
Crude protein, % 23.70 23.70
Lysine, % 1.35 1.35
Methionine, % 0.35 0.35
Ca, % 0.80 0.80
P, % 0.65 0.65

! Diets contained 0, 0.05, 0.10, 0.15% enzyme complex on an as fed basis and were fed ad libitum from d 14 to 35
of the experiment.

2 HP300 (Hamlet protein, Horsens, Denmark)

3 Provided the following quantities of vitamins per kg of complete 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 Bjg,
12 g; vitamin K, 2.4 mg.

' Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg; Mn, 24.8 mg;
Cu - SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.
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¥ 53. g¥lz == A 2d (7)1E iy 2% 7A)

Ingredients Phase I (1 wk) Phase II (2—3 wk) Phase III (4—5 wk)
EP Corn 26.87 36.78 47.36
SBM—44 30.26 28.40 22.18
HP300° 3.59 0.57 0.21
Lactose 3.21 8.00 2.00
Barley 12.00 22.72 24.48
Soy Oil 20.92 0.63 1.04
MCP 1.18 1.19 1.10
Limestone 0.90 0.77 0.65
L—Lysine 0.38 0.30 0.35
DL —met 0.15 0.10 0.09
Vit. Mix” 0.12 0.12 0.12
Min. Mix* 0.12 0.12 0.12
Salt 0.10 0.10 0.10
Choline—Cl1(25%) 0.10 0.10 0.10
Zn0O 0.10 0.10 0.10
Chemical composition®
ME, kcal/kg 3,265.01 3,265.00 3,265.02
Crude protein, % 21.00 19.00 17.00
Lysine, % 1.35 1.15 1.05
Methionine, % 0.44 0.37 0.34
Ca, % 0.80 0.75 0.70
P, % 0.65 0.63 0.60

! Treatments: CON (NRC CP requirement), P2 (NRC CP requirement — 2%), P4 (NRC CP requirement — 4%), P6

(NRC CP requirement — 6%).
2 HP300 (Hamlet protein, Horsens, Denmark)

* Provided the following quantities of vitamins per kg of complete 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 Bjg,
12 g; vitamin K, 2.4 mg.

* Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 0.3 mg, Mn, 24.8 mg;
Cu - SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.

° Calculated value.
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E 54. FHAMEE FAE U B2E (A7) 5% £ 327D

Ingredients Phase I (1-2 wk) Phase II (3—4 wk) Phase III (5—6 wk)
Corn 18.14 21.51 54.58
SBM—-44 40.40 35.38 30.81
Barley 15.07 24.19 5.48
Cassava residue 5.00 5.00 5.00
Soy—oil 1.51 2.39 1.66
Whey powder 2.00 1.00 1.04
Lactose 12.00 8.00 0.67
HP 300 3.00 - 0.16
MCP 1.09 1.07 0.06
Limestone 0.90 0.73 0.12
L—Lysine—HCL 0.13 0.11 0.12
DL—Met 0.12 0.08 0.20
Vit. Mix' 0.12 0.12 0.10
Min. Mix” 0.12 0.12 0.12
Salt 0.20 0.20 0.10
Choline—Cl (25%) 0.10 0.10 0.10
Zn0O 0.10 - -
Chemical composition®
ME, kcal/kg 3,265.05 3,265.23 3,265.06
Crude protein, % 23.70 21.00 19.00
Lysine, % 1.35 1.15 1.05
Methionine, % 0.44 0.37 0.34
Ca, % 0.80 0.75 0.70
P, % 0.65 0.63 0.60

—

Provided per kg of diet :

Provided per kg of diet : Vit A, 16,000IU; Vit Ds, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg;

Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin, 32mg; d-Biotin, 128ug; Vit.Bi2, 20ug.

2 Provided per kg of diet: Fe, 281 mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

* Calculated value.
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¥ 55. A=A S A8 AR Ed FAE B4 A
Mfx A4 2d mad Y 9ud AR BY APt AE B
=
o dz7  A¥T  dEF  A9F  dEF  A¥F  dxT AT

kg AtsH], €

Phase 1 694 712 654 658 826 807 609 602
Phase II 584 589 552 555 552 535 557 551
Phase 111 - - - - 508 499 505 499
Total (RH£7] B) 628 638 593 596 589 575 557 551
NHELTE 1.71 1.63 1.69 1.64 1.45 1.39 1.79 1.81

kg FAE AbRE, 94 1,074 1,040 1,002 977 854 799 997 997
TG AR 59, 4 680 500 1,100 0

) & 5o, A 9,941,600 7,310,000 16,082,000 0
b AT Al SEAAAN dEst W St A

A At W A FJ7F SAHE Qe e Al e Q= Aoty fEuet s
o dA Abs W @A) HIPE 24" Uete2 1wk ol § A=l AR e 2
AN FAAE A sH7] Qs FERE] e A 7F et A IAyHT AA B =E
o] AlE ] At FAA A EAEA DdtsiA ATHI = R AerA| (probiotics)
oF Zgnfo] R §l A (prebiotics) & WFEA AFE3E i glow, o] AlFo] Aol olv] 1
¢} Q= Arstoltt, gdlu M2 FHEAM 2E FEFE (plant extracts) o]y} 3 E. (herbs)
of theh A9k #alo]l smobxa Utk SAIRE AAPEAE 9% Adrdel tieh R Rt
I BHE sk vl R H2 Tl tiet AdEe] IAHAL, e Al
o% st A7 diFelth a8l AG47F %2 95l sugar beet pulptd ZHARHE
(cassava) ol thst A7r= F-=539 Holw], A=A WA HH o wA Algd Ao o84
= SAATZI7] 9%k ZaAly Zhe el tE W82 F55 Astelnt Yy oy A9E
Abeloll Agete™ B elalof shy] wol Af4al] F7PF A= AApgA 9 A
A Egol B ayHtwt obvel A4 TE7EA AAIE 5 qlofof Tt o] gk ol A
ojfl A= BHE ¢ dowA THE BAlARl HUF kel sk AyE =&steto] a9
Ao AAEHE WS Ao 3AbEo] &go] 7hed Zlojth & Aol e A= a9
gexle] I WEs AANE oAdolw, F3 dA77|H] 92l ot FEAAA A=ANR
Aol A+ daE A= &Estn Auk GesTtelAE A AAF Az ket BEdste] I
18 g dES A8 MES oot
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el

=57+ 737‘39—%‘@’%0] UH—r Alagh gdeto]l Hinh =S S HolFe ARE
Al MSY (Market pigs/sow/year, ¥ 1579
St 14.1%F, ®lvtae 2445, UE2des 2465t =3 i) AxQl EA4F
(kg)d A= 2008 7], st 3,800~4,2009€, dWrta+e 29279, vEg@E+=
2,875¢01tk. @8] SA AN Holk A4 Su FEAAES FHe FEdds
Hlglol 60% Jolar, AAHHI= 30% o4 =2 AAolth olgf e Aol wAsk= ol
22 o2 THAE & F AAARE 53] A AR SA40 e A=Y #HARE SPF &
e ZA sk k. = Aol QoA o] & BEo] A=r]e de= ARSI AAET, o

o]F B ZotTr (MSY)ol Adgt dFe v 53] dA = s7klAM = A 5
Aol 30%7F "etha ®Hawa glow, o] Olvx}%iﬂ ~RAd AW, 5 4P (PED,
PRRS, PRDC, PMWS)7} wIis] @Astr] wto s F=4 ey A 45
How HAAE & g Qe olfAk=el oA A4 AR (B9 A7 ¥ AR (AFR)
2 upF A sk Aot Bow, ol el HAA mAEY #do] =ue ol
A7 R Qlvk wheba wdEe] ot AW S THAAT]Y] Qe theFsh ATte)
o] Al Aol

AA A A AZA AAFA (probiotics), &4A (enzymes), 57|24l (organic

inorganic acidifier), 2% FZ%% (plant extracts), &3 (herbs), BAEAT}EHF

fr o

(non—starch polysaccharides), = A (oligosaccharides), e el =

T =dEo] AAEA
AsAHe] FHEHJAN o274 HEstA 1 G5e YT W vk vk ol st Ak
A AEA A= AW M E dFelA 8 s $AHe w1 A4 BS avHoeR
=Y g e FEEA AolAFLRY Fuo]l AMEAl AAEHIL low, ofA HEst A AY
o] F}EA kort # AT A= ol E WiAE viEo® ]
3, FH R Ve s %’4?‘& ek A E"“ﬂr.

(nucleotides), HIEFY (vitamin), FE24 (mineral) T %<&

5
el FFY92 sugar beet pulp, oat hull ¥ cassava %1t} Sugar beet pulp+=
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ARESEZll WS A dEol ol Rl Aot Ao R ARgHY A8 AFRITh
SHAINE H ol Board whel] ofshd o] fAk=olA 80~85% o] A3tES Hlvs Rk

ol @l = APR el e ZEAel tig AR 7F Aled dEolth Oat hulle HE=

RO s 3B AREA, 2WWA gl oF 119 JER S55RT BAW, Aol

X

wab gho] whe zlo] Exolth A2/ A A4 B Agh g wRe RES A
Sofgt AgA 0w AbgE o] g Hitol Mg ) AEF bl 4 —glucan?] ofe] FHAHQ

ad7h e AEA 2R dueA Zgwta gluh vpA MO R cassavars B L7 E
Hesteta el did 9 22N, 9l 5o 9g2 FEe W dtoy ke

A
AL Sle @molth o] 37HA
PN

r&

i
o

TobE o] ol R oy A FEdoE AFA 3
7o 927 Rz AgdEgon, o uigor F7h AL S 2820 o] F
3t FAF 8.69+10.45kge AFY W ’é%— ([Yorkshire X Landrace] XDuroc) 240FE A

f

&}, phase I 25, phase II 3F=2 & 577t AUAIE S TSR o, A 638 HHEE S
2 =% 9 8FA ¥y Azl wet ¢¥¥ (RCBD; Randomized Completely Block
Design) &% #wjx|stqitt. Aol AHel4-= th=¥ @t @ 1) Negative Control (NC; Basal
diet), 2) Positive Control (PC; Basal diet + antibiotic), 3) SBP2 (Basal diet + sugar
beet pulp 2 % #7P, 4) SBP8 (Basal diet + sugar beet pulp 8 % 7P, 5 OH2
(Basal diet + oat hull 2 % 7P, 6) OH8 (Basal diet + oat hull 8 % 7P St}
Sugar beet pulp$} oat hull®] H7F5Ed WE A4 S #4235 e BE ooka ]
SheFe AR Aol Al s ew, NRC (1998) Abis o7 ZFRt Z2AY =4 4435
Atk A Ad7IRE (0~5 )9 A AS A B phase I, TelA A0l 7HE =%
g PCAHE T A Aol AAl sdstA 7P Eskor, HoldwE A A=
PC AgFrHtt dd FAZo] @A YeSA T NC A2 F-E o= ¥k, sugar beet pulp
S 8% H7Fg SBP8 A7t A PC ATet g3t Agdde BT (P<0.05). 49
APEAHF S Be ATl FoA] Zpolrk yEbuA]l ekgtom, AR Qe 3l
A= PC A9 SBP 8 Aol 7Hd 9HA vehd 1kg SAE #8h AAR %0
Ao yegtom, NC Ag+ oA 7M w2 AARe 8 Wedsith Aold 4 3+
7ol vl o= oat hull®th sugar beet pulpE H7Fst A9 A9 %— Aol =4 YE
sov H7F 5 1P vlaelA e AoldwAE 8% HUKE HEar=g Aol =A dEE
A A& A3, sugar beet pulp®l = (dry matter) 43&°] oat hulloﬂ vl o4 o

U

Z & FAE vERon, Huberel wet 8% HUbrEol 237 FERG e ddA &
&S vebiith = (crude protein) A3FEolA I A 7F §2 A<l zpojr} b
Adon, Adrades 247 8% M7 H7b=0] Ve AegEel vl w2 dfFa 45t
5 Bt dFe4H A4 &A= sugar beet pulp”t oat hullell H]E] 5FAFelA
oo w v FAE UEilil, sugar beet pulpE 8% woldkie A%l izl Hla|
TFoHOoR 2 dF duEd FAF AR FAE vEEn sy A A3, AR elA
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sugar beet pulpE 2 % 8% H7Fe A&7 %} oat hulls& 8% H7tst X242 Escherichia
coli K88+ CT valueZ} StA yebton, &% f Jejehs WstE dAv)jdox dzst 43
SHgE Zpol= yErUA] ekttt o] Hhelk AAFHAE, FdotEd, W R Atk
ek s BA oy BAFOR Fo4Ql ztolE HolA| ool ’é% £ A7t g @
of theto] ot F&F= vIAA dwa ASEAH
= AT 2dak 3 wiA Aol = Afride] HtE A= AR a4
=0 AR, A g, AARIE, AU vE 7T W YL Azt wA= oﬂ?‘koﬂ 2!
Baldla, A e AR S84 ThEEETE A=) AR A

&, B W VFA 2 vAE Aol A= &l diste] A5 5573t
of AtFAES flste] 24 £ 3 A olfst HAAT 7.30 3
([Yorkshire X Landrace] X Duroc) ©]F#= 1408 5x8 7RSO Az 4EES 1
#3to] ¢ (Randomized Completely Block Design; RCBD) & Z=Hrgd 452 vf %] &}
Stk A Ay o= 2ok @ 1) Negative Control (NC; Basal diet), 2) Positive
Control (PC; Basal diet + &4 0.1 % 7P, 3) A A&7 (Basal diet + &4#] 0.05
% 371, 4) B A2 (Basal diet + @44 0.1 % 7P, 5) C A&7 (Basal diet + &4
Al 0.15 % H7PD Stk AolAfFdel Rl e ATl s58 dF= HUkskian o&
B il S Az zolgiAl skglew, NRC AFSFEF(1998) o whef FHA1%1
ot AR A An d AEVI0 - 5 F) wRbe AAAdA A PC My Tte 24
0.056 % H7ket A A9 A&l 7P =/ desod, asAs 44 0.1 %, 0.15
% A7Fe B, C Ael-9 A+ Aol ko F Aol & A vEehd S & F
ATt ole] vball AbREELS GAA9] Ut wet MAEE AES vErdd (P>0.05). A
AP B 2~5 FRRe] AARRIE] QlojM = B At SAH Q) FoxE YERLEA]
SUARE G 2aAE F7EsE AT A 0~257Fe] NC A FHT 2 AAAFE B0
m (P>0.05), EA&Ae] M7l wet linearstAl 7WA %= 3ol YEth (P<0.05). 3l
oA Ay, Aezte] &% R #ol, woke o], g I BlEe] o] FAACR
oAl Aol & HolA &= UtH(P>0.05). kAT NC A 2l+toll vls] a5 7k A=
79 g5 @ &9 HlE°] quadratic sHAl F7FeheE A de] #EEIH(P<0.05). W WA
B 7% w4824 HubeTdd web #F oM Lactobacillus casei (P<0.05) 7oA
Bacillus subtillis (P<0.05)& #&jstal A2 Ftel]l FAAC R opfsl xpojny A
HA] skt s ME BEAAE 0.2% H7EsE CHEFE AlLls A, BAE77F NC, PC A
TR estAY B CT—valueEd X9l 3|% U Lactobacillus casei’} 978383l A+
A B F Uoer, WAME wixd7MX 2 Bacillus subtillis7t 3% Wl Lactobacillus

caseiA 2l A3kl visest Ay WY el V8= Escherichia coli K88+94 Chy
BE AgTeld Ha HEVIE FEEY W2 S Bol AU dl o5 e oA A2
Ao® Yeth o] Hio FrHHo R S4d dFoida, AdetHd B 4% ded 4



§ apol7h vhehubA) 9ok

E 0F 20 2 APt AES APYH, BAAE,
AAIE, Ggh hohE, BW U VFA U VAR 249 nAE GBS FYE] el £
)

B At 55771 AbFAES St 28 £ 3 dH ol olFe BHAT 7.40 £ 1.15 kg
A wsE ([Yorkshire X Landrace] X Duroc) ©]fAH= 2885F% 342 6RbHof A5
g S I’_Eﬂ‘a}oﬂ W3 (RCBD : randomized completely block design) 0.2 =Wd 165
o, A8 Azt o33 #o} o 1) Crumble (JF42 959 AFES crumble
), 2) Mash (B4 959 AFEE mash ¥HZE 71¥), 3) Crumble + mash
A4 9174 AFEE crumble, mash FEHE 71y | £3). =W 255 A9 MA & A
AL 30 TE FACH, WF 1 TH wtio] wpA 55:4¢= 26 CT7F HA 3
AEY AFBEAFHES T S48, dd=A% (Average daily gain; ADG), dGAE
A F 2 (Average daily feed intake; ADFI), A2 Q7% (Feed:gain ratio; F:G ratio)<
SEATH AR AE Ay, A A F 14Y, 359 2 AF dA 5 F dIGSAE, dY A
S AF el Aol ojwd Fol A Aol B vrebbA] Sk (P>0.05). FdsHAl 2l A
ko) 7F YRt 2 0~2 F7HA 9 AR Q&2 A1 mash 279 crumble + mash #
277} crumble Aol HlE| 2 AMEEES BT (P<0.05). I aste Addd
A= (dry matter), WA (crude protein), AW (crude fat), Z3]% (curde ash), =4
i (crude fiber) & &3b&ol Slo] Ee Ao ofudt Fol% <l xfo]r x| ¢kgke
m (P>0.05), & W&&E THHEol oM 58S xpol7t YAl st o 7)ol F714]
ox dFoagds, AYotEd, EF ad AR, S W it ¢ E W oo 3
A AR s SHEAAT ARG S8 4Q Tt E e mE 58 Adde HEhiA &
ATH.

2 AS 39 R A Agel s WA A% Folsk AEY A, MANE B G
o x i Folg AES A

, AARRIE Bl kA AstEe] st a3 S AP T3k 3
fleto] 21 £ 3 A" olF¥ FAlT 7.68 £ 0

Landrace] X Duroc) ©lfr#t= 128F5 448 8¥t&el Az A
(Randomized Completely Block Design; RCBD) . & =wtad 454
Eo Euk ok 454 wiHEoen, =we vk ZI2E-SF ug(0.9 X 24 md) TFERE
Zkzy ehe] Abm Fol7lgk UE J5717F AR Eoqlel AdVIRE &k =3 AFRE A Al
A (ad Iibitum) 2% sttt A9 Ael4+= vha3 2tk @ 1) Control (Basal diet, NRC
reqgirement), 2) P2 (Basal diet 7|52 % CPow 2% #Ish), 3) P4 (Basal diet 7|+ °=
CPF% 4% AgH, 4) P6 (Basal diet 7|22 CPFw 6% AHE F 47F4 2] Az o]
o= 25 AY I A dFA2 32 TE Trxlé}?jxi‘ﬂ, W 1 TH Yo wt
Aer 5FA = 27 CT7F HA k. ATH ARAIAFS T S5k, dEFAH
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(Average daily gain; ADG), ¥d3Al=4l3 = (Average daily feed intake; ADFI), A5 &
& (Gainfeed ratio; G'F ratio)= T8tk AFSAS A3 154 AFolA, Gl F59
£ quadratic effect’7} YEFW 2™ (quadratic, P<0.05), 55%Fe] AT Ao += A5 Y
T o] Algg el utet AFo] AaHE ddE vEhlt (inear, P<0.01). CON A 2]
o} P2 A7t AT A7t P4st P6 A2l 7-9 Ao d3Eo FoAor Ho Aol
Estom (P<0.01), phase IIelA P6 Ael77F th& Aol Hls Foldoz w2 ADG
TAE YERHSaL (P<0.05), F7F4 S 2 linear effect’} YEFSTHP<0.01). G:F ratiod]
Ao e w72 Abg Wl & gEo] Aol wEbA lineardtAl Hashs A&
YER 2 (linear, P<0.01), ADG® G:F ratio> Al: U @z $=Fo] 74adhel wet &7
oA = AeFe vEllth (linear, P<0.01). w2 e® CON A9} P2 A9 A%
420l P4gt P6 A7 A RY Fdor A4 vt (P<0.01). EF ded
FAF AAAeizte] A9 Ad A #3F, 15%9 553 (linear effect, P<0.05), 352} (linear
effect, P<0.01) A¥ollA &Mz FFo] Friehel] wet d5 o IGF—194 557} linears}
Al S7tshe A¥e HERT ol @l £ Aol EF dad fAF AAJAAEY =
el GEFE vAH 4%0]de] @i FEo AT o] f A= e R
)z Qv As st s Asks A 2A¥, A= (dry matter) 9] AFHE S W
Aol Ast 5o wat 7189 21 (linear, P<0.05; quadratic P<0.01), P4 A&7} t}
< AdTrel Hlal 7P =2 AskEs dErdiglt (P<0.01). ®REde] ZwkE (crude
protein) Z&3t&> AR Wl whEEo] ghgko] fhadhel| wheh fhaAste] uERsk o™ (linear
effect, P<0.05), %3]+ (curde ash) &st&o] X+ Als of @l =5o] ZHAgle] w
g} =7lxE= Agko] UErsth (linear effect, P<0.05; quadratic effect, P<0.05). FA|"
(crude fat) o] &3t&2> F7Fsh= A &= Webilon P4x el 79 =AW &skao] 7H =
A YebRth (quadratic effect, P=0.08). A4 FAE AdolAs, # U dasE7 AR
W iz o] Zhashe] wheh 7hAsto] uEbtew (linear effect, P<0.05), S4¥
W HAasEE AR Wl oA FFo] Al wel sk A¥ES et
(P=0.067). ©] gl AAMAF, €5 QA4uda 3 =4
g 1tell Ao FAAR ztolE YERA &ttt

—

o
=
I}

tr

A ﬂ%oﬂ EH?"} a7 Zé%— ’é@ol ‘Fﬁﬁﬂﬁ‘:}. 67 AMEAE S -40}01 28 + 34 o]
B3 HAlE 7.98 £ 0.83kge A wHE([Yorkshire X Landrace] X Duroc) ©]8#f
= 12855 4Ag 8¥EEo AEy AEES 1H3e] I (Randomized Completely
Block Design; RCBD) 2 & =Wd 474 wixletltt. Be Ade = @ 474 wiA 5
Qor, =k wk 22 E-&%E veH(0.9 X 24 mY) TEE ZH7F e AbR Fol7) 9}
UZ 957717F AR %le] A7 st B3 AR E AT AWA (ad libitum) E5 QLT

Aol A e v Ztd 1 1) Con (WET) : basal diet ; NRC (1998)9 o175



%% Al7]1% corn—soy bean meal based diet, 2) C 5 : basal diet + 7F}}F 5% 3) C 10
. basal diet + 7FAFHF 10% 4) C 15 : basal diet + ZHAMR} 15% =2 F 47FA]| 9] A 2] F-0]
o =% 25e AY VA F A AdFLE 30 TE AAsSR e, Wi 1 TH w30 wvf
Ae 6FAdl= 25 T7F ﬂﬂ] sttt Asd AFRAFAFS wF 54 sk, O]Dinﬂak
(average daily gain; ADG), ddAt=E4A1FH #F (average daily feed intake; ADFD), At &
(gain:feed ratio; G:F I”ath)a stk Atk E Ay 3-4F30] AdFSA A 7}/\}H}
Fabz bl wel AJol JAE= linear response’} WERstOw™, 3-45, 5-6F El
0—673te] AFRAIF ZolA 7kl FAk= S H7Fge] solds5 A7 9=+ linear
response”’} YEFSTH (P<0.05). A& A 7]7F =<2l ADFIS] - 7hApup FAb

whal kS wokx|ul o] ko] A3 A 77+ Eoke] YAE W Al Eagof
U Zor yeisth AARIES] B9 AA AP VIE Fote]l s dabgta & R
MAE Hole= AL gl +¢48 A=E FA3% sils W, 7kt J3 o mE dFe] =2
A GeERGA] kokont 0-2573kelA Control A Ftell wl& ZhAbuE FAE 5% 718 C5
A7 @ AANIEE YEeERYtE EF AdolEd (creatinine) 8 A Ad Fx A
FHAREE 7HE Wol HUbs C16 A9 AdotHd s%27F o8 A=l vl&iA /124
o2 A YEET (P<0.05). C15 A# T2 ‘Fﬂﬂﬁi w2 AdotEd e sk AN
Al FRE AEH O R yegt I8 EE JRARE FAES oAb AFR Wl 16%7HA] 7t
sk A2 A=) A vha FAAR S A —/FE U= Aew Andd. ddL &

& A8 Ay, a9 A (crude protein) @ A3 FRAML H7bEo] BE&FE SUlE 0

ﬂl

™ (linear effect, P<0.01), C 10 Az +¢ C 15 A F7F & AT vld = 43tE
S YERAT (P<0.01). ZA (crude fat) ¥ 43t&% AL H7bo] s&4+5 F718)
Adom (linear effect, P<0.01), Control Hg 77} 7} Fe AW 42382 ehfgdch

(P<0.01). Aa AAZFS 7 FAHES] A7 S7HE = S71ekl ™ (linear effect,
P<0.01), Control A#7-olM 71 da AFZol A3t (P<O.0D). & W A& 932 C
10 AH2l7-¢k C 1564 2 FollA 7Hg wskem (P<0.05), = Wl "49] g% Control A2+
of|q 7Hd wkar (P<0.05), AA FAELS JHAEE 5% H7EsE AelTelA 7wkt
(P<0.0D). AAAQAN Fda 4ste A A3 7R Fabs Ve S7RIEAFE 29

=
A, 2A Gl 23T 5] FEE AR dEhon, Aa %ﬂ%ﬂ 3+ C5 AT

A= FHARE FAabE HUEEF Sl mel S S WA s ge AR YEehy:
U v E 75 A 3oA = phase 1 DH#] W FARES] M7} o] Fold S ﬂi?ﬁ?oﬂ Hl
i b (P<0.05). o]elsh

7432 phase 2%} phase 3°A % W E o ﬂ/\PHP 1%94 5% A7t T A= AAL

WA S kA Xeke Ao®E AtRdr. BRE AT FoA FYskA C5 H7F 59 A5
phase 2 T37Fo|lA Control ATl Hlal] @2 Salmonella 5 YEFHOH, AN o2

b A7k el wlsl Control Hel el ws) H4A ek 8 tebAck ® U 24 A
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39 A WA AdAd 7]Eo] NRC 87 FH UL v ol ghakof A 2p=2] Al 7ol
Sk ool Gl Ae® et 9 A Ade Ae AR W @ A5 wheig
Ao H7ts £ AlRH ]% H’ﬂ/‘]ﬂ o AFEE QS Ao ANEHY, 43 EA
= B S Eo 3 JiAdel® oubAE ¢ Qe Zo® Ygdn ¥

o= 7hAbukel H7b ] u:}% 87 AAZE 5s] TR oka, UL 4s)
&0 A MAEE A debdllth &3t 5% H7F Folds dixTel Hla /jAdE VFA
A B 27 AA B8S FAAaAZT & AT ANkl Ao v o w A= AAbY
A& 93t sugar beet pulp®} cassavall &g W3t HrtrES ()3 1Y I ol V&
old & oAFoln, F AR A M &l AAE vl ¥ AE

X

o A 7ol

ohoEE S 5F0 A mde] B UgS FARNR B4% BAG wud iAo
Mgl met zAs] AFYL A AET F UL Ao ArEy, 9 due o
AR W FAAL B7E FADe) Wb AT 5 9 AR AARAZ HDH) A%
¥ 4L QBT AHGH o sgar
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M 6 & AFLI/WLIFZOA =Eot sfelitstr|s HE
Zh=e st 2ol dfAae Ao st A= T2 G e ARA W we =2
VS o]l 83 AFU FE o|FoA g (Li, 1994), AY (oat) Y} sugar beet pulp %

o] 484 (Soluble Dietary Fiber; SDF) %W &84 2lo] Al%4 (Insoluble Dietary
Fiber; IDF) 7} AAF ®F2] 4 Ao v x]= goef st F22 AL A5 vt gl
Sugar beet pulpt AFHF$ (sugar beet) oA A®S FE311 H2 FAMES 3 /7=

= B
AW S ol o 800~950g/ke FmelM, BEE ARAz ksl A8E T ek 1

Hub 2 78 dFoR Qe +FLY ofEwo] dow, HxHe| o] &Yk Ik FE
Az FHoR Q3] F84 dUdA4 (water—soluble nutrients) 50| WA UZFA 51 upebA
7AZ% sugar beet pulpoll= 2 79 H] &84 vdF (non—starch polysaccharides)
2 AT dFol mobAA " old 54w Mol Qo] Fhako] wrolx| Al H
ot ol 54 wEel sugar beet pulpi HA AFRE ARSIl WF Ara ROl %
of EoAut AN ARRE I QIS oty ZEv A4l ke sA AN A

o] ML MO (Smithe} Halls, 1968), A+ ol & A& AHAT 359 ©

1M A% At gashea, A mA Z)k w8 gasdd (Balldh Aherne,
982). Drochner & (1978)& ALEU] 2AF7 B9 2371% 1) urejelote] B4L 7
AT Bastgth 53] 3F-473 9 olfAEdE &8t FH FHI Afa olE
SRR

2 AW fgde S/ Bk v
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g e a5 Fo% Ay, AR HC FeHd Aol

3t 59 ol9s JHAYEtE A7 A3 % vk (Williams et al.,, 2001). 53] AF4

WA mjAEo|IY toxinC ZHE SFE H353 4 2+ intestinal epitherlial tissued] o
Uz fozw Abgo] #rt (Piva et al, 2002). =3 2ast /49 &8 Ay &
e WEAA olfA=e AAF o W A Ao ERE ol TheAo] Av
(Mosenthin et al., 2001). T3 o]fFA=2] Al= o] Sugar beet pulp®s 12% A% H7FsF
= o HAE 9 f5=0] Eote 29E Helorn, AR gixTtel vlE "olX&= AEs
eIt Ara 4A3kE o= AGEFE 4stES F7FsEIAAIRE titel] vl "ol
T AHE Boy gl VFA 742 thx7ol Hlal Acetic acid, Propionic acid?7} 57}a}
Ak BB ulAdEe QlolA= fEllerdl tiEere] U 2ol a%E UERIY
(Schiavan et al., 2004). 183 o]fA= A}Z o) sugar beet pulpE 12% A+ S Wi,

Hfad 23 589 ndGoR AR QAZT AFo) gashs APl U, old we o

1o
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9 TAFE fashe Aol vke A7 d3x vk (Lizardo et al, 1997; Gill et al,
2000). 28y olFA=2l W VFA Aol Frisithe= A+ A3t ookt EAlshH
(Bauer et al., 2001; Sunvold et al., 1995), o]&€A ¥ VFAE E.coli® ¥ +HH
S JAsg = A d3rt itk (Mathew et al., 1996). Sugar beet pulpd Foi= Y
4 P AES Fao] JAHT, & Hubs HEEiY, 572 WYsyS FTE HiE
At (Rumney et al., 1993; Zunft et al., 1997; Williams et al., 2001).

ol gt Aol @ytel Wik ZE 7|2 of# wWehs] HrE A A AN, ARt ow A
el mAEe &Ado] Frkste] Al pHIZE #HAstal o] wheb el sk wAE ] &g o]
stth= ol 23, Al =84 SHCE st n A= A Aol F3o)
Aol AAekA Edtrk= ol& Tol vk wEbA o]t Wl AFAE H7bekd A

ol &

FMNA 3 flEe BHS AANA AEL ABde L AN

oo

N Fo
B S O O

Jo H d

Bix

1o
e
o,

9

P
)
©
K
_|>L ]
il
i o
o

A7 (Avena spp. L.; oat) & W& F7Fe vx7A =2 + A5 (starch, SDF)o]x,

oX,
M
flo

A e oF 11 52 SFThte Fo4 dgotn| ieatke] dhake v S35 w
gt gAde] Hlge] & zpolrb lovt ik AAS] oF 30% HEE AAM ZAF T
(12.3%)°] okx 54 - Bl = AMRS A% =3 4729 S5 dAT &+ v 4
THo] gt} (Morrison, 1965; Johnson &, 1959). =& A4

“
ol &% FoEolr SHI dFe vAA Feve dA7EAy E£13 RuEdy (Morris,

¥ 56. A=Y S8y THYE

Item Oat hulls (g/kg)
DM, g/kg 962
Ash, g/kg DM 52
CP, g/kg DM 44
ADF, g/kg DM 405
NDF, g/kg DM 775
ADL, g/kg DM 56
Hemicellulose, g/kg DM 370
Cellulose, g/kg DM 349
NDIN, g/kg CP 191
ADIN, g/kg CP 61
Soluble CP, g/kg CP 346
Nonprotein nitrogen, g/kg CP 172

(Z4: Yu =, 2005)
1989). <dlele AgY =2 5 B -—glucan®] 7l AFAAEA B2 AHNS E

At (Maier &, 2000). #A2 B-—glucan F+xZ4°=Z (1—-3)(1—4)— B —-D—glucan® =
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ZHAZE gl BlARA e REA A9 e 2 SRSl vE drEe] ST, Ao
2 o 4%7]3‘[ s glow, A= 9l A #A (oat bran)oli= &F 7~10% Xé
7F greo] o, 5EE 3o r Hed Afels 19%0]de] He AR Sl Ao B
Ha 9t (Wood &, 1989). #8] B —glucans A &840 =2 FEEHE=YH, o 80%
7 Ao R dF FUAHE H4Aadr st (Estrada w, 1999), 9 WE=9 HA
S7HA171 L = F&ste] widetr e dISUtet 59
10 % HEI gtk o] RnhaE E&4d
sto] tiigell At glol el AdAe zb7] wiio] We] A FIA
GEA7IH FAlo] wAES SR YaL 3tk (Bell 5, 1999). UnbH oz wHA]o
—glucane w93I%ls W & A} dH5olFd WIS FZHAIZ7]IH (Chen¥ Ainsworth,
1992; Jeney 9 Anderson, 1993), 4= 7%+ (Schoenherr &, 1944)+= A4 37}
Rqow, nAE FFERE U A sty dde] folsrx sty stHoRE 78 Al
2 el Wl A% (viscosity) 7F 57}
3t QS Zlog Alg ¥
Ao AsbrEke] ¢S] WEshs AlV|= T 56U H
AT ol AP 21dFololM, s Astr|do] MEEA] ke o] fA=o] AHARE
3 Astaa®w 8 @Ay Gsts So] AstEA] ¢rol IR iy
A Hw Aol AAE Estdd A = HAFE sk Aol A
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WAL 31 Qltk oy7]o] F7FA S 2 NSP (non starch polysaccharides) $HFo] AFE Ul o
ES AT UE T A8E HAE 4o QS AoE AEHA AF7A A= ARRE Uil

X 57. BAAL HItol| W A3k JHA AL
. Increment
Year Author Phase Diet Enzyme %)
0
Finishing Corn—soybe
2002 Prettey et al ] Mannanase 0.60
pigs an meal
) Finishing Corn—soybe
2002 Kim et al . Mnnanase 2.33
pigs an meal
Omogbenigun Weanin Corn—soybe Enzyme
2004 abenis ning Y Y 7.60
et al pigs an meal complex
o Corn—soy Enzyme
) Finishing .
2009 Emiola et al ] based diet complex 3.26
pigs

with DDGS (xylanase)

] NSP gafo] =2 Ag7t AFE-E R FEajigtt). x| vk F Lol o]t FES MAAZD
9th= o A Aol Ry ¢tk NSPO AELS oy 7 E U=t o] & we
Fae ZAsk Agte] WeElE = AR oAX = Fto] HEE mannan¥ xylan©|t.
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Mannan< mannose v‘i—x}i ol Folxl FEES A, XylanJ 3% xyloseZ} EojA o]
Fojzl A$-eld, 4% 727} mannanase$} xylanasegl= @A o3& ®aE 4 Sl
Hahn & (1995)% B —mannanases 74 - H|F= ARl H7He A diFet e A9
F2oM AFRESS 7 Z 4 dval BHsk3lal, Woyengo & (2008) 2 xylanases

H7teE A $A4=9] opn|xal AskE W Ql AstEs WA AIAST vk Baskgith kel
H = ol9olk B =0l aAAY ARES Fote] A%E VA m3E Hova

LSRN e )

AFRE] ol gE&S Fol7] f%k vE W T ohve AR =94 Thes Ed ol8de =

dstsl= Zlom, 7|24 ARdEEd 4 e d 9 ¢=¥s o]&3 expanding,

extrusion, pellet, crumble & ©eFst o] A Zx Q= AFolth ol Wy & ==

7}i 3j<>ﬂ a2 - nfstel A AP EA 2 E shi= expander 7hEAlS At ow kA Tt

A d8o o] &A A (Wettstein® Wild, 1990) ¢ %6H ulA=o AlE g

O

HAS] Fe o= vhekst vdEe] EAskH o= i 714 (anaerobic) A=
oltt, Y Aolli= v AE FF (microbial community) & 574317 $138t] culture technique
o] g3ato] AAsAtE o7 wA 9 wFolut AR mAES wEdto] wjsior st
(Stewart C.S., 1997). ®g¥E= Gram A @748 w|RBELS Streptococcus,
Lactobacillus, Fusobacterium, Eubacterium, Peptostreptococcus %+°|™, Gram +/3<"
O % Bacteroides, Prevotella s°] 3tty. 1ejy o714 Aldiul et (culture) & 4 /J\‘C
bacteriaxz= °F 10%°] 43ttt (Konstantinov, 2004). F@ule] &A= vh2] oA
nAES Y sk 2 ofH = mi ofHR AAolw, o]Hef o]Fo|xl Arhujet W
AEHA & 4% A (Pryde et. al,, 1999; Vaughan et. al., 2000). o]# 3 A
g71H oz MAE A& 16S rRNAZF v A &9 taxonomy®ol tst #AHY &34 marker
27 EHHA FHoltk(Woese, 1987). oA AL F3 o thgt A& sk dlol Qo
A MZR JEew2A A A rdE dFs ATk, s 7Y A g
ST FEol HA Y Aoy s T AT vhgst G, AFE A Wl e &
= ATsted oA wlg Fast 93s & ¢ Qlok (Heilig et. al,, 2002; Konstantinov
et. al., 2002; Leser et. al., 2004; Simpson et. al., 2000). Konstantinov & (2006)< &
HE 2b=o 24 o] & v AE #Fe WEE A6k Slall =4 F 2, 5, 12, 19(0]H) 4B
o] =9l I AANA Y wAE FFE real-time PCR W o= FASth Lactobacillus
sorbrius, Lactobacillus reuteri, Lactobacillus acidophilus, E.coli | i3l 4= +4= 3t
o, ol Aol L.sobrius®h L.reuteri 7¢ 3ol $Hska glom, 7.0 x 10%/g F%
o MAE #Fe et ey Ecoli &2 Agele 1249 A=A 171, 2399 o]

[0 oot
N

KU

te ¢
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A=A 270 €] sampleo| A5 &= Aok B

A o7 ZI|o]fAEALRSY] WA FES w9 w2, ol v AE  (pathogenic
bacteria) & U F24& F=3H ¥ (Ball and Aherne, 1987), ol & AAF 4 4374
4 2Ath Nyachoti 5 (2006)2 AlE W] @z shabs A7 Fofv]
A 2AE GuHA ok A o fal RAES] TS HAAA FEAAA ARSAlol R Ap=
ol ARE FAAA g o Aa Q1o wE Esh %Li/‘]ﬁ o Fostitty X
sttt @ = o] Ay nAdE 9 A FHE
T @A AL o] FoAAA kx Qlar, opA kA 53] ATH wpbrb glvh o]ol uwheh A4
izl gherk 9l AhAa JUbEe AAskes A4 ot
o] et Atz

7FFAM}L (cassava) & EF @7} (taioca) T W] 27} (mandioca) Bl &2l dAdid &
7 AEEA, GHAG dEANE] w Fa, dE 5o i S v sto
7 gstEdEel Fol S5 o FRAIERY @5l g duA ¥
ol AA AMELR Al dEAIREA ZHgEan vk JRAbEE 1R Ee] AR
AES A5 256~30%E AHAstH, Adx By st M ALAE T
thAfef Y A] Q%E 3,090~3,430 kcal/kgl 2 714 tH] g &o] SFFHT £2 oz <
A4 Ak 2y @eiEoly Z4, Q1 To] F=4d W vjEwl e 9
o] opmliit AU AgtE R =3 =, 9yl 2luvtd (linamarin) ol gh= 28E Al
=/80] vl e FArs A= MEATE 0.01~0.04% F= FHrEol 7] wEel 7H=
At B d7He Al 2AlE deod e Zlew Ruya v JHAbRE b FH
of upg} dA dEe] o] 70~80%2 ZHow LA idl, FHAMEY AR Tl AT A
o] g&Fo] oF 70~80% =l Aoz d#HA Stk (Calvin, 2006). A& HAFolsk Uk A
= el JZ—ZH'C‘T}*‘: Ao zA, dA-Y T Jtes Tl I gFe =4 5 e Al 39
Holdfeks xdo] S AEE A= FU VFA 2843 4359 3 £5E5 243
9 gEd adrt gle Ao® wuEa gtk (Bahndari, 2009). Bahndari (2009)+ ©
et AT A4 S A7 A ARy =2 A4 BA a3 E HYOoENH
prebiotics®ZA 2] A hAA a¥E 7IhEg 4+ Jvtx B33+ 3, Chalorklang &
(2000) = &3 vlwetsls Wl FAZFI AFEaEEC] FHAMHEeE Blszstvhal om, o] FAf=of
NoIA &SR w1 AAE AaAFon, A= dAE FAAAQ 4 A9 AT
AT A% St FRAREY] REg R AEE2 80% ol obd=ZH " (amylopectin) &%
o] Foy & Qlo] A=l oAM= O]%%O] - ol S K| o] HlisiA € F st
AN REEnd V]3] = Aol 7 AtRdEell, e FEAIREREGY 3 U
A3} (gelatinization) 4 §]r7} Zejo] v A= TAS FAAA VFA AA,
AstadsE 7HA7] witel W mAaES AUTH 2 AT A @

Z 8 AR BA 71&e og@ deue)e RE gow Fasglow, AT A3

(o3
l
o

L
i
[
lf
Jo
kit
s
)
e
(T
&

- 144 -



el HE Al

o WEe vEew

=
=

- 145 -



M 73 818

o

Aberham C, Pendl C, Gross P, Zerlauth G, Gessner M. 2001. A quantitative,
internally controlled real—time PCR assay for the detection of parvovirus B19

DNA. J. Virol. Methods 92 : 183—191

AOAC. 1995. Official methods of analysis (15th ed). Association of official analytical
chemists. Washington, D. C., USA

Bach Knudsen, K. E. 1997. Carbohydrate and lignin contents of plant materials used
in animal feeding. Anim. Feed Sci. Technol. 67:319—-338

Ball, R. O. and Aherne, F. X. 1987a. Influence of dietary nutrient density, level of

feed intake and weaning age on young pigs. [. Performance and body
composition. Can. J. Anim. Sci. 67: 1093—-1103

Ball, R. O. and Aherne, F. X. 1987b. Influence of dietary nutrient density, level of
feed intake and weaning age on young pigs. II. Apparent nutrient digestibility and
incidence and severity of diarrhea. Can. J. Anim. Sci. 67: 1105—-1115

Ball, R. O. and F. X. Aherne. 1982. Effect of diet complexity and feed restriction on

the incidence and severity of diarrhea in early—weaned pigs. Can. J. Anim. Sci.
62:907-913

Barnes, E. 1986. Anaerobic bacteria of the normal intestine microflora of animals.
In: Anaerobic Bacteria in Habitats Other than MAn (Ed. E. M. Barnes and G. C.
Mead). Blackwell Scientific Publications, Oxford, UK. pp. 225

Bauer, E., Williams, B.A., Voigt, C., Mosenthin, R., Verstegen, M.W.A., 2001.
Microbial activities of faeces from unweaned and adult pigs, in relation to

selected fermentable carbohydrates. Anim. Sci. 73: 313—322
Bayes—Genis, A., Cheryl A. Conover, Robert S. Schwartz. The Insulin—Like Growth

Factor Axis : A Review of Atherosclerosis and Restenosis. Circulation Research.
2000;86:125-130

- 146 -



Bergner, H. 1977. Protein evaluation and protein metabolism. FEBS 11th Meeting.
Copenhagen 1977, 149-160

Biagi, G., A. Piva, T. Hill, D. K. Schneider, and T. D. Crenshaw. 2003. Low
buffering capacity diets with added organic acids as a substitute for antibiotics in

diets for weaned pigs. Proc. 9th Int. Symp. Dig. Physiol. Pig. 2:217-219

Black, J.L., Bray, H.J., Giles, L.R., 1999. The thermal and infectious environment. In:
I. Kyriazakis (ed.) A quantitative biology of pig. CABI publishing, Oxon, UK, pp
71-97

Blank, R., R. Mosenthin, W. C. Sauer and S. Huang. 1999. Effect of fumaric acid and
dietary buffering capacity on 1ileal and fecal amino acid digestibilities in

early—weaned pigs. J. Anim. Sci. 77:2974—2984

Bibiloni R., P.F. Perez and G.L. De Antoni. 2000. An enzymatic—colorimetric assay
for the quantification of Bifidobacterium, Journal of Food Protection 63 (2000),
pp. 322-326

Boling, S. D., D. M. Webel, I. Mavromicalis, C. M. Parsons, and D. H. Baker. 2000.
The effect of citric acid on phytate—phosphorous utilization in young chicks and
pigs. J. Anim. Sci. 78:682

Briggs, C. A. E., J. M. Willingale, R. Braude, and K. G. Mitchell. 1954. The normal
intestinal flora of the pig. I. Bacteriological methods for quantitative studies. Vet.
Rec. 17:241-242

Burnell, T. W., G. L. Cromwell, and T. S. Stahly. 1988. Effects of dried whey and
copper sulfate on the growth responses to organic acid in diets for weanling
pigs. J. Anim. Sci. 66:1100-1108

Cai, Y. and D. R. Zimmerman, 1996. Lysine requirement of the lactating sow determined

by using plasma urea nitrogen as a rapid response criterion. J. Anim Sci.
74:1056—-1062

- 147 -



Calvert, C. C. 1991. Fiber utilization by swine. In: Miller, E. R., D. W. Ullrey, and A.
J. Lewis ed. Swine Nutrition. Butterworth—Heinemann, Stoneham, MA. pp.
285—296

Canibe, N., S. H. Steien, M. Overland and B. B. Jensen. 2001. Effect of K—diformate
in starter diets on acidity, microbiotia, and the amount of organic acids in the

digestive tract of piglet, and on gastric alterations. J. Anim. Sci. 79:2123—2133

Cera, K. R., D. C. Mahan, R. F. Cross, G. A. Reinhart and R. E. Whitmoyer. 1988.
Effect of age, weaning and postweaning diet on small intestinal growth and

jejunal morphology in young swine. J. Anim. Sci. 66:574—584

Chalorklang A , Kanto U, Tabchareon S, et al. 2000a. Substitution of cassava meal
for broken rice in weaned pig[C]. Proceeding of the 38th Kasetsart University

Conference , Kasetsart University , Bangkok , Thailand

Chalorklang A , Kanto U, Tabchareon S, et al. 2000b Substitution of cassava meal
for corn in growing—finshing pig diets[C]. Proceeding of the 38th Kasetsart

University Conference , Kasetsart University Bangkok Thailandd

Changsun Choi and Chanhee Chae, 1999. Genotypic prevalence of F4 variants (ab, ac,
and ad) in Escherichia coli isolated from diarrheic piglets in Korea. Veterinary
Microbiology 67:307—310

Chen D, Ainsworth A. J. 1992. Glucan administration potentiates immune defence
mechanisms of channel catfish, Ictalurus punctatus Rafinesque. J. Fish Dis.
15:295-304

Cohen, H.J., Mechancla S. M. and Lin, W. 1996. PCR amplification of the fimA gene
sequence of Salmonella typhimurium, specific method for dection of Salmonella spp.

Appl.Environ. Microbiol. 62: 4303—4308

Cranwell, P. D., Noakes, D. E. and Hill, K. J. 1976. Gastric secretion and
fermentation in the suckling pig. British Journal of Nutrition 36:71—86

Decaro N, Elia G, Martella V, Desario C, Campolo M, Trani LD, Tarsitano E, Tempesta
M, Buonavoglia C. A. 2005. real—time PCR assay for rapid detection and quantitation

- 148 -



of canine parvovirus type 2 in the feces of dogs. Vet Microbiol 2005; 105(1): 19—28

Deng, M., K. Zhang, S. Mehta, T. Chen and F Sun. 2003. Prediction of protein function
using protein—protein interaction Data. JOURNAL OF COMPUTATIONAL
BIOLOGY. Vol.10 6:947-960

Drochner, W., A. S. Hazem, H. Meyer, and F. W. Rensmann. 1978. Praktische
Versuche mit Modellstudien zur Pathogenese nutritive bedingter. Fortschr.

Vetmed. 28:220-225

Ducluzeau R. 1983. Implantation and development of the gut flora in the newborn animal.
Ann Rech Vet 14: 354—359

Eggum, B. O. 1970. Blood urea measurement as a technique for assessingprotein

quality. Br. J. Nutr. 24:983

Estrada, M. C. and Fernlndez, F. C. 1999. Diversidad de hormigas (Hymenoptera:
Formicidae) en un gradiente sucesional del bosque nublado (Narilo, Colombia).
Revista de Biologia Tropical. 47:189—-21

Fuller, R. 1982. Development and dynamics of the aerobic gut flora in gnotobiotic

and conventional animals. Advances in Veternary Medicine. 33:7

Furet J.P., P. Qulnle and P. Tailliez, 2004. Molecular quantification of lactic acid
bacteria in fermented milk products using real—time quantitative PCR,

International Journal of Food Microbiology 97 (2004), pp. 197-207

Gabert, V. M. and W. C. Sauer. 1995. The effect of fumaric acid and sodium
fumarate supplementation to diets for weanling pigs on amino acid digestibility

and volatile fatty acid concentration in ileal digesta. Anim. Feed Sci. Technol.
53:243—254

Giesting, D. W. and R. A. Easter. 1991. Effect of protein source and fumaric acid
supplementation on apparent digestibility of nutrients by young pigs. J. Anim. Sci.
69(6): 2497—-2503

- 149 -



Gill, B.P., Mellange, J., Rooke, J.A., 2000. Growth performance and apparent nutrient
digestibility in weaned piglets offered wheat—, barley— or sugar beet pulp—based

diets supplemented with food enzymes. Anim. Sci. 70: 107—118

Guillermo G. Gomez, Robert S. Sandler, and Elston Seal, Jr. 1995. High Levels of
Inorganic Sulfate Cause Diarrhea in Neonatal Piglets. Journal of Nutrition Vol.

125 No. 9 September 1995, pp. 2325—2332

Goransson, L., S. Lange, and I. Lonnroth. 1995. Post weaning diarrhea: Focus on

diet. Pig News Info. 16:89N-91N

Hahn, J. D., R. R. Biehl and D. H. Baker. 1995. Ideal digestible lysine for early and
late finishing swine. J. Anim. Sci. 73:773

Heilig H., Zoetendal E.G., Vaughan E.E., Marteau P., Akkermans A.D.L., de Vos
W.M., 2002. Molecular diversity of Lactobacillus spp. and other lactic acid

bacteria in the human intestine as determined by specific amplification of 16S

ribosomal DNA, Appl. Environ. Microbiol. 68 (2002) 114-123

Hetty M. G., van Beers—Schreurs H. M., Nabuurs M. J. A., Vellenga L.,
Kalsbeek—van der Valk H. J., Wensing T., Breukink H. J. Weaning and the
weanling diet influence the villous height and crypt depth in the small intestine

of pigs and alter the concentrations of short—chain fatty acids in the large

intestine and blood. J. Nutr. 1998;128:947—-953

Higuchi, R., Fockler, C., Dollinger, G., and Watson, R. 1993. Kinetic PCR : Real

monitoring of DNA amplification reactions. Biotechnology 11:1026

Hirano A, Kirisawa R., 1991. Evaluation of high sensitive DNA probe for the
detection of Theileria sergenti infection in cattle. J. Vet. Med. Sci. 53: 933—935

Hirasawa T, Kaneshige T, Mikazuki K. 1994. Sensitive detection of canine

parvovirus DNA by the nested polymerase chain reaction. Vet. Microbiol. 41

135—-145

- 150 -



Hirayama K, Kano R, Hosokawa—Kanai T, Tuchiya K, Tsuyama S, Nakamura Y,
Sasaki Y, Hasegawa A. 2005. VP2 gene of a canine parvovirus isolate from stoll

of a puppy. J. Vet. Med. Sci. 67 : 139-143

Htoo, J. K., B. A. Araiza, W. C. Sauer, M. Rademacher, Y. Zhang, M. Cervantes and R. T.
Zijlstra. 2007. Effect of dietary protein content on ileal amino acid digestibility,
growth performance, and formation of microbial metabolites in ileal and cecal

digesta of early—weaned pigs. J. Anim Sci. 85:3303—3312.

Huijsdens, X. W., Linskens, R.K., Mak, M., Meuwissen, S.G.M.,
Vandenroucke—Grauls, C.M.J.E., Savelkoul, P.H.M., 2003. Quantiication of bacteria

adherent to gastrointestinal mucosa by real—time PCR. J. Clin. Microbiol. 40 :

4423—-4427

Ishihara, N., D. C. Chu, S. Akachi, and L. R. Juneja. 2000. Preventive effect of
partially hydrolyzed guar gum on infection of Salmonella enterica in young and
laying hens. Poult. Sci. 79:689-697

Jeney G, Galeotti M, Jeney Z, Anderson D. P. 1997. Prevention of stress in rainbow

trout (O. mykiss) fed diets containing different doses of glucan. Aquacult.,
154:1-15

Jin, L., L. P. Reynolds, D. A. Redmer, J. S. Caton, J. D. Crenshaw. 1994. Effects of
dietary fiber on intestinal growth, cell proliferation, and morphology in growing

pigs. J Anim Sci.72:2270—2278

Jin L. Z, Ho Y. W, Abdullah N, Ali MA, Jalaludin S, 1996. Antagonistic effects of
intestinal Lactobacillus isolates on pathogens of Chicken.. Lett. Appl. Microbiol.

231 67=71

Johnson, L. P. V. 1935. General preliminary studies on the physiology of delayed
germination in Avena fatua. Can. J. Res. (C.) 13:283-300

Joseph A. W., Nick B. R. and Michael A. W. 2003. A method for the absolute
quantification of ¢DNA using real—-time PCR J. Immunol. Methods
278(1-2):261-269

- 151 -



Konstantinov S. R, Ajay A. Awati, Barbara A. Williams, Bevis G. Miller, Philip Jones,
Christopher R. Stokes, Antoon D. L. Akkermans, Hauke Smidt and Willem M. de

Vos, 2006. Post—natal development of the porcine microbiota composition and

activities. Environmental Microbiology (2006)8 (7), 1191-1199

Konstantinov S. R., Christine F. Favier, Wei Yun ZHU, Barbara A. Williams,
Jeannette KLOB, Wolfgang—Bernhard Souffrant, Willem M. DE VOS, Antoon D.L.
Akkermans, Hauke Smidt. 2004. Microbial diversity studies of the porcine

gastrointestinal ecosystem during weaning transition. Anim. Res. 53 (2004) 317-
324

Konstantinov, S.R., Zhu, W.—Y., Williams, B.A., Tamminga, S., de Vos, W.M., and
Akkermans, A.D.L. 2003. Effect of fermentable carbohydrates on piglet faecal

bacterial communities as revealed by denaturing gradient gel electrophoresis
analysis of 16S ribosomal DNA. FEMS Microbiol Ecol 43: 225-235

Konstantinov S.R., Fitzsimons N., Vaughan E.E., Akkermans A.D.L., From
composition to functionality of the intestinal microbial communities, in: Tannock,

G.W. (Ed.), Probiotics and Prebiotics: Where are we going? aister Academic

Press, London, 2002. pb9 — 84

Koopman, J. P., Mroz, B. A. Williams, and others. 1999. Voeding en ezondheid van

het maagdarmkanaal. Onderzoeksreeks 4, Productschap diervoeder, uni 1999

Kil, D. Y. 2004. Comparison of growth performance, nutrient digestibility and white
blood cell counts by organic or inorganic acid supplementation in weaned pigs.

MS thesis. Seoul National University, Korea

Kim, Y. Y., Kil, D. Y., and Oh, H. K. 2004 Acidifier as an alternative material of

antibiotics in animal feed. Seoul National University, Korea

Koopman, J.P., Mroz, B.A. Williams, and others. 1999. Voeding en ezondheid van het

maagdarmkanaal. Onderzoeksreeks 4, Productschap diervoeder, uni 1999

- 152 -



Langendijk, P.S., Schut, F., Jansen, G.J., Raangs, G. C., Kamphuis, G.R., Wilkinson,
M.H.F., Welling, G.W., 1995. Quantitative fluorescence in situ hybridization of
Bifidobacterium spp. with genus—specific 16S rRNA-—targeted prbes and its
application infecal samples. Appl. Environ. Microbiol. 61 : 3069—3075

Lawrence, T. L. J.(1977) The effect of dietary nutrient density on growth of the pig.
Animal Prod .25,261—-269

Le Bellego, L. and J. Noblet. 2002. Performance and utilization of dietary energy and
amino acids in piglets fed low protein diets. Livestock Production Science. Vol. 76,
Issues 1—2, P. 45—58

Le Dividich, J., and Herpin, P. 1994. Effects of climatic conditions on the
performance, metabolism and health status of weaned piglets: a review. Livestock
Prod. Sci. 38:79-90

Leser T.D., Vindecrona R.H., Jensen T.K., Jensen B.B., Moller K., Changes in the
colon of pigs fed different experimental diet and after infection with Brachyspira

hyodysenteriae, Appl. Environ. Microbiol. 66 (2000) 3290—-3296

Leser T.D., Amenuvor, J.Z., Jensen T.K., Jensen B.B., Lindecrona, R.H., Boye, M.,
Moller K., 2002. Culture—independent analysis of gut bacteria, the pig

gastrointestinal tract microbiota revisited. Appl. Environ. Microbiol. 68: 673—690

Lizardo, R., J. Peiniau, Y. Lebreton, and A. Aumaitre, 1997. Effects de
I'incorporation de pulpe de betterave dans les aliments du porcelet et du porc en
croissance: performances de croissance, digestibilite et composition corporelle.

An. Zootech., in press

Longland, A.C., Carruthers, J., Low, A.G., 1994. The ability of piglets 4 to 8 weeks
old to digest and perform on diets containing two contrastingsources of

non—starch polysaccharide. Anim. Prod. 58: 405—410

Lopez, E., M. A. Latorre, D. G. Valencia, R. Lazaro and G. G. Mateos. 2003.

Inclusion of oat hulls in diets for piglets based on native or cooked cereals. J.

- 153 -



Anim. Sci. 81 (suppl.):47.

Low, A. G. 1993. Role of dietary fibre in pigs diets. In: Cole, D. J. A., W. Haresign
and P. C. Gamsworthy eds. Recent developments in pig nutrition. 2. Nottingham

University Press, Leicestershire. pp.137—162

Mahan, D. C., T. D. Wiseman, E. Weaver and L. Russell. 1999. Effect of
supplemental sodium chloride and hydrochloric acid added to initial diets
containing sprayed—dried blood plasma and lactose on resulting performance and

nitrogen digestibility of 3—week—old weaned pigs. J. Anim. Sci. 77:3016—3021

Mahan, D. C., E. A. Newton and K. R. Cera. 1996. Effect of supplemental sodium
chloride, sodium phosphate, or hydrochlorich acid in starter pig diets containing

dried whey. J. Anim. Sci. 74:1217-1222

Manners, M. J. 1976. Symposium on quantitative aspects of pig nutrition. The

development of digestive function in the pig. Proc. Nutr. Soc. 35:49

Manthey, F. A., G. A. Hareland and D. J. Huseby. 1999. Soluble and insoluble

dietary fiber content and composition in oat. Cereal Chemistry 76:417—420

Marisol, C., Martin—Orue, S.M., Manzanilla, E.G., Badiola, I., Martin, M., Gasa, J.
2006. Quantification of total bacteria, enterobacteria and lactobacilli populations in

pig digesta by real—time PCR. Vet. Microbiol. 16;114(1—-2):165-70

Martelli, G., P. Parisini, L. Sardi, R. Scipioni, G. Vignola, A. Panciroli, A. Mordenti.
1999. Interet zootechnique de l'utilisation de la pulpe de betterave ensilee dans

I'alimentation du porc lourd. Ann. Zooteech. 48:173—188

Mateos, G. G., F. Martin, M. A. Latorre, B. Vicente, and R. LOzaro. 2006. Inclusion
of oat hulls in diets for young pigs based on cooked maize or cooked rice. Anim.
Sci. 82:57-63

Mathew, A. G., T. Jones and M. A. Franklin, 1994. Effect of creep feeding on
selected microflora and short—chain fatty acids in the ileum of weanling pigs. J.

Anim. Sci., 72:3163—-316

- 154 -



Matsuba T, Kawakami Y, Iwai H., 1992. Genomic analysis of Theileria sergenti

stocks in Japan with DNA probes. Vet. Parasitol. 41: 35—43

Maxwell, F. J. Koopman, J. P., B. Mroz, A. Williams. 1999. Voeding en gezondheid

van het maagdarmkanaal. Onderzoeksreeks 4, Productschap diervoeder, juni 1999

Maxwell, F. J. and C. S. Stewart. 1995. The microbiology of the gut and the role of
probiotics. In: The Neonatal Pig Development and Survival (Ed. M. A. Varley).
CAB International, Oxon, UK. p. 155

Morris, J. R. 1989. The efficiency of heat and enzymatic treatment of com and
Tibor oats in weaner pig feed. Can. J. Anim. Sci. 69: 281 (Abstr.)

Mosenthin, R. 1998. Physiology of small and large intestine of swine. Asian—Aust.
J.Anim. Sci. 11:608—-619

Moser, B. D. 1977. Survival after weaning. Oats can make a difference. Univ. of

Nebraska—Lincoln, Swine Rep., pp. 7

Naughton, P. J., L. L. Mikkelsen and B. B. Jensen. 2001. Effects of non—digestible
oligosaccharides on Salmonella enterica Serovar Typhimurium and

non—pathogenic Escherichia coli in the pig small intestine in vitro. Appl. Environ.
Microbiol. 67:3391-3395

Noblet, J., Y. Henry and S. Dubois. 1987. Effect of protein and lysine levels in the diet

on body gain composition and energy utilization in growing pigs. J Anim Sci 1987.
65:717-726

NRC. 1998. Nutrient Requirements of Swine (10th Ed.). National Academy press,
Washington, D. C.

Nyachoti, C. M., F. O. Omogbenigun, M. Rademacher and G. Blank. 2006. Performance

responses and indicators of gastrointestinal health in early—weaned pigs fed

low—protein amino acid—supplemented diets. J. Anim. Sci. 84:125—-134

- 155 -



Oh, H. K. 2004. Effect of dietary supplements on growth, nutrient digestion and
intestinal morphology in monogastric animals. Ph.D. Thesis. Seoul National

University, Korea

Olsen, J. E., Aabo, S., Hill, W., Notermans, S., Wernars, K. Granum, P. E., Popovic,
T., Rasmussen, H. N. and Olsvik, O. 1995. Probes and polymerase chain reaction

for detection of food—borne bacterial pathogens. Int. J. Food Microbiol. 28: 1—78

Organisation for Economic Co—operation and development, 2002. Consensus
document on compositional considerations for new varieties of sugar beet : key
food and feed nutrients and antinutrients, Series on the safety of novel foods and

feeds, No. 3

@verland, M., T. Granli, N. P. Kjos, O. Fjetland, S. H. Steien and M. Stokstad. 2000.
Effect of dietary formates on growth performance, carcass traits, sensory
quality, intestinal microflora, and stomach alterations in growing—finishing pigs. J.

Anim. Sci. 78:1875—-1884

Partanen Kirsi H. and Zdzislaw Morz. 1999. Organic acids for performance

enhancement in pig diets. Nutr. Res. Rev. 12:117—145

Peterson, R. G. 1985. Design and Analysis of Experiments. Marcel Dekker, New York

Pinzani P., L. Bonciani, M. Pazzagli, C. Orlando, S. Guerrini and L. Granchi, 2004.
Rapid detection of Oenococcus oeni in wine by real—time quantitative PCR,

Letters in Applied Microbiology 38 (2004), pp. 118-124

Piva, A., Prandini, A., Fiorentini, L., Morlacchini, M., Galvano, F., Luchansky, J.B.,
2002. Tributyrin and lactitol synergistically enhanced the trophic status of the

intestinal mucosa and reduced histamine levels in the gut of nursery pigs. J.

Anim. Sci. 80: 670—-680
Pluske, J. R., Hampson D. J. and I. H. Williams. 1997. Factors influencing the

structure and function of the small intestine in the weaned pig:a review.

Livestock Production Science.51:215—236

- 156 -



Pryde S.E., Richardson A.J., Stewart C.S., Flint H.J., Molecular analysis of the
microbial diversity present in the colonic wall, colonic lumen, and cecal lumen of
a pig, Appl. Environ. Microbiol. 65 (1999) 5372-5377

Radcliffe, J. S., Z. Zhang and E. T. Kornegay. 1998. The effects of microbial
phytase, citric acid, and their interaction in a corn—soybean meal—based diet for
weanling pigs. J. Anim. Sci. 76:1880—1886

Rantzer, D., Kiela, M.J., Thaela, M.J., Svendsen, J., Ahren, B., Karlsson, S. and
Pierzynowski, S.G. 1997. Pancreatic exocrine secretion during the first days

after weaning in pigs. J. Anim. Sci. 75:1324—-1331

Ravindran, V., and E. T. Kornegay. 1993. Acidification of weaner pig diets: A
review. J. Anim. Sci. Food Agric. 62:313-322

Rijnen, M. M., M. W. Verstegen, M. J. Heetkamp, J. Haaksma, J. W. Schrama, 2001.
Effects of dietary fermentable carbohydrates on energy metabolism In

group—housed sows. J. Anim. Sci. 79(1):148—154

Risley, C. R., E. T. Kornegay, M. D. Lindemann, C. M. Wood and W. N. Eigel. 1992.
Effect of feeding organic acids on selected intestinal content measurements at

varying times postweaning in pigs. J. Anim. Sci. 70:196—206

Robinson, I. M., Whipp, S. C., Bucklin, J. A. & Allison, M. J. 1984. Characterization
of predominant bacteria from the colons of normal and dysenteric pigs. Appl

Microbiol 48, 964—-969

Roth F. X and M. KirchgeBner 1998. Organic acids as feed additives for young
pigs: Nutritional and gastrointestinal effects. In: Journal of Animal and Feed
Sciences. Vol 7, Supplement 1, 1998 Satellite Symposium. 49th Annual Meeting
of the EAAP. 22—23 August 1998, Jablonna, Poland

Rumney, C.J., Rowland, L.R., Coutts, T.M., Randerath, K., Reddy, R., Shah, A.B., O '
Neill LK., Ellul, A., 1993. Effects of risk—associated human dietary

- 157 -



macrocomponents on processes related to carcinogenesis in

human—flora—associated (HFA) rats. Carcinogenesis. 14: 79—84

SAS. 2004. SAS User's Guide. SAS. Institute. Cray. NC.

SAS. 2006. SAS User's Guide. SAS. Inc. Cary. NC.

Simpson, J. M., V. J. McCracken, H. R. Gaskins, and R. I. Mackie. 2000. Denaturing
gradient gel electrophoresis analysis of 16S ribosomal DNA amplicons to monitor
changes in fecal bacterial populations of weaning pigs after introduction of

Lactobacillus reuteri strain MM53. Appl. Environ. Microbiol. 66:4705-4714

Shi, X. S and J. Noblet, J. 1993. Contribution of hind gut to digestion of diets in
growing pigs and adult sows: Effect of diet composition. Livest. Prod. Sci.
34:237—252

Simpson J.M., McCracken V.J., Gaskins H.R., Mackie R.I., Denaturing gradient gel
electrophoresis analysis of 16S ribosomal DNA amplicons to monitor changes in

fecal bacterial populations of weaning pigs after introduction of Lactobacillus

reuteri strain MM53, Appl. Environ. Microbiol. 66 (2000) 4705-4714

Smith, H. W., S. Halls, 1968. The production of oedema disease and diarrhoea in
weaned pigs by the oral administration of Escherichia coli: factors that influence

the course of the experimental disease. J. Med. Microbiol. 1(1):45-59

Southern, L. L., and D. H. Baker. 1982. Performance and concentration of amino acids in
plasma and urine of young pigs fed diets with excesses of either arginine or lysine.

J. Anim. Sci. 55:857-866

Sunvold, G.D., Hussein, H.S., Fahey, G.C. JR., Merchen, N.R., Reinhart, G.A., 1995.
In vitro fermentation of cellulose, beet pulp, citrus pulp, and citrus pectin using

faecal inoculum from cats, dogs, horses, humans, and pigs and ruminal fluid from
cattle. J. Anim. Sci. 73: 3639—3648

Stewart, C.S. (1997) Microorganisms in hindgut fermentors. In Gastrointestinal

Microbiology. Mackie, R.I., White, B.A., and Isaacson, R.E. (eds). New York,

- 158 -



USA: Chapman & Hall, pp. 142-186

Straw, M. L., E. T. Kornegay, J. L. Evans and C. M. Wood. 1991. Effects of dietary
pH and phosphorus source on performance, gastrointestinal tract digesta, and

bone measurements of weanling pigs. J. Anim Sci. 69:4496—-4504

Tajima, K. R. I. Aminov, T. Nagamine, H. Matsui, M. Nakamura and Y. Benno. 2001.
Diet—Dependent Shifts in the Bacterial Population of the rumen Revealed with

Real—Time PCR. Applied and Environmental Microbiology pp. 2766—2774

Taylor, J. A.,.D.N. Salter, W. H. Close, and G. H. Laswai. 1992. Serum concentrations of
insulin—like growth factor 1 and cholesterol in relation to protein and fat deposition

in growing pigs. Anim. Prod. 55:257—264

Van der Heyde, D. Giesecke and H. K. Henderickx, 1973. Microbiology of the
digestion in pigs — Biology and Biochemistry of the Microbial Digestion. ed. BLV

Verlagsgesellschaft, Mu" " nich, Germany

Van Soest, P. J., J. B. Robertson and B. A. Lewis. 1991. Methods for dietary fiber,
neutral detergent fiber, and non starch polysaccharides in relation to animal
nutrition. J. Dairy Sci. 74:3583—3597

Vaughan E.E., Schut F., Heilig H.G.H.J., Zoetendal E.G., de Vos W.M., Akkermans
AD.L., A molecular view of the intestinal ecosystem, Curr. Issues Intest.
Microbiol. 1 (2000) 1-12

Vitali et al., 2003 B. Vitali, M. Candela, D. Matteuzzi and P. Brigidi, Quantitative
detection of probiotic Bifidobacterium strains in bacterial mixtures by using

real—time PCR, Systematic and Applied Microbiology 26 (2003), pp. 269-276

Wattiau, P., M. E. Renard, P. Ledent, V. Debois, G. Blackman and S. N. Agathos. 2001. A
PCR test to identify Bacillus subtilisand closely related species and its application to

the monitoring of wastewater biotreatment. Appl. Microbiol. Biotechnol. 56:816—819

Wells, J. E., Berry, E. D., Varel, V. H. (2005). Effects of Common Forage Phenolic
Acids on Escherichia coli O157:H7 Viability in Bovine Feces. Appl. Environ.

- 159 -



Microbiol. 71: 7974=7979

Wang, X. and G. R. Gibson. 1993. Effect of the in—vitro fermentation of
oligo—fructose and inulin by bacteria growing in the human large intestine. J.
Appl. Bacteriol. 75: 373—380

Whang, G. Y. and R. A. Easter. 2000. Blood urea nitrogen as an index of feed
efficiency and lean growth potential in growing—finishing swine. Asian—Australian

J. Anim. Sci. 13(6):811

Williams, B.A., Verstegen, M.W.A., Tamminga, S., 2001. Fermentation in the large
intestine of single—stomached animals and its relationship to animal health. Nutr.

Res. Rev. 14: 207—227

Woese C.R., Bacterial evolution, Microbiol. Rev. 51 (1987) 221-271

Wood, P. J., Weisz, J and Mahn, W. 1991b. Molecular characterization of cereal
B—D—glucans. II. Size—exclusion chromatography for comparison of molecular
weight. Cereai Chem. 68:530—536

Yamamoto, A., Satoh,Y., Nakamura, K., Itoh, M. And Furuya, S. 2003. Effects of feeding
a lower protein diet supplemented with the apple pomace on growth performance,

nitrogen excretion and backfat thickness in finishing pigs. Japanese J. Swi. Sci.

40:129-134
Zunft, H.J., Goldin LANG, P., Dongowski, G., 1997. DNA adducts in tissues of

germ—Ifree and conventional rats fed high— and low—esterified pectins. Cancer

Lett. 114: 43—-46

- 160 -



9

Lol HIAE SESAATRAN ARe APAA7|EN DAY ATHT

| FABGINE DA BT WS U HOR WE wE BATeINE
oh it




	비전통 자돈사료자원을 이용한 식이 섬유 공급, 사료가공 및 영양소 함량 조절을 통한 자돈 설사 방지 기술 개발에 관한 연구
	요약문

	목차

	제 1 장 연구개발과제의 개요
	제 1 절 연구 개발의 목적 및 필요성
	제 1 항 연구개발의 목적
	제 2 항 연구개발의 필요성


	제 2 장 국내외 기술개발 현황
	제 1 절 국내연구 현황
	제 2 절 국외연구 현황

	제 3 장 연구수행개발 내용 및 결과
	제 1 절 자돈의 성장과 설사 방지에 적합한 섬유소 공급원의 선정
	제 1 항 서론
	제 2 항 본론
	가. 사료 내 섬유소 함량과 섬유소원의 선정


	제 2 절 섬유소 공급원의 적정 첨가량 설정 및 항생제 대체 효과 규명
	제 1 항 서론
	제 2 항 실험 방법 및 재료
	가. 실험동물 및 실험설계 (Experimental animal and experimental design)
	나. 실험사료 (Feeding program)
	다. 사양실험 (Housing)
	라. 혈액 성상 (Blood assay)
	마. 영양소 소화율 (Nutrient digestibility)
	바. 해부실험 (Anatomy trial)
	사. 장내 미생물 균총 분석
	아. 화학 분석 및 통계 분석 (Chemical and statistical analysis)

	제 3 항 연구 결과 및 고찰
	가. 성장성적(Growth performance)
	나. 영양소 소화율 (Nutrient digestibility)
	다. 혈중요소태질소 (Blood Urea Nitrogen)
	라. 크레아티닌 (Creatinine)
	마. 혈중 인슐린 유사 성장인자 (IGF-1)
	바. 소장 내 형태학적 변화 (Intestinal morphology)
	사. 장내 미생물 균총 (Intestinal microflora)
	아. 분변 내 휘발성 지방산 (Fecal volatile fatty acid) 농도


	제 3 절 효소제의 급여가 섬유소원이 첨가된 사료를 섭취한 자돈의 성장, 혈액지표, 설사빈도, 장내 미생물 균총 및 영양소 소화율에 미치는 영향
	제 1 항 서론
	제 2 항 실험 방법 및 재료
	가. 실험동물 및 실험설계 (Experimental animal and housing)
	나. 실험사료 (Experimental diet)
	다. 설사지수 (Diarrhea score)
	라. 혈액성상 (Blood profile)
	마. 해부실험 (Anatomy)
	바. 장내 미생물 균총 분석 (Intestinal microflora)
	사. 조직 분석 (Histological analysis)
	아. 직장 내 휘발성지방산 농도 (Rectal VFA concentration)
	자. 영양소소화율 (Nutrient digestiblity)
	차. 통계분석 (Statistical analysis)

	제 3 항 연구 결과 및 고찰
	가. 성장성적(Growth performance)
	나. 설사지수 (Diarrhea score)
	다. 혈액성상
	라. 소장의 융모 높이 및 융와깊이 (Villi height and crypt depth)
	마. 장내 미생물 균총 (Intestinal microflora)
	바. 직장 내 VFA 농도 (Rectal VFA concentration)
	사. 영양소소화율 (Nutrient digestibility)


	제 4 절 사료의 물리적 가공형태가 자돈의 성장과 혈액지표, 설사빈도, 영양소 소화율 및 분변 내 VFA, 미생물 조성에 미치는 영향
	제 1 항 서론
	제 2 항 실험 방법 및 재료
	가. 실험동물 및 실험설계 (Experimental animal and housing)
	나. 실험사료 (Experimental diet)
	다. 사양실험 (Housing)
	라. 혈액성상 (Blood profile)
	마. 영양소소화율 (Nutrient digestibility)
	바. 장 내용물 통과속도 (Passage rate)
	사. 분변 내 E. coli (Fecal E.coli)
	아. 분변 내 휘발성지방산 농도 (Fecal VFA concentration)
	자. 통계분석 (Statistical analysis)

	제 3 항 연구 결과 및 고찰
	가. 성장성적 (Growth performance)
	나. 혈액성상
	다. 영양소소화율 (Nutrient digestibility)
	라. 장 내용물 통과속도 (Passage rate)
	마. 분변 내 대장균 수 (Fecal E. coli count)
	바. 분변 내 휘발성지방산 농도 (Fecal VFA concentration)


	제 5 절 단백질의 제한급여가 자돈의 성장, 설사빈도, 혈액지표 및 영양소 소화율에 미치는 영향
	제 1 항 서론
	제 2 항 실험 방법 및 재료
	가. 실험동물 및 실험설계 (Experimental animal and housing)
	나. 실험사료 (Experimental diet)
	다. 영양소소화율 (Nutrient digestibility)
	라. 설사지수 (Diarrhea score)
	마. 혈액성상 (Blood profile)
	바. 통계분석 (Statistical analysis)

	제 3 항 연구 결과 및 고찰
	가. 성장성적 (Growth performance) 및 설사지수 (Diarrhea score)
	나. 혈중 요소태질소 (Blood urea nitrogen)
	다. 크레아티닌 (Creatinine)
	라. 혈중 요소태 유사 성장인자 (IGF-1)
	마. 영양소소화율 (Nutrient digestibility)


	제 6 절 전분질 사료 (카사바)의 급여가 자돈의 성장, 혈액성상 설사빈도, 영양소 소화율 및 분변내 VFA, 미생물 조성에 미치는 영향에 미치는 영향
	제 1 항 서론
	제 2 항 실험 방법 및 재료
	가. 실험동물 및 실험설계 (Experimental animal and housing)
	나. 실험 사료 (Experimental diet)
	다. 사양 실험 (Housing)
	라. 영양소 소화율 (Nutrient digestibility)
	마. 설사 빈도 조사 (Diarrhea score)
	바. 분변 내 미생물 분석 (Fecal E. coli, Salmonella, Lactobacillus)
	사. 분변 내 휘발성 지방산 (Fecal volatile fatty acid) 농도
	아. 혈액성상 (Blood profile)
	자. 통계 분석 (Statistical analysis)

	제 3 항 연구 결과 및 고찰
	가. 성장성적 (Growth performance)
	나. 영양소 소화율 (Nutrient digestibility)
	다. 설사 빈도 (Diarrhea incidence)
	라. 분 내 미생물 균총 (Intestinal microflora)
	마. 분변 내 휘발성 지방산 (Fecal volatile fatty acid) 농도
	바. 혈액 성상 (Blood urea nitrogen, creatinine, IGF-1)


	제 7 절 사료의 원료와 영양소 함량 및 가공을 통한 자돈 설사 방지기술의 개발과 무항생제 사료 생산가능성 제시
	제 1 항 서론
	제 2 항 실험 방법 및 재료
	가. 자돈의 설사 방지 및 성장 촉진을 위한 무항생제 사료 생산 방안 제시
	나. 경제성 분석
	다. 연구 성과의 학술지게재와 상품화 및 품질관리방안 검토

	제 3 항 연구 결과 및 고찰
	가. 자돈의 설사 방지 및 성장 촉진을 위한 무항생제 사료 생산 방안
	나. 자돈설사방지를 위한 사료모델별 경제성 분석
	다. 연구 성과의 학술지게재와 상품화 및 품질관리방안 검토



	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발결과의 활용계획
	제 6 장 연구개발과정에서 수집한 해외과학기술 정보
	제 7 장 참고문헌




