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iy e Ha HA] A A
2ZAE 350 450 60 1.7 1.3
2 8 19.2 0.87 124.7 85.5
LA g = 5.7 10.9 1.74 0 0
A 13.7 30.1 2.61 12.7 85.5
S 0 7.6 2.49 0 0
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Mg

0.11
0.03
0.69

0.26
0.09
0.03

Ca

0.26
0.03
1.56

1.00
1.97
0.78

K,0

0.18
0.60
0.20
1.03
0.42
0.53
0.68
0.50

P205

0.60
0.07
0.49
0.27
0.83
0.09
0.62
0.29

N
0.50
0.68
0.33

1.02
0.96
0.80
1.39
1.19

g
<F

81.0
95.7
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99 ololLAle 94 Alm W SRS FoiF B9 ol Be MEUE Foln

L) T2 FA,

- 9 WaE o] Wik Abzo] st 2oldlut s} ofulwAl gego] iAo L P
T AbRel 2o ool atolilo] ZIFHES MAHAAY CP &

of == 24" &

T2 Fd=oAME 20%004 16%=, BlSEollMs 16%0A 12%=2 JFF== dAE A
THAS IESIAS W S0 vHS7] Abre CP 282 4% FHE HX|9 Fadol
e A Gsks

o
ArolA st dRyor 7hA WS dAaAZ|H OHR|TeR 7159 A2 &

AT &

100
100
90 80
88
80 60 66
40 48
70 33
60 0
EAHY 2 L|of /Y A2 Lo} S EaE
WOHET o K THY + AA m D CHEH o x| Che

0] 2. Aol AA|2 £35F obgujo} 7pA WAleF X7+ ATt (Kendall, 1998; Sutton, 2002)

O AR#e
- &0l WSt A EAEUL AT S4F 571 F90] wsbt Wopxo] ok A
Sak SUTH Atole] ot A d5o] WA sl 1 0101] SR SR
o Wa] @ olgo] Wt WE', JEBuo] AYst L o & otz

YA 5 AR 22 %OJCL et fFulEAlE o Eﬂi}



T4 M9A FA BN WA U A AR

: : A ag

E5E AAUYE LI

L
A | & | @8 |dea| A | A | xw | B | A=
20159 160 50 73 19 18 160 6 6 148
20164 208 84 98 23 3 208 23 1 184
20174 288 107 132 20 29 288 20 21 247
20184 246 92 127 14 13 246 15 5 226
20194 309 145 123 31 10 309 11 9 289
20204 219 97 108 12 2 219 9 7 203
(2020.104 71%)

- A7) &40 15% olde ASL U AV Ac) FR FAR G YAl E3t
FAF 2 A Ud BAYE WS WASL 9, 20209 6€21Y YAA o
oML QHgAl FhEARRS] Algte] Bat melo] 2AN s7HE &AL AlSo] AR st
L obgAl Dl SR A0S0 AI9rt WolHAIG YAl obbRlE FAbe] o
g AOIAQl FARECHE AR olsietn At WAHT 4 db WHe 24 59 (%
4).

- FilHol RAZEA UlEFS 18 9.4IMTLE COeq ULl 44%0] 1. ofo]
FALARNATAA ALRRO} 2ALA AEHS U3 AMOZ 2191Y0YLE £5E
ASTAE EUUA BA FY 71E JES ol W oY DU Folg A3t
1oAY Atz 33 AR BEslR o,




- AolEZAM(ZF) olst KTCCOl 2Jaf 7L U BF 59 Ye2e 2u} Rpopgi Al
(HCIO)S M7|afs) Ag 2 Asaata de] doifl Alopgdaitas st A4
2, 2715 oz Ao AxE FESF UM AHE B 22 54 Ant
w7 olAe] Ax]L 0, A olRolAs 039, oA ALY U Aopx, £R
A B ARC B 2A]2 7|26 B4R 45 Futel o Hold oFAA ant
T

El éi
= =N & PN
WA AAE SOl @ W i a5 dAaAIA.
ULKALE @ ofolH @ YUk @ ofoE3
T T
s =
= . 2 & 55
RO = KO | |
Ty 5 T 2 ‘
== %ﬂ 4.3 = Boﬂ
T<'U:L 4 Rod 4 | 3.8
ol ol -
3 == 3 -
& CHENS (total E. coli) K88 (E. coli K88)

a7 5 ofolgao] o U AR & Za &ut (ofolm e AT, 2020)
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A sd7]ed FAATA7E S22 52 o83 diu|sto] FAdEAl A7 2] 87
S AAISTA =T, 20% AT DA TS 15%2 Folv ATHA Ats ARS 2 ALRS}
B2 312 ol SA AlR I2|1 E AlR A7 9 ¥EAtR go] 59 Als #HeE
ol WA 5= 20~50%7HK] 24 4 Aok &

20169 FHFAMNFREE 715 4% ©Alo e TuiA g% go] W oWy o
At i WAl 5 &3 M AT FACoR YEL HiAlR U 2T TS 23%
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FEMAZE EUC Hlstal o 3~a%Lt £A AFEle] 9t Aol
o AUlA ASEA 2517 Br2 ujEEol AL Fa YRl

* 5 Y=g HigAteE W 994 IF 7IE
=2 =
H °I& Az AT (%) - éﬂtﬂ% (%)
1 TOXIE olf A CP, 23% Max
2 o]8= A7) BW 7kg~11kg CP, 21% Max
3 o]9&E &7 BW 11kg~25kg CP, 20% Max
4 SHE X7 BW 25kg~45kg = x| up CP, 19% Max z8]
5 SHE 57 BW 45kg~65kg CP, 18% Max
6 g S= A7) BW 65kg~85kg 7 CP, 17% Max xM0
7 H| &= 57 BW 85kg~%5} CP, 16% Max
8 | WME &E | BW 25kg~2EIX | ol CP, 14% Max 2
9 sue B;NAJZ?]‘Z CP, 16% Max
10 AAl &= AAI7] CP, 16% Max
11 28 = 287 CP, 20% Max
(EHHFAAIES, 2016)
- TS TS ANS EE L2 20020 AFFEl0] FO| AMSHAE IdYA Q4TS AAE. |1
27 7§72 2007dx} 201290 kaEdon 2017490 3AF 7id-S OhelstdlS. 3AF
I HS o= n2thEst g0 Attt A RES =E&SHAL St A= QIS
L, Aol 7128 YA e ol e do tigh AR gldlS.
- Al ATWA T ofuieAil Q1% A4le BES| AR Q3. AFAY] 2T
WA FFE 19%0A 16%= FR = HE, Aetg 5 ARt Aol Apolrt QllE
(F &5.. 2013).
- AFS Y] At W 2THA SRS 16%01A4 14% =2 2R = AL o= Atol7h gl
=0 FUAM e F5E ARtz a8 4s], 2015).
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O 7l=d%
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Nature's Match® Complete Sow Ovale UY<2]| E2jyofA &A= Nature's
Match A2lx % shiz 2 =3l gejo ARz 14%°] Tuae gstn gloo)
e e wjEE West gtk 54 2 ok of ArE dAE (4] o
1
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JEIA]l 2] a ®Este] Y|2e HXAe SRR Z{-=olA

i
Nature’s Match® Complete
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NATURES My,

FEED ddd iy 45 (2] Write A Review
Life Stage Type Operation
Small Farm Or Hobby Complete Traditional

Find a Retailer

a3 6. FelUolA EAE AT ate

H

B4 (NRC, National Research Council)& oF 10dS &7]=2 7t

Moz Ji, st e Ao® AAY FHAAS AuE viEgo R =

A Q42 AAst=t. ol=o] AAIE =AY A BAE T a4+
oAl ATHERA (CP, crude protein)o] AMA|Ell AA = Q 13k (total nitrogen
requirement)© 2 &=,

AFRHAl AT Ate U QU4 AFFS 27ME, AIYREE, |54 Atolrt ¥
ot 91 (& 6)

AR At Ul B ofeE 1% B3 2 Ul AA 2 6.4% dasty (2" ),

A7 1g8 H5H 2 Y A4 vjAdsF2 0.59g 74" (2 8, Summers, 1993).
Ate Ul 2EWA dZ 1% JdAstd Jryof HRFEE 8~10% gasts Aoz ¥
1% (Bregendahl & Roberts, 2007).

A2 U 28l 549 phytaseS H7FsH AlRAIY) Bu wiE, 1ojn Aast 919
HjAdaro] ZFASH= 7102 H 13 (Ahma et al., 2012).
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B 6. F7PE AGEEE AT

g

0.48 20 Hy-Line
Are} & 7] 0.45 20 Poultry Hub Australia
e 0.40 18 NRC(1994)
0.48 19.8 Brazil
0.45 17.5 Hy-Line
0.42 15.5 Poultry Hub Australia
A =
Sacd 0.30 15 NRC(1994)
0.40 17.5 Brazil
0.43 16.5 Hy-Line
= 0.40 16.5 Poultry Hub Australia
A )
2] 0.32 17 NRC(1994)
0.35 16 Brazil
2.5 3.0
_ _ . ¥ =0.5916x + 0.0679
.5 Y= 0.1227x - 0.1804 * .. P dras! ik
5 Rz = 0.9566 i e .o
S 15 % g 2.0 =
B e 2 15 o
P £ -
& 1.0 e 3 .
¥ - = 1 o
= 0.5 ".Q" = “_f'
0.0 oo &
0.0 5.0 10.0 150 20.0 25.0 0.0 2.0 4.0 6.0
CP level (%) in diet M intake [gibird)
ad 7. Ats A SRy £ AAa a4 8. Aa AFFY & 24 HiE
W& g R
1-3. ARyA7 g % 23
O Ats Y 2gWA <y 2ol A7 A= Y S48 S0 x| FFo] dist A+
2 293,
B 7A2 Y AU gk el AvL AR W S4ul R R0 Rl ulxl: 9
Treatments P-value?
Criteria SEM!
HP MHP MLP LP LPV- Lin. Qud
Body weight, kg
Initial 7.86 7.86 7.86 7.86 7.86 0.231 - -
2 week 957 9.61 9.76 9.76 10.33 0.317 0.44 0.81
6 week 19.46 19.26 19.11 18.49 18.85 0.550 0.34 0.66
10 week 3744  37.23® 37.94° 34.32° 3419° 0887 006 0.8
14 week 57.85 57.90" 57.63* 53.97%¢ 49528 1201 004  0.17
18 week 78.63 78.66 79.62 76.89 72.75 1.369 0.45 0.48
22 week 102.49*  103.88*  105.10" 102.38* 96.02° 1322 097 021

1 Standard error of means. . .
2 LPV- was excluded in orthogonal polynomial analysis.

a,b,c Means with different superscripts in the same row significantly differ(P<0.05).
A,B Means with different superscripts in the same row significantly differ(P<0.01).
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- ALE W S4UISE AFR U] ZUES NRC 201255714 ZactolE ARl Qatol
AL, HHZ BHst= Ao Ao S8AQd ol Ade (A=8& 5, 2018)
O R A B U A2 FH APE 4
- Top-down YA AFtA £ 19 1.57~1.80 g A4(N) 8i&E &7
- Bottom-up WA A & 19 1.53 g A2(N) viE &4
T — S — -
o e T 135 Layer fesd production, 1000 tonnes/year 2158 2389 2459
Body weight at 17 or 72 weeks, kg 50 135 N contentin layer diet, % 235 235 235
e o Numbor of layers, millions head 57.0 60.0 59.0
Mean a3 vt = Pl T
Beyilditgperbid 1562 Eqg production, kg (60 glega) 882,394,800 935,217,600 931,209,900
Fesdiintake; kg perbixd 373 20 Egg production, 1000 ton 882.4 9352 9312
N content eggs, g per kg 185 Final weight, kg 2 2 2
N content liveweight, g/kg 285 285 Livewsight gain, 1000 tonnes/year 37.05 38 38.35
N content of feed, g per kg 2350 25.60 FCR 244 255 2,64
FOR, ka/kg 224 : N contentin egg,% 1.02 182 192
Total feed N consumed, kg per bird 0.891 0143 Weontonkia layer, 285 285 285
Amountof N retained, kg per bird 0332 0,037
Nin total feed intake, toniyear 506 56.4 s7.8
D EES Ei N in total carcasses, ton/year 14 14 14
Laying period, days s U Niin total eggs, toniyear 16.9 180 1.9
Cycle factor 0.85 30 N excretion, 1000 tonnes/year 326 374 38.8
N excretion, kg/bird/year 0.53 0.32 N excretion ratio, % 64.4 66.0 67.2
[N excretion, g/day/bird 1.53 0.89 ] [N excretion, g/day/head 1.57 1.69 1.80 |
O Atd27] 2d9d 3 gy ed &0 OE Atk AV A& 56}01 AR Atrd 2H
Ui ool ab go{E Al QlojA, T 252 14%7HA] UH e d S AR 6).
RO Y 16%OI 1A% SRR ol 9B oA o8
- oAl SIS 0.40%014 0.34%2 WAE WAl AL vlxIx] org
# 8. At27] Atm Ul 2T 9 gl ed oo o AEol uxle &t
14 0.34 79.2 78.4 71.5 67.29 73.31
0.40 78.3 76.9 73.7 67.63 73.40
15 0.34 76.3 75.3 66.0 63.25 69.44
0.40 76.9 78.2 74.8 63.90 72.58
16 0.34 79.0 78.4 71.7 66.27 72.45
0.40 77.7 76.1 68.9 64.78 71.00
Pooled SEM 2.741 2.383 2.275 2.543 2.198
P value
Cp 0.640 0.937 0.539 0.334 0.563
Met 0.769 0.876 0.153 0.938 0.745
CP*Met 0911 0.518 0.053 0.908 0.586
O Atz EEE 250 TR B9 AN 499 ALY A H AT
- o £ HigALRY ATHA o]l AdE & 195% Ev 22.2%%S ©, 43T, AN
g b2 58 U PO Aol Aot gln, DU A2TolN B i wiEwo] o
e
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B 9. 9 AA 8499 wiEAIR T gYol BE i WY, 4YE U Wi wEY
Treatment”

Items” CON HCP SEM P-value
Initial BW (kg) 256 256 4.7 0.91
Final BW (kg) 342 345 5.3 0.73
ADG (g/day) 950 988 27.3 0.34
DMI (g/day)

Concentrate 3.50 3.50 0.027 0.89

Forage 2.81 2.78 0.087 0.80

Total 6.31 6.29 0.107 0.86
CPI (kg/day)

Concentrate 683 779 5.6 <0.01

Forage 211 208 6.6 0.79

Total 894 987 10.9 <0.01
Nitrogen intake (kg/d) 5.,5859 6,1696.17 68.30.068 <0.01
Nitrogen excretion (kg/d)°

Urine 22682.27 25052.51 27.70.027 <0.01

Fecal 19671.97 21722.17 24.00.024 <0.01

Total 42464.25 46894.69 51.90.052 <0.01
Retained nitrogen (kg/d) 13391.34 14801.48 16.50.016 <0.01
ADG/RN (g/g) 0.71 0.67 0.02 0.12
Nitrogen excretion/ADG (g/g) 4.56 4.80 0.129 0.20
FCR 6.78 6.42 0.192 0.20

"CON Ccontrol diet contained 195 g/kg of CP, HCP: Hhigher crude protein diet contained 222 g/kg of CP

"BW: bBody weight, ADG: Aaverage daily gain, DMI: Ddry matter intake, CPI: Ccrude protein intake, MPI:
Mmetabolizable protein intake, MPfeed: metabolizable proteinMP from feed, MPbact: metabolizable protein MP
from ruminal bacteria, MEI: Mmetabolizable energy intake, FCR: Ffeed conversion ratio -: DMI (kg) / ADG

(ke) .
Urine excretion

6.80+0.405xnitrogen intake, Fecal excretion

0.506+0.352xnitrogen intake, Total excretion

= 15.140.828xnitregen intake (Reed et al., 2015)
O Al AUMA 470 012 5h9 v]890] AlF 48 % =4 44 ulm A7
- SF% Bl5RolA TMRO] REHHA &<fo] HE 5 15.6% £+ 17.3%%2 d, 43T, 84
5 A2 5% % PO Habole Alolrt gn, DT Aelqold SAu SAlo] gaz
A% Y149 JfAol AL, Tt DY M RN R Dol wjEgol U,
£ 10 $9 ulg90] AR TN o] ThE JYs HNY AHE L =X HF
= Diet Gender P-value
ftem Control HCP SEM Cow  Heifer  Steer SEM Diet  Gender Irteraction
BW (kg)
Initial BW 628.5 6164 14.89 662.9° 5552° 6493 219 057 <001 0.64
Final BW 679.7 669.6 1550 701.4* 622.5° 700.0° 22.8 0.65 0.02 0.85
ADG (g/d) 538.5 558.5 50.65 406.2° 705.3* 534.0° 893 0.78  0.02 0.41
DMI (kg/d) 9.1 8.5 0.28 8.9° 10.1° 7.4° 0.5 0.17 <0.01 047
CPI (kg/d) 1.4 1.5 0.05 1.5° L7 1.2° 0.11 038 <0.01 0.50
MEI (Mcal/d) 23 23 009 24 2.5 2.0 0.16 0.70  0.01 0.40
FCR 1.8 1.9 029 26 1.5 1.6 0.5 087 0.04 0.70
Carcass weight, kg 432.7 4213 870 4249 4215 4345 12.79 036  0.70 0.97
Marbling score 61.6 574 498 58.2 54.3 66.0 733 055 045 0.93
Meat color 5.00 493 0.103 5.06 4.83 5.00 0.151 0.61 045 0.45
Fat color 3.07 316 0.132 322 3.00 3.13 0.194 0.66  0.60 0.81
Quality grade 2.26 245 0221 244 2.50 2.13 0325 054 0.59 0.88
Back fat, mm 21.9 170 149 224* 235" 12.5° 219 0.03 <0.01 0.79
Rib eye area, cm”  95.8 963 240 953 98.2 94.6 353 090 0.73 0.16
Yield score” 59.7 633 097 59.6°  59.3° 65.5° 142 0.01 <001 0.69
Yield grade” 2.67 237 0156  2.89°  2.67*  2.00° 0230 0.19 <0.01  0.55
BW: body weight, ADG: average daily gain, DMI: dry matter intake, CPL: crude protein intake, MEL:

metabolizable energy intake, FCR: feed conversion ratio, Quality grade: numerical conversion of quality grades
1, 2, and 3 grades,
conversion of yield grades (1, 2, and 3 correspond to the A, B, and C grades, respectively))

*Control: containing 156 g/kg DM of CP, HCP:high level of crude protein, containing 173 g/kg DM of CP

1+,

(1, 2, 3, 4, and 5 correspond to the 1++,

“Yield score
67.20, B grade: 63.30 ~ 67.20, C grade: < 63.30

respectively), Yield grade: numerical

68.184 — 0.625xbackfat + 0.130xrib eye area — 0.024xcarcass weight + 3.23; A grade: >

% Means that do not 51gn1ﬁcantly differ with common superscripts within treatments (P < 0.05)
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2. ATHLIH S S8 Y L 28 48
FHAFINF (Hedsti) :

<IAPA &=, 20219>

o A% 1. A2 U ZHWAY 27

]

2 73

o

717} ALES] Aol tlAE

) ATSE
Bl 9 OBMAYS AUSY] AL AEAR U KB 25
o184 FYL BRI UG WA ELEe 2FE Al e Y

_]

()
o= a
sto] Ap=9] ALl tlxl= T2 9. 297 phase feeding program@ = AlH.

ol

or o
o ru

Z7tofl o
_EL

o
=

2) ALY
a) Ads=

ok

- A= 240%E5 FAlote 6&42] bEHE, =wtt 8FA | randomized complete block (RCB)

I (o]

design© 2 HjX|

am =R At=271
xa 1 CP 16% CP 15%
x2] 2 CP 17% CP 16%
xa] 3 CP 18% CP 17%
x2] 4 CP 19% CP 18%
®a] 5 CP 20% CP 19%
&2 6 CP 21% CP 20%

SH&

o T

- & 500g7t 2 4008
o] g5to] rmUo}, Fafpa
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H 1. 0IRXE &I A8 Atz HiEHl (0-35)

Treatments'

ltems

CP16 CP17 CP18 CP19 CP20 CP21
Ingredient, %
Extruding corn 63.05 60.45 57.84 55.30 52.67 50.11
SBM 2.44 5.25 8.07 10.90 13.70 16.53
Soy oil 1.07 1.12 1.18 1.21 1.26 1.30
Whey powder 5.00 5.00 5.00 5.00 5.00 5.00
Lactose 10.00 10.00 10.00 10.00 10.00 10.00
Fish meal 4.00 4.00 4.00 4.00 4.00 4.00
Blood plasma 2.00 2.00 2.00 2.00 2.00 2.00
Fermented SBM 8.00 8.00 8.00 8.00 8.00 8.00
L-Lysine Sulfate, 55% 0.98 0.84 0.70 0.56 0.43 0.29
DL-Methionine, 98% 0.15 0.13 0.12 0.10 0.09 0.07
L-Threonine, 98.5% 0.23 0.19 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.07 0.05 0.03 0.02 0.00
MCP 1.05 1.00 0.95 0.88 0.85 0.79
Limestone 1.15 1.15 1.15 1.13 1.13 1.11
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Zinc oxide 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition?
ME, kcal/kg 3400.00 3400.00 3400.00 3400.00 3400.00 3400.00
CP, % 16.00 17.00 18.00 19.00 20.00 21.00
SID Lysine, % 1.35 1.35 1.35 1.35 1.35 1.35
SID Methionine, % 0.39 0.39 0.39 0.39 0.39 0.39
SID Threonine, % 0.83 0.83 0.83 0.83 0.83 0.83
SID Tryptophan, % 0.24 0.24 0.24 0.24 0.24 0.24
Ca, % 0.80 0.80 0.80 0.80 0.80 0.80
Total P, % 0.65 0.65 0.65 0.65 0.65 0.65

" Treatment: CP16: corn-soybean meal(SBM) based diet (CP 16%/CP 15%), CP17: corn—soybean meal based diet (CP 17%/CP 16%),

CP18: corn-soybean meal based diet (CP 18%/CP 17%), CP19: corn-soybean meal based diet (CP 19%/CP 18%), CP20:
corn—-soybean meal based diet (CP 20%/CP 19%), CP21: corn-soybean meal based diet (CP 21%/CP 20%)

2 Calculated value.
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H 12. 0IRA=E )| A8 Als HigHl (4-65)

Treatments’

[tems

CP15 CP16 CP17 CP18 CP19 CP20
Ingredient, %
Extruding corn 72.71 70.13 67.57 64.96 62.36 59.79
SBM 3.18 6.00 8.82 11.65 14.48 17.30
Soy oil 0.35 0.40 0.43 0.48 0.53 0.57
Whey powder 2.50 2.50 2.50 2.50 2.50 2.50
Lactose 5.00 5.00 5.00 5.00 5.00 5.00
Fish meal 4.00 4.00 4.00 4.00 4.00 4.00
Fermented SBM 8.00 8.00 8.00 8.00 8.00 8.00
L-Lysine Sulfate, 55% 0.97 0.83 0.70 0.56 0.41 0.28
DL-Methionine, 98% 0.12 0.10 0.09 0.07 0.06 0.04
L-Threonine, 98.5% 0.23 0.19 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.09 0.07 0.05 0.04 0.02 0.00
MCP 1.10 1.03 0.95 0.92 0.85 0.80
Limestone 0.95 0.95 0.95 0.93 0.94 0.92
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Zinc oxide 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition?
ME, kcal/kg 3350.00 3350.00 3350.00 3350.00 3350.00 3350.00
CP, % 15.00 16.00 17.00 18.00 19.00 20.00
SID Lysine, % 1.23 1.23 1.23 1.23 1.23 1.23
SID Methionine, % 0.36 0.36 0.36 0.36 0.36 0.36
SID Threonine, % 0.76 0.76 0.76 0.76 0.76 0.76
SID Tryptophan, % 0.22 0.22 0.22 0.22 0.22 0.22
Ca, % 0.70 0.70 0.70 0.70 0.70 0.70
Total P, % 0.60 0.60 0.60 0.60 0.60 0.60

" Treatment: CP16: corn-soybean meal(SBM) based diet (CP 16%/CP 15%), CP17: corn—soybean meal based diet (CP 17%/CP 16%),
CP18: corn-soybean meal based diet (CP 18%/CP 17%), CP19: corn-soybean meal based diet (CP 19%/CP 18%), CP20:
corn—soybean meal based diet (CP 20%/CP 19%), CP21: corn—soybean meal based diet (CP 21%/CP 20%)

2 Calculated value.
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H 13, A2 W ZCHHAE ~FYE HID OIsAEY 4234A0 OiXls S8

Treatments'

ltems SEM?  p-value

A B C D E F
Body weight, kg
Inital e 8.30————————————————— - -
3 week 14.80° 14.51° 14.12% 14.52°2 14.33% 13.54° 0.323 <0.01
6 week 26.62° 26.33° 25.96° 25.96° 25.528b 23.88° 0.397 <0.01
ADG, g
0-3 week  309.522 295.24%  279.25% 297.09%  286.04%° 247.74° 9.004  <0.01
3-6 week  563.07 562.69 566.25 545.00 532.80 487.82 10.760 0.18
0-6 week  436.30° 428.96° 421.65% 420.05% 409.42%  367.91° 7.621 0.03
ADFI, g
0-3 week  638.73° 582.86% 554.16° 568.73° 562.41° 517.43° 14.589 <0.01
3-6 week  882.00 924.28 919.67 871.28 888.86 907.09 10.931 0.12
0-6 week  785.36 778.57 761.91 745.01 750.63 737.26 8.875 0.06
G:F ratio
0-3 week 0.484 0.502 0.504 0.521 0.510 0.476 0.007 0.42

3-6 week 0.641° 0.611° 0.618? 0.625% 0.602% 0.541° 0.606  <0.01
0-6 week 0.557% 0.552% 0.5542 0.563% 0.547¢ 0.499° 0.545  <0.01

TA=T16-15%, B= 1/7/-16%, C= 18-17/%, D= 19-18%, £= 20-19%, F= 21-20% (Reduced CP level by 1% for every phase in each
treatment group throughout all 2 phases)

Standard error of means
2b Means in a same row with different superscript letters were significantly different (p<0.05)

- AR (Growth performance)
olgAtE Ate U AUWMA 258 AP} ol 9AbES] ARl nxE Qe ®130] Ut
Weich ol gA7] 3%, 0887 3 LESEL
stole m A%, UYEAY, AGARAAY L At ago 9lojA folmel stolz} ek
(p<0.05). o] FA7] At&= AEolA F A2f+tof] vl RTWA ~Fo] T2 o A2|t7t
gojdog o &7 T (p<0.01). E3 0] 957] A= AFOIME F el vs) &
oA 0] 22 A4 foAler O = YEHEY (p<0.01). o] {47 AdFEAIF
A F Aol vls] AUMA sE0] wde Azl prt Solmor o £ Uehiet (p<0.01).
o]9%57] 35 F AYSABoIAE 9O)HQ Aol LERIA] AT, HA7IE ALEA]
FoAM= F A7 78 2RA HEES (p=0.03). o] {47] dFAtadFFolA= A, B A
o] 77t goldog wA Uehdtt (p<0.01). ol 947] At agolAE §olKQl Aol LEhy
Al ARG ol F27|eF AAIZIZE AtrgsoAe F A7 RejAer v @A YERS

L e
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E 14. A2 | XS A A9 DL OI|XEo SMHAMNN OXs HE
Treatments'
ltems SEM2  p-value
A B C D E F

BUN, mg/dL

nital 567 ————————- - -
3 week 2.60¢ 4.60% 6.20°¢ 7.80° 8.40%° 10.60°2 0.589 <0.01
6 week 3.20°¢ 6.40° 5.00°¢ 6.80° 9.80° 9.00° 0.510 <0.01
Creatinine, mg/dL

nital 094 ————————- - -
3 week 0.74 0.71 0.69 0.77 0.62 0.72 0.023 0.61
6 week 0.93 0.96 1.05 0.91 0.90 0.87 0.024 0.33
Glucose, mg/dL

nital 107.50 ————————- - -
3 week 89.83 96.40 90.80 89.40 81.20 91.40 2.056 0.42
6 week 97.40 78.20 92.80 81.80 86.80 80.60 2.748 0.23
Total protein, g/dL

Inittal  ———————— 500 ~——————- - -
3 week 4.64 4.46 4.76 4.40 4.88 4.60 0.090 0.73
6 week 5.22 5.36 4.86 4.88 5.44 5.38 0.097 0.36
Triglyceride, mg/dL

Inittal  ———————— 3950 ————————- - -
3 week 40.60 30.80 45.80 48.60 45.80 40.80 2.740 0.46
6 week 41.40 66.00 35.20 53.80 55.00 59.40 2.682 0.26
Insulin, mU/L

Inittal  ———————= 3.05 ~———————- - -
3 week 4.31 2.80 3.19 4.24 6.52 3.30 0.378 0.36
6 week 8.60 2.71 3.72 3.01 5.85 4.86 0.734 0.13
IGF-1, ng/mL

Inital 10.48 ———————- - -
3 week 11.57 9.85 11.64 10.72 12.39 12.59 0.839 0.78
6 week 7.08 8.40 8.53 7.27 9.78 7.84 0.415 0.75
Free fatty acid, puEq/L

nital 256.67 ————————— - -
3 week 52.80 50.80 118.80 188.00 149.60 114.00 23.129 0.56
6 week 85.80 396.20 59.40 274.60 585.40 482.80 55.506 0.26
"A=16-15%, B= 1/-16%, C= 18-1/% = 19-18%, E= 20-19%, F= 21-20% (Reduced CP level by 1% ftor every phase In each

treatment group throughout all 2 phases)
2 Standard error of means
a5 Means in a same row with different superscript letters were significantly different (p<0.05)

"y

O]8 A= Alg U] RATHHAl Az
Ehfigich o947 % ol8%7] 7IZkEet
A&, IGF-1 U QA sEolA 7

o, olgz7] FRIES olgAtE Bol

(Blood profiles)

AN R

o Q4L
2 7 A UERGTE (p<0.01).

_2’|_

NPt ol gAbES] @A u]x
goy ) 32foleld, 224,
A7) fol8el Apol
Y 224784 oA F Azt goso
.LAmewrw4a2£7m;gmLﬁﬁﬁ+mmon_zﬁomﬁu1ﬂﬂ%ﬂohr
sEol4 E F Agj77t 99502 spg ¥/ Uehdn A Azt 99K



H 15, Atg Y ZEHE ~F8 FIJ OIfs4=2 ZALE0 0IXls S

Treatments’ ,
ltems SEM p—value
A B C D E F

Diarrhea score?, %

0-3 week 1.419 1.58¢ 2.12¢ 2.48° 2.62° 3.232 0.121 <0.01
4-6 week 1.10¢ 1.20% 1.34¢%¢ 1.38%¢ 1.442° 1.562 0.036 <0.01
0-6 week 1.25d 1.39¢ 1.73¢ 1.93° 2.03° 2.39° 0.075 <0.01
"A=16-15%, B= 1/-16%, C= 18-1/%, D= 19-18%, E= 20-19%, F= 21-20% (Reduced CP level by 1% for every phase in each

treatment grouo throughout all 2 ohases)
¢ Standard error of means
&b Means in a same row with different superscript letters were significantly different (p<0.05)

- AA} "Wl% (Incidence of diarrhea)

Ol QAFE AR U AT 27w A7} ol gAbES] Aa WlEd] UjA: dFS 150 Ut
EUigith olfAl7], ola27] R AAZIRE &b BAE AN ZF A2l IF =0 {oACl
xfol7} UERT) (p<0.01). 09771 7I7F §9F AL WA F M 77t foldoz s
7 A APt Qoo b WA LERdT) (p<0.01). 3t o] 9.57] 2 AA|Z S0
AL EAYOA F A7t qoAog MY =1 A AU §oX oz sy WA UERGTH
(p<0.01).

F 2
rui H

H 16. AFE Wl ZHHE FY FHI OIfU=Y AHFHLMH Ol S

Treatments’
Items SEM?  p-value
A B C D E F
Hydrogen sulfide, ppm
Phase | 1.75¢ 2.00° 2.00° 2.25% 2.00° 2.25%  0.041 <0.01
Phase |l 1.50¢ 1.83° 1.83° 2.33% 2.33% 2.33%  0.079  <0.01
Ammonia, ppm
Phase | 5.36° 5.36° 6.45° 6.91°¢ 7.64° 8.64%  0.286  <0.01
Phase |l 5.27" 5.36' 6.36° 6.91°¢ 7.55° 8.18%  0.259  <0.01
Amines, ppm
Phase | 50.91' 51.82°  53.64¢ 70.91¢  77.27°  81.82°  3.080  <0.01
Phase |I 45.45° 47279  51.82°  76.36°  77.00®  77.278  3.511 <0.01
T A=T0-15%, B= 1/-16%, C= To—-1/%, D= 19-18%, &= 20-19%, F= 21-20% (Reduced CP level by 1% tor every phase In each

treatment group throughout all 2 phases)
2 Standard error of means
a5 Means in a same row with different superscript letters were significantly different (p<0.05)

- oFFEPA (Odor generation)

O QAFE AbE U ARA 254 H7bt o] §AHEO] obuAlo] DAL Qe m16o] Ut
BUigith. olfAl7] R o] 77| 7IbEet Hakaea, Yot I oyl wWAYoA ZF &2 It
150 QoA Ato]7t LHERGITEH (p<0.01). orowr J)ZHEQH staa, Qwujor 9 ofgl
DA F A7 fodez 7 =1 A A7 RAdeRr TP @A UEEH
(p<0OL). £ 0I5 71 AT Fetol %hzrw Qre ol U ol WAolA F A7t &
ojgoz P =1 A AelPr} gedoe s Ul LERdT (p<0.01).

_22_



(@]
>
a9
N
S
Do)
il
=
P
o
1z
i1a)
1o
>
BN
nE
o
A\
N
\
N
)
2,
N
)
rn
1o
of
o
P~
P~
o
o
=2
=)
2
rlr
o8
%

1) A7SE
Pl 9 AWRFS AYS] AL AEAIR U T 278 vl R goh
o182 FYstol Az U A AT g Hd

oo
4n
1o
o
r (¢]
Rl
i)
o
©

Okg U]9] o] gAtES Musto] 6x2] 3uEo2 24

=
o
- OAFSO] Ol SALES 154 283 3 ALRAMT ALR] AST 4 Yes 5U7 oul U

- A= 8 & 9ol 08:00, 17:000] 1€ 2%] wofsts Jlo= ot

- ouAES opx|a, 2 AFo
08:000] Zojstct B Ao 5ol Zof AMAstE, B} w2 oA 10470 A5t = 3t
o] 50mlgt A%]sto] 300mlz 8]Asto] Y58 B,

- 2 Ag 3Um] =g obal 08:000] Atzol WMl carmined 0.5% A715Ho], EAHZOA]
A0l g W7bA]l Bt ks A ST

- Ao AHES ALR, 2, & sample2 QYFEY F ARMVIES EAsto] AU asteS Al

H17. Mg W ZEWE =8 FOPD 0lgdI| A= HAdA A0 0IXls HE

Treatments p-value?

ltems SEM’

CP16 CP17 CP18 CP19 CP20 CP21 Lin. Quad.
Nutrient digestibility, %
Ory matter 94.20 94.30 9524 95.04 94.48 94.18 0.301 0.97 0.31
Crude protein 93.47 983.14 93.52 93.80 93.00 92.07 0.407 0.46 0.47
Crude ash 84.54  84.82 84.71 84.29 84.49 82.74 0.894 0.64 0.71
Crude fat 82.40 80.68  80.50 80.10 80.05 81.33 1.019 0.76 0.57
Nitrogen retention®, g/d
N intake 4.86 7.89 5.34 5.70 5.84 6.03 - - -
Fecal N 0.30 0.33 0.48 0.49 0.53 0.53 0.029 <0.01 0.21
Urinary N 1.21 1.17 1.40 1.67 1.85 2.05 0.114 <0.01 0.64
N retention® 3.35 3.39 3.45 3.53 3.46 3.44 0.079 0.70 0.71

! Standard error of mean.
2 Abbreviation: Lin. (linear) and Quad. (quadratic)
N retention=N intake — Fecal N — Urinary N

- YA A3HE (Nutrient digestibility)

O QALE AR U AT 2 M7} ol 9AIAES] dYs 4ot U]AE o

ook
tjo
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E170] EPQIc. o8] VPSS AR U EHEL 2FER Folslge o, A, £
CY, x8R, ZAYIHY FFa Askgol oA oA :

° =+
(p>0.05). o]gAl7] 7|7tEQt REHHIAO] 50 FUieto] wef FH & W a4 R0
QoMo g HItste= Zlog UEdth (Linear, p<0.01). N retention2 §-9XP7} UENLA]
% Hﬂr (p>0.05). O] RA7IAHE AtR U ZURA 255 21%004 16%2 AL5IAS O £k
Y AAiu]Eo] 41.47% 7FAst= Aoz UeRd.

o A" 3. Atz U ATl 259 M7} ol 987IKtES] AP Astgo] TR A

- £ 1859 AUARE 9.0kg o] o] GAHES Mwste] 6x|2] 3ytEOoR 24

- tjALE0] Ol 9AMES 154 283 &, AFSAIMIL Almo] ALE & QIEE 5UTF ou]AE

- A2 9 2 Foj: 08:00, 17:000] 1Y 23] Fojst= 7oz st}

SLY | o= At&0f| chromic oxide (Cr207)g #A7}sto
08:000] gofertt. & A2 54 &t HAIsHY, it =5 @A 10A140] AMFsHL =+ 5f
o] 50mlIgt AjF|stod 300mlz s]Asto] Y- B stct.
- B AY 3dx) Eleyd obyl 08:000] Abgof WIHMO] carmined 0.5% g71sto], BALZ oA
WOl U2 mi7tA] Fif =5 AfF St

- Aol AF8E AFR, ¥, b sample® WEET ¥ AVPYES BAste] AU At A4
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I 18. Alg W ZHUWA £FYH I 0IfSIIAES AL ASE0 0= HE
Treatments p-value?

ltems SEM'

CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad.
Nutrient digestibility, %
Ory matter 93.40 92.77 92.53 92.19 90.46 90.47 0.397 0.01 0.73
Crude protein 91.10 87.98 88.44 88.68 87.45 87.37 0.524 0.08 0.48
Crude ash 80.14 76.66 78.07 75.50 73.90 75.37 1.210 0.22 0.68
Crude fat 82.569 79.28 79.24 79.16 78.43 7494 1.379 0.21 0.92
Nitrogen retention, g/d
N intake 5.00 5.10 5.47 5.82 6.02 6.27 - - -
Fecal N 0.44 0.37 0.39 0.46 0.50 0.31 0.032 <0.01 0.60
Urinary N 1.12 1.53 1.58 1.64 1.89 1.98 0.090 <0.01 0.54
N retention® 3.45 3.19 3.50 3.72 3.62 3.98 0.091 0.25 0.61

! Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic)
N retention=N intake — Fecal N — Urinary N

- Jo*A A3HE (Nutrient digestibility)

OJSALE AR U AT £FW AP} ol857] ALE YA A8tg0] UAE FFS
Z180] UERJQIc. o] §57] ZIZbEeH AR U AUUAS 2FEE FolstAe o, 720l
Y4 Ashgo] UYWAY LFo] ZvlAd] me oMoz Past: o= Uehgrt
(Linear, p=0.01), ©|3F7] 7I7H5er A2 U] AEhEe 2782 Fofslde o e,
28R, mAYoIMS] JYa £3tg0] 9dolM SR UERA 2okt (p>0.05). 0l%7]
RS AU 2Fo] gl met B 0F Ul WA eyl 9oxo Fvlshe

1%

7102 Yepgtt (Linear, p<0.01). N retention® -§-9J&x7} LERIA] ¢kttt (p>0.05). ©
FI|AE AR U ATHA 2FS 20%004 15%2 AZstEe o Bk U
31.88% 7ZtAst= Aoz e

o A 4. AR U ZUWA 27 APE JAUEY AN L xgSAo] XE IF

|
o
A
O\l
£
i
[@p)
(&)
4
uju
>,
mE

5to] 6&42] 108HE wr=Eck =& CRDZ Hjx]|

et d4l7]
Aal 1 CP 11%
EE) CP 12%
A2l 3 CP 13%
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A2 4 CP 14%
A2 5 CP 15%
2] 6 CP 16%

L7099 2 90 A%
353 AF L SAY TAE 57

- AF 54 A @A Aol e e W A

H A

|

uju
e

- 2S£/ 2 xF 1, 350 =75 APt 42 24
- & 500g1} Q 400g 3tsto] 35°Co|A] 72A17F e S ZISEsSE &, gas detectors
o] g5t duujol, Fotra 5 ok BERS £}

- TOXIEO] MALa mr}

4) d@Am

H 19, 9Al= AY Atw uf]

Treatments'
ltems
CP11 CP12 CP13 CP14 CP15 CP16

Ingredients, %

Corn 77.93 75.06 72.22 69.38 66.48 63.60
SBM 7.58 10.62 13.66 16.66 19.73 22.79
Wheat bran 5.00 5.00 5.00 5.00 5.00 5.00
Beet pulp 3.00 3.00 3.00 3.00 3.00 3.00
Tallow 1.97 2.08 2.18 2.28 2.40 2.51
L-Lysine Sulfate, 55% 0.71 0.57 0.43 0.29 0.14 0.00
L-Methionine, 90% 0.08 0.07 0.05 0.04 0.02 0.00
L-Threonine, 98.5% 0.24 0.19 0.14 0.10 0.05 0.00
L-Tryptophan, 99% 0.09 0.07 0.05 0.04 0.02 0.00
MCP 1.46 1.41 1.35 1.30 1.25 1.20
Limestone 1.29 1.28 1.27 1.26 1.26 1.25
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.15 0.15 0.15 0.15 0.15 0.15
Choline chloride=50 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition?

ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 11.00 12.00 13.00 14.00 15.00 16.00
Lysine, % 0.74 0.74 0.74 0.74 0.74 0.74
Methionine, % 0.23 0.23 0.23 0.23 0.23 0.23
Threonine, % 0.45 0.45 0.45 0.45 0.45 0.45
Tryptophan, % 0.11 0.1 0.11 0.11 0.1 0.11
Ca, % 0.75 0.75 0.75 0.75 0.75 0.75
Total P, % 0.60 0.60 0.60 0.60 0.60 0.60

" Treatment: CP16: corn-soybean meal(SBM) based diet (CP 16%/CP 15%),
CP18: corn-soybean meal based diet (CP 18%/CP 17%),
corn—soybean meal based diet (CP 20%/CP 19%),

2 Calculated value.
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CP19: corn-soybean meal based diet (CP 19%/CP 18%),
CP21: corn—-soybean meal based diet (CP 21%/CP 20%)

CP17: corn-soybean meal based diet (CP 17%/CP 16%),
CP20:



H 20. AlIE W ACHHWAE 38 SO =9 Mel& vtg0 0IXle 98
Treatments p-value?

ltems SEM!

CP11 CP12 CP13 CP14 CP15 CP16 Lin. Quad.
No. of sows 10 10 10 10 10 10
Body weight, kg
At mating 219.13 225,50 206.93 226.53 219.81 214.25 3.532 0.77 0.88
35th day 229.10 234.60 215,29 233.84 228.75 232.40 3.200 0.79 0.87
70th day 234.00 240.70 218.10 238.07 238.50 233.19 3.141 0.84 0.89
110th day 241.96 24514 235.36 24429 24599 235.13 2.792 0.83 0.82

Change(110-0d) 22.84 19.64 28.43 17.76 23.20 22.80 2.248 0.99 0.99
Backfat thickness, mm

At mating 20.00 18.80  20.07 20.64 18.69 16.08 0.620 0.14 0.16
35th day 19.75  21.40 18.86 21.14 19.13 16.75 0.639 0.15 0.21
70th day 21.63 21.80 20.57 21.36 19.19 17.83 0.614 0.05 0.41
110th day 21.75 2160 21.29 2279 20.25 18.17 0.558 0.08 0.14

Change(110-0d) 1.75 2.80 1.21 2.14 1.43 2.08 0.324 0.83 0.84

! Standard error of means
2 Abbreviation: Lin. (linear) and Quad. (quadratic)

=

2 (Physiological response)

S|
A= Atm W 2EHAE 252 A7PE AlE YA wheol DAl IS #2000 LHER

Yoich QA7) Fot Al2 Ul AHUAS 2FEe Foisine U AFoIMY Solxtt U
A SIT (p>0.05). A7l FOF ALR U AT fFo] ZU1g] meh 708F T 1102

ol

FS Yot} (Linear, p=0.05; p>0.05).

0,

oret (
SAY $A7F gojdoR Ztashs 7

H 21, QE AE W ZEHNE £FY8 It ERES Md2lF S0l 0IXls &

Treatments p-value
ltems SEM!
CP11 CP12 CP13 CP14 CP15 CP16 Lin. Quad.
No. of sows 10 10 10 10 10 10
Body weight, kg
24 hr
postpartum 230.20 221.26 210.24 232.02 237.60 222.32 3.485 0.66 0.66

21st day of
lactation 232.89 219.60 208.91 231.60 238.08 216.18 3.515 0.94 0.74

(201*‘_35598 269 -1.66 -1.33 -0.42 0.48 -6.14 1.902 0.38 0.84
Backfat thickness, mm

24 hr

bostpartum 19.83 19.88 20.57 20.83  18.67 1760 0.659  0.32 0.29

21st day of
lactation 20.06 19.88 17.43 19.42 19.08 17.40 0.526 0.23 0.94

(gﬁfig‘g)es 0.22 0.00 -3.14 -1.42 042 -020 0.657 095 025
ADFI, kg 588  6.04 560 585 543 571 0.120 037 0.81
WEI5, day 231 360 300 370  3.00 350 0208 028 035

! Standard error of means
Abbreviation: Lin. (linear) and Quad. (quadratic)
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ATHA 23E A7PF 2R=9 A9A whSo D)X= 9T BE210] YE}
Ugich QAE Ate W AR &Y H7PL m97) mES] AlE, SAMEA, ARANT
AMAL LN GoJxk= UERGA] eFoke} (p>0.05).
H 22, dAME Az W RCEE ~FY FIJ ERE HAHA(Y OXe HE
Treatments p-value?®
ltems SEM'
CP11 CP12 CP18 CP14 CP15 CP16 Lin Quad
No. of Sows 10 10 10 10 10 10
Reproductive performance, N
Total born/litter 11.67 11.75 13.29 12.33 11.67 13.00 0.393 0.52 0.79
No. of born alive 11.00 11.25 12.00 11.33 10.83 12.00 0.345 0.69 0.96
No. of stillbirths 0.67 0.50 1.29 1.33 0.50 1.00 0.174 0.62 0.54
After
cross—foster 11.00 11.25 12.00 11.33 10.83 12.00 0.329 0.89 0.64
21st day of
lactation 10.67 10.50 11.00 10.67 10.67 11.00 0.239 0.73 0.93
Litter weight, kg
Total litter weight 14.22 17.14 15.63 16.33 1554 17.95 0.544 0.21 0.98
litter birth weight 13.57 16.67 1451 1495 1496 17.27 0.586 0.27 0.73
After
cross—foster 13.57 16.67 14.51 1495 1496 17.27 0.586 0.27 0.73
21st day of
lactation 59.39 66.35 68.94 63.45 62.38 66.89 1.897 0.63 0.55
Litter weight gain  45.82 49.68 54.43 48.50 47.42 49.62 1.575 0.85 0.40
Piglet weight, kg
Piglet birth
weight 1.38 1.49 1.21 1.41 1.51 1.41 0.042 0.65 0.62
After
cross—foster 1.38 1.49 1.21 1.41 1.51 1.41 0.042 0.65 0.62
21st day of
lactation 6.18 6.27 6.13 6.37 6.68 6.07 0.116 0.73 0.54
gz'iﬁ'et weight 480 479 493 496 517 466 0094  0.82 0.33
""Standard error of means
2 Abbreviation: Lin. (linear) and Quad. (quadratic)
2= T oMA 9 xOoxt= A (Litter performance)
A= AR U ATHA 25398 HI7P7F 2R= HAGA X 92 ®220] YERYS
LAI7] B A AZ SEEHE gosiE o, ¥HA dA, 59 AlE, A= Al
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23. &A=

St gdl= g

OH
25

&0l OIX

Treatments

ltems
CP11

CP13  CP14

CP16

p-value?

Lin. Quad.

Albumin, g/dL
[nitial

35th day of
gestation
70th day of
gestation
110th day of
gestation
Creatinine, mg/dL
[nitial

35th day of
gestation
70th day of
gestation
110th day of
gestation
Glucose, mg/dL
[nitial

35th day of
gestation
70th day of
gestation
110th day of
gestation
Total protein, g/dL
[nitial

35th day of
gestation
70th day of
gestation
110th day of
gestation
Globulin, g/dL
[nitial

35th day of
gestation
70th day of
gestation
110th day of
gestation
Urea, mg/dL
Initial

35th day of
gestation
70th day of
gestation
110th day of
gestation
BUN, mg/dL
Initial

35th day of
gestation
70th day of
gestation

110th day of
gestation

4.65
4.85

4.95

1.31
1.31

73.50
80.50

84.00

7.33°¢
7.43°

6.93¢

2.68
2.58

2.68

15.88°
15.48°

14.90¢

6.90°
6.80°

6.65¢

1.29¢

1.64%  1.69°

1.49 1.52

1.39

76.00  75.25

76.25  82.00

75.50  82.25

7.85%¢  8.03%

7.63%¢  7.98%

20.63° 24.08°

18.25° 24.63°

20.28° 23.80°

8.15%  9.63°® 11.08"

9.10° 9.53° 11.28°

8.90° 9.53¢ 12.05°

4.85
4.98

5.08

1.914
1.66
1.66

72.25
79.00

78.25

8.18°
8.23°

8.33°

2.88
2.88
2.90

30.15°
30.08%

30.95%

14.33%
14.60°

15.03%

0.050

0.045

1.134
0.903

1.144

0.077
0.087

0.135

0.112
0.127

0.130

1.012
1.159

1.135

0.549
0.536

0.603

0.70  0.99

0.96 0.72

0.64  0.31

<0.01 0.24

0.03 0.85

<0.01 0.86

0.66 0.42

0.83 0.58

0.42

<0.01
<0.01  0.56

<0.01  0.50

0.98 0.28

0.40 0.24

0.19 0.52

<0.01 0.42

<0.01  0.31

<0.01  0.31

<0.01  0.53

<0.01  0.51

<0.01 0.83

" Standard error of means

2 Abbreviation: Lin. (linear) and Quad. (quadratic)

2® Means in a same row with different superscript letters were significantly different (p<0.05)
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- UAA = FHgAal (Blood profiles)
U 2TA S25E A7 dAle @A OjRl= 92 #2300 YERY
b dilE Alm Ul 2AEWA HFo] ZUEo| mhet JA17] 35Y. 709,

ottt Q1] )
110250l Me] F2joleld 557 g5 os Z/lstert (Linear, p<0.05). E3, UAE A}
2 U Z0uA szo] kst mje} QAlz] 35902, 7092, 11020l Me] ST a4,
g ) 2440 HEI} §oMo2 F7I8HACt (Linear, p<0.01).

H 24, SZE A2 W ZHYE =58 I ERE X440 0IXs &

Treatments p-value?
ltems SEM’
CP11 CP12 CP13 CP14 CP15 CP16 Lin. Quad.
Albumin, g/dL
24 hr
postpartum 4.78 4.33 4.75 4.60 4.78 4.83 0.086 0.43 0.46

21st day of
lactation 4.25 4.08 4.23 413 4.18 4.63 0.117 0.43 0.35

Creatinine, mg/dL

24 hr
postpartum 2.04 2.12 2.18 2.30 2.34 2.56 0.087  0.08 0.77

21st day of
lactation 1.46 1.86 1.48 1.68 1.29 1.69 0.070 0.80 0.97

Glucose, mg/dL

24 hr
postpartum

21st day of
lactation 78.50 85.50 86.25 77.25 75.25 87.25 2.197 0.93 0.78

Total protein, g/dL

p%itggrwm 6.70°  6.85°  7.18°  7.33%  7.43®  8.00° 0.128 <0.01 0.61

21st day of
lactation 7.65 8.25 6.95 8.10 7.90 7.50 0.144 0.81 0.84

Globulin, g/dL

24 hr
postpartum 1.93 3.00 2.10 2.83 2.65 2.68 0.163 0.31 0.52

21st day of
lactation 3.40 4.18 2.73 3.98 3.73 2.88 0.212 0.52 0.48

Urea, mg/dL

D%itggrtum 17.75 19.60 18.18 18.50 21.68 24.45 0.999 0.06  0.31

21st day of b be b b a
lactation 20.85° 30.03% 23.55 2575  34.48° 29.23 1.247  <0.01 0.60

BUN, mg/dL

p%itgerirtum 8.30 8.58 8.65 9.15 10.13  11.40  0.466 0.04 0.42

21st day of c ab bc bc a ab
lactation 9.783 14.03 11.00 12.03 16.10 13.65 0.582 <0.01 0.59

90.00 89.75 90.25 89.25 93.00 94.00 1.900 0.51 0.69

" Standard error of means
2 Abbreviation: Lin. (linear) and Quad. (quadratic)
2® Means in a same row with different superscript letters were significantly different (p<0.05)

- XL O &= FogAal (Blood profiles)

A= Ate Y 2E9E 25 A7PT Zae FAHG0 DlA|
A= At W 28EHA a~Fo] S7ighof o2t 29 & 24A1%0

2440 =7t RoAo g ST (Linear, p<0.05). 8F & 24A1F AR Q] F|otE]

diat 24 5+ 571shke 482 UEUWAY (Linear, p>0.05). E39F, T4 2

ol Tt =R 2194 @4 N W @ARA9 RV foNor FUISHITH (Linear,
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H 25 YAE ANE W ZCHE £F=Y I ZRIE EHLAAMNN OIXl=s He
Treatments p-value?

ltems SEM’

CP11 CP12 CP13 CP14 CP15 CP16 Lin. Quad.
Albumin, g/dL
24 hr
postpartum 1.20 1.10 1.25 1.00 1.23 1.10 0.038 0.63 0.84
21st day of b b b b
lactation 3.23¢ 3.33°¢ 3.80° 3.65%¢ 3.832 3.65%° 0.076 0.02 0.10
Creatinine, mg/dL
24 hr d . b
postpartum 0.34° 0.53 0.64 0.73° 0.84 0.96 0.044 <0.01 0.20
21st day of
lactation 0.48 0.77 0.66 0.66 0.81 0.65 0.045 0.15 0.04
Glucose, mg/dL
24 hr b b b b b
postpartum 107.75° 146.25* 111.25° 88.00 105.00 92.00 5.793 0.03 0.65

21st day of b b b b b
lactation 119.00° 124.25° 126.00° 127.25° 126.75% 119.25° 2.486 0.12 0.05

Total protein, g/dL

24 hr

postpartum 4.95° 5.48°  5.88% 6.05% 6.10% 6.65° 0.194  0.01 0.76

21st day of
lactation 4.75 4.65 4.95 4.73 5.08 455 0.074 0.75 0.03

Globulin, g/dL

p%itgerirtum 4.90 3.93 5.40 4.88 4.83 3.85 0.208 0.45 0.18

21st day of
lactation 1.53 1.33 1.15 1.48 1.25 0.90 0.080 0.07 0.58

Urea, mg/dL

24 hr b b ab ab ab a
postpartum 24.50 24.73 28.25 33.30 33.78 38.75% 1.673 <0.01 0.72

21st day of
lactation 12.98 11.88 12.35 13.93 12.73 10.15 0.628 0.47 0.35

BUN, mg/dL

24 hr e d c b b a

postpartum 9.10 10.95 13.28 15.40 16.95 19.78% 0.782 <0.01 0.76
21st day of

lactation 4.58 5.55 5.78 6.50 5.95 6.23 0.292 0.11 0.34

" Standard error of means
2 Abbreviation: Lin. (linear) and Quad. (quadratic)
2® Means in a same row with different superscript letters were significantly different (p<0.05)

- L GAM= FAHMAE (Blood profiles)

= 71
A= Atg U AEHRA A2 d HIPF QA= dAgAto] o

A= iy, LESEN Xl 9= E250] YERY
ATt A= Ats U 2EWAS] HFo] ZUieto] whel Ip 21UA} AlEe] dER mwUt
wolXog F7IstlTt (Linear, p=0.02). E3t, AA7] &<t A= Als U 2EWAS »~F
o] Z7tatol wat #9F 24A1ZF Al FeotE|d, SHUA, 94, FA Y QAL FETt
%94@2 5715t (Linear, p<0.05). &% 24Xt ARl 2834 F&+ CP12 A2+t

o2 w=9ic} (p=0.03).

N
-~
:|o
_|>~l

_3"_



H 26. HA= Mg U ZEHME 328 F)PDI I7= =420 0IX=s S8

Treatments p-value?

CP11 CP12 CP13 CP14 CP15 CP16 Lin.  Quad.

Fat

24 hr postpartum 7.34 4.73 6.89 5.35 5.68 4.46  0.487 0.21 0.97
21st day of lactation 6.90 5.90 4.79 4.41 4.40 465 0.164 0.05 0.72
Protein

24 hr postpartum 8.74 8.80 9.08 10.30 10.35 11.87 0.673 0.16 0.70

21st day of lactation 4.41 4.40 4.58 4.65 4.79 5.01 0.074 <0.01 0.45
Lactose

24 hr postpartum 3.88 3.49 3.69 3.90 3.80 3.25 0.143 0.53 0.57

21st day of lactation 5.71 5.82 5.72 5.96 5.86 6.12  0.059 0.05 0.58
TS

24 hr postpartum 21.78 20.40 2296 19.63 20.31 21.84 0.799 0.85 0.72
21st day of lactation 18.19 16.72 17.85 16.91 17.03 16.73 0.183 0.04 0.61
SNF

24 hr postpartum 13.97 1556 1565 14,18 14.45 16.81 0.569 0.45 0.74
21st day of lactation 11.28 11.06 11.08 11.02 10.89 11.43 0.067 0.88 0.04
Casein

24 hr postpartum 5.79 7.09 6.96 5.95 6.15 8.33 0.505 0.43 0.64
21st day of lactation 2.93 2.72 2.80 2.63 2.63 2.82 0.043 0.28  0.09

! Standard error of means
2 Abbreviation: Lin. (linear) and Quad. (quadratic)
2® Means in a same row with different superscript letters were significantly different (p<0.05)

- =6 ME (Milk composition)

= Atm W 2EHAE 258 A7PE 2REY =480 Al FFS #2600 LEY
Aot dAlE Atr Y 2EHAE SFo] FUheol et =57 S9F ZH 219 A xéo = U

N
Y =7t gastes 482 B (Linear, p=0.05). L&
foXor FIbstal (Linear, p<0.01), AY s&=+= 35
214X 278 80] == oolxdog ZFASIY 1 (Linear, p=0.04), =& 21
1P sr+= CP15 AMe|FoA 7P Fdth (Quadratic, p=0.04).

H 27. o= Alg W ZHME 28 FHOPF JaD012F AFHEH0 0IX= S

Treatments p-value?
ltems SEM’

CP11 CP12 CP13 CP14 CP15 CP16 Lin.  Quad.

Amines, ppm

35th day of

c c b a a a
gestation 11.50 19.50 64.00 91.00* 100.00% 100.00* 8.888 <0.01 <0.01

70th day of b b a a a a
gestation 14.00 27.50 98.00 94.00° 100.00* 100.00* 8.896 <0.01 <0.01

110th day of b b
gestation 16.50 21.10 96.00% 100.00* 100.00* 100.00* 9.182 <0.01 <0.01

Ammonia, ppm

35th day of b b b b
gestation 5.00¢°  11.00 25.50 25.50 27.00 70.00% 5.042 <0.01 <0.01
70th day of b b b
gestation 6.00°  11.30° 36.00 36.00 47.50 93.00% 6.902 <0.01 <0.01
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110th day of d d c b b a
gestation 7.00 7.10 35.00 66.00 66.00 92.00* 7.714 <0.01 <0.01
Hydrogen sulfide, ppm
35th day of c bc b b b a
gestation 0.25 0.90 2.40 3.10 5.00 19.00* 1.552 <0.01 <0.01
70th day of c bc b b b a
gestation 0.34 2.40 3.25 3.35 9.65 19.90° 1.610 <0.01 <0.01
110th day of b b b b
gestation 1.60° 4.60% 5.00 7.50 12.50 30.70* 2.354 <0.01 <0.01
Mercaptan, ppm
35th day of c c b ab a a
gestation 0.10 0.20 3.00 3.25 3.45 4,50 0.405 <0.01 <0.01
70th day of b b b
gestation 0.20° 1.70° 4.60 4.10 5.60 10.30* 0.775 <0.01 <0.01
110th day of d b
gestation 0.50 4.30° 5.00°¢ 4.20°¢ 10.00 23.00* 1.777 <0.01 <0.01
! Standard error of means
® Abbreviation: Lin. (linear) and Quad. (quadratic) o )
a5 Means in a same row with different superscript letters were significantly different (p<0.05)
- oFF9rA (Odor generation)
il Atm U AEHA 25 AV JAZIRE AR S DRl G ®270] YERY
ATk YAE Abe U Age] MIE7L Skl wheh gAl7] 359, 7094, 110240
ofgl, dwuof, ofpA 2] 23 U {foAoz  FIISAT.  (Linear,

p<0.01). CP14, CP15, CP16 A{2]FLofA] UAl 35U
(Quadratic, p<0.01), CP13, CP14, CP15, CP16 Ag]FoflA UAl 70L=4xt 110€45 9] oyl
=7t oAe® =9t (Quadratic, p<0.01). E3t, CP16 A2LoflA A4l 35U,

P, 11043y dryotel gete4ad] 527t foAeg =7 UERH (Quadratic, p<0.01).
CP15, CP16 AgtofAl JAl 354l W=23ite] %7l [ogAler =7 YUEHon
(Quadratic, p<0.01), CP16 A2jLofAl A4l 7047, 110€4P3 9] W2 =7 FoJFo
2 =9rt} (Quadratic, p<0.01).

LA E, 2022>

5+ At U 28HES 288 F7P7F g 2 FEAF UlX]+=
E

AtrY REHAO] 229 HI7E 84 - H|SEQ A Rl T
9. 4 phase feeding program(&/d%7]/%7], H|§H7]/37])& o] &
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BI
Treatments

ltems

CP14 CP15 CP16 CP17 CP18 CP19
Ingredients, %
Ground corn 74.84 71.83 68.83 65.82 62.81 59.81
Soybean meal 16.01 19.18 22.35 25.54 28.71 31.88
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 1.40 1.51 1.61 1.72 1.83 1.93
L-Lysine-HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL-Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
Di—Calcium Phosphate 1.40 1.33 1.26 1.20 1.13 1.06
Limestone 0.71 0.73 0.75 0.78 0.80 0.82
Vit. Mix® 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix* 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'
Metabolizable energy, Kcal/kg 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00
Crude protein, % 14.00 15.00 16.00 17.00 18.00 19.00
Calcium, % 0.66 0.66 0.66 0.66 0.66 0.66
Total Phosphorous, % 0.56 0.56 0.56 0.56 0.56 0.56
SID AA, %'
Lysine 0.98 0.98 0.98 0.98 0.98 0.98
Methionine 0.31 0.31 0.31 0.31 0.31 0.31
Threonine 0.67 0.67 0.67 0.67 0.67 0.67
Tryptophan 0.20 0.20 0.20 0.20 0.20 0.20

! Calculated value.
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el

29. §4 =J| &4EMz HiEHl

ol

Treatments

ltems
CP13 CP14 CP15 CP16 CP17 CP18

Ingredients, %

Ground corn 777 74.34 71.51 68.68 65.85 63.03
Soybean meal 14.13 17.13 20.13 23.12 26.12 29.12
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 1.16 1.27 1.38 1.48 1.59 1.69
L-Lysine-HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL—Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
Di—Calcium Phosphate 1.27 1.20 1.14 1.07 1.01 0.94
Limestone 0.63 0.65 0.67 0.68 0.70 0.72
Vit. Mix® 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix* 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'

Metabolizable energy, Kcal/kg 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00
Crude protein, % 13.00 14.00 15.00 16.00 17.00 18.00
Calcium, % 0.59 0.59 0.59 0.59 0.59 0.59
Total Phosphorous, % 0.52 0.52 0.52 0.52 0.52 0.52
SID AA, %'

Lysine 0.85 0.85 0.85 0.85 0.85 0.85
Methionine 0.28 0.28 0.28 0.28 0.28 0.28
Threonine 0.69 0.69 0.69 0.69 0.69 0.69
Tryptophan 0.21 0.21 0.21 0.21 0.21 0.21

! Calculated value.
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# 30. HIE &I &A= HiEHI
Treatments

ltems

CP12 CP13 CP14 CP15 CP16 CP17
Ingredients, %
Ground corn 80.49 77.66 74.83 71.99 69.16 66.33
Soybean meal 11.35 14.35 17.35 20.34 23.34 26.34
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 0.89 1.00 1.11 1.21 1.32 1.43
L-Lysine-HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL-Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
Di—Calcium Phosphate 1.01 0.94 0.88 0.81 0.75 0.68
Limestone 0.62 0.64 0.66 0.68 0.70 0.72
Vit. Mix® 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix* 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'
Metabolizable energy, Kcal/kg 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00
Crude protein, % 12.00 13.00 14.00 15.00 16.00 17.00
Calcium, % 0.52 0.52 0.52 0.52 0.52 0.52
Total Phosphorous, % 0.47 0.47 0.47 0.47 0.47 0.47
SID AA, %'
Lysine 0.73 0.73 0.73 0.73 0.73 0.73
Methionine 0.27 0.27 0.27 0.27 0.27 0.27
Threonine 0.65 0.65 0.65 0.65 0.65 0.65
Tryptophan 0.20 0.20 0.20 0.20 0.20 0.20

! Calculated value.
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H 31. HIE =J| &48Atz Higtl

ol

Treatments

ltems
CP11 CP12 CP13 CP14 CP15 CP16

Ingredients, %

Ground corn 83.68 80.85 78.02 75.19 72.36 69.53
Soybean meal 8.60 11.60 14.60 17.59 20.59 23.59
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 0.66 0.76 0.87 0.98 1.09 1.19
L-Lysine-HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL—Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
Di-Calcium Phosphate 0.84 0.77 0.70 0.64 0.57 0.50
Limestone 0.58 0.60 0.62 0.65 0.67 0.69
Vit. Mix® 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix* 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00  100.00  100.00  100.00  100.00  100.00
Chemical composition'

Metabolizable energy, Kcal/kg 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00 3,300.00
Crude protein, % 11.00 12.00 13.00 14.00 15.00 16.00
Calcium, % 0.46 0.46 0.46 0.46 0.46 0.46
Total Phosphorous, % 0.43 0.43 0.43 0.43 0.43 0.43
SID AA, %'

Lysine 0.61 0.61 0.61 0.61 0.61 0.61
Methionine 0.26 0.26 0.26 0.26 0.26 0.26
Threonine 0.61 0.61 0.61 0.61 0.61 0.61
Tryptophan 0.18 0.18 0.18 0.18 0.18 0.18

! Calculated value.
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Treatments' p-value
ltems SEM?
A B C D E F Lin. Quad.

Body weight, kg

[nitial 38.57 38.61 38.54 38.45 38.59 38.60 - - -
4 Wk 59.26 56.72 58.39 56.26 59.53 56.92 2.800 0.94 0.94
7 Wk 74.98 72.50 71.86 70.10 74.53 71.92  3.001 0.86 0.78
11 WK 102.27 99.84 97.12 94.08 96.78 94.04 4.012 0.56 0.34
14 Wk 118.43 115.79 114.92 114.45 115.69 113.72 2.883 0.73 0.88
ADG, g

0-4 wk 738.95 646.60 708.84 638.10 747.96 664.29 0.041 0.89 0.83
5-7 wk 780.99 72853 641.50 658.73 71429 714.06 0.024 0.51 0.18
8-11 wk 952.66 991.13 907.94 856.46 973.30 780.98 0.052 0.12 0.26
12-14 wk 781.41 760.00 848.11 944.49 706.73 843.86 0.022 0.40 0.04
0-14 wk 813.43 781.57 776.60 774.44 778.45 750.80 0.014 0.33 0.88
ADFI, kg

0-4 wk 1.87 1.77 1.81 1.63 1.75 1.68 0.091 0.60 0.84
5-7 wk 2.65 2.49 2.61 2.32 2.61 2.51 0.102 0.23 0.96
8-11 wk 3.09 2.81 3.25 2.64 3.02 2.82 0.210 0.15 0.20
12-14 wk 2.89 2.86 3.20 3.25 2.90 3.19 0.041 0.16 0.25
0-14 wk 2.66 2.48 2.72 2.46 2.57 2.48 0.058 0.49 0.95
G:F ratio

0-4 wk 0.39 0.36 0.39 0.38 0.42 0.39 0.006 0.19 0.85
5-7 wk 0.29 0.29 0.25 0.29 0.27 0.28 0.014 0.43 0.35
8-11 wk 0.30 0.31 0.28 0.30 0.32 0.27 0.018 0.25 0.87
12-14 wk 0.31 0.26 0.24 0.27 0.23 0.26  0.005 0.32 0.57
0-14 wk 0.31 0.31 0.29 0.31 0.31 0.31 0.004 0.57 0.41

TA=14-11%, B= 15-12%, C= 16-13%, D= 17-14%, E= 18-15%, F= 19-16% (Reduced CP level by 1% for every phase in each
treatment group throughout all 4 phases)

Standard error of means
3 Abbreviation: Lin. (linear) and Quad. (quadratic)

- AR A (Growth performance)

q8d S4vls+ Atr W 2EUA S5 AVPL $duls=9 48R0 tlxls 4%
320 YERUQITE S7877] 4%, §487] 3%, H|§H7] 4%, H|S§87] 25 F 135 &
F/dul5= Ats U AYHAS HFEE GosiilE O AlE, d95AT. A ERAERT

A2agol QlolA golah Ueital ghottt (0.05).

2 o o
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T 33. IS8 M2 W ZHHMA £ Il SHHSEO € LA 0IXs F&t
Treatments’ p-value®
ltems SEM?
A B C D E F Ln. Quad.
BUN, mg/dL
Initad — mmmm————= 6.00 ————————- - - -
4 Wk 5.73 6.15 10.53 11.35 15.48 17.20 0.973 <0.01 0.57
7 Wk 6.90 7.40 11.30 11.90 12.17 15.29 0.826 <0.01 0.64
11 WK 7.00 9.40 11.90 14.40 14.42 16.85 0.803 <0.01 0.35
14 WK 8.93 9.10 12.25 14.27 15.17 16.27 0.705 <0.01 0.65
Total protein, g/dL
Inita —— mmmm———— 6.32 ————————— - - -
4 Wk 6.65 6.40 6.75 6.85 6.65 6.72 0.056 0.28 0.64
7 Wk 6.92 6.77 6.85 6.70 6.70 6.85 0.063 0.60 0.44
11 WK 6.85 6.82 7.07 6.70 6.87 7.10 0.053 0.34 0.41
14 WK 6.95 6.77 7.12 7.02 7.02 7.12 0.053 0.18 0.98
Glucose, mg/dL
Initad  —mmmm———= 99.65 ————————- - - -
4 Wk 87.25 86.00 87.00 93.00 94.50 87.00 1.034 0.10 0.15
7 Wk 79.75 77.32 78.00 8250 80.00 81.50 0.891 0.24 0.69
11 WK 88.77 90.00 87.32 87.25 92.00 90.00 0.880 0.52 0.51
14 WK 82.00 8450 82.00 82,50 78.00 83.75 0.692 0.42 0.55
Creatinine, mg/dL
nital = 1.28 ————————— - - -
4 Wk 1.04 1.23 1.12 1.00 1.19 1.01 0.025 0.38 0.14
7 Wk 1.29 1.20 1.27 1.31 1.35 1.16 0.034 0.80 0.47
11 WK 1.11 1.24 1.21 1.18 1.23 1.17 0.023 0.60 0.26
14 WK 1.35 1.35 1.22 1.29 1.28 1.29 0.025 0.40 0.40

" A=14-11%, B= 15-12%, C= 16-13%, D= 17-14%, E= 18-15%, F= 19-16% (Reduced CP level by 1% for every phase in each

treatment group throughout all 4 phases)

2 Standard error of means

% Abbreviation: Lin. (linear) and Quad. (quadratic)

- g} (Blood profiles)
o4 Ate U ATHA

A7) 4%, 81837 2%

sttt (Linear, p<0.01).

5 13
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H 34. 6§38 A8 U XCWNE £FY I SEHISES JYA 2880 0IX= FE&

Treatments' p-value

ltems SEM?

A B © D E F Lin Quad.
Nutrient digestibility, %
Ory matter 89.61 89.96 89.36 90.61 90.69 89.75 0.174 0.22 0.31
Crude protein 87.62 87.23 86.43 88.53 88.87 86.72 0.271  0.39 0.57
Crude ash 63.60 62.08 61.50 58.41 59.23 61.53 0.685 0.12 0.11
Crude fat 74.73 73.77 74.32 73.92 73.49 70.09 0.642 0.07 0.27
N-retention, g/d
N-intake 19.94 21.70 22.86 23.44 24.89 27.06 0.471 - -
N-feces 2.47 2.77 3.10 2.68 3.26 3.59 0.094 <0.01 0.41
N-urine 9.53 10.25 10.70 11.70 12.00 12.80 0.296 <0.01 0.95
N-retention’ 7.94 8.67 9.06 9.04 9.63 10.67 0.261 <0.01 0.63

T A=14-11%, B=15-12%, C=16-13%, D=17-14%, E=18-15%, F=19-16% (Reduced CP level by 1% for every phase in each treatment
group throughout all 4 phases)

2 Standard error of means

8 Abbreviation: Lin. (linear) and Quad. (quadratic)

4 N retention=N intake — Fecal N — Urinary N

- JokA A3SHE (Nutrient digestibility)

o2 Atr W REHA 258 F7PE S48s=Y Y4 aeted Xl I
of Jetilet Ate Wi 2EEA A7 S7ietol Tt 2ARYS Askego] Uashs
UER IS (Linear, p=0.07). At Wi A H7P7F S7teto] et 23 2
93 2, N-retentiono] §9o]xog Z71519tt (Linear, p<0.01). S44| &= A}
B FES 19%1A 14%=2 AZRSAS o £x H 2LuESH] 26.78% FLde A

LHER.

o
L)

H 35. O{E&E AME W XTHAE £=Y FHIDI SHHIS=9 2AFHLM DX F&
Treatments’ p-value®
ltems SEM?
A B C D E F Ln. Qued.
Odor emissions, ppm
Amines 2466 30.33 37.00 45.00 56.66 66.33 3.638 <0.01 0.12
Ammonia 10.55 12.80 15.33 18.37 20.88 23.39 1.125 <0.01 0.88

Hydrogen sulfide 1.39 1.43 1.57 1.87 1.97 2.00 0.060 <0.01 0.36

T A=14-11%, B=15-12%, C=16-13%, D=17-14%, E=18-15%, F=19-16% (Reduced CP level by 1% for every phase in each treatment
group throughout all 4 phases)

2 Standard error of means

% Abbreviation: Lin. (linear) and Quad. (quadratic)

- oF3] T (Odor emission)

oA Atr U REHA 258 FA7PL S4d8le= AFEA0 vAls dTe &350 Y
BTt Ate W 2TWA A7P7F S7hetol] met ofgl, fuyol T12jil &etasao] &t
+ARFES UEHUWH F7Fstet (Linear, p<0.01).
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H 36. IEE Ale Ul ZH8E ~FYH FII SEHIKE2 T E40 0IXl= &

Treatments’ p-value®
ltems SEM?
A B C D E F Lin. Quad.

Proximate analysis

Moisture 68.74 7429 68.31 71.14 66.91 69.57 0.711 0.21 0.57
Crude Protein 25.09 23.91 2472 23.82 2528 24.87 0.004 0.80 0.50
Crude fat 6.91 5.63 6.82 5.89 6.81 6.61 0.159 0.70 0.18
Crude Ash 0.71 0.70 0.57 0.50 0.73 0.39 0.060 0.19 0.86
Physiochemical properties

Cooking loss 32.440 31.990 36.700 35.940 31.680 31.330 2.448 0.90 0.39
Shear force 31.470 34.720 32.350 27.460 33.140 30.010 0.842 0.30 0.98
WHC 62.380 67.600 63.430 65.490 62.440 67.800 0.978 0.50 0.81
TBARS 0.148 0.143 0.152 0.130 0.126 0.130 0.004 0.12 0.74
" A=14-11%, B= 15-12%, C= 16-13%, D= 17-14%, E= 18-15%, F= 19-16% (Reduced CP level by 1% for every phase in each

treatment group throughout all 4 phases)
2 Standard error of means
% Abbreviation: Lin. (linear) and Quad. (quadratic)

- =X £A (Carcass characteristics)

ABH AR U SEAT SEY WP GYUIGEY =4 40l olA: 92 a6
Uehjoitt. Ate U £Eiale] 2&w "7l =4 S40lH Sodl xfol2 LIER)A] 9
t} (p>0.05).

H 37. 6ISE Atz W ZHWMI =Y It SdHHIS=2 |4 2 pHOl OIXl= &

Treatments’ p-value®

ltems SEM?

A B C D E F Lin. Quad.
pH
0 hour 5.70 5.92 577 5.62 5.81 5.58 0.0798 0.58 0.52
3 hour 5.60 5.75 5.56 5.56 5.56 5.56 0.0430 0.36 1.00
6 hour 5.57 5.71 5.58 5.54 5.54 5.58 0.0396 0.96 0.52
9 hour 5.58 5.69 5.57 5.57 5.56 5.56 0.0328 0.85 0.34

12 hour 5.56 5.69 5.56 5.58 5.58 5.57  0.0362 0.73 0.57
24 hour 5.57 5.94 5.57 5.57 5.58 5.57  0.0525 0.36 0.48
CIE value, L*

0 hour 34.51 33.58 39.94 35.32 35.98 38.44 1.7590 0.57 0.89
3 hour 35.63 30.30 38.89 41.38 40.41 36.73 1.0420 0.22 0.15
6 hour 44.54 41.29 42.64 42.50 44.79 41.93 1.2190 0.92 0.85
9 hour 39.00 39.54 37.71 39.10 45.00 40.60 1.4460 0.42 0.85
12 hour 34.44 38.23 38.46 39.84 44.00 33.06 1.3400 0.62 0.27
24 hour 38.37 39.20 40.11 4214 38.19 38.69 1.3940 0.98 0.55
CIE value, a*

0 hour 2.78 2.97 2.73 2.40 2.33 2.21 0.1780 0.20 0.84
3 hour 4.71 4.30 4.03 3.35 4.14 3.96 0.2550 0.39 0.38
6 hour 4.01 3.93 3.32 3.79 3.47 4.27  0.1440 0.89 0.10
9 hour 3.12 3.55 3.11 3.37 3.16 3.43 0.1340 0.82 0.96
12 hour 3.95 3.94 3.52 3.48 3.74 3.90 0.1630 0.81 0.39
24 hour 4.29 4.83 3.66 4.03 5.11 4.00 0.1470 0.71 0.74
CIE value, b=

0 hour 9.00 8.67 6.78 7.58 8.19 7.97  0.3830 0.48 0.25
3 hour 9.04 9.19 8.75 8.23 7.56 9.59 0.2770 0.45 0.14
6 hour 9.36 8.97 8.85 8.32 7.96 9.41 0.2430 0.52 0.15
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9 hour 9.45 9.95 8.97 9.1 8.82 9.66  0.2450 0.68 0.45
12 hour 9.91 9.55 7.75 9.68 9.48 8.74  0.2990 0.50 0.49
24 hour 12.60 9.50 9.29 9.20 10.01 9.42  0.2150 0.68 0.43

T A=14-11%, B= 15-12%, C= 16-13%, D= 17-14%, E= 18-15%, F= 19-16% (Reduced CP level by 1% for every phase in each

treatment group throughout all 4 phases)
Standard error of means
% Abbreviation: Lin. (linear) and Quad. (quadratic)

-pH ¥ €A (pH and meat color)
S =
UEYATE. Sd8]&= Ale Ul REWMAS S5E=2 gosilS o pH ¥ CIE ghoA /2

el &fol7} Lpebtx] 29rTt (p>0.05).

o AY 2. AL AtgY 2UUA L2598 HIPUt §44u|8E9 AL t]X]l= 9F¢S
71%. 4 phase feeding program(5/d%7]/%7], ¥|&§47]/37])S o]&

1) d+=581
AZAN e I 222 5] 54 - v SEAte U ©WA 253 =0+ 4971 B
TG FolE0o] AFUBGo] St Ao] dAY. TtA A &7 - Y]
SeAtEm U REWAS] £5H HUto] ThE o] 84S Yot AtrY IYAe 9]
|40 By dFEATS 8ot o521} vlwsto] 2ASHUAL &

2) A
a) d¥s=

- S4%= 21055 FAlote 6&g] hvtE, =wit 7= ragndomized complete block

(RCB) design©o & HfX]

=
>
ook
X
)

S SR ERE) a8A7] a8/l
A CP 14% CP 13% CP 12% CP 11%
B CP 15% CP 14% CP 13% CP 12%
C CP 16% CP 15% CP 14% CP 13%
D CP 17% CP 16% CP 15% CP 14%
E CP 18% CP 17% CP 16% CP 15%
F CP 19% CP 18% CP 17% CP 16%
3) EATE

- AlE, dB5AY, A EFAIRARE, Al S 5 AT RAF

- AlE 5 Al @AS AF ot &/du]S=9] A #sts wE

- AR @ B U ARt 2 2AS Soll dYA 4SS, AAUEF RAL

- E5lE9 =59 At 24, A2 W SAHTL

- + 500g} @ 400g3 =3%s5to] 35°CojA 72417t e S Z188st |, gas detectors
o] &sto] o}, Fotped G AFEA HIEFS AL
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Treatments

ltems

CP14 CP15 CP16 CP17 CP18 CP19
Ingredients, %
Ground corn 73.96 71.13 68.30 65.47 62.64 59.81
SBM 16.89 19.89 22.89 25.88 28.88 31.88
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 1.40 1.51 1.61 1.72 1.83 1.93
L-Lysine=HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL—Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
DCP 1.40 1.33 1.26 1.20 1.13 1.06
Limestone 0.71 0.73 0.75 0.78 0.80 0.82
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'
ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 14.00 15.00 16.00 17.00 18.00 19.00
Lysine, % 1.03 1.03 1.03 1.03 1.03 1.03
Methionine, % 0.29 0.29 0.29 0.29 0.29 0.29
Threonine, % 0.73 0.73 0.73 0.73 0.73 0.73
Tryptophan, % 0.23 0.23 0.23 0.23 0.23 0.23
Ca, % 0.66 0.66 0.66 0.66 0.66 0.66
Total P, % 0.56 0.56 0.56 0.56 0.56 0.56

! Calculated value.
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39. Sd=J| gt

Treatments

ltems

CP13 CP14 CP15 CP16 CP17 CP18
Ingredients, %
Ground corn 777 74.34 71.51 68.68 65.85 63.03
SBM 14.13 17.13 20.13 23.12 26.12 29.12
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 1.16 1.27 1.38 1.48 1.59 1.69
L-Lysine—HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL-Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
DCP 1.27 1.20 1.14 1.07 1.01 0.94
Limestone 0.63 0.65 0.67 0.68 0.70 0.72
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'
ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 13.00 14.00 15.00 16.00 17.00 18.00
Lysine, % 0.96 0.96 0.96 0.96 0.96 0.96
Methionine, % 0.28 0.28 0.28 0.28 0.28 0.28
Threonine, % 0.69 0.69 0.69 0.69 0.69 0.69
Tryptophan, % 0.21 0.21 0.21 0.21 0.21 0.21
Ca, % 0.59 0.59 0.59 0.59 0.59 0.59
Total P, % 0.52 0.52 0.52 0.52 0.52 0.52

! Calculated value.
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H 40. HIS®I| Hi=dl

Treatments

ltems

CP12 CP13 CP14 CP15 CP16 CP17
Ingredients, %
Ground corn 80.49 77.66 74.83 71.99 69.1 66.33
SBM 11.35 14.35 17.35 20.34 23.34 26.34
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 0.89 1.00 1.11 1.21 1.32 1.43
L-Lysine—HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL-Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
DCP 1.01 0.94 0.88 0.81 0.75 0.68
Limestone 0.62 0.64 0.66 0.68 0.70 0.72
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'
ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 12.00 13.00 14.00 15.00 16.00 17.00
Lysine, % 0.89 0.89 0.89 0.89 0.89 0.89
Methionine, % 0.27 0.27 0.27 0.27 0.27 0.27
Threonine, % 0.65 0.65 0.65 0.65 0.65 0.65
Tryptophan, % 0.20 0.20 0.20 0.20 0.20 0.20
Ca, % 0.52 0.52 0.52 0.52 0.52 0.52
Total P, % 0.47 0.47 0.47 0.47 0.47 0.47

! Calculated value.
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Treatments

ltems

CP11 CP12 CP13 CP14 CP15 CP16
Ingredients, %
Ground corn 83.68 80.85 78.02 75.19 72.36 69.53
SBM 8.60 11.60 14.60 17.59 20.59 23.59
Wheat bran 4.00 4.00 4.00 4.00 4.00 4.00
Tallow 0.66 0.76 0.87 0.98 1.09 1.19
L-Lysine—HCI, 50% 0.76 0.61 0.46 0.30 0.15 0.00
DL-Methionine, 99% 0.07 0.06 0.04 0.03 0.01 0.00
L-Threonine, 98.5% 0.23 0.18 0.14 0.09 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
DCP 0.84 0.77 0.70 0.64 0.57 0.50
Limestone 0.58 0.60 0.62 0.65 0.67 0.69
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition'
ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 11.00 12.00 13.00 14.00 15.00 16.00
Lysine, % 0.82 0.82 0.82 0.82 0.82 0.82
Methionine, % 0.26 0.26 0.26 0.26 0.26 0.26
Threonine, % 0.61 0.61 0.61 0.61 0.61 0.61
Tryptophan, % 0.18 0.18 0.18 0.18 0.18 0.18
Ca, % 0.46 0.46 0.46 0.46 0.46 0.46
Total P, % 0.43 0.43 0.43 0.43 0.43 0.43

! Calculated value.
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H 42. HE2& ANz W XCUHA ~FY I SHHISE 42480 DXl S
Treatments' p-value®
ltems SEM?
A B C D E F Lin. Quad.
Body weight, kg
Inital —m——————= 39.92 ————————- - - -
4 week 61.46 60.61 60.15 61.42 59.72 59.58 1.001 0.63 0.95
7 week 81.37 80.84 78.63 82.85 80.16 79.04 1.203 0.72 0.87
11 week 110.91 110.64 107.28 112.18 108.04 107.55 1.168 0.44 0.88
13 week 117.79 115,75 11543 114.67 114.47 114.60 0.351 <0.01 0.12
ADG, g
0-4 week 769.40 741.40 721.80 767.40 706.40 702.40 13.326 0.17 0.88
4-7 week 975.89 991.07 947.86 1,04853 965.46 954.96 24.298 0.88 0.62

7-11 week 1,111.59 1,064.28 1,04265 1,070.59 1,01833 1,018.23 21.221 0.22 0.82
11-13 week 964.44 116889 973.86 801.11 986.77 953.33 47612 0.44 0.76

0-13 week 926.83 903.43 898.64 889.64 887.26 889.14 4185 <0.01 0.11
ADFI, g

0-4 week 1,887.80 1,834.80 1,869.40 1,97860 1,824.40 1,850.40 27241 0.85 0.57
4-7 week 2,517.00 2,650.40 262220 2,781.60 2,636.00 2,687.00 40.732 0.27 0.36

7-11 week 3,157.40 312540 3,323.57 323560 323460 3,261.60 31.907 0.26 0.50
11-13 week  3320.00 3,350.00 3,240.00 3410.00 3,390.00 3,370.00 10.321 0.40 0.99
0-13 week 2717.38 272575 286820 2,79%6.77 276786 2,778.61 25130 0.50 0.25

G:F ratio

0-4 week 0.408 0.406 0.387 0.387 0.389 0.380 0.007 0.19 0.77
4-7 week 0.386 0.374 0.361 0.379 0.368 0.354 0.008 0.35 1.00
7-11 week 0.350 0.341 0.332 0.332 0.317 0.329 0.006 0.15 0.54
11-13 week 0.290 0.349 0.300 0.235 0.291 0.283 0.014 0.15 0.54
0-13 week 0.341 0.332 0.313 0.319 0.322 0.323 0.004 0.15 0.12

T A=14-T1%, B=15-12%, C=16-13%, D=17-14%, E=18-15%, F=19-16% (Reduced CP Tlevel by 1% for every phase in each treatment
group throughout all 4 phases)
Standard error of the mean.
Abbreviation: Lin. (linear) and Quad. (quadratic).

- AAA A (Growth performance)

AR 8|S = Ale U 2TYUA L5 HIPL Sdu]S=9 A nlX]= FFF
2 B420] YEHQITH. §/d7A7] 45, &4%7] 3%, H|&A7] 45, H|&S 7] 25 &5 13% &
oF Su]8= At U ATHMAS £5H2 Joolds I AlF5 Y LG5AH AojA [
AP UERGTH AH™A 7|17 AlEollA 2HEA HFo] dAagho] wet Also] 99AS LE
U S71ict (Linear, p<0.01). =3, AR 717t dGSAFONA 2HEA 50| ZhA
gto] et dFSA|Fo] [-o)Ats YEhY D 5718itt (Linear, p<0.01).
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H 43. HEE Atz W ZHWME =FY It S4HIS

Treatments’ p-value®
ltems SEM?
A B © D E F Lin. Quad.
Albumin, g/dL
Inital 2.84 ———————— - - -
4 week 3.84 4.08 3.66 3.88 4.28 4.00 0.068 0.23 0.64
7 week 416 3.98 3.74 416 4.32 3.36 0.103 0.19 0.28
11 week 3.44 410 4.50 4.68 4.42 4.22 0.100 <0.01 <0.01
13 week 3.08 3.08 3.08 3.80 3.40 3.00 0.126 0.61 0.21
Creatinine, mg/dL
Inital 1.09 ———————— - - -
4 week 0.80 0.90 0.91 0.93 0.96 1.02 0.029 0.03 0.93
7 week 1.01 1.06 1.11 1.12 1.16 1.17 0.029 0.07 0.71
11 week 1.19 1.28 1.29 1.35 1.36 1.38 0.051 0.22 0.75
13 week 0.81 88 0.97 1.02 1.03 1.08 0.029 <0.01 0.45
Glucose, mg/dL
Inital 104.43 ————————— - - -
4 week 90.40 94.60 91.60 100.80 95.20 92.80 1.619 0.50 0.25
7 week 89.40 94.40 78.20 92.20 83.20 72.20 1.874  <0.01 0.11
11 week 81.80 89.00 96.00 83.60 85.40 86.60 1.788 0.98 0.20
13 week 99.25 97.50 85.50 97.75 90.00 91.00 1.554 0.08 0.33
Total protein, g/dL
Inital 6.60 ———————— - - -
4 week 6.84 6.84 6.90 6.94 7.00 7.14 0.065 0.16 0.65
7 week 5.72 6.28 6.60 6.65 6.90 7.06 0.171 0.02 0.55
11 week 4.66 6.22 6.68 6.82 6.88 6.88 0.171 <0.01 0.11
13 week 5.65 5.68 6.10 6.23 6.65 7.10 0.153 <0.01 0.48
Triglyceride, mg/dL
Initial 56.14 ———————~ - - -
4 week 48.20 60.40 50.00 37.60 52.00 48.60 2.960 0.56 0.75
7 week 44.20 52.20 44.00 52.20 53.80 38.60 2.433 0.77 0.17
11 week 62.00 44 .80 112.00 43.20 101.20 32.80 13.649 0.87 0.35
13 week 43.50 48.75 65.75 52.00 131.75 85.75 12.375 0.09 0.99
Globulin, g/dL
Inital 3.76 ————————— - - -
4 week 3.06 2.92 3.18 2.96 2.86 2.94 0.066 0.49 0.83
7 week 2.49 2.62 2.54 2.74 2.74 2.36 0.116 0.97 0.43
11 week 1.22 2.12 2.38 2.14 2.46 2.46 0.102 <0.01 0.01
13 week 3.58 3.15 2.60 3.30 2.70 2.65 0.121 0.03 0.50
Free fatty acid, pEq/L
Inital 161.71 ——————— - - -
4 week 263.00 326.60 383.80 155.20 221.20 544.40 45.233 0.33 .18
7 week 55.50 70.80 449.66 270.60 176.60 409.00 35.995 <0.01 0.15
11 week 64.20 117.00 82.20 75.40 173.20 72.60 10.989 0.30 0.27
13 week 128.50 107.00 81.50 111.50 108.25 104.75 11.911 0.75 0.54
BUN, mg/dL
Inital 943 ————————-— - - -
4 week 9.68 9.82 11.08 13.14 13.76 16.54 0.634 <0.01 0.34
7 week 9.70 11.84 11.90 14.38 16.88 16.82 0.795 <0.01 0.94
11 week 10.54 11.40 12.80 13.26 15.02 17.10 0.534 <0.01 0.39
13 week 7.80 9.10 9.45 9.63 11.50 12.08 0.417 <0.01 0.76
Urea, mg/dL
Inital 2017 ——————— - - -
4 week 20.76 21.04 23.74 28.14 29.46 35.42 1.356 <0.01 0.34
7 week 20.78 25.34 25.48 30.78 36.16 36.02 1.703  <0.01 0.94
11 week 22.58 24.44 27.42 28.40 32.18 36.62 1.143 <0.01 0.39
13 Week 16.70 20.63 24.63 25.85 0.892 <0.01 0.75

group throughout all 4 Dhases)
2 Standard error of the mean.
% Abbreviation: Lin. (linear) and Quad. (quadratic).

- gl A A} (Blood profiles)
A &du|8= Al U 2gEA
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OF SHUISE AR U REMEL 2FEE Folsige u] 2B, Aoled, S, 3
YA, 222U, AR, B | a4"s B 9 i) Yold SR Uerdtt. Sy
87188 AR/ @Y ) eagact 94 Swold AU AFo] F7it] wet @
Y 227840 247 §RE U] 37100} (Linear, p<0.01). E&t, ¥]§37] 1354}
2o Y 32oleld s=EolA AT 2F0] kg wet a2oled =7 %94%}% u
Eo Z71300} (Linear, p<0.01). 81§47 1151 2 v]&37] 1354 @ U F0ud
SEOlA ETE 470l EvM] mel STuMEel Hwb SoxE Ui %ﬂaﬂq

~

(Linear, p<0.0

H 44, AS2E Mg W XHHE £FY EHIPDF S4HH =S M0 0IXe &
Treatments’ p-value®

ltems SEM? —MM—

A B © D E F Ln. Quad.
Hunter value, L3
0 hour 53.14 51.41 50.97 51.78 52.69 51.38 0.767 0.81 0.69
3 hour 52.11 54.10 52.03 50.72 52.63 51.47 0.646 0.53 0.99
6 hour 52.12 53.57 50.47 51.21 52.53 53.40 0.665 0.78 0.35
12 hour 54 .98 50.47 53.79 51.70 51.10 53.08 0.712 0.51 0.31
24 hour 53.64 51.23 53.41 52.23 52.91 52.56 0.540 0.90 0.74
Hunter value, a*
0 hour 6.70 6.46 6.49 6.46 6.21 6.23 0.145 0.34 0.96
3 hour 6.70 6.31 6.33 6.34 6.57 6.33 0.063 0.41 0.27
6 hour 6.77 6.85 6.76 6.51 6.46 6.53 0.087 0.18 0.96
12 hour 6.67 6.85 6.65 6.54 6.23 6.42 0.280 0.61 0.96
24 hour 6.83 6.84 6.58 6.40 6.57 6.78 0.195 0.78 0.57
Hunter value, b®
0 hour 13.84 13.67 13.43 13.35 13.54 13.38 0.066 0.04 0.22
3 hour 13.53 13.69 13.57 13.82 13.59 13.77 0.072 0.46 0.86
6 hour 13.65 13.63 13.64 13.67 13.69 13.63 0.061 0.96 0.93
12 hour 13.36 13.56 13.42 13.66 13.91 13.59 0.148 0.47 0.78
24 hour 13.54 13.57 13.42 13.62 13.39 13.73 0.070 0.70 0.48

" A=14-11%, B=15-12%, C=16-13%, D=17-14%, E=18-15%, F=19-16% (Reduced CP Tlevel by 1% for every phase in each treatment
group throughout all 4 phases)

2 Standard error of the mean.

Abbreviation: Lin. (linear) and Quad. (quadratic).

L - luminance or brightness (vary form black to white).

a - red-green component (+a=red, —a=green).

5 b - yellow-blue component (+b=yellow, —b=blue).

5

- 2M (meat color)
ASH SAUSE AR Y AU 259 B7bE S4USE £59 84 ujAl: A%
R4do] UERJQICH SA4H7] 4%, S4%7] 3%, 0]9AY] 4%, ¥]8%7] 25 & 135 &
HSE AR U AUUAS 27U Folslde o £59 YE AME g 9
Ape

_]
n 90]xh= LERTA] 929k (p>0.05).

i r_C,Z o
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H 45, ASE Ms W ZHWE =8 I SHHI|= pHOl 0IXl= &

Treatments' p-value®

ltems SEM? ——MM

A B C D E F Lin. Quad.
pH
0 hour 5.74 5.69 5.62 5.70 5.66 5.66 0.022 0.41 0.46
3 hour 5.71 5.46 5.60 5.44 5.60 5.51 0.026  0.10 0.08
6 hour 5.42 5.45 5.50 5.45 5.45 5.43 0.022 0.98 0.45
12 hour 5.55 5.46 5.55 5.51 5.49 5.45 0.017 0.21 0.64
24 hour 5.39 5.40 5.47 5.45 5.36 5.43 0.010 0.59 0.05

" A=14-11%, B=15-12%, C=16-13%, D=1/-14%, E=18-15%, F=19-16% (Reduced CP level by 1% for every phase In each treatment
group throughout all 4 phases)

2 Standard error of the mean.

3 Abbreviation: Lin. (linear) and Quad. (quadratic).
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H 46. ASE AME U ZHUE FE FIF SHHIEE2 TH E40 0IX=s &

Treatments’ p—value®

ltems SEM?

A B C D E F Lin. Quad.
Proximate analysis, %
Moisture 73.99 73.83 73.97 73.37 77.35 72.90 0.508 0.65 0.57
Crude protein 22.18 21.45 20.19 21.83 22.64 22.08 0.307 0.44 0.19
Crude fat 4.76 4.86 3.85 5.20 3.01 4.69 0.302 0.46 0.63
Crude ash 0.44 0.52 0.44 0.44 0.52 0.59 0.043 0.37 0.45

Physiochemical property
Cooking loss, % 30.160 31.950 32.170 31.950 32.370 32.350 0.346 0.11 0.30

Shear force 39.960 59.820 46.280 61.170 48.980 54.820 2.641 0.27 0.25
WHC, % 73.990 73.830 73.970 73.370 77.350 72.900 0.508 0.65 0.57
TBARS 0.165 0.151 0.129 0.111  0.124 0.126  0.006 0.01 0.08

T A=14-11%, B=15-12%, C=16-18%, D=17-14%, £=18-15%, F=10-16% (Reduced CP level Dy 1% Tol evely phase m each teatment
group throughout all 4 phases)

2 Standard error of the mean.

% Abbreviation: Lin. (linear) and Quad. (quadratic).

- =X £A (Carcass characteristics)

A S4vE+ Als Ul 28A 258 7P S48 =59 olgetA 5/ 1]
At derg maeo] Uil 9477 4%, 8497 3%, B84 4%, W8] 25 &
135 £t SAHUSE AR U AUMAS Srue Folotye T olslsid S4 § TBARS
= RAE0] glojAl IRt Uehdth. AURIY 4%ol Z71ete] whet TBARS7E 914
o2 ZFASHIT} (Linear, p<0.01).

_5"_



H 47. HE3 A8 W ZEHE ~FY It SEHISES AdHLMN 0IX=s &

Treatments’ p-value
ltems SEM?
CP14 CP15 CP16 CP17 CP18 CP19 Lin. Quad.
Amines, ppm
0-4 week 3.24 6.41 37.57 47.07 68.57 87.14 7.557 <0.01 0.39
4-7 week 13.64 16.64 17.64 18.00 22.86 23.50 0.962 <0.01 0.78
7-11 week 10.06 12.11 18.55 25.51 38.97 49.64  3.495 <0.01 0.21

11-13 week 11.06 10.92 15.13 21.00 31.18 39.55 2.793 <0.01 0.37
Ammonia, ppm

0-4 week 2.00 4.79 5.74 6.50 15.86 23.07 1.826 <0.01 0.10
4-7 week 10.41 10.57 10.71 20.00 20.71 30.07 0.206 <0.01 0.41
7-11 week 9.88 9.92 10.18 12.54 15.33 16.02 0.735 <0.01 0.23

11-13 week 10.75 10.69 11.34 14.11 14.56 18.93 1.168 <0.01 0.41

Mercaptans, ppm

0-4 week 0.41 0.66 0.95 1.04 1.11 1.11  0.070 <0.01 0.26
4-7 week 0.69 0.75 0.97 1.10 1.24 2.20 0.181 0.02 0.25
7-11 week 0.33 0.41 0.39 0.95 1.02 1.24 0.132 <0.01 0.70
11-13 week 0.21 0.37 0.52 0.79 1.05 1.64 0.152 <0.01 0.34
Hydrogen sulphide, ppm

0-4 week 0.00 0.84 1.06 1.71 1.79 2.14 0.176 <0.01  0.55
4-7 week 0.86 1.07 1.13 1.27 2.00 2.21 0.173  0.01 0.51
7-11 week 0.59 0.64 0.89 1.06 1.17 1.92 0.152 <0.01 0.33
11-13 week 0.68 0.59 0.92 1.11 1.82 2.51 0.222 <0.01 0.19

CA=TA-11%, B=15-12%, C=16—-13%, D=1/-14%, E=16-15%, F=19-10% (Reduced CP level by 1% for every phase In each treatment
group throughout all 4 phases)

2 Standard error of the mean.

% Abbreviation: Lin. (linear) and Quad. (quadratic).

- OFx]YkA (Odor emission)

A2M SYUSE AR U ZBWE 238 AL S SE] oMLY ojAE Y
#470] JERSITH SAUISE AbR U 2UMES S2aue H7leiyg o obul, ermuol,
WeE % FEpao SEst S947]. §49F7] HGAY] HEEI] S foRtE Y
Woj Z71SHich ofal, ghmujol, Beas L Hl2e] SErh X SF0] F7hy
ofeb S4A7]. %4371, wI&A] U HIgS7] SOt RNOR 7ISIUTH (Linear

p<0.05).

D) AR
B 9 SRS AZE] delde ALY Aukg vigoR $YEAR ) A
of xTIY AZo] BAAE 25 AIoto] kg U SYEY Y4 01§4E
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- F 1259 AYTTF S EEkeU)S Aol 4xe] o2 A
- OJAFEo) 35kg U2l SHES 154 283 5, ARAET AR H3E 4

- Alg @ F 9= 08:00, 17:000] 19 23] Fojst= 7oz it

- oEjA S thx|aL, 2 Ao Fo1Z dofli= At&o] chromic oxide (Cr:07)& A7}
5to] 08:000] wolghtt. & A2 545t A, 23t =5 4 1041734
AF L == 5159 50mlgF AF|5te] 300ml=z A5ty W= 85y,
L2} S o}Al 08:000] AtRo] WZTAHO] carmine2 0.5% A71sho,
A SO A WA o] U mi7bA] i =5 AF

- Aol AFESH Alg, ¥, & sample2 YsHEd § Adbg R

O

A

=]
QLN |

ol ) 4

o
ol

= =

- LA AgkE (O]&E)= AAtst] Hsll Ate, &, &oll E0l%le 9T A
B
| LY

U w2 WEEE OB (NH HS 5 558 573

te W =8 XHWd 2 M7H S Sd= &) 24 2520 0IX=s &

Treatments' p-value

ltems SEM?

CP14 CP15 CP16 CP17 CP18 CP19 Lin.  Quad.
Nutrient digestibility, %
Ory matter 84.61 83.24 83.74 85.33 85.056 83.71 0.438 0.80 0.78
Crude protein 75.50 7442 76.93 79.70 79.49 79.08 0.879 0.07 0.71
Crude ash 65.73 40.80 62.14 56.59 60.47 45.82 3.012 0.38 0.75
Crude fat 67.75 72.90 75.08 76.99 66.53 63.38 1.741 0.23 0.02
Nitrogen retention, g/d
N intake 8.62 9.16 10.32 11.19 11.88 12.36 0.331 <0.01 <0.01
Fecal N 2.11 2.34 2.38 2.27 2.44 2.59 0.080 0.13 0.95
Urinary N 0.28 0.38 0.45 0.49 0.71 0.95 0.081 <0.01 0.27
N retention® 6.23 6.44 7.49 8.43 8.73 8.82 1.010 0.60 0.35

TAll treatments contain SynerZyme F (Bacillus subtilis 1X10° cfu/g, Clostridium butyricum 1X 107 cfu/g) 0.1%
2 Standard error of mean.
% N retention=N intake — Fecal N - Urinary N

_53_



oM 14%2 AZsIAS O B ) AaujEgo] 32.49% ZASH: ZO2 R,
H 49. SHE Mg U £FE YA 9 MR I KSYE FI| g4 A820 0IXs HE
Treatments' p-value

ltems SEM?

CP13 CP14  CP15 CP16 CP17 CP18 Lin.  Quad.
Nutrient digestibility, %
Ory matter 91.69 90.43 90.23 91.32 9150 91.36 0.279 0.66 0.30
Crude protein 85.70 86.87 85.46 88.73 89.42 90.90 0.585 <0.01 0.28
Crude ash 72.34 73.50 67.87 79.51 76.13  80.01 1.813 0.14 0.58
Crude fat 84.84  79.11 80.32 83.32 77.15 74.95 1.064 <0.01 0.52
Nitrogen retention, g/d
N intake 14.98 17.28 16.20 19.09 19.58  24.51 0.746 <0.01 <0.01
Fecal N 2.14 2.27 2.35 2.15 2.07 2.23 0.060 0.79 0.72
Urinary N 0.48 0.52 0.56 0.59 0.57 0.81 0.036 0.02 0.27
N retention® 12.36 1449 13.29 16.35 16.94 21.47 0.622 <0.01 0.37

" All treatments contain SynerZyme F (Bacillus subtilis 1X10° cfu/g, Clostridium butyricum 1X 107 cfu/g) 0.1%
2 Standard error of mean.
3 N retention=N intake — Fecal N — Urinary N

- FA AFHe (Nutrient digestibility)

4= At U &8 289Ad 2 A A7 5= 9719 d94A st U=
7499 Yt &4+ Ate W A AVt 0] St Ot dda A

2ol lojA mgAT £Ae] Afhgol §oHoR Frletw

N-retention® §9]A 0z Z7}519tt (p<0.01). SA4= T7] Atlg Y A2UHA &S 18%

oA 13%2 MRS W i U] FAuEO] 13.82% FASH: Ao Uehd,

<BRPE &, 20234>

o AF 1 AR U AN xohA 2Ew PR 258 AP HSEY Y4 40t

9 obxluARte M7istr] SisiAlE AlRAE ATE ulgow v EAR U A4

ol A S =8 F7Isto] 60kg Welo Bl5=Y 94 o882

2) A

- 5 1259 JURRE HISERF 60kgUo))e Austo 4z 3urgos 34

- DAL 60kg W9lo) BISES 154 288 §, AFRAINY Alzo] Hed 4
= 501zt ofu] WA7ITS 2

a
oA gy 9 BAGRe A% 71 SYsH 23t

ol

3) =ATS
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- YA AgtE (0]&F)2 AL Yol Alr, &, ol E0Us YUY E 4
- B2 w2 HEEE O9F2W (NH HS 59 552 5%
4) AR
H 50. HIEE ME U £FY A o M7F &I HIKE &) AL A5E0 0IX= HE
Treatments' p-value
ltems SEM?
CP12 CP13 CP14 CP15 CP16 CP17 Lin. Quad.
Nutrient digestibility, %
DOry matter 92.13 91.23  91.31 92.47 92.09 92.00 0.253 0.59 0.72
Crude protein 86.22 86.45 86.87 88.64 89.85 89.79 0.484 <0.01 0.84
Crude ash 72.45 7257 68.62 81.36 77.14 72.01 1.855 0.54 0.53
Crude fat 74.83 83.34 80.31 83.91 89.29 86.17 1.300 <0.01 0.21
Nitrogen retention, g/d
N intake 17.03 18.19 18.58 20.79 22.38 23.82 0.585 <0.01 <0.01
Fecal N 2.35 2.47 2.44 2.36 2.27 2.43 0.061 0.86 0.98
Urinary N 0.58 0.63 0.67 0.70 0.69 0.98 0.043 0.02 0.26
N retention® 14.10 15.09 15.47 17.73 19.42  20.41 0.505 <0.01 0.86

" All treatments contain SynerZyme F (Bacillus subtilis 1X10° cfu/g, Clostridium butyricum 1X 10 cfu/g) 0.1%
2 Standard error of mean.
3 N retention=N intake — Fecal N — Urinary N

- JoFA A3HE (Nutrient digestibility)

HSE AR U T 2FE AVD) HSE A7 9
500 YEtHITH. Bl&= Atm Ul REHAS] £~&0] F71et

g}go] SolMog =75ttt (Linear, p<0.01). ®gk A4 A=y} N-retention® -§o]A
o=z Z716tAT (Linear, p<0.01). H|S& A7] Alg U ZTHA £33 17%0A 12%= A
725t9e o Bk U ALu[|EFo] 14.08% FASH= Hoa e,

H 51. HIEE Mg W &2 ZUHWME J A2 A I HISE I AL A0 0lX=s I

Treatments' p-value

ltems SEM?

CP11 CP12 CP13 CP14 CP15 CP16 Lin. Quad.
Nutrient digestibility, %
Ory matter 89.61 89.96 89.36 90.61 90.69 89.75 0.174 0.22 0.31
Crude protein 87.62 87.23 86.43 88.53 88.87 86.72 0.271 0.39 0.57
Crude ash 63.60 62.08 61.50 58.41 59.23 61.53 0.685 0.12 0.11
Crude fat 74.73 73.77 74.32 73.92 73.49 70.09 0.642 0.07 0.27
N-retention, g/d
N-intake 19.94 21.70 22.86 23.44 24.89 27.06 0.471 - -
N-feces 2.47 2.77 3.10 2.68 3.26 3.59 0.094 <0.01 0.41
N-urine 9.583 10.25 10.70 11.70 12.00 12.80 0.296 <0.01 0.95
N-retention® 7.94 8.67 9.06 9.04 9.63 10.67 0.261 <0.01 0.63

"All treatments contain SynerZyme F (Bacillus subtilis 1X10° cfu/g, Clostridium butyricum 1X 10" cfu/g) 0.1%
% Standard error of mean.
3 N retention=N intake — Fecal N = Urinary N

- JAd4A 4A3HE (Nutrient digestibility)
5+ At U 2UWA 22 APt vlge 27] astegd URle S #5190 YE
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olth Hla= 971 Ate W 2T
&S 291 (Linear, p=0.07), &

Q
(Linear, p<0.01). #]&% &7] AR Y]
kU Z2uEFF0] 26.78% a3 A

LS (o]
PN

B4l et £ 28480] 2
1t N-retentiono] Fo|Aoz Z7ts}
FEE 16%04 11%= A7 A<S
!
.

rlr

38
Mo 0 ooX

P25}
],

2

o AY 2. 92A A7 U 2UNAY 259 APt RGE BGHY, TQAE 4F
B 9 oka WPl uA: JFe 39
1) =28
By 9 oRF|wAIEES A|7ehY] AL QT AR U RUEiAO] Lz Hujo|
O ol 8dS 8T a7t ol Tela REHAS] ~5E Fr7Mo g o842
st moEe] Aty B o Wl nlAlE AL
2) A
a) Ads=
- F1 44k= 6055 Adsto] 642 10 gt 154, CRD=Z Hjj%]
b) AdEA
A2l 1 - CP 15%
A2 2 - CP 16%
A2 3 - CP 17%
A2l 4 - CP 18%
A2l 5 - CP 19%
A2l 6 - CP 20%
3) BHYS
- B W G 1 35 AlF 2 SAY SAE 57
- As 58 Al @AZ AF st 2E=9 e ¥Haks A
- 2S5 9 25 1, 333 =/-5 AFst A 24
- 2 500gxt @ 400gS =3tsto] 35°Col|lA 72A)7F &85 XISEst &, gas detector&
olgsto] gRUol, Perra 5 AFEA WS EA}
- mgRtES] 45 Bt
4) A8A
H 52. (I28 ZRE &A= HHEHI
Treatments
[tems
CP15 CP16 CP17 CP18 CP19 CP20
Ingredients, %
Corn 69.85 66.91 63.98 61.04 58.11 55.17
SBM 18.69 21.77 24.86 27.95 31.03 34.12
Wheat bran 5.00 5.00 5.00 5.00 5.00 5.00
Tallow 2.1 2.22 2.34 2.46 2.57 2.69
L-Lysine Sulfate, 55% 0.70 0.56 0.42 0.28 0.14 0.00
L-Methionine, 90% 0.08 0.06 0.05 0.03 0.02 0.00
Threonine, 98.5% 0.24 0.19 0.14 0.10 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
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DCP 1.90 1.84 1.77 1.71 1.64 1.58

Limestone 0.66 0.68 0.69 0.71 0.72 0.74
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride—50 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.40 0.40 0.40 0.40 0.40 0.40
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition’

ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 15.00 16.00 17.00 18.00 19.00 20.00
Lysine, % 1.09 1.09 1.09 1.09 1.09 1.09
Methionine, % 0.31 0.31 0.31 0.31 0.31 0.31
Threonine, % 0.77 0.77 0.77 0.77 0.77 0.77
Tryptophan, % 0.24 0.24 0.24 0.24 0.24 0.24
Ca, % 0.76 0.76 0.76 0.76 0.76 0.76
Total P, % 0.65 0.65 0.65 0.65 0.65 0.65
1 Calculated value.

H 53. & ER= ME | ZHMAS +FY I} IF=2 MelH S0 0IX= HE

Treatments p-value?
ltems SEM!
CP15 CP16 CP17 CP18 CP19 CP20 Lin.  Quad.

Body weight, kg

24 hr postpartum 241,24 231.15 246.06 236.74 24433 237.78 3.704  0.87 0.89
21st day of lactation 237.44 230.81 23543 226.93 24245 23283 3.463 0.96 0.72
Change(21-0d) -380 -0.34 -10683 -981 -1.88 -495 1.714 0.79 0.30
Backfat thickness, mm

24 hr postpartum 21.13 18.25 20.07 22.71 2225 2125 0.946 0.45 0.99
21st day of lactation 20.69 17.13 17.43 19.43 20.44 20.38 0.809 0.54 0.28
Change(21-0d) -0.44 -113 -2.64 -328 -1.81 -0.88 0.329 0.45 0.12
ADFI, kg 530 492 475 5.09 513 496 0.099 0.71 0.41

! Standard error of the mean.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).

- Z2/= Ae]A ¥vhs (Physiological response)
o18F LGE AR U ETMAY 23 A/bt L9E g wgol nA: 9L B

530] LER9ICE ol 24 Ale U] AUMAS 2EE2 Folsid e o AE, SAUA, Atw
HAlakolAe] Golabs LFEREA] 919FTH (p>0.05).

H 54. IE8 ZRE ME W XHHAQ £FY I ZRE2 HAILE(N 0|Xs P&
Treatments p-value?
ltems SeM’ ———
CPi5 CP16 CP17 CPi8 CP19 CP20 Lin. Quad.
No. of piglets
Total born 1213 12,50 11.29 12.86 12.50 12.00 0.361 0.90 0.91
born alive 11.13 11.00 10.14 11.43 11.75 11.25 0.325 0.53 0.70

After crossing-fostering 11.50 11.50 11.00 11.29 12.25 11.38 0.293 0.75 0.82
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21th day of lactation 9.25 9.63 10.00 9.14 10.38 10.50 0.308 0.22 0.75
Litter weight, kg

Total born 17.42 16.55 16.03 1544 17.32 1599 0.548 0.63 0.55
Litter birth weight 16.29 16.29 1490 14.68 1412 16.48 15.47 0.99 0.31
After crossing—fostering 16.80 16.80 15.39 15.84 14.11 17.04 1563 0.80 0.40
21th day of lactation 52.82 4540 52.07 51.77 53.40 55.88 1.746 0.27 0.45
Litter weight gain 34.77 30.00 36.23 37.66 36.36 40.25 1.678 0.16 0.72
Piglets weight, kg

Piglet birth weight 1.47 1.34 1.44 1.25 1.40 1.41 0.033 0.64 0.22
After crossing—fostering 1.46 1.34 1.42 1.26 1.38 1.41 0.033 0.67 0.22
21th day of lactation 5.72 4.74 5.13 5.69 517 539 0.110 0.91 0.29
Piglets weight gain 4.26 3.40 3.71 4.43 3.79 3.98 0.106 0.79 0.48
; igagrgs{gtice);rgrl_igf ?ﬂﬁggﬁ' and Quad. (quadratic).

2= T oMA 9 xOoxt= A (Litter performance)

o84 ZRe Alg W AR £53EH AUPF ZREo HAGA Uk IS #b4
of ettt 2 do] 528 A7 & A=Y &4, 59 Al 221 A=Y A
ol g9l Aol UFERIA] erolch (p>0.05).
H 55. IE&8 EIRE ME W ZXUHYAS ~FYE FHIDt ZRE2 €W HJ40 OiXls &

Treatments p-value
ltems SEM!
CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad

Sow
Total Cholesterol

24 hr postpartum 0 ————————= 4400 ————————- - - -
21st day of lactation 76.75 78.75 7425 75.00 78.25 79.75 0.687 0.28 0.06
Creatinine

24 hr postpartum 199 ————————— - - -
21st day of lactation 2.40 2.29 2.28 2.47 2.39 2.21 0.052 0.68 0.59
Glucose

24 hr postpartum 00 0————————= 58.00 —————————- - - -
21st day of lactation 65.75 71.00 56.75 62.67 59.75 65.75 2126 0.53 0.32
Total protein

24 hr postpartum ————————= 6.72 ————————- - - -
21st day of lactation 7.35 7.65 7.63 8.06 8.13 8.40 0.099 0.01 0.93
Triglyceride

24 hr postpartum 0 0—————————= 27.83 ————————- - - -
21st day of lactation 4450 34.33 29.75 26.00 29.75 32.75 2590 0.17 0.10
BUN

24 hr postpartum 0 ———————— 10.80 ————————- - - -
21st day of lactation 13.58 15.07 1545 18.68 19.30 22.93 0.929 0.01 0.49
; igagrgeirgtigrrwrpligf ?ﬂﬁgg?)' and Quad. (quadratic).

gy

A} (Blood profiles)
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A58 Zie Al W 2EHAY &8 F7PE 2REe] SHEY nixle 9T #55
of Uetuiglch. o128 Alg Ul AU SE0] F/keol wet 2§ 2198 Ale] FTa
ol | @4A40] =yt Qo)A or Z7t5t9ct (Linear. p=0.01).

H 56 HSE ER= Ma W XHMAS 8 FIPDF IRles X 40 O0X= H&

Treatments p-value®

ltems SEM'

CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad.
Piglet
Total Cholesterol
24 hr postpartum  ————————= 64.00 ————————- - - -
21st day of lactation 170.75 211.75 17250 146.00 175.75 19475 8.924 0.94 0.41
Creatinine
24 hr postpartum 046 ————————— - - -
21st day of lactation 0.61 0.64 0.89 0.46 0.89 0.87 0.062 0.21 0.73
Glucose
24 hr postpartum  ————————= 93.67 ————————- - - -

21st day of lactation 10425 102.75 106.25 112.67 108.75 106.75 3.140 0.61 0.68

Total protein

24 hr postpartum 0 ————————= 6.83 ————————- - - -
21st day of lactation 4.48 4.48 4.60 4.62 4.68 5.00 0.080 0.06 0.47
Triglyceride

24 hr postpartum 0 0 ———————— 118.83 ————————- - - -

21st day of lactation 76.00 74.75 69.00 98.00 11225 82.75 7.920 0.31 0.74
BUN

24 hr postpartum 0 0————————= 13.28 ————————— - - -
21st day of lactation 5.80 6.30 6.33 6.60 7.97 8.20 0.483 0.11 0.73

! Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).

- L GA= PG} (Blood profiles)
A ZTOE Alg Y AThuAo] AZxdW MIP7F L OAM=E ol AAto] D]k gsFS ®56
Bl 2THido] »>&3 Arigo] g ZaAEe S32HE, Z2otEd, 2%
A, BUA - 28 J2]u F ) @ AR AoA QoA xto]S UERJA] okoict
0.05). iAol Hrkgel S71gol met ZaAk=e] EA U SHUMAS] s=7t &
+ dd< HEUAH (Linear, p=0.06).

H 57. IS8 IRE ME U ZEHWMES +FE FIDI IF=E2 =x7420 00X S

Treatments p—-value?
ltems SEM’
CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad.
Fat, %
Colostrum  —m————— 973 —————— _ _ _

21st day of lactation 6.57 5.76 6.31 5.81 6.28 6.00 0.203 0.74 0.63
Protein, %

Colostrum 6,39 ——————— _ _ B
21st day of lactation 5.41 5.19 5.04 4.93 4.91 435 0.099 0.16 0.06
Lactose, %

Colostrum  —mm———— 471 ———mmmm _ _ _



21st day of lactation 5.65 5.81 5.76 5.75 5.67 5.85 0.034 0.72 0.99
Total solid, %

Colostrum  ———————= 21.98 ———————~- - - -
21st day of lactation 17.95 16.83 17.63 16.38 17.66 17.26 0.272 0.70 0.39
Solid not fat, %

Colostrum  ———————— 1934 ————ee _ _ _
21st day of lactation 11.65 11.62 1157 11.06 11.55 11.48 0.087 0.38 0.33
Casein, %

Colostrum —m—————— O TR | [ — _ _ _

21st day of lactation 3.38 3.10 3.06 2.66 3.12 2.96 0.065 0.03 0.07

! Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).

L8 (Milk composition)

q8d ZHE Ale U 2UWMAS 258 AVPE 2/=9 =20 DRl T2 BS7
of ettt o84 Ate W 29A f&0] S7tdo ot x5 219419 7HAIRIS] 5%
7t fAE UEHHH gd4astith (Linear, p=0.03). CP20 A2]tof|A 25 214Ape] THiA
st B2 4de BECW (Quadratic, p=0.06), CP18 A2| oA ZJ 21UAS] 7HAQl
=7t Fe FFE B9 (Quadratic, p=0.07).
H 58. HEE ER= ME Ll ZHUME £F4 I IR=9 AHLM0H 0IXN=s FE

Treatments p-value?®
ltems SEM'
CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad.

Amines 28.00 37.00 46.00 47.00 54.00 75.00 3.729 0.01 0.06
Ammonia 3.30 7.50 12.50 13.40 16.50 25.00 1.672 0.01 0.02
Mercaptans 5.63 7.29 10.50 13.50 17.50 21.00 1.331 0.01 0.04
Hydrogen sulfide 11.50 22.00 27.14 46.00 57.14 60.00 4.418 0.01 0.02

! Standard error of means.
Abbreviation: Lin. (linear) and Quad. (quadratic).

- oYMl (Odor generation)

oA LR+ At U 2EHA £5E AV 259 AU R T2 ®589
BRIt A2TuiAo] A7t S7tedol] whet , gRuol, HE2Xd 29 FokpaAaTt
ooz F7tsIT (Linear, p=0.01). & uixlo] A7p7t S7tsho) wat CP20 A
o] dwyof, w2t J2]i Fetpart golAo g =T (Quadratic, p<0.04).

o

o

}
e
bSKe)

50

) a5
By U oRRMAERS A7AGhy] YelAe ReuE Alg Ul RUEAlo] Lz HIo|
o2 ol8de #¥T Bt S mWeEtq AEHAL L&E UM mE ol84de
85t ZREY A R AHEAAY Al FFE %

2) A+EY
a) 4g85=



AHE 6052 A

b) A

&sto] 6418] 10%t

=

R A =V

o

CRD=Z HjX]

A2l 1 - CP 15%
A2l 2 - CP 16%
A2l 3 - CP 17%
A2l 4 - CP 18%
A2l 5 - CP 19%
2] 6 - CP 20%
3) BATYS
- 2O RS P EQ 1 35Y0] AF L SAYEAS 57
- Als 578 Al @935 AFste] w9 Ale] Hets oA
-2 AT 25 E xR 1, 330 =RE AMFst A A
- 2 500gxt  400gS =3tsto] 35°Col|lA 72A)7F &85 XISEst &, gas detector&
olgstol gmujo Pehra £ A2 WEFE FA}
- mgRrEo] s Bt
4) AdZxt
H 59. ASE EZF= AEAE HiEH|
Treatments
ltems
CP15 CP16 CP17 CP18 CP19 CP20
Ingredients, %
Corn 70.48 67.66 64.85 62.03 59.21 56.40
SBM 18.24 21.21 24.19 27.16 30.14 33.11
Wheat bran 5.00 5.00 5.00 5.00 5.00 5.00
Tallow 2.03 2.14 2.25 2.36 2.47 2.58
L-Lysine Sulfate, 55% 0.70 0.56 0.42 0.28 0.14 0.00
L-Methionine, 90% 0.08 0.06 0.05 0.03 0.02 0.00
L-Threonine, 98.5% 0.24 0.19 0.14 0.10 0.05 0.00
L-Tryptophan, 99% 0.08 0.06 0.05 0.03 0.02 0.00
MCP 1.90 1.84 1.77 1.71 1.64 1.58
Limestone 0.65 0.67 0.68 0.70 0.71 0.73
Vit. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Min. Mix 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride-50 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00
Chemical composition’
ME, kcal/kg 3300.00 3300.00 3300.00 3300.00 3300.00 3300.00
CP, % 15.00 16.00 17.00 18.00 19.00 20.00
Lysine, % 1.09 1.09 1.09 1.09 1.09 1.09
Methionine, % 0.31 0.31 0.31 0.31 0.31 0.31
Threonine, % 0.77 0.77 0.77 0.77 0.77 0.77
Tryptophan, % 0.24 0.24 0.24 0.24 0.24 0.24
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Ca, % 0.76 0.76 0.76 0.76 0.76 0.76
Total P, % 0.65 0.65 0.65 0.65 0.65 0.65
! Calculated value.

H 60. AZE EZRE M2 U ZHYZE +F8 It ZR=2 M42/& BtE0 0IXl= g8

Treatments p-value®
ltems SEM!
CP15 CP16 CP17 CP18 CP19 CP20 Lin.  Quad.

Body weight, kg

24 hr postpartum 201.90 201.50 196.70 211.70 189.40 194.30 7.245 0.71 0.81
21st day of lactation 191.80 189.86 193.90 222.80 207.60 194.70 7.439 0.55 0.46
Change(21-0d) -10.10 -11.64 -2.80 11.10 18.20 0.40 6.408 0.27 0.56
Backfat thickness, mm

24 hr postpartum 15,50 1520 13.20 1590 13.90 14.20 0.912 0.71 0.89
21st day of lactation 14.30 16.80 12.30 13.90 11.50 11.70 0.846 0.13 0.87
Change(21-0d) -1.20 1.60 -0.90 -2.00 -2.40 -250 0.677 0.18 0.70
ADFI, kg 6.09 5.82 6.03 5.41 5.78 5.31 0.163 0.19 0.92

! Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).

- Z23= Ae]A ¥hE (physiological response)

=4 ZHe Ate W AYWAY £5E AVPF ZF=9 YA Yhgo tixle 4T
2600 YEFHAT. A Ates U AEHAZS 258 95t W AlE, SAYFAL A
2ANFOIMY GolRt: LERER] 29iTH (p>0.05).
H 61. AZ2E EZRE Ma U ZHBFEO +FY It ZR=2 HMAMLA() 0IXl= S&
Treatments p-value?

ltems SEM’

CP15 CP16 CP17 CP18 CP19 CP20 Lin Quad
No. of piglets
Total born 10.40 9.80 14.80 12.00 12.40 12.80 0.560 0.12 0.26
born alive 10.00 9.60 13.80 11.60 11.80 12.60 0.493 0.07 0.34
After crossing—fostering 12.00 9.60 13.80 11.40 11.80 13.20 0.512 0.37 0.67
21 day of lactation 9.00 860 9.80 10.40 11.40 10.60 0.330 0.01 0.69
Litter weight, kg
Total born 11.61 13.18 16.50 14.21 16.60 15.49 0.742 0.08 0.31
litter birth weight 11.22 13.18 15,63 13.83 1584 1537 0.710 0.07 0.39
After crossing—fostering 13.80 13.18 1563 13.92 1584 1533 0.643 0.32 0.92
21 day of lactation 46.14 51.82 53.23 57.63 64.75 46.85 2.785 0.42 0.14
Litter weight gain 33.06 38.64 37.60 43.71 4891 31.583 2.625 0.59 0.14
Piglets weight, kg
Piglet birth weight 115 135 117 123 1833 1.20 0.047 0.79 0.64
After crossing—fostering 1.15 1.35 1.17 1.25 1.33 1.19 0.047 0.82 0.57
21 day of lactation 525 593 543 556 572 433 0.227 0.28 0.15
Piglets weight gain 410 458 426 429 439 3.14 0.195 0.19 0.12

! Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).
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2= T oMdA 9 xOoxt= A (Litter performance)
Aed 2a= At U 2Y9AY 253 AVPF 2RE9Y HW%’%*OH URl= 9= #61
of UEfIQITh ALR Ul RTHEA 2Fo] vl oot G 21UAF AFE £47) oMoz
Z7tet}t (Linear, p=0.01). Atg W ZEWA o] S7istof] whet AAMARS, 23 AAIA
ZoA Z71ste 748+S BT} (Linear, p=0.07; p=0.07). ®£35F, 24 AR5 S716H=
43S B9t} (Linear, p=0.08).
H 62. ASE ER= ME | ZHUMAES +FYE FIIIt LIR=2 Y a0 0= &
Treatments p-value®
ltems SEM!
CP15 CP16 CP17 CP18 CP19 CP20 Lin.  Quad

Sow
Total Cholesterol

24 hr postpartum  ————————= 73.88 ————————-

21st day of lactation 78.75 7550 64.63 64.13 7550 7450 1.488 0.31 <0.01
Creatinine

24 hr postpartum 0 2.34 ————————

21st day of lactation 1.93 2.07 1.88 2.08 1.84 1.94 0.033 0.55 0.62
Glucose

24 hr postpartum 0 ————————= 63.61 ————————-

21st day of lactation 72.13 7825 71650 69.96 67.50 76.50 1.759 0.75 0.44
Total protein

24 hr postpartum ————————= 7.92 —————————

21st day of lactation 7.96 8.18 7.54 7,88 7.78 7.59 0.090 0.15 0.95
Triglyceride

24 hr postpartum 0 ————————= 32.85 ————————-

21st day of lactation 34.88 4117 28.75 30.38 33.88 31.38 1.774  0.31 0.63
BUN

24 hr postpartum 0 ———————— 17.50 ————————=

21st day of lactation 11.65 1455 13.23 1566 17.39 18.29 0.613 <0.01 0.82
; igagrgsirgtigrrw@ligf ?ﬂﬁzgfj and Quad. (quadratic).

- XL Oo%= oAl (Blood profiles)

AEE Zie At W 2EWAY 258 AP 25+ EY dY0 U]+ 9T 62
of UrEJrLHO*Ur CP18 Ag47} 2{ 214A19] FZHAHE s=oA RoAe=z okt
(Quadratic, p<0.01). A2 U AHAS 2xu2 MIlslde o 2Q 219xk] ol | @

ARA =7t SolA o g =763t (Linear, p<0.01).
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H 63. HE2E X R/E Mz U RHUWAHO £FYH HIPDI IR SN S40 0Xle S
Treatments p-value?

ltems SEM'

CP15 CP16 CP17 CP18 CP19 CP20 Lin Quad
Piglet
Total cholesterol
24 hr postpartum @ ————————- 178.58 ————————-
21st day of lactation 169.00 208.00 160.50 146.38 189.13 161.38 6.685 0.37 0.84
Creatinine
24 hr postpartum 0783 —————————
21st day of lactation 0.55 0.66 0.80 0.60 0.85 0.76 0.042 0.08 0.53
Glucose
24 hr postpartum ~  ————————- 106.90 ————————~
21st day of lactation 111.63 113.50 116.13 119.96 126.75 113.00 2.314 0.30 0.25
Total protein
24 hr postpartum ~ ————————= 464 ———————-
21st day of lactation 4.69 4.56 4.71 4.86 4.84 461 0.053 0.59 0.33
Triglyceride
24 hr postpartum 00— 85.46 —————————
21st day of lactation 90.00 75.00 92.00 105.25 119.50 73.38 6.502 0.63 0.25
BUN
24 hr postpartum ~ ————————= 6.87 ——————-
21st day of lactation 6.39 5.93 5.79 7.23 6.28 6.28 0.255 0.73 0.87
" Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).
- ALOR}= ?:jol,“\ Al (Blood profiles)

Agd mQE AR U 2UWA 25 AP meAtES @ Yo olAle 9% B
639]] L}EM%*D} Ate Yl 2TEidoe] a~Fo] ZIieto] mef 2R 219ARe] FeofEd sk
7} B7tehe dEdE UEHIY (Linear, p=0.08).
H 64. HEE LI RE MzE U RHHAEO £FY HIPDI ER=E2 =420 0Xle &
Treatments p—-value?

ltems SEM!

CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad
Fat, %
Colostrum 574 ————————-
21st day of lactation 6.74 5.78 6.54 5.94 6.26 5.78 0.122 0.08 0.80
Protein, %
Colostrum 986 ——————-
21st day of lactation 4.9 4.66 4.80 4.50 4.99 2.96 0.062 0.43 0.06
Lactose, %
Colostrum  ———————— 3.67 ————————~
21st day of lactation 5.62 5.83 5.76 5.94 5.77 6.01 0.037 <0.01 0.72
Total solid, %
Colostrum  ———————— 21.15 ————————~
21st day of lactation 18.80 16.78 17.74 16.65 17.35 17.00 0.156 0.09 0.21
Solid not fat, %
Colostrum  ———————— 1510 -————————-
21st day of lactation 1146 11.34 11.33 11.04 11.22 11.46 0.051 0.49 0.02

Casein, %
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Colostum — —mmmm———= 6.71 ————————-
21st day of lactation 316 292 293 265 283 289 0.041 0.01 <0.05

' Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).

=08 (Milk composition)
A2d Z i+ AR Y AESHAS] 253 VP ZRE9 =RAdF0 D]f‘]% Oé‘éok% B64
l &

o ehisict Ate o mge) g

Treatments p-value?
ltems SEM’
CP15 CP16 CP17 CP18 CP19 CP20 Lin. Quad.
Amines 21.00 37.25 52.00 55.00 70.50 87.75 5.226 <0.01 <0.01
Ammonia 8.93 14.50 14.40 16.50 21.75 47,50 3.058 <0.01 <0.01
Mercaptans 13.50 8.40 4.29 8.85 7.14 15.25 0.904 <0.01 <0.01
Hydrogen sulfide 11.80 8.05 16.07 16.75 34.82 4535 3.240 <0.01 <0.01

Lol TS and Quad. (quadratc)

- oFXEPA (Odor generation)

A ZHe Ats W 2U9Hde 258 A7PF Z/+=9 AR UX]= ¥TS =65
of Yetidltt. Ate W 2T®iAe]l f50] Z7ighof wet ofgl, rryof, H=xie 9 &s}
F4a7F fogRlog Z716HT (Linear, p<0.01). CP15 A{2]4t= ofglat Fwyoprt {-o]A
2 F9ron (Quadratic, p<0.01), CP17 AM2]i= H23t8to] §o]A o g Fory (Quadratic,
p<0.01), CP16 A g]3t= &3t A7E §o)™ o0 2 Lok}t (Quadratic, p<0.01).

1>

1>

) A7SE
Po 9 OWAFS AU I EQRE AR U AT £FE Ao
T2 Ui o]§8S YUY WAL U WA KB 2FE Al e o
Fi O|§EL TPt HPA £F AT £FL 7Y

2) AP
a) AE52

- Fl ZME 658 Awsio] 642 192 9=y 154, 2" 97 (Latin

- Alg ¥ = J9+= 08:00, 17:000] 1¥ 23] FGofst= 7oz sttt
- 65 -



- oEAEE UhR|AL, & Ao o4 hlol= A0l chromic oxide (Cr:07)& A7t
5to] 08:000] wofsttt. 2 A 445t AXsiH, Fit =& @& 1041739
of 50mlIgt &{F|5to] 300mlz 5]Alsto] Y5 W gttt
Lo} S o}A 08:000] Atgo] WZTAHO] carmine2 0.5% A71shd,
TAIZOA WOl UE Ti7HA] BuF 5 AF S

- Ao ARl AtR, #, & sample2 WJEEY & ARMIE

tjo

L ERSEES

-1 O T
- FYA A%tE (0] 8E)Z ALsH] Hbl Als, &, kol E0l%+ FYEE =4
- ¥ 9 n2 uEEE OB (NH HS 5)9) 552 57
4) AAAx}
H 66. AAE Wl EHSE £FE I IREQ AL AS20 0IXs F&
Treatments p-value?
ltems SEM'
CP15 CP16 CP17 CP18 CP19 CP20 Lin.  Quad.
Nutrient digestibility, %
Dry matter 86.84 87.18 83.38 87.07 87.88 87.43 0.108 0.02 0.45
Crude protein 84.86 84.16 84.84 85.19 85.03 85.01 0.200 0.28 0.12
Crude ash 22.61 23.60 23.24  23.15 23.19 23.27 0.242 0.72 0.64
Crude fat 71.73 71.90 74.65 73.54 77.18 71.94 0.515 0.07 0.09
Nitrogen retention, g/d
N intake 297.28 31241 33460 351.05 370.73 396.39 8.380 <0.01 0.06
fecal N 67.40 66.53 66.92 69.08 63.54 67.36 0.551 0.46 0.98
Urinary N 5.04 5.69 5.95 6.03 6.41 6.58 0.146 0.03 0.39
N retention® 224.84  240.19 261.73 27593 300.83 32245 8.283 <0.01 0.12

! Standard error of means.
2 Abbreviation: Lin. (linear) and Quad. (quadratic).
N retention=N intake — Fecal N — Urinary N

Y

A A3SHs (Nutrient digestibility)
Ats Y

AU AEW 7P £eE0 A%A A8k DjxlE: o

Mgl A7igol S7istol whet ng 4otgo] RoAor ZIstth (Linear,
). E3h Az U mTgel Avigol FvMel wet Aa HAY, 0F U Aas 1
N retentiono] §o]J& o g Z7}519ct (Linear, p<0.05). Z 9= Alg Y =

20%0 4 15%=2 AZ}519S o B U "Av|E3o] 2.03% 7FAdt= Z0

O
SM
S

o},
p:
2

nllo
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c) gAY Agae]
- 1239 Hy-Line Brown $7& 4x2] 108t% (¥H=21 64), Al0]A]
(45crn><450m><45cm) 3t 7to]| 242 vjjx|st. Ao]X] 37FS vt2 o=z 7t
- A5 Abgo] nEA Afg(High CP) (/7] 18.0%, AFtzE7] 19.0%,
AE7] 18. 5% A7) 18.0%, AFFE7] 17%), AT Atg(Very Low
CP)(8737] 12.0%. AFEx7] 13.0%, Atet57] 12.5%, AFtE7] 12.0%, AtE7]
11%)5 HigstATt. (H67 — H72). %ﬂ%ﬂﬂé‘ A}&(Medium CP)9} A chaizl
At&(Low CP)= High CP Atmet Very low CP AtgQ] H|&2 Z2|sto] vidstitt.
AU 255 8715 Sstol A & lamq.

-

® 67. AP A (A ARTAE 2TRA )

T 57871 AR ARSIl ARSIl AR
_____________________ % e
High CP, % 18.0 19.0 18.5 18.0 17.0
Medium CP, % 16.0 17.0 16.5 16.0 15.0
Low CP, % 14.0 15.0 14.5 14.0 13.0
Very low CP, % 12.0 13.0 12.5 12.0 11.0
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B 68. A 9497 AYNE YE L JYYE

Dietary treatments

Item 18% 16%! 14%' 12%

Ingredient, %
Corn 67.64 70.25 72.85 75.45
Soybean meal 27.23 20.41 13.60 6.80
Tallow 1.02 0.68 0.34 -
Wheat middling 5.09 4.05 8.09 12.14
Limestone 1.55 1.61 1.67 1.73
Monocalcuim phosphate 1.40 1.39 1.39 1.38
Vitamin premix” 0.20 0.20 0.20 0.20
Mineral premix® 0.25 0.25 0.25 0.25
L-lysine HCI, 78.4% - 0.20 0.41 0.62
p.-methionine, 99% 0.10 0.13 0.17 0.20
L~threonine, 99% - 0.09 0.19 0.28
Valine, 99% - 0.11 0.23 0.35

Nutrient, %
ME, kcal/kg 2850 2850 2850 2850
CP 18 16 14 12
Ca 0.90 0.90 0.90 0.90
Total P 0.73 0.72 0.71 0.70
Available P 0.45 0.45 0.45 0.45
Lys 0.94 0.98 1.02 1.07
Met 0.39 0.39 0.39 0.39
Thr 0.68 0.68 0.68 0.68
Val 0.86 0.86 0.86 0.86

15 and 17% CP diets were made by the proportional mixing of a 19 and 13% diet at the following
ratios: 33.3 to 66.7; and 66.7 to 33.3.

Vitamin premix provided following nutrients per kg of diet: vitamin A, 36,000 IU; vitamin Dj, 6,000
IU; vitamin E, 160 mg; vitamin K, 10 mg; vitamin B;, 10 mg; vitamin BZ, 40 mg; vitamin Be, 16 mg;
Vltamln B2, 0.12 mg: Biotin, 0.40 mg: pan acid Ca, 100 mg: niacin, mg: Mn 100 mg

 Mineral premix prov1ded followmg nutrients per kg of diet: vitamen E, 0.63 IU; Fe 200 mg; Mn 100
mg: Zn, 31.25 mg: Cu, 75 mg; I, 0.63 mg: Se, 0.50 mg.

B 69. AR ARV YAR HE L JPPE

Dietary treatments

Item 19% 17%' 15%" 13%
Ingredient, %
Corn 49.96 55.09 60.21 65.32
Soybean meal 25.34 21.92 18.51 15.09
Tallow 5.50 5.09 4.68 4.27
Corn gluten meal 5.09 3.39 1.69 -
Sodium bicarbonate 0.45 0.51 0.57 0.63
NaCl 0.13 0.09 0.06 0.02
Limestone 11.18 11.20 11.23 11.25
Monocalcuim phosphate 1.60 1.62 1.63 1.65
Vitamin premix” 0.20 0.20 0.20 0.20
Mineral premix® 0.25 0.25 0.25 0.25
L-lysine HCI, 78.4% 0.10 0.21 0.31 0.42
p.-methionine, 99% 0.10 0.14 0.18 0.22
L-threonine, 99% - 0.08 0.16 0.24
Valine, 99% - 0.11 0.22 0.33
Choline Chloride 0.10 0.10 0.10 0.10
Nutrient, %

ME, kcal/kg 2800 2800 2800 2800
CP 19 17 15 13
Ca 4.29 4.29 4.29 4.29
Total P 0.79 0.78 0.77 0.76
Available P 0.50 0.50 0.50 0.50
Lys 1.00 1.00 1.00 1.00
Met 0.42 0.42 0.42 0.42
Thr 0.70 0.70 0.70 0.70
Val 0.90 0.90 0.90 0.90

15 and 17% CP diets were made by the proportional mixing of a 19 and 13% diet at the following
ratios: 33.3 to 66.7; and 66.7 to 33.3.

Vitamin premix provided following nutrients per kg of diet: vitamin A, 36,000 IU; vitamin D3, 6,000
IU; vitamin E, 160 mg: vitamin K, 10 mg: vitamin B;, 10 mg: vitamin B2, 40 mg: vitamin Bg, 16 mg:
v1tam1n By, 0.12 mg; Biotin, 0.40 mg; pan acid Ca, 100 mg; niacin, mg; Mn 100 mg.

3 Mineral premix provided following nutrients per kg of diet: vitamen E, 0.63 IU; Fe, 200 mg; Mn 100
mg: Zn, 31.25 mg: Cu, 75 mg: I, 0.63 mg: Se, 0.50 mg.
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Dietary treatments

[tem 18.5% 16.5% 14.5% 12.5%
Ingredient, %
Corn 54326 59.48 64.68 69.88
Soybean meal, 47% CP 19.71 16.16 13.55 9.88
Tallow 4.04 3.57 2.33 2.00
Corn gluten meal 8.00 6.33 2.80 1.00
Limestone 11.41 11.44 11.47 11.50
Monocalcuim phosphate 1.63 1.64 1.64 1.64
Sodium bicarbonate - - - -
Sodium chloride 0.40 0.40 0.40 0.40
Choline chloride 0.05 0.05 0.05 0.05
Vitamin premix’ 0.10 0.10 0.10 0.10
Mineral premix® 0.10 0.10 0.10 0.10
L.-Lysine HCI, 56% 0.30 0.49 0.69 0.88
pL.-Methionine, 99% - 0.04 0.09 0.13
L-Threonine, 99% - 0.08 0.17 0.25
L-Valine, 99% - 0.11 0.22 0.33
Chemical composition

Dry matter 89.13 88.97 88.80 88.63
AMEn, kcal/kg 2800 2800 2800 2800
Crude protein 18.5 16.5 14.5 12.5
Energy to protein ratio 151 170 193 224
Ether extract 6.21 5.83 .46 5.08
Ash 15.0 14.8 14.7 14.5
Calcium 4.40 4.40 4.40 4.40
Total phosphorus 0.72 0.71 0.69 0.68
Available phosphorus 0.50 0.50 0.50 0.50
Lysine 0.93 0.93 0.93 0.93
Methionine+Cystine 0.36 0.36 0.36 0.36
Theronine 0.67 0.67 0.67 0.67
Valine 0.87 0.87 0.87 0.87

T'15 and 17% CP diets were made by the proportional mixing of a 19 and 13% diet at the following
ratios: 33.3 to 66.7; and 66.7 to 33.3.
% Vitamin premix provided following nutrients per kg of diet: vitamin A, 36,000 IU; vitamin Ds, 6,000
IU; vitamin E, 160 mg; vitamin K, 10 mg; vitamin B;, 10 mg; vitamin B2, 40 mg; vitamin Bg, 16 mg;
v1tam1n By, 0.12 mg; Biotin, 0.40 mg; pan acid Ca, 100 mg; niacin, mg; Mn 100 mg.

$ Mineral premix provided following nutrients per kg of diet: vitamen E, 0.63 IU; Fe, 200 mg; Mn 100
mg: Zn, 31.25 mg: Cu, 75 mg:; I, 0.63 mg: Se, 0.50 mg.
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B 71 AR A7) AR 4R L JYYE
Dietary treatments
[tem 18% 16% 14% 12%
Ingredient, %
Corn 56.47 61.04 65.60 70.16
Soybean meal, 47% CP 20.90 17.22 13.55 9.88
Tallow 3.00 2.67 2.33 2.00
Corn gluten meal 6.40 4.60 2.80 1.00
Limestone 10.62 10.65 10.67 10.70
Monocalcuim phosphate 1.80 1.82 1.83 1.85
Sodium bicarbonate 0.18 0.19 0.19 0.20
Sodium chloride 0.25 0.24 0.23 0.22
Choline chloride 0.05 0.05 0.05 0.05
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix® 0.10 0.10 0.10 0.10
L-Lysine HCI,56% 0.03 0.23 0.42 0.62
pL.-Methionine, 99% 0.10 0.15 0.19 0.24
L-Threonine, 99% - 0.08 0.17 0.25
L-Valine, 99% - 0.11 0.22 0.33
Chemical composition

Dry matter 88.88 88.74 88.60 88.46
AMEn, kcal/kg 2750 2750 27750 2750
Crude protein 18.0 16.0 14.0 12.0
Energy to protein ratio 153 172 196 229
Ether extract 5.24 5.01 4.78 4.55
Ash 14.4 14.3 14.2 14.0
Calcium 4.20 4.20 4.20 4.20
Total phosphorus 0.75 0.75 0.75 0.75
Available phosphorus 0.40 0.40 0.40 0.40
Lysine 0.80 0.80 0.80 0.80
Methionine+Cystine 0.73 0.73 0.73 0.73
Theronine 0.66 0.66 0.66 0.66
Valine 0.86 0.86 0.86 0.86

T'15 and 17% CP diets were made by the proportional mixing of a 19 and 13% diet at the following
ratios: 33.3 to 66.7; and 66.7 to 33.3.
2 Vitamin premix prov1ded following nutrients per kg of diet: vitamin A, 36,000 IU; vitamin Ds, 6,000
[U; vitamin E, 160 mg; vitamin K, 10 mg; vitamin B;, 10 mg; vitamin B2, 40 mg; vitamin Bs, 16 mg;
vitamin B, 0.12 mg: Biotin, 0.40 mg: pan acid Ca, 100 mg: niacin, mg: Mn 100 mg

Mineral premix provided following nutrients per kg of diet: vitamen E, 0.63 IU; Fe, 200 mg; Mn 100
mg; Zn, 31.25 mg; Cu, 75 mg; [, 0.63 mg; Se, 0.50 mg.

_7‘|_



- U8R A7 A4 0 AR HA dE A # 58 R A 52 4ol 54

- SR BA ZHAHE 38R ZE. o 5 A

- AYER ¥4 Haugh unit, W2E, W2, ML, O B

- AEYA BA: Al dE Y AEHA 5 2209] corticosteroneg £A35t0] Alg Y
AQUMY SE0] BE AEHA BA

NEERE

- oy 9 &) AT §AYI9L AP B2 Alo] AR PE 7uE, viEg 158
Adbsto] TAE Z8stiTt. oj4tatetAa® QFtARAIZL &, AZAJoA emle] EH-S
AFSEATE. EX AMF <, 4 A, AR, 34, &, 32 AFlste FAE
F7st9 o Ha+ 0.5cm ool A dxo] Vs S5 Eot, A lc
AFske] 10% 57 ZE=Tdo] 17gste] 4 JEjstA FA o] AR5kt

vitamin Bz, 0.12 mg: Biotin, 0.40 mg: pan acid Ca, 100 mg: niacin, mg: Mn 100 mg

AR ) ARAR 4R L PR
Dietary treatments
[tem 17% 15% 13% 11%
Ingredient, %
Corn 56.42 60.69 64.94 69.20
Soybean meal, 47% CP 21.37 17.63 13.90 10.17
Tallow 3.00 2.699 2.38 2.07
Corn gluten meal 5.14 3.42 1.71 -
Limestone 11.50 11.53 11.55 11.58
Monocalcuim phosphate 1.80 1.82 1.83 1.85
Sodium bicarbonate 0.22 0.21 0.21 0.20
Sodium chloride 0.25 0.27 0.27 0.30
Choline chloride 0.05 0.05 0.05 0.05
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix® 0.10 0.10 0.10 0.10
L-Lysine HCI, 56% 0.20 0.41 0.61
pL.-Methionine, 99% 0.05 0.13 0.20 0.28
L-Threonine, 99% - 0.09 0.17 0.26
L-Valine, 99% - 0.11 0.21 0.32
Chemical composition
Dry matter 88.64 88.53 88.42 88.31
AMEn, kcal/kg 2700 2700 27700 2700
Crude protein 17.0 15.0 13.0 11.0
Energy to protein ratio 162 183 212 250
Ether extract 5.12 4.89 4.66 4.43
Ash 15.6 15.5 15.3 15.2
Calcium 4.40 4.40 4.40 4.40
Total phosphorus 0.77 0.75 0.74 0.72
Available phosphorus 0.40 0.40 0.40 0.40
Lysine 0.79 0.79 0.79 0.79
Methionine+Cystine 0.64 0.64 0.64 0.64
Theronine 0.65 0.65 0.65 0.65
Valine 81 0.81 0.81 0.81
T'15 and 17% CP diets were made by the proportional mixing of a 19 and 13% diet at the following
ratios: 33.3 to 66.7; and 66.7 to 33.3.
Vitamin premix prov1ded following nutrients per kg of diet: vitamin A, 36,000 IU; vitamin Dj, 6,000
IU; vitamin E, 160 mg; vitamin K, 10 mg; vitamin B;, 10 mg; vitamin B2 40 mg; vitamin Bg, 16 mg;

Mineral premix provided following nutrients per kg of diet: vitamen E, 0.63 IU; Fe, 200 mg; Mn 100

mg: Zn, 31.25 mg: Cu, 75 mg; I, 0.63 mg: Se, 0.50 mg.
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Agiae] 2z A7 Ado] DjAlE Qare ®730] UERjlth Ald A AlEe
Ml 2t Alolrt Ye® uiAlstYT). 1853 847] 2 AL EAMo= e 7
QOIAPF ERER] 929rct AN E o)A WHER] 9Forct. oj2ist Anke

=371 Ate W 2EHA 250l 5447 AME H SAIZ tlRls ol ojo]sto]

ES
AAo R §/4719 Aibdol TS UIAIX] AUTh SHA|TE, ATHRA 12% A 2] FLof|A]
AtRAAR O] ReAlor W AuE H R0} (quadratic effect: p < 0.05).
ATEA Ae]oa @F2 ArsdF o] ookt S0l e A l% S

ZEs} Wasit

B 73. Atr W 2EHA F0 GE Fo7t §7447] A UR= 9T

Dietary treatment SEM! p-value
[tem 18% 16% 14% 12% L Q
Initial BW, kg/hen 1.22 1.21 1.29 1.23 0.02 0.299 0.267
Final BW, kg/hen 1.60 1.62 1.79 1.63 0.07 0.667 0.822
BWG?, g 0.79 0.80 0.76 0.77 0.31 0.606 0.967
ADFI g/hen 68.78° 68.47%® 69.89° 67.03° 0.52 0.124 0.031

> Means within a row without a common superscript letter differ (*°p < 0.05, ANOVA/Tukey test).
X SEM standard errors of the means.
2 L = Linear; Q = quadratic.
8 BWG, Body weight gain.

O 7] 971 574 A
| ATWY S8 Folk S A/ AN 0lF SRkg w0 UeriT. $47)
67 RTINS £7 W2 Folstge T BRI YolA So5Ql xfo]7} Wt (linear

effect; p = 0.0004, quadratic effect; p = 0.021). Al= U RTHEA HF0]
dames S4AEY Hlgo] APHoR Fotete Ao RAERIG o=t A=
A AfEOA oAl - REEHA W] go] StslY] miwo2 HHEE AT (Moran
ot al., 1992). BZAWS Al 7F, A, vl Mgoﬂﬁ EARQ GORTL LERYA
QITE (p > 0.05). E3t, WAZE 717l i, FHANE A9 o7} UehtA
srod, Taol °ef Ziak FAK R 1—}EJH—W Wottt. ol= AENES
Zofslge o 844710 4 4] 2 AFS ]AA| Pe Ao Atec:

Hi
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£ 74 A2 W 2TNRA 250 g Foj7t 847] B3] BA 9 3 A& vRlE 9%

Dietary treatment SEM? p-value

[tem 18% 16% 14% 12% L3 Q’

Abdominal fat 2.18° 2.20° 2.36° 3.15° 0.13 0.0004 0.021
Liver 1.47 1.58 1.51 1.70 0.09 0.138 0.692
Kidney 0.60 0.59 0.55 0.57 0.03 0.284 0.485
Spleen 0.19 0.19 0.17 0.20 0.02 0.772 0.698
Duodenum 0.32 0.33 0.31 0.33 0.01 0.814 0.896
Jejunum 0.66 0.64 0.72 0.65 0.64 0.732 0.359
[leum 0.51 0.48 0.49 0.46 0.46 0.080 0.791
B.Fabricius® 0.08 0.08 0.06 0.07 0.01 0.289 0.720
Ovary 0.08 0.08 0.08 0.09 0.08 0.637 0.823
Oviduct 0.08 0.07 0.07 0.07 0.15 0.233 0.332
Large yellow follicles N.D® 1.14 0.42 1.29 0.58 0.235 0.807

ab Means within a row without a common superscript letter differ (*°p < 0.05, ANOVA/Tukey test).
Expressed as grams per 100 g body weight

SEM, standard errors of the means.

L = Linear: Q = quadratic.

Bursa of Fabricius

N.D = Not detected
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Dietary treatment SEMZ p-value
Item 18% 16% 14% 12% L Q
Tibial, g 0.61 0.60 0.63 0.61 0.35 0.740 0.526
Length, cm 8.83 8.92 9.08 8.83 0.83 0.708 0.080
Width, cm 0.91 0.88 0.92 0.89 0.88 0.758 0.990
Strength, kgf 22.99 22.65 22.80 23.27 1.56 0.891 0.814

L Expressed as grams 100g body weight
2 SEM, standard errors of the means.
8 L = Linear; Q = quadratic.

- 2EHA aFof GE Gof7t @A) UR]lE FFS & 760 HEUAIT F
E

SHAEZA SARA FARPE UHEUA] 949ttt GOT, GPT, ALB, LDL UAE=

R2ZE §AR §oIAE Ul ot (o> 0.09). A2 U SR weol 74
MygAoz2 Z7tslR oy (linear effect; p = 0.006) HDL& AgA o2
7Y A5ttt (linear effect: p = 0.036).
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® 76. Atm Y RUWMA fF0] O E Fo7F |47 WG4 R T
Dietary treatment SEM! p-value

[tem 18% 16% 14% 12% L2 Q’
TCHO® (mg/dL) 111.75 106.20  109.60 117.00 3.59 0.333 0.128
TG (mg/dL) 13.83° 17.00%  24.25° 24.00° 2.10 0.006 0.519
GOT (U/L) 163.60 156.80 166.80 158.50 5.37 0.836 0.898
GPT(U/L) 2.00 1.71 1.86 1.83 0.46 0.884 0.798
ALB (g/dL) 1.49 1.41 1.40 1.48 0.05 0.905 0.193
LDL cholesterol 25.73 22.95 36.60 28.20 3.84 0.301 0.560
HDL cholesterol 83.60°  77.80® 72.71% 63.75° 5.13 0.036 0.797
TP (g/dL) 4.10 4.06 3.97 4.03 0.13 0.650 0.726
UA (mg/dL) 3.37 3.20 2.75 2.67 0.35 0.131 0.905
ab Means within a row without a common superscript letter differ (*°p < 0.05, ANOVA/Tukey

test).

U'SEM, standard errors of the means.

2 1 = Linear; Q = quadratic.

8 TCHO = total cholesterol; TG = triglyceride; GOT = glutamic oxaloacetic transminase; GPT =
glutamic pyruvic transminase; ALB = albumin; TP = total protein; UA = uric acid.

O &g g2 24 4w

- 847 AR W AUWEY) 259 APt B 82wl ulxl: 93
UeRgoich. 29 Zol, g9t Zol, VH:CD 8ol Thulg 270 wet 5.o3
Afol7b LEREA] ekttt (p > 0.05).

o

B 77 42 U AUME 250 42 Fot 8471 A% g2 wo] ulx: I

Protein levels, % 1 p-value
ltem 18 16 14 - M T
Villus height (VH), pm 1,056 1,071 1,065 1,058 44 0.990 0.839
Crypt depth (CD), pm 160 161 161 162 6 0.824  0.999
VH:CD ratio 7.07 7.04 6.98 7.08 0.31 0.996 0.879

ISEM, standard error of means.
L = linear, Q = quadratic
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O A A

- REW 270 w2 Foirl ARkAT] A olRl: YR m78 Uerioict.
ZHAS 19%FE 13%7HR] 2%4] FZEo] gofstdlE O 7HA] 2 &8 A|F
Kol =Ql Aol 7t LFEREA] Q29kTH (p > 0.05). WEe Do) SFo] map M 9
X = 0.0002, quadratic effect; p =

MAog QoJst xto]7F UERGT} (linear effect; p
030). A2k} ARt o mete] ujgolA SAMOR Qolst Afol Uil erorct
0.05). Eet Afet 7HAl LB} A=t 50% =7 40l njxles ¥z, ALHHA

(p >
Ae| et ATEA K|S B2 o, Abet 7HA] LPF At 50% =2 Al
Aq3FS 0|X|A] U= ZloZ2 YUERITH (p > 0.05).

=78, A2 ) 2UWA 2F0] e Folzt AwEs] AU UAE Jg

Dietary treatment SEM! p-value

Item 19% 17% 15% 13% L2 Q?
Initial BW, kg/hen 1.60 1.62 1.79 1.63 0.07 0.667 0.822
Final BW, kg/hen 1.92 1.94 2.12 1.90 0.07 0.702 0.131
BWG®, g 0.57 0.67 0.66 0.62 0.63 0.614 0.296
ADFI, g/hen 98.92 98.46 99.38 99.18 0.93 0.684 0.899
Egg weight, g/egg 57.53% 57.59% 5672° 54.19" 0.58 0.0002  0.030
Egg production, % 62.19 68.76 70.85 67.86 13.06 0.747 0.717
Egg mass, g/d 44.16  42.42  48.11  46.03 2.62 0.340 0.950
FCR* g/g 2.53 2.44 2.43 2.48 0.05 0.600 0.284
Soft and broken eggs, % 0.65 0.94 1.55 1.30 0.31 0.133 0.426

Age of egg production
First of egg production, day 140.70 139.90 140.20 142.50 2.15 0.558 0.476
50% of egg production, day 157.30 152.30 151.90 151.90 2.53 0.151 0.330

U'SEM, standard errors of the means.
2L = Linear; Q = quadratlc.

° BWG, Body weight gain.

* FCR, Feed conversion ratio

O A 24 24 Zut

- AU SEd) e Folsh AR Aol vlAE A m790) Lehilch.
12019 Haugh unit® 22530lA SIR7F QOIS 265014 Ab ] T
2Z0] Yolda=E APAR oz ZItstATt (Linear effect; p < 0.05). F2H g =,
bR, g7e abg ) EReA SE0] nhE Afolst L] sttt (p > 0.05).
SPAlGH RS AbR ) ATMEE ol AATAS FASHS Auke Uerhlt
(linear effect; p < 0.001). o]2|st Aut= A TH AFR0o]A xanthophyll &=fo] =2

Jo
+

2228 (corn gluten meal)Q] 3+Fo] 7FASHe 7] mf2o|ct.
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Dietary treatment SEM! p-value

[tem 19% 17% 15% 13% L2 Q
Albumen height, mm

22 week 7.64 8.30 7.74 8.67 0.41 0.182 0.746
26 week 8.16° 8.23° 8.56% 8.80* 0.14 0.0017 0.554
Yolk color, RCF?

22 week 6.19% 5.76° 5.31¢ 4914 0.08 < 0.001 0.872
26 week 5.64° 5.50° 5.30° 4.39° 0.05 < 0.001 < 0.001
Haugh unit

22 week 87.22 90.78 87.38 93.59 2.26 0.141 0.566
26 week 90.06° 90.30° 91.71° 95.23% 0.75 < 0.001  0.057
Eggshell strength, kgf

22 week 5.35 5.23 4.81 5.14 0.21 0.291 0.303
26 week 5.35 5.23 5.00 5.39 0.23 0.910 0.287
Eggshell thickness. mm

22 week 0.38 0.37 0.39 0.40 0.009 0.247 0.306
26 week 0.41 0.38 0.38 0.39 0.009 0.378 0.053
Eggshell color?

22 week 25.07 25.84 25.25 25.62 0.61 0.711 0.762
26 week 23.16 22.89 24.21 23.97 0.47 0.100 0.977

abed Means within a row without a common superscript letter differ (9P < 0.05, ANOVA/Tukey

test).

! SEM standard errors of the means.
21 = Linear; Q = quadratic.

3 RCF, Roche yolk color fan

* Eggshell color fan

=L DR T
AT He Pt

Oa @2 Aha3 UEUAXISE ’Qaﬂol 571 HE Attgol S7tsto], 23330+
Atdtm Zo] st ZAAAR] iete FA4E YEHATHZE 9).
120
o
100 o\ .
c V4
80 C_)
-+
@)
60 >S5
©
0 O
o
20 O /
(o) .
, Week
19 20 —eachnroducti%zn -—T1 23 T2 Zfl'i T425 26 27
O 9. AL Al d ARES] Alehe
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B 80. Atz W 2EHA F0] GE Fo7t AHF7] B A= 9T

7) ArE7] A4 Ayp (AFES7] 33 ~ 45%)

O A2H571(33 ~ 455%) A

- RUpRRIO] Azw M1yt AR O]x] -

-

FZ= =800 UEUIY. 4t 57 <t
SAZ At AP sARCRE &2 b FRPZE YEHUA] 49kt (p > 0.05).
SHAIRE Atk AAdolA dee ATUA Az 245 AdAor otk Aaprt
e (linear effect; p < 0.001). AFstg2 AAA 9 S48 02 Sopx]= Axrt
UEeRJTH (linear effect: p < 0.001, quadratic effect; p = 0.040). &3, Y=}
Arergol wobalut SAlo] AR T E3 AMA U THMoR F7Ietct (linear
effect: p < 0.001, quadratic effect: p = 0.002).

O

o

Dietary treatment SEM! p-value
Item 18.5% 16.5% 14.5% 12.5% L Q
Growth performance
Initial body weight, kg/hen 1.92 1.94 2.12 1.90 0.07 0.702 0.131
Final body weight, kg/hen 1.98 2.05 2.05 2.00 0.04 0.800 0.167
Body weight gain, kg/hen 0.10 0.15 0.08 0.13 0.02 0.815 0.961

ADFI®, g/hen/d 119 121 120 121 0.03 0.551 0.452
Egg performance

Egg weight, g 64.2 63.2 62.4 60.3 0.5 < 0.001 0.331
Egg production, % 90.6 91.3 89.2 84.3 1.4 0.002 0.048
Egg mass, g/day 57.46 57.74  55.83 51.78 1.06 < 0.001 0.040
Feed conversion ratio, g/g 1.91 1.93 2.01 2.23 0.03 < 0.001 0.002
Soft and broken egg, % 0.67 0.67 0.52 0.94 0.11 0.193 0.051

I , SEM, standard errors of the means.
21, = Linear; Q = quadratic.
3 ADFI, Average daily feed intake.

O Axt B2 24 ZAx

- ARl At Ul 28 SE0 OE AR 24 H7HE & 810 YEeh Al
E7 B7h= 36, 40, 445330l Rl3Pstit. A0FFolA FAEAVE At Yl 2EA
ggol S7tEe=E AN ez FIskt (linear effect; p = 0.001). ERF, dFAl2
Atz U ZRGERA sefo] AL E Ao g ZhAshHs Aus LERRICE (linear

Al
= ] |
effect; p < 0.001). o]2]|3t ZAu}= A THe x}2 oA xanthophyll 3r&fo] =&
FFol daet #Ask7] ot
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# 81. At Y 2EA 0] GE Jo7t AFF7] AR 20 nXe IF

Dietary treatment SEM! p-value
Item 18.5% 16.5% 14.5% 12.5% L’ Q
Eggshell thickness, mm
36 weeks 0.41 0.41 0.41 0.42 0.004 0.826 0.203
40 weeks 0.43 0.42 0.40 0.40 0.006 0.001 0.240
44 weeks 0.41 0.39 0.40 0.40 0.005 0.876 0.033
Eggshell strength, kgf
36 weeks 5.01 4.98 4.98 4.98 0.12 0.864 0.908
40 weeks 5.46 541 5.32 5.28 0.18 0.442 0.972
44 weeks 5.52 5.46 5.47 5.60 0.11 0.612 0.418
Eggshell color, unit
36 weeks 28.8 29.0 29.1 29.0 0.7 0.881 0.822
40 weeks 27.8 27.4 26.5 25.5 0.9 0.059 0.705
44 weeks 25.3 24.8 24.8 25.3 0.8 0.965 0.496
Haugh unit
36 weeks 95.2 95.3 95.0 95.4 0.7 0.950 0.850
40 weeks 92.0 92.5 91.6 93.1 1.0 0.609 0.581
44 weeks 93.7 92.9 94.1 95.3 0.7 0.092 0.228
Yolk colr
36 weeks 8.16 8.16 7.69 7.69 0.07 < 0.001 0.987
40 weeks 8.53 8.41 8.35 8.32 0.08 < 0.001 < 0.001
44 weeks 8.63 8.58 8.31 8.42 0.09 0.028 0.364
Yolk corticosterone, pg/g
36 weeks 69.7 64.7 66.3 65.2 5.1 0.622 0.753
40 weeks 55.6 55.4 65.2 59.8 4.9 0.343 0.625
44 weeks 162 162 163 154 14 0.740 0.764

' SEM, standard errors of the means.
2 L = Linear; Q = quadratic.
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8) Att27] AFAY} (Ade7] 46 ~ 55%)

©]

- AUHAS] 25 AVPT Aol UlRle I #8200 YEHHITH At 5712}
N2 W Fso] MAEUAG, Atkgo]l g4sH Astd A & & AH. EEL
WA xXelz2 ZdpE dZo] AMA d 2R o7 ZFASHYTH (linear effect; p <
0.001, quadratic effect: p < 0.003). Atetg-0] ZFAsHyt TA|0 Alg @F1&% AAA
ol MR o g =716 (linear effect; p < 0.001, quadratic effect; p = 0.001).

B 82. AR U AU 270] 02 Folsh AwrEs] Al ulxl: 9%

Dietary treatment SEM!
[tem 18% 16% 14% 12% L’ Q
Growth performance
Initial body weight, kg/hen 1.98 2.05 2.05 2.00 0.04 0.800 0.167
Final body weight, kg/hen 1.94 1.97 1.97 1.85 0.05 0.252 0.159
Body weight gain, kg/hen - 004 -0.08 -0.08 -0.15 0.03 0.042 0.690

ADFI®, g/hen/d 119 118 115 116 4 0.524 0.828
Egg performance

Egg weight, g 62.8 63.8 62.9 62.2 0.7 0.428 0.255
Egg production, % 98.91 98.66 97.98 84.50 2.11 <0.001 0.003
Egg mass, g/day 63.50 62.35 61.14 50.95 1.31 <0.001 0.002
Feed conversion ratio, g/g 1.89 1.92 1.96 2.37 0.05 <0.001 0.001
Soft and broken egg, % 0.56 0.45 0.43 0.75 0.08 0.105 0.131

I SEM standard errors of the means.
2 1 = Linear; Q = quadratic.
3 ADFI, Average daily feed intake.

O At 248 4 Ax

- At lo] Ate U AEWA &0 OE AT S4 B7HE ' 830 UEUIH. Al
4 W7t 48, 50520l Alestaitt. 48, 525 oA EAEAVE AT 2|2
A2 AMA o7 Z71etF Al (linear effect: p < 0.001), Y2t Zre = 485339
AMXA o g =71519 00 (linear effect; p < 0.027), Y42ty s 204 T2l st Y
J2E|IAHZEL 525304 AAXAOoZ =716ttt (linear effect; p < 0.001). Al&
U ATuiAl steFo] Z7tska =2 Usto] Z7tst 718 A& 7]9F =A5HA xanthophyll
ggol =2 F452 78 (corn gluten meal)o] FHAS FIHAIZ7] O Folt.

_80_



B 83. At Y 2EHA &0 GE Fo7t ARSI ARFE Rl IF

Dietary treatment SEM! p-value

[tem 18% 16% 14% 12% L2 Q?
Eggshell thickness, mm

48 weeks 0.37 0.40 0.40 0.40 0.01 < 0.001 0.128
52 weeks 0.37 0.38 0.39 0.41 0.01 < 0.001 0.452
Eggshell strength, kgf

48 weeks 491 5.00 5.18 5.35 0.15 0.027 0.778
52 weeks 4.86 4.76 4.58 4.87 0.13 0.430 0.674
Eggshell color, unit

48 weeks 27.5 29.9 27.1 27.0 1.0 0.308 0.203
52 weeks 22.2 24.4 25.1 25.0 0.8 0.015 0.180
Haugh unit

48 weeks 89.1 90.4 90.7 92.1 1.0 0.060 0.958
52 weeks 86.3 87.7 87.0 90.2 1.2 0.040 0.459
Yolk colr

48 weeks 8.59 8.26 7.60 7.04 0.08 < 0.001 0.085
52 weeks 8.59 8.24 7.42 6.96 0.09 < 0.001 0.573
Yolk corticosterone,

pge/s

48 weeks 73.7 101 51.6 94.4 17 0.872 0.658
52 weeks 165 232 226 279 15 < 0.001 0.641

1 SEM, standard errors of the means.
2 L = Linear; Q = quadratic.
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0) Aley] APAT (AAUT] 56 ~ 645)

8 A7PF Aol tlRle = ®840] YEHY AT ARt &Y
AFTANN SANCR A2 F FRE UERUA] ekttt (p > 0.05). Atsd
slastee T Ate U Tl Bobt S7bstA ARIEC] st BAA 9
UERJTE (quadratic effect; p = 0.049). At ©7]9F 8| w59 S Autsl o g
Att&0] Aste|Qlal, ATWMA X2|d4S FEo] AdAeg ZAESH (linear
effect: p = 0.033). olo] AtRRF8E AMA U THF o Zlsts AT} LeRgT)
(linear effect; p < 0.001, quadratic effect; p < 0.001).

# 84. Atz Y 2EHA LF0] GE Fo7F A7) P UR]= 9T

Dietary treatment p-value
[tem 17% 15% 13% 11% L’ Q
Growth performance
Initial body weight, kg/hen  1.94 1.97 1.97 1.85 0.05 0.252 0.159
Final body weight, kg/hen 1.88 1.97 1.96 1.85 0.05 0.647 0.049

Body weight gain, kg/hen -0.06 - -0.02 - 0.05 0.647 0.049
ADFI®, g/hen/d 120 121 117 115 3 0.783 0.144
Egg performance

Egg weight, g 61.27 59.66 59.37 59.14 0.67 0.033 0.314
Egg production, % 93.42 9527 92.61 84.69 1.52 <0.001 0.003
Egg mass, g/day 57.28 57.85 5526 49.44 0.91 <0.001 0.001
Feed conversion ratio, g/g 2.10 2.03 2.12 2.34 0.04 <0.001 <0.001
Soft and broken egg, % 0.44 0.34 0.32 0.44 0.15 0.894 0.153

I'SEM, standard errors of the means.
L = Linear: Q = quadratic.
8 ADFI, Average daily feed intake.

O At 24 24 4%

- ARt 7)o Af AHWA 230 g AT 4 F7HE & 850 YEITE. Al
4 H7h= 56, 60, 6430l RI°gstTh. 605FolA FZFAIZE AHWA Hels
A2 AMA o7 Z71etF Al (linear effect: p = 0.020), Y2t Zr== 56339

ZS Z7tst9th (linear effect; p < 0.020). 39542 56, 60, 645FoA Atm
shefo| ZHASIHA AAXAA o7 Zrlste A et o (linear effect;
p < 0.05), ML Atg U T oFefo] FASHHA Ak Aaprt e
(linear effect; p < 0.001). o]t ZAxt= ATUA HFof Ol Ayfelr|Eof ATl
At= Ol A xanthophyll &0 &2 &45228 (corn gluten meal)?] 0]

d45r7] 2ol
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B 85 Atz Y 2R pFo] GE Fo7t AATY] ARFE Rl T

Dietary treatment SEM! p-value

Item 17% 15% 13% 11% L’ Q
Eggshell thickness, mm

56 weeks 0.39 0.39 0.40 0.39 0.01 0.823 0.906

60 weeks 0.38 0.38 0.39 0.40 0.005 0.020 0.240

64 weeks 0.39 0.38 0.38 0.39 0.01 0.957 0.478
Eggshell strength, kgf

56 weeks 4.74 4.80 4.86 5.23 0.14 0.020 0.281

60 weeks 4.47 4.37 4.55 4.57 0.14 0.333 0.812

64 weeks 4.30 4.09 4.33 4.65 0.18 0.118 0.145
Eggshell color, unit

56 weeks

60 weeks 26.4 28.6 25.7 26.5 0.8 0.452 0.358

64 weeks 23.8 24.1 24.0 23.5 0.7 0.710 0.558
Haugh unit

56 weeks 88.8 90.2 90.8 91.7 0.9 0.019 0.750

60 weeks 86.8 88.3 87.1 90.6 1.0 0.034 0.314

64 weeks 83.2 84.2 84.4 86.3 0.9 0.024 0.625
Yolk color

56 weeks 7.94 7.71 6.73 6.12 0.09 <0.001 0.054

60 weeks 8.15 7.68 6.74 5.85 0.11 <0.001 0.057

64 weeks 7.44 7.08 6.08 5.62 0.13 <0.001 0.686
Yolk corticosterone, pg/g

56 weeks 84.8 98.5 95.0 91.4 12.9 0.928 0.105

60 weeks 82.4 110.5 112.2 108.5 17.5 0.455 0.685

64 weeks 92.8 99.9 85.7 80.4 14.8 0.858 0.778

' SEM, standard errors of the means.
2 L = Linear; Q = quadratic.

- Alr Y ATEA 25 Fojo] OE ARWH 255 #860] YEUIG M, 7tE, tel
<. 71 FHolA AEEA MdLs fRIA0 R LT}
S JEMH AT (linear effect: p = 0.115).

B 86. A2 Ul AHWA 270 0 Foi7t ALY] B 220 U FF

Dietary treatment SEM! p-value
Item, °C 17% 15% 13% 11% L Q
Head 38.16 37.96 38.20 38.27 0.27 0.636 0.616
Chest 37.37 37.65 38.05 38.15 0.38 0.115 0.823
Leg 38.25 38.36 38.39 38.25 0.27 0.981 0.649

T"SEM, standard errors of the means.
2 L = Linear; Q = gquadratic.

O &A7] 7A 574 Axt

- ATHA 253 Fof7F A7) A7) 2A|0 O]x]= FEFS 870 YERYATE. 52F%
SO ATHA S 7 E Jo5iR S O &/d7]9 HlotA AHHIA X dLE
A0l £X|A 02 =ofX|= A7t YERGT (linear effect; p = 0.112). Al& U
ATEAL S5o] AT LS BUAYO] Hl&o| F7ot= o2 RAE QT o]2|sh
A= ATEA ALZ oA o |A] @ RTERA H]go0] F7tole 7] o2 Tyt

(Moran et al., 1992). 57AYE At It A4, ¥4, A7go|A AR Fox7t
UEA] 9T (p > 0.01). SHAIRE HAIAE 71381 dao] FA0A ATWA At
AR MEolN AR Cc R TWASHH OT (quadratic effect; p = 0.037), HHo|A =



AR o2 74451} (linear effect; p = 0.047). Y40 MU E7AQ]
FYRZE UEFUA] QEQEA|qE, ATuk Me]z % L
Uto] A7 ZHAast A 52550 ATuiAS

LI

oR
oo

fo oA ez Atrdot.

B 87. A2 U ATMA 270] 0 Fol7t AW F7] BA' R 4 H4ol UA: 9T

Dietary treatment SEM? p-value

Item 17% 15% 13% 11% L} Q°

Abdominal fat 2.91 3.08 3.64 3.81 0.44 0.112 0.998
Liver 1.79 2.00 2.13 1.95 0.10 0.185 0.059
Kidney 0.80 0.76 0.78 0.78 0.02 0.795 0.402
Spleen 0.11 0.12 0.10 0.10 0.02 0.461 0.653
Duodenum 0.37 0.34 0.42 0.41 0.03 0.179 0.807
Jejunum 0.48 0.50 0.55 0.51 0.05 0.493 0.585
lleum 0.43 0.42 0.46 0.36 0.06 0.486 0.466
B.Fabricius® 0.08 0.07 0.05 0.06 0.03 0.641 0.762
Ovary 0.32 0.26 0.24 0.30 0.03 0.412 0.037
Oviduct 3.71 3.52 3.23 3.16 0.21 0.047 0.776

Large yellow follicles 4.71 4.57 4.71 4.00 0.27 0.115 0.307

U Expressed as grams per 100 g body weight
2 SEM, standard errors of the means.

3 L = Linear; Q = gquadratic.

* Bursa of Fabricius

® N.D = Not detected

0.05). ol2lat Aute AT

+ A% O8] 439 #AE &85, 4= AL A4, %75‘, 1&11
5 >
AR Yerhs Ao Atagch

I 88. Al Y 2UWRA L2Zo]| w2 Foj7t Ar] A2l ux: gF

Dietary treatment SEM? p-value
Item 17% 15% 13% 11% L’ Q°
Fresh weight, g 0.71 0.67 0.64 0.67 0.02 0.196 0.150
Length, cm 12.2 12.1 12.3 12.2 0.1 0.907 0.998
Width, cm 0.76 0.75 0.74 0.73 0.01 0.213 0.948
Strength kgf 14.5 16.8 13.2 16.8 1.2 0.548 0.566

U Expressed as grams 100g body weight
2 SEM standard errors of the means.
3 L = Linear; Q = quadratic.

Foga B A

AT S0 obE o7t o] ojAl: YFS H890] UERyoIc

S AEHENA FAAA FARRE UEUA] kdth (p > 0.05). GOT, GPT, ALB+=
A2l P AR FARPE UEHYA] dth (p > 0.05). Abe U THBA oFefo]

AT 4= HDL cholesterol2 AlAM 2 A0 g £7161 1 (linear effect: p =
0.012, quadratic effect: p = 0.047), UA= AAXA O Z 7tA5HETH (linear effect; p =
0.021).
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® 89. Atg Y RUWMA fF0] OE Fo7F ARtET] @AGAd Rl 9F
Dietary treatment SEM! p-value
[tem 17% 15% 13% 11% L2 Q’
TCHO® (mg/dL) 63.1 60.4 65.0 68.0 5.8 0.475 0.655
TG (mg/dL) 422 343 357 307 78 0.369 0.868
GOT (U/L) 203 356 226 144 64 0.296 0.080
GPT(U/L) 29.7 28.7 26.9 26.7 1.6 0.137 0.788
ALB (g/dL) 0.17 0.20 0.33 0.16 0.05 0.707 0.059
HDL cholesterol 18.6 16.3 19.6 23.4 1.5 0.012 0.047
TP (g/dL) 4.07 3.90 3.73 3.63 0.26 0.209 0.891
UA (mg/dL) 2.61 2.56 1.96 1.10 0.47 0.021 0.398
' SEM, standard errors of the means.
2 1 = Linear; Q = quadratic.
3 TCHO = total cholesterol; TG = triglyceride; GOT = glutamic oxaloacetic transminase; GPT =
glutamic pyruvic transminase: ALB = albumin: TP = total protein: UA = uric acid.
O Att7] AR &8 4tts
- Atdt&2 Hy-Line Brown (2019)0|A] A|AlSt= B+ Atghe&ut ZTHUA x| tdHz o
MAlsHE S, At 270+ Hy-Line BrownOlA| A|A|Sh= B+ AFt&ET ©&
AEA A2lrt ot e AbeS LRI Fo] 57184S Aol
%7}3}04 235230l Atdm Fo] =g2ety FAAAR] Atetg FAS eI (2"
10). 3850l 2 St QRiA Arekgo] AstE RN 95 RE Sty AR
Atts *ﬁi UEF IS, 221004 = & 4 Qlxo] A¥tAos AT X2|7F o

Aelo] Bls|A Alergo] wre Zoa Ujepict

120 Egg production
100 P
IO - —— A\v> g
/ \"\ é-.‘:/\ A\ e ==
X 80
-
S 60 ‘
% 40 =—cgg
-8 production
a 20 ==Total
(@)]
O 0
0 O « < O 0 O « <t ~O 0 O « Lo M~ o~ — ™M L M~ O~ — (a2}
— (N N N N N OO O O OO O 7 <& <& <8 < 1o ;o owoowonowom N0 0
Week
g 10. A1) 9 A4F (18-64%33)
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- AAIY] §4d7] A%Fe2 900 YERQITE. ¢ 94‘%% Atg Y REE §hefo]
dadaE APgAo=z F71619 20 (linear effect p = 0.002) Atg Y ZTHEEA
o] TATLE AYPA I FHA-0=R FItsi}lon, KKIHU A8He2 AT
ANtz o5 Ay4 9 FHAA0=2 Frtokes 4ol YERST,. (linear effect: p <

0.001, quadratic effect; p = 0.032).

2 90. AR Ul UMA $F0] BE Folst Al §47] GUA A%gol URE I
Protein levels', % 9 p-value
e 18/19 16/17 14/15 12713~ oM L3 Q@
Dry matter 70.7 73.1 76.1 75.6 1.1 0.002  0.199
Crude protein 49.2 53.7 58.0 57.0 4.6 0.191  0.553
Ether extracts 79.6 87.3 94.5 94.8 1.4 < 0.001 0.032
Crude ash 13.3 13.6 17.9 16.2 1.1 0.081  0.990

Walues which placed at the before and after the slash represent the protein levels in phase 1
and 2, respectively.

2SEM, standard error of means.
L = linear, Q = quadratic.

O 45 54 2n

- Aol §47] oIS Avke m9lo] GErlch guyol, fakas, Ectolu]
obgle] WAIFS Az 7Lt £
A

St Zto]7t YERGA] ottt (p > 0.05). o]AtatErA o]
S Tl sZo] ZAgo] mel MEAoR 7H4strt (linear effect: p =
0.008).
B 91 Al U 2TWA L2Z30] 2 Jof7t A §47] 243 ujEo ujX]= dF
Protein levels', % 7 p-value
i 18/19 16/17 14/15 1213 oM K Q@
Carbon dioxide 970 930 700 620 95  0.008 0.836
Ammonia 16.3 15.3 21.0 20.3 2.1 0.142  0.967
Hydrogen sulfide ND ND 0.14 ND - - -
Trimethylamine 27.6 47.2 36.0 35.6 65  0.668 0.146

Abbreviation: ND, not detected.

Values which placed at the before and after the slash represent the protein levels in phase 1
and 2, respectively.

’SEM = standard error of means.
8L = linear, Q = quadratic.

O VFA 57 Axt
- AFAY S77] YA A4 EAE S & 920 YERU I}, Acetate, Propionate,
Butyrate, Total VFAQ] ¥tAier = QG 0oJst Xto]S UERJA] XFR|TF (p > 0.05),
Propionate®] W oAl A2f13te] FAM 0w Zrtsh= 4ol UERRT (quadratic
effect; p = 0.054).
E 92. Als Y RUWMA fF0] TE Foj7F AFEA §/87] VFAO] U)X+ 4T

o

=
T

Protein levels!, % p-value
L 18/19 16/17 14/15 12/13 SEM’ K o}
Acetate 25.5 25.4 24.5 25.6 1.1 0931 0.580
Propionate 2.12 1.68 1.80 2.32 024  0.474 0.054
Butyrate 2.10 2.81 2.62 1.86 0.60 0.739  0.236
Total VFA 29.7 29.8 28.9 29.8 1.4 0324 0.779

Abbrev1at10n VFA, volatile fatty acid.

Walues which placed at the before and after the slash represent the protein levels in phase 1 and 2,
respectlvely

2SEM = standard error of means.
L = linear, Q = quadratic.
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&2 E930] HERSlt. AdE, 2, ZX|Yo] LsohE2

D& TEiAo] LFo] WojAlo et AgAog FIsEAT (linear effect: p < 0.001).
J2y 2329 Aste2 Alr U ATWA shefo] AT LAE AgAdoz ZFASHT
(linear effect; p < 0.001).
® 93. Al Y 2TIA LAZo] 2 Foj7t A AR T] Y%A A%H2o U]X]E= g
Protein levels', % . p-value
(o)
Le 18/19 16/17 14/15 12713~ oM L3 Q°
Dry matter 711 71.6 74.9 76.5 09 <0.001 0526
Crude protein 48.8 44.7 57.2 58.8 2.0  <0.001 0.183
Ether extracts 89.7 93.5 95.3 96.1 1.0 < 0.001 0.133
Crude ash 39.4 23.9 31.0 27.0 26  <0.001 0.186

Walues which placed at the before and after the slash represent the protein levels in phase 1
and 2, respectively.

’SEM, standard error of means.

L = linear, Q = quadratic.

e stelsta] £algith. 1a]m olAtgleta, gtwijo}l tajo|mD ofnle] uiAjere
90|t o]z} LFERIA] 929kt (p > 0.05).
B 94. Ats Y 2EWA fFo] OE Jo7t AeA AgEr] 4F ujEo ujx]= 9F

Protein levels', % 7 p-value
ltem 8/19  16/17 14/15 12/13 M K Q°
Carbon dioxide 364 336 323 316 27 0.244 0.711
Ammonia 4.67 3.40 5.30 3.50 0.68 0.677 0.731
Hydrogen sulfide ND ND ND ND - - -
Trimethylamine 9.50 7.75 8.75 5.75 2.80 0.430 0.827

Abbreviation: ND, not detected.

Values which placed at the before and after the slash represent the protein levels in phase 1
and 2, respectively.

2SEM = standard error of means.

L = linear, Q = quadratic.

O VFA 574 Az}
- AFAAY] At =71 A AARS] A2 1950 UERYIQIT). Acetate, Propionate,
Butyrate, Total VFA 2% §9Jst x}o]S UENHA] Aot (p > 0.05).
# 95. Al Y 2EYIA 250 g Jo7t ATA AFE7] VFAY] R 9F

Protein levels', % 7 p-value
iz 18/19 16/17 14/15 12/13 St 3 @
Acetate 29.0 27.4 32.6 28.8 2.51 0.681  0.658
Propionate 1.80 1.55 1.79 1.11 0.39 0.305 0.580
Butyrate 1.48 0.72 1.36 1.24 0.20 0.930  0.138
Total VFA 32.3 29.7 35.8 31.0 2.7 0.852  0.678

Abbreviation: VFA, volatile fatty acid.

Walues which placed at the before and after the slash represent the protein levels in phase 1 and 2,
respectively.

’SEM = standard error of means.

L = linear, Q = quadratic.
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6) ArtE7] A+ Ayt (AFES7] 33 ~ 45%)

O d¥a 2%t A 2

- A3F&2 dry matter, crude protein, ether extract, ash& A5Gt AtstE7]
A%tE2 160 YERUQITE. AYHA Mejzs das A= 3‘_%@94 A2%1&0]

AR o g =715t (linear effect: p < 0.05). Z12iy; &= X]4t

Az U 2 o] Jadas Y4 ofulmile 43182 kot o UoiA

Qlt} (Chung and Baker., 1992). o]o]] Athul zx2]dHr2 SHA]

otolx|og ASal RchEiAlo] A3slgo| Z715F o8 AlzEn)

B 96 AR U] T 470 G2 Fort A HAFY] GYa AL UAE T

Dietary treatment SEM p-value

Item, % 185%  16.5% 145% 12.5% ! I Q

ADFI, g/hen/d 116.6 117.9 124.1 127.7 4.1 0.073 0.798
Total excretion, g/hen/d  91.28 91.84 93.49 95.83 7.50 0.669 0.911
Dry matter 71.10 71.20 73.56 73.05 0.71 0.016 0.658
Crude protein 32.92 35.55 41.05 42.12 1.70 < 0.001 0.686
Ether extract 89.82 89.42 89.61 85.56 0.90 0.008 0.085
Ash 32.19 29.43 27.33 21.37 2.00 0.001 0.431

! SEM, standard errors of the means.
L = Linear; Q = quadratic.
8 ADFI, Average daily feed intake.

- AFR U ATHA 27 Folo] ThE ofF WS 7o) eIt olatateia,
gmUjo}, Fatad, Edtoluldotnl AFS A2l 2 RURE WAA Aokt (p >

B 97. A2 Ul AHWA 270 T Foizh A3 AAZFY] AP AE IF

Dietary treatment SEM! p-value
Item, ppm 18.5% 16.5% 14.5% 12.5% L Q
Carbon dioxide 266 289 318 289 18 0.251 0.177
Ammonia 3.20 3.00 2.67 2.00 0.53 0.155 0.717
Hydrogen sulfide 0.15 0.20 0.22 0.16 0.04 0.670 0.355
Trimethylamine 0.70 0.50 0.65 0.20 0.16 0.134 0.541
T SEM standard errors of the means.
2 L = Linear; Q = quadratic.

O VFA 574 Az}

- AU 23w Folh ARbEy] B9 U VFAO) 0]X]: @3k m980] Lepict.
w9 W VFAOA ojmst J-oJA e YERHA] T (p > 0.05)

# 98. Atz Y 2EHA HF £ |97t AHA 2571 VFA tlRl= dF

Dietary treatment SEM! p-value
Item, mM 18.5% 16.5% 14.5% 12.5% L Q
Acetate 13.57 12.86 14.31 15.35 1.08 0.172 0.424
Propionate 1.87 2.45 1.58 2.53 0.29 0.402 0.524
Butyrate 2.02 1.85 2.29 1.83 0.33 0.944 0.675
Total VFA 18.08 18.55 19.55 20.48 1.10 0.107 0.837

T'SEM, standard errors of the means.
2 L = Linear; Q = quadratic.
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7) A Es] AR} (AaAB] 46 ~ 555)

- AFHS7] ASke2 ®I99] YERYQITE AMTHuiAl Mel2 445 dry matter, ash9]
Aste8 XXM o7 Z715t9tt (linear effect; p < 0.05). ®3t, crude protein®]
Aghgo] iAol ~Fo] A mhef 7t e UEHH T (linear effect: p
= 0.053)

B 99. At Y 2EHA SF0] GE Fo7F AHA AR ¥ 292 U= T

Dietary treatment SEM! p-value

Item, % 18% 16% 14% 12% L? Q”

ADFI, g/hen/d 99.22 96.80 100.93 99.21 2.53 0.721 0.891
Total excretion, g/hen/d  77.99 72.20 76.45 82.24 4.67 0.424 0.227
Dry matter 73.30 74.45 74.77 77.55 0.67 <0.001 0.247
Crude protein 45.80 44.50 46.86 50.34 0.74 0.053 0.192
Ether extract 87.27 87.00 85.58 87.11 0.96 0.667 0.366
Ash 37.41 41.76 40.78 46.74 2.36 0.018 0.744

U'SEM, standard errors of the means.
L = Linear: Q = quadratic.
3 ADFI, Average daily feed intake.

§ 5% Folo] mE ofa] WAIRS E1000] UERRIC) ol dsteia,
roUol, #otah, Ectolu|dotyl Fe Aa) 1F SO WAEA] ettt (p >

E 100 A2 W AGWA 2750) hE Foirt A ARH7] WA R P

Dietary treatment SEM! p-value
[tem, ppm 18% 16% 14% 12% L? Q?
Carbon dioxide 686 501 544 527 66 0.158 0.218
Ammonia 8.75 7.00 8.20 5.50 2.93 0.639 0.901
Hydrogen sulfide 0.68 1.33 1.00 0.76 0.28 0.958 0.163
Trimethylamine 9.80 6.25 9.00 5.67 2.73 0.502 0.972

T'SEM, standard errors of the means.
L = Linear: Q = quadratic.

O VFA &% ZAxt

- mUM A9 Folrh ARtEs] W U VEAS) olAl: 932 m1010] Lerygict,
w8 Ul acetate?} total VFAQ] gt&fo] ATHlY Xelz2 Z4E APFAor Frshe
AW UERJTH (linear effect: p < 0.05). Propionate®} butyrated| A= I3FS
o]&|x] @it (p > 0.05).

# 101. Abg U 2EHAE L3 ©E G971 A AFE7] VFAY UR]+= 9%

Dietary treatment SEM! p-value
Item, mM 18% 16% 14% 12% L Q
Acetate 5.05 9.43 11.88 14.06 2.27 0.008 0.631
Propionate 2.21 1.58 1.77 2.39 0.61 0.794 0.313
Butyrate 1.91 2.49 2.70 2.12 0.43 0.663 0.193
Total VFA 10.85 14.37 17.56 20.62 2.23 0.003 0.920

T'SEM, standard errors of the means.
2 L = Linear; Q = quadratic.
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O 94 23tg £ 27
- ARE] a5tge

B 1020 YERYITE. ATEA M2 a5 AP 48150]
A = A3 e O (quadratic effect; p = 0.013) sHA|QF, A
A, £39]79] AshgoA+= A2Tte] FRPF YERGA] ottt (p > 0.05).

# 102. Abg W 2EHAE SF0] ©E G007t AR AT 2] ¥ 28120 UA= 9T
S

Dietary treatment E p-value

Item, % 17% 15% 13% 11% M L? Q?

ADFI, g/hen/d 100.8 101.5 100.5 101.3 0.3 0.300 0.227
Total excretion, g/hen/d  86.29 88.27 101.46 95.15 8.32 0.296 0.623
Dry matter 75.16 76.27 76.87 77.68 1.73 0.357 0.937
Crude protein 50.52 52.29 53.52 5436  3.57 0.483 0.904
Ether extract 87.57 88.01 87.98 93.47 1.21 0.068 0.013
Ash 44.17 45.90 50.33 51.52 5.13 0.315 0.961

U'SEM, standard errors of the means.
L = Linear; Q = quadratic.
3 ADFI, Average daily feed intake.

A 2E goo] e OF WAYS B 1030 YERYQIT. o] itehe A,
Ao}, Fetpt, Eatolu|dotyl gFe Az 7t Soapt LA ekt (p >
0.05)
# 103. Atg Y 2G99 250 g Foi7t AA Akt 7] AF LG tlR]= FF
Dietary treatment SEM! p-value
Item, ppm 17% 15% 13% 11% L Q
Carbon dioxide 850 720 700 785 69 0.499 0.145
Ammonia 11.6 12.0 10.0 4.00 4.30 0.299 0.570
Hydrogen sulfide 1.30 2.04 1.30 1.80 0.42 0.688 0.776
Trimethylamine 10.0 7.67 8.00 8.00 0.84 0.235 0.264

U'SEM, standard errors of the means.
= Linear; Q = quadratic.

ol7} Al2tEy] Bwl U VFAO] 0jAl: %S ® 1040] LpERASITE
S ojHt 9oxbx LERIA] 949ttt (p > 0.05). 81K propionated]A]
Auwae 242 Myxoe S7tste el UeRdtt (linear p = 0.051).

E 104 A2 U A9A 2730] G2 Folst AR A% W] VFA tR: A%

Dietary treatment SEM! p-value
Item, mM 17% 15% 13% 11% L Q
Acetate 13.13 10.79 13.00 12.07 2.16 0.920 0.747
Propionate 1.05 2.84 2.92 2.80 0.57 0.051 0.109
Butyrate 2.24 1.66 1.61 1.26 0.43 0.132 0.797
Total VFA 18.10 16.33 19.66 17.66 2.59 0.864 0.963

T'SEM, standard errors of the means.
2 L = Linear; Q = quadratic.
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o MY 1 AR 847] L 2] A U A9 2F0] Pl nxE IF

c) AAEA © A
- 1278 Hy-Line Brown SA72 4&]2] 10¥HE (8124 64), #o]X]
(45cm*45cmX45cm) §F o]l 245 uwA|StaL Ao]A] 375 WHEo g IRRSHIT
Zap-tiFd o5 Atgo] Atg W Q1 o] Normal P (54371 0.45%, Aretx7]
0.40%, AF+%7] 0.35%, Atts7] 0.30%), Medium P (8417] 0.35%, Atgtx7] 0.30%,
AFtE7] 0.25%, AFt37] 0.20%), Low P (SA17] 0.25%, AFEE7] 0.20%, AHtE7]
0.15%, ~tke7] 0.10%) A2|49] Q1 t&fofl Shaxof vigdstct. (2106 oA #109).
AL U 25es 715 &5t {AIsHI

e 37371 FHES Ayl ARl
_____________________ % o
Normal P, % 0.45 0.40 0.35 0.30
Medium P, % 0.35 0.30 0.25 0.20
Low P, % 0.25 0.20 0.15 0.10

_93_



Bl

106. A2 8497 AR Y2 L JPYE

Level of available phosphorus

. 0.25% 0.35% 0.45% . gﬁé’fﬁse
Ingredients

Corn 64.86 64.86 64.86 67.80
Soybean meal, 47% CP 21.27 21.27 21.27 19.70
Tallow 2.72 2.72 2.72 1.44
Corn gluten meal 1.50 1.50 1.50 1.50
L-lysine HCI, 78.8% 0.10 0.10 0.10 0.10
DL-methionine, 99% 0.09 0.09 0.09 0.09
Cellulose, Solka Floc 0.50 0.05 0.03 0.98
Sodium bicarbonate 0.65 0.65 0.65 0.56
Monocalcium phosphate 0.80 1.25 1.70 0.90
Limestone 7.06 7.06 6.63 6.47
Vitamin premix’ 0.20 0.20 0.20 0.20
Mineral premix? 0.25 0.25 0.25 0.25
Phytase® - - - 0.01
Total 100 100 100 100
Calculated nutrient composition

AME,*, kcal/kg 2850.00 2850.00 2850.00 2850.00
Crude protein 16.00 16.00 16.00 16.00
Calcium 2.70 2.70 2.70 2.70
Available phosphorus 0.25 0.35 0.45 0.45
Phytate phosphorus 0.21 0.21 0.21 0.21
Total phosphorus 0.46 0.56 0.66 0.46
Lysine 0.88 0.88 0.88 0.86
Methionine 0.36 0.36 0.36 0.36
Methionine + Cysteine 0.62 0.62 0.62 0.63
Threonine 0.60 0.60 0.60 0.60
Tryptophan 0.17 0.17 0.17 0.17

T Vitamin premix provided following nutrients per kg of diet: vitamin A as retinyl acetate, 20,000 IU;
vitamin D3 as cholecalciferol, 4,600 IU:; vitamin E as oa-tocopheryl acetate, 40 mg: vitamin K; as
menadione nucotinamide bisulfite, 4 mg: vitamin B; as thiamin Dilaurysulfate, 4 mg: vitamin B, as
riboflavin, 8 mg; vitamin Bg as pyridoxine hydrochloride, 6 mg; vitamin B2 as cyanocoblalamin, 0.04
mg. biotin, 0.24 mg. p-pantothenic acid as p-pantothenic acid, 18.37 mg: niacin as nicotinamide,
nicotinic acid, 60 mg, folic acid as folate, folic acid, 1.4 mg, butylated hydroxytoluene 0.25 mg.

2 Mineral premix provided following nutrients per kg of diet: Fe as iron sulfate, 70 mg: Mn as
manganese sulfate, 80 mg: Zn as zinc oxide, 60 mg: Cu as copper sulfate, 8 mg: Co as cobalt sulfate,
0.13 mg: I as calcium iodate, 1 mg: Se as selenium yeast, 0.20 mg.

8 To supply 500 FTU phytase/kg diet.

4 AME,, nitrogen-corrected apparent metabolizable energy
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107. A7 Az7) APAR 4R 2 JYHE
Level of available phosphorus

0.20% 0.30% 0.40% Uziesh
[tem + Phytase
Ingredients
Corn 57.96 57.96 57.96 57.83
Soybean meal, 47% CP 16.52 16.52 16.52 21.76
Corn gluten meal 7.75 7.75 7.75 3.16
Soybean oil 3.00 3.00 3.00 3.00
L-lysine HCI, 78.8% 0.38 0.38 0.38 0.23
DL-methionine, 99% 0.11 0.11 0.11 0.13
L-threonine, 99% 0.08 0.08 0.08 0.06
L-valine, 96.5% 0.10 0.10 0.10 0.08
Sodium bicarbonate 0.40 0.40 0.40 0.35
Sodium chloride (NaCl) 0.16 0.16 0.16 0.16
Choline chloride, 50% 0.06 0.06 0.06 0.06
Cellulose 0.75 0.55 0.34 1.03
Monocalcium phosphate 0.50 0.88 1.26 0.55
Limestone 11.78 11.60 11.43 11.14
Vitamin premix’ 0.20 0.20 0.20 0.20
Mineral premix” 0.25 0.25 0.25 0.25
Phytase® - - - 0.01
Total 100 100 100 100
Calculated nutrient composition
AME,*, kcal/kg 2800.00 2800.00 2800.00 2800.00
Crude protein 17.50 17.50 17.50 17.50
Calcium 4.29 4.29 4.29 4.29
Available phosphorus 0.20 0.30 0.40 0.40
Phytate phosphorus 0.19 0.19 0.19 0.19
Total phosphorus 0.39 0.49 0.59 0.39
Lysine 1.00 1.00 1.00 1.00
Methionine 0.42 0.42 0.42 0.42
Methionine + Cysteine 0.72 0.72 0.72 0.72
Threonine 0.70 0.70 0.70 0.70
Tryptophan 0.16 0.16 0.16 0.16

I Vitamin premix provided following nutrients per kg of diet: vitamin A as retinyl acetate, 20,000 1U;
vitamin Dj; as cholecalciferol, 4,600 IU; vitamin E as o-tocopheryl acetate, 40 mg:; vitamin K; as
menadione nucotinamide bisulfite, 4 mg: vitamin B; as thiamin Dilaurysulfate, 4 mg: vitamin B; as
riboflavin, 8 mg: vitamin Bg as pyridoxine hydrochloride, 6 mg: vitamin B;; as cyanocoblalamin, 0.04
mg; biotin, 0.24 mg; p-pantothenic acid as p-pantothenic acid, 18.37 mg; niacin as nicotinamide,
nicotinic acid, 60 mg, folic acid as folate, folic acid, 1.4 mg, butylated hydroxytoluene 0.25 mg.

Mineral premix provided following nutrients per kg of diet: Fe as iron sulfate, 70 mg: Mn as
manganese sulfate, 80 mg: Zn as zinc oxide, 60 mg: Cu as copper sulfate, 8 mg: Co as cobalt sulfate,
0.13 mg: I as calcium iodate, 1 mg; Se as selenium yeast, 0.20 mg.

5 To supply 500 FTU phytase/kg diet.
4 AME,, nitrogen-corrected apparent metabolizable energy
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Level of available phosphorus

. 0.15% 0.25% 0.35% . gﬁé’fﬁse
Ingredients

Corn 58.21 58.21 58.21 57.49
Soybean meal, 47% CP 16.25 16.25 16.25 19.02
Corn gluten meal 6.65 6.65 6.65 4.00
Rice bran 1.30 1.30 1.30 1.30
Soybean oil 3.00 3.00 3.00 3.00
L-lysine HCI, 78.8% 0.27 0.27 0.27 0.17
DL-methionine, 99% 0.06 0.06 0.06 0.08
L-threonine, 99% 0.06 0.06 0.06 0.04
Sodium chloride (NaCl) 0.25 0.25 0.25 0.25
Sodium bicarbonate 0.35 0.35 0.35 0.30
Choline chloride, 50% 0.06 0.06 0.06 0.06
Cellulose 1.00 0.73 0.46 2.28
Monocalcium phosphate 0.42 0.87 1.32 0.47
Limestone 11.92 11.74 11.56 11.33
Vitamin premix’ 0.10 0.10 0.10 0.10
Mineral premix” 0.10 0.10 0.10 0.10
Phytase® - - - 0.01
Total 100 100 100 100
Calculated nutrient composition

AME,*, kcal/kg 2785.00 2785.00 2785.00 2785.00
Crude protein 16.50 16.50 16.50 16.50
Calcium 4.40 4.40 4.40 4.40
Available phosphorus 0.15 0.25 0.35 0.35
Phytate phosphorus 0.18 0.18 0.18 0.19
Total phosphorus 0.33 0.43 0.53 0.33
Lysine 0.87 0.87 0.87 0.87
Methionine 0.42 0.42 0.42 0.42
Methionine + Cysteine 0.64 0.64 0.64 0.64
Threonine 0.65 0.65 0.65 0.65
Tryptophan 0.16 0.16 0.16 0.16

I Vitamin premix provided following nutrients per kg of diet: vitamin A as retinyl acetate, 20,000 1U;
vitamin Dj; as cholecalciferol, 4,600 IU; vitamin E as o-tocopheryl acetate, 40 mg:; vitamin K; as
menadione nucotinamide bisulfite, 4 mg: vitamin B; as thiamin Dilaurysulfate, 4 mg: vitamin B; as
riboflavin, 8 mg: vitamin Bg as pyridoxine hydrochloride, 6 mg: vitamin B;; as cyanocoblalamin, 0.04
mg; biotin, 0.24 mg; p-pantothenic acid as p-pantothenic acid, 18.37 mg; niacin as nicotinamide,
nicotinic acid, 60 mg, folic acid as folate, folic acid, 1.4 mg, butylated hydroxytoluene 0.25 mg.

Mineral premix provided following nutrients per kg of diet: Fe as iron sulfate, 70 mg: Mn as
manganese sulfate, 80 mg: Zn as zinc oxide, 60 mg: Cu as copper sulfate, 8 mg: Co as cobalt sulfate,
0.13 mg: I as calcium iodate, 1 mg; Se as selenium yeast, 0.20 mg.

5 To supply 500 FTU phytase/kg diet.
4 AME,, nitrogen-corrected apparent metabolizable energy
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109. AH2HA| 437 APAR 4R L JYHE
Level of available phosphorus

0.10% 0.20% 0.30% 0. 1655
[tem + Phytase
Ingredients
Corn 59.09 59.09 59.09 57.45
Soybean meal, 47% CP 19.86 19.86 19.86 16.36
Corn gluten meal 3.13 3.13 3.13 4.97
Rice bran 1.00 1.00 1.00 1.00
Soybean oil 3.00 3.00 3.00 3.00
L-lysine HCI, 78.8% 0.09 0.09 0.09 0.16
DL-methionine, 99% 0.19 0.19 0.19 0.17
L-threonine, 99% 0.07 0.07 0.07 0.07
Valine, 96.5% 0.10 0.10 0.10 0.11
Sodium chloride (NaCl) 0.30 0.30 0.30 0.30
Sodium bicarbonate 0.22 0.22 0.22 0.15
Choline chloride, 50% 0.06 0.06 0.06 0.06
Cellulose 1.08 0.81 0.54 4.86
Monocalcium phosphate 0.18 0.63 1.08 0.25
Limestone 11.43 11.25 11.07 10.88
Vitamin premix’ 0.10 0.10 0.10 0.10
Mineral premix” 0.10 0.10 0.10 0.10
Phytase® - - - 0.01
Total 100 100 100 100
Calculated nutrient composition
AME,*, kcal/kg 2750.00 2750.00 2750.00 2750.00
Crude protein 16.00 16.00 16.00 16.00
Calcium 4.20 4.20 4.20 4.20
Available phosphorus 0.10 0.20 0.30 0.40
Phytate phosphorus 0.21 0.21 0.21 0.21
Total phosphorus 0.31 0.41 0.51 0.31
Lysine 0.80 0.80 0.80 0.80
Methionine 0.51 0.51 0.51 0.51
Methionine + Cysteine 0.73 0.73 0.73 0.73
Threonine 0.66 0.66 0.66 0.66
Tryptophan 0.17 0.17 0.17 0.17

I Vitamin premix provided following nutrients per kg of diet: vitamin A as retinyl acetate, 20,000 1U;
vitamin Dj; as cholecalciferol, 4,600 IU; vitamin E as o-tocopheryl acetate, 40 mg:; vitamin K; as
menadione nucotinamide bisulfite, 4 mg: vitamin B; as thiamin Dilaurysulfate, 4 mg: vitamin B, as
riboflavin, 8 mg: vitamin Bg as pyridoxine hydrochloride, 6 mg: vitamin B;; as cyanocoblalamin, 0.04

mg; biotin, 0.24 mg; p-pantothenic acid as p-pantothenic acid,

18.37 mg; niacin as nicotinamide,

nicotinic acid, 60 mg, folic acid as folate, folic acid, 1.4 mg, butylated hydroxytoluene 0.25 mg.

? Mineral premix provided following nutrients per kg of diet:

Fe as iron sulfate,

70 mg: Mn as

manganese sulfate, 80 mg: Zn as zinc oxide, 60 mg: Cu as copper sulfate, 8 mg: Co as cobalt sulfate,
0.13 mg: I as calcium iodate, 1 mg: Se as selenium yeast, 0.20 mg.
S To supply 500 FTU phytase/kg diet.

4

AME,, nitrogen-corrected apparent metabolizable energy
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5 =371 4+ 2 (57471, 13 ~ 18%)

O Ag 2

- 57871 Atr W PY & 7 phytased] AVP7E §7971 A0l nixle ¥ #
1100 Yetigith. 4F 7iA R F& Asoll A o] Apo|7t HARA] AUt (p >
0.05).

B 110. A2 U 29 $F0] A3 §47] B tRE I

Level of available phosphorus p-value
0.25% % .
0.25% 0.35% 0.45% +Phytas SEE) e | et Quadratic
e

Initial BW*, kg/hen 1.19 1.25 1.18 1.21  0.03  0.469 0.906 0.133
Final BW*, kg/hen 1.63 1.67 1.63 1.65 0.04 0.837 0.959 0.408
BWG®, kg/hen 0.446  0.426  0.449 0.441 0.027 0.928 0.949 0.545
ADFI®, g/day/hen 72.2 73.3 73.2 73.7 0.59 0.333 0.139 0.339

1 All means are average of 10 replicates per treatment

2 SEM, standard error of the mean

8 Linear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)
4 BW, body wight

> BWG, body wight gain

6 ADFI, average daily feed intake

& 719} phytase?] A7P7F £7447] WiR W WA F7]EA 9

| LFERU QI Aolx]ge] A= 0.25% A2]folA 7P =9ren
(p = 0.021), At& Yl Q9] o] ZAadd] et dPAoz ZAsHIT (linear effect:
p = 0.010). d49] F7+= phytaseE A7Igt A2 tolA 7P =2 ZAiE UEUHIT
(p = 0.016). ®gH Ats W Q1] &&fo] gadtol mef dAael fA7F ojxipo s
dAastitHquadratic effect: p = 0.044). o]]e] A7|o|A= 2| 1] X}o]7}
AKX AUt (p > 0.05).

E 111 A2 W §8A £F0] AA 8471 7184 2 4 B4 nAE 9
Level of available phosphorus , p-value
0.25% 0.35% 045% 0:25% SEMU,NovA  Linears Quadratic

+Phytase
Abdominal fat 238 2.67 203 228 032 05/3 0394  0.192
Liver 165 151 159 176 007 0078 0523  0.170
Kidney 0.573 0547 0588 0.639 0040 0430 0817  0.531
Spleen 0.214 0197 0232 0219 0016 0491 0454  0.233
Duodenum 0.478° 0.404 0.365° 0.374° 0026 0021 0010  0.607
Jejunum 0.782 0848 0770 0791 0043 0593  0.865  0.243
lleum 0.667 0.671 0601 0640 0023 0211 0095  0.263
Bursa of Fabricius ~ 0.120  0.136  0.144  0.114 0025 0828 0497  0.887
Ovary 0.080 0.093 0066° 0.102° 0.008 0016 0210  0.044
Oviduct 0.306 0219 0.101 0259 0064 0.173 0016 0815
The number of .~ o571 0429 0000 0429 0355 0695 0232  0.725

large yellow follicles

3> Means within a row without a common superscript letter differ (p < 0.05)
Expressed as grams per 100 g body weight

1'All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)
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O 4= 548 &4 2
- %7471 A= W P +&E A7t phytased] F7PE %7471 & 540 UlAl= ¥F=
#1120 el F&2 77, Zol. |ol. DM, Fat-free ash gJoM& 2= A2
Zto] Rtol7h BAEA] ottt (p > 0.05). U, Ak Ul 19] Fo] dago] wet
AZo] Frrt AgRlog Zrist= A2 UEY T} (linear effect; p = 0.028).
49 oM odE dFe 245tAe ™. Cadt PolM= A2{Ite] xpo|7} LpEHLYA|
AT (p > 0.05)., MgolA= phytases A7Iet A2|{ollM 7MY w2 2HE
HERHAAL (p = 0.025), Atm Wl < ol dadol et dgAos dasts 2as
UERH T (linear effect; p = 0.026).
B 112, A2 § S8 2F0] A3WA 8471 22 540 lxE G
Level of available phosphorus , p-value
0.25% 0.35% 0.45% 520% 5P ANOVA  Linear? Quadratic
Fresh weight’, g 0.550  0.583 0.575 0.590 0.016  0.365 0.281 0.316
Length, cm 8.97 9.01 9.03 9.04 0.07 0.885 0.505 0.904
Width, cm 0.891 0911 0.894 0906 0.022 0.891 0.911 0.499
Strength, kgf 18.6 21.1 23.3 23.5 1.5 0.091 0.028 0.889
Dry matter, % 67.9 67.9 64.5 63.7 1.8 0.215 0.202 0.466

Ash/fat-free dry
matter, % 41.3 37.5 39.7 39.3 1.4 0.311 0.483 0.126

Composition, %

Calcium 38.0 38.7 38.5 40.2 0.9 0.512 0.768 0.687
Phosphorus 18.7 19.2 19.4 19.5 0.4 0.633 0.405 0.753
Magnesium 0.563" 0.608%" 0.626> 0.631° 0.015 0.025 0.026 0.520

2D Means within a row without a common superscript letter differ (p < 0.05)
! All means are average of 7 replicates per treatment
2 SEM, standard error of the mean
3 Linear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)
Fresh weight was expressed as grams per 100 g body weight

H
B2 A7](Film DRI CHEM 7000i, Fuji Film, Tokyo, Japan)S AH&-st
) |

dsloict. @3 U Ca, P, Mg @32 Ag] o] Atol2 UepfiAl ottt (p > 0.05).

E 113 A2 U $89 2F0] AWA 247 FA R G

Level of available phosphorus p-value
0.25% 2 .
0.25% 0.35% 0.45% +Phytas °M  ANOVA Linear® Quadratic
e
Calcium, mg/dL 11.84 11.39 11.46 11.91 0.52 0.854 0.617 0.692

Phosphorus, mg/dL  9.03 10.06 10.06 10.20  0.67 0.805 0.607 0.597
Magnesium, mg/dL  1.43 1.36 1.54 1.70 0.16 0.470 0.598 0.346

ab Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)
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x 114.

< 0.05), Atz 4 219

ol dado 2t dFH ez Zlol7t Fopxls 2k

UEIY it (linear effect; p = 0.027). (p > 0.05). T35, %22} S2}0] H| oA T E
ezt golst Alol7} Uepton, Atz U Qo] gato] Fadto] et Masoz

S7toh= A7 UERATE (linear effect; p = 0.011).

At U 859

FE0] A=A 847 AR g Lo A= I

Level of available phosphorus , p-value

0.25% 035% 045% 2% SEM™ ANOVA  Linear® Quadratic
Villus height, pm 1090 1092 1104 1177 427 0.072 0.142 0.947
Crypt depth, pm 144> 175% 1792 186% 10.5  0.006 0.027 0.188
Villus to Crypt* 7.70% 6.24% 6.17° 6.33%  0.40 0.005 0.011 0.176

ab Means within a row without a common superscript letter differ (p < 0.05)

1 All means are average of 7 replicates per treatment
2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)

4 Villus to Crypt, villus height divide Crypt depth
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O Ay A

- AlRIE7] A2 U PO £7%8 %719} phytased] A717h ATRtA] ABavgol o]xl:
e E1150] YERYQIch Al A, B2A AIE, ARAHE S, AL
g A B M 49 Aol7t LERA] gheltt (p > 0.05)

B 115 b2 ) S8 SF0] A AET] BA] ojRlE I

Level of available phosphorus p-value
2 5
020% 0.30% 0.40% ,029% SPMT ANOVA Linears Quadrat

+Phytase

Growth performance

Initial BW*, kg/hen 1.63 1.67 1.63 1.65 0.04 0.837 0.959 0.408
Final BW* kg/hen 1.87 1.90 1.86 1.88 0.04  0.915 0.820 0.500
ADFI®, g/day/hen 97.9 99.2 96.6 98.3 2.3 0.882 0.704 0.485
Egg performance

Egg production, % 73.6 74.1 69.5 72.6 3.3 0.758 0.341 0.494
Egg weight, g/egg 58.8 60.1 59.7 58.3 0.8 0.341 0.356 0.310
Egg mass, g/d 43.3 44.6 41.5 42.3 2.0 0.712 0.478 0.336
FCR, g'g 1.98 1.95 2.06 2.08 0.08 0.573 0.381 0.403

Soft and broken egg, % 0.01 0.06 0.06 0.05 0.02 0.200 0.118 0.193
Age of egg production

giaryst of egg production, 1,4 146 145 146 2.0 0950 0.750  0.669

o .
gg;’ of egg production, 45y 457 1590 152 1.7 0696  0.756  0.557
T All means are average of 10 replicates per treatment
2 SEM standard error of the mean
% Linear and quadratic p-value for three P levels (0.20, 0.30, and 0.40%)
* BW, body wight
5 BWG, body wight gain
6 ADFI, average daily feed intake

7
- ARER7] Atm W PO &9 A7Iet phytased] A7PF ARIRT] ARFEAC UXl=
CATER BAL 22%, 265, 305 & Al ¥ xeYsteich
augh unit, G247, 7”“011*%— Ae] ko] FOJRPE UERA]

14 z0] X mel

wAeH (p > 0.05), FAFAE 22540 Atz Ul Q19 o] ZFaghol met

AR oz Frtste a7t UEPRAIT (linear effect; p = 0.044), 265 Atofl= At=
U Q9] ehgo] Woti]ol met d¥H oz dasts 2HE YEtHItHlinear effect: p
= 0.033). ®3}F, Atz U] 0l9] ko] Zhasto] wet 0.40% A2 oA 7ML e

A2 JERRQCE (p = 0.013) phytase® AM7l6l9 S of, Atz W W 019 &Hfg
Heshs duts ‘—}EMWE} (p = 0.013). FgM 2 = FAPo|A| phytasesS F7tet
Al 7P 22 2dE YERIS (p < 0.001). igaﬂi K22 golgr 2 9]

rr

corticosterone2 H&t ]/\i =&35le] BAGIE on, 327%t0 Al= U] ¢l sheko)
dagol ot d¥Hez FristklaL, 0.20% K%EHLOM 7V =2 AaE YEIT
(p < 0.001).
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B 116. Ab2 U fad S&0] AR ARE7] AR F29 uxl=

=11
F

Level of available phosphorus , p-value

0.20%  030%  0.40% +l§)}§?;/°se SEM™ \Nova Linea Quadrat
Haugh unit
22 week 91.6 93.3 91.4 90.2 1.2 0.308 0.938 0.168
26 week 87.5 89.1 90.6 89.1 1.5 0.560 0.142 0.953
30 week 95.4 95.6 94.3 96.0 0.6 0.175 0.199 0.297
Eggshell strength, kgf
22 week 5.00 4.96 4.98 4.98 0.16 0.999 0.932 0.907
26 week 4.97 5.00 5.39 5.04 0.16 0.212 0.069 0.371
30 week 4.81 4.93 5.17 4.87 0.15 0.356 0.109 0.752
Eggshell thickness, mm
22 week 0.397 0.373 0.377 0.376 0.006  0.051 0.044 0.092
26 week 0.368>  0.375®  0.390? 0.382%  0.005 0.013 0.033 0.018
30 week 0.385 0.389 0.390 0.389 0.007  0.952 0.587 0.850
Eggshell color
22 week 25.0 25.5 26.1 25.2 0.7 0.679 0.239 0.906
26 week 23.0 23.0 23.2 22.9 0.7 0.987 0.855 0.837
30 week 24.8 25.6 26.1 23.8 0.7 0.142 0.235 0.899
Yolk color, RCF*
22 week 7.22% 7.152 7.31% 6.07° 0.13 < 0.001 0.632 0.458
26 week 6.99% 7.04% 6.92% 5.65P 0.11 < 0.001 0.689 0.560
30 week 6.95° 6.88%° 6.52° 5.45°¢ 0.11 < 0.001 0.011 0.281
Corticosteron in yolk, pg/g
22 week 30.3 29.7 36.3 21.5 7.7 0.603 0.612 0.726
26 week 142 169 123 105 22 0.216 0.590 0.229
30 week 123 60° 46° 50° 12 <0001 45y 0128

ab¢ Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 10 replicates per treatment
2 SEM, standard errors of the means
3 Linear and quadratic p-value for three P levels (0.20, 0.30, and 0.40%)

* RCF, Roche yolk color fan
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7) ArE7] A4 Ayp (AFES7] 33 ~ 45%)

O Agabd A
- AIE7] Atm W POl 58 ARt phytase®] 7ML Atdds7] A4l UlR]l=
FEEZ ®B1170] YERHATE. 7HA] A5, S8 Als, AARAdRE, dAd4A o] Heh At
R A} 7ko] &to|7h UER] YTt (p > 0.05).
E 117. A2 U S8 270 AW AAF7] P 0K I
Level of available phosphorus p-value
0.15% 2 .
0.15% 0.25% 0.35% +Phytas SEM™ ANOVA Linear® Quadratic
e
Growth performance
Initial BW?, kg/hen 1.87 1.90 1.86 1.88 0.04 0.915 0.820 0.500
Final BW*, kg/hen 1.90 1.97 1.91 1.84 0.06 0.526 0.920 0.405
ADFI®, g/day/hen 117 113 114 115 3 0.728 0.370 0.513
Egg performance
Egg production, % 92.5 90.9 89.9 89.6 2.0 0.729 0.391 0.928
Egg weight, g/egg 60.8 63.7 63.5 63.8 1.1 0.160 0.095 0.224
Egg mass, g/d 59.3 58.8 57.5 56.3 1.3 0.352 0.359 0.800
FCR, gg 1.99 1.93 1.98 2.04 0.04 0.221 0.874 0.297

Soft and broken egg, % 0.04 0.04 005 0.04 0.02 0.312 0.146 0.433

I All means are average of 10 replicates per treatment

2 SEM, standard error of the mean

8 Linear and quadratic p-value for three P levels (0.15, 0.25, and 0.35%)
4 BW, body wight

5 BWG, body wight gain

® ADFI, average daily feed intake

- A7) AFR ) Pl £ A719) phytased] A7P7L AREE7] ARFER ] 0lx|:
dFS B1180] LEPRCH ARER BAL 36F, 40F, 445 5 Al 9 FYs

AE RIS (p < 0.05). G40 =+ A2 te] JFoJA7F YEpUA] oo, (p >
0.05) Atm Wi Q1] ofgo] Tagte wef AFAoc=z F71st Tt (linear effect: p =
0.027). G257+ Atm W 19] g0l 7 @& 0.15% A2|+7t 365, 44540
0.35% A2t AN R thaX| gAY w2 AiE YEUS oW (p < 0.05),
365A G Alm W Q1 g0l dado met A¥Aor Srtshs 4T
eIt (linear effect: p = 0.011). YZHABS 404, 4473 x}of X 2|7t EAA
A7 UYEFG O™, phytaseg 7St A2]oA 7Y 22 A3E YEHYAT (p <
0.05). d=tA 2 @& RRMOJA phytaseg A7Fst A2f47t 7P @F2 A&
HEFHITHp < 0.05). AEA K45 QY 4 Q= corticosterone 1 ofA]
F&s5to] FAsI oW, 443K 0.15% A 2|FolA 7 =2 ZaE UEUJIL, (p <
0.001), Atz Ui Q1] do] Zdasto] et dgAoz F7ish= ZuE UEUITH
(linear effect; p < 0.001).
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# 118. AR Y F&EQ $F0] APA A4F57] AT FA U= I

Level of available phosphorus , p-value
0.15% 025% 035% Q0% SPMTUANOVA  Lineart Quadrat

Haugh unit

36 week 76.3P 79.6° 83.0° 93.0% 1.9 < 0.001 0.010 0.994
40 week 88.9° 90.0% 90.3% 93.3% 1.0 0.012 0.344 0.746
44 week 92.4 92.3 91.8 92.6 1.1 0.958 0.622 0.875
Eggshell strength, kgf

36 week 5.39 5.09 4.73 4.75 0.20 0.062 0.027 0.888
40 week 5.34 5.29 5.57 5.21 0.17 0.482 0.334 0.412
44 week 5.23 4.98 5.14 4.87 0.16 0.391 0.694 0.257

Eggshell thickness, mm

36 week 0.445*  0.419%®  0.400° 0.405% 0.011 0.025 0.011 0.609
40 week 0.394 0.400 0.399 0.400 0.006 0.871 0.475 0.647
44 week 0.397®*  0.384°> 0.387% 0.404% 0.005 0.018 0.167 0.174
Eggshell color

36 week 29.8 27.6 28.2 28.7 0.8 0.264 0.233 0.076
40 week 29.9% 27.7% 29.3% 27.2° 0.7 0.030 0.575 0.042
44 week 28.3% 28.4%b 30.6° 26.5° 0.7 0.001 0.017 0.219
Yolk color, RCF*

36 week 8.64° 8.837 8.76° 8.16° 0.09 < 0.001 0.348 0.226
40 week 8.79° 8.57° 8.51° 7.57° 0.08 < 0.001 0.014 0.436
44 week 8.54% 8.35? 8.49° 7.47° 0.13 < 0.001 0.697 0.137
Corticosteron in yolk, pg/g

36 week 56.0 55.7 43.8 45.3 4.8 0.156 0.051 0.278
40 week 24.0 23.2 16.5 14.7 4.7 0.460 0.348 0.659

44 week 109.2° 60.7° 74.3%° 103.3% 12.3 < 0.001 <0.001 <0.001

abc VMeans within a row without a common superscript letter differ (p < 0.05)
' All means are average of 10 replicates per treatment
2 SEM standard errors of the means
3 Linear and quadratic p-value for three P levels (0.15, 0.25, and 0.35%)
* RCF, Roche yolk color fan

rlr

- Ats] AtR U POl &9 7t} phytase®] A7P7F AtbSr] ABARAof O]k
S B1190] YU 7HAl A%, SRA A5, AR, dEgol &

<

T

we Aa] 7ko] xfol7} Lehtx] 2okt (p > 0.05).
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E 119, A2 U] §59 450] M Aeke] AU oAk
Level of available phosphorus p-value
2 B
0.10% 0.20% 0.30% ,0:10% SEM™ 0y Linears Quadratic

+Phytase

Growth performance

Initial BW*, kg/hen 1.90 1.97 1.91 1.84 0.06 0.526 0.920 0.405
Final BW*, kg/hen 1.94  1.99 1.90 1.88  0.06 (.585 0.723 0.395
ADFI®, g/day/hen 110 111 110 112 2 0.952 0.982 0.800
Egg performance

Egg production, % 91.6 90.6 90.0 90.1 2.9 0.955 0.618 0.942
Egg weight, g/egg 639 639 650 652 1.5 0.889 0.325 0.605
Egg mass, g/d 58.5 57.9 58.5 58.8 1.4 0.979 0.995 0.743
FCR, g'g 2.16 2.19 2.14 2.19 0.03 0587 0.627 0.283

Soft and broken egg, %  0.01 0.02 0.02 0.01 0.01  0.415 0.416 0.637

U All means are average of 10 replicates per treatment

2 SEM, standard error of the mean

3 Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)
* BW, body wight

5 BWG, body wight gain

6 ADFI, average daily feed intake

427 Ats W POl »5FE A7iel phytase?] F7P7F At e 7] AlEdo U]
ABEY BHL 8% 525 F & ¥ stk
augh unit, U7, UZ5AE A2] 710 Afol2 LpepA] ekotet (p
> 0.05). FZPA2 48%8At0] 0.30% A2]tolA 7MY =2 AabE HEIS (p =
0.042). dgA 2 B= FApOJA phytaseE A7Eeh A7 7MY =2 2oE

< 0.001). 2AEHA AHE &olst 4 Q1= corticosterone& H3Ho]| A

Kt o, 527Ato] 0.10% A2l Fold 7Py = Ans UERRgTt (p <

rlo
opy

LS

> of M
o
o
H
)
()
2

= L
m
)
32
0
N
U

N o

B 120. AR Y S8 $£F0] A AtST] A EA-0] uR]E JIF
Level of available phosphorus p-value
2 B
0.10% 020% 030% 0:10%  SEM™ )\ N0VA  Linear? Quadrati

+Phytase ¢
Haugh unit
48 week 87.4 87.9 87.6 88.6 1.0 0.821 0.931 0.791
52 week 86.8 84.9 86.0 87.6 0.8 0.146 0.522 0.153
Eggshell strength, kgf
48 week 461 4.69 4.65 5.00 0.19 0.444 0.898 0.787
52 week 4.65 4.76 4.78 4.74 0.15 0.919 0.512 0.778
Eggshell thickness, mm
48 week 0.389 0.393  0.388 0.396  0.006  0.734 0.958 0.484
52 week 0.390 0.389 0.394 0395  0.005 0.718 0.506 0.582
Eggshell color
48 week 29.2*> 285"  30.9% 26.2° 1.1 0.042 0.324 0.297
52 week 24.5 23.9 24.6 23.2 0.8 0.595 0.878 0.500
Yolk color, RCF4
48 week 7.23>  7.33°  7.29° 8.21% 0.1 < 0.001 0.753 0.675
52 week 7.21°  7.20°  7.13° 7.96 0.1 <0.001 0.478 0.797
Corticosteron in yolk, pg/g
48 week 162 134 154 145 15 0.595 0.677 0.192
52 week 216* 182" 158* 108" 22 0.014 0.103 0.884

ab¢ Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 10 replicates per treatment

2 SEM, standard errors of the means

3 Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)

* RCF, Roche yolk color fan
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O Yy o A 7] oA 54 At
- AttS 7] Atz Ul P &5E A7Het phytase] AH7p7t AltSr] Uiy gl wHA]
712 A0 nR]= G w1210 YERHQITH 8|9 2Al= Atg W Q19] sheol
gagto] gt AgAos Z7teE UERY AL (linear effect: p = 0.023), B2
AlQlst mE A7)oA &2 7te] Rlo|7F WA A gkt (p > 0.05).
B 121 Ak U S SE0] A AR YR U WA A7 ojxle g
Level of available phosphorus p-value
SEM? -
0.10% 0.20% 0.30% +19hly??se ANOVA Linear® Quadratic
Abdominal fat 432 437 341 375 048 0448  0.135 0335
Liver 211 188 197 221 0.13 0289 0448  0.306
Kidney 064 072 073 076 004 0151  0.104  0.458
Spleen 009 008 011 010 001 0078 0023 0.126
Duodenum 043 042 034 035 003 0065 0051  0.429
Jejunum 050 053 047 047 004 0666 0675  0.324
lleurn 030 040 030 030 004 0238 0918  0.092
Ovary 038 038 028 034 007 075 0428  0.610
Oviduct 574 532 618 530 038 0347 0432  0.195
The number of large 6 6 6 039 0844 0447 0659

yellow follicles

2> Means within a row without a common superscript letter differ (p < 0.05)
Expressed as grams per 100 g body weight

All means are average of 7 replicates per treatment
2 SEM standard error of the mean

% Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)

e

- AREE7] Atg Yl POl &8 7Rt phytased] A7Vt At & £l vIRl=
d&S ®1220] YUt AZ9] 24, Zo], {o], DM, Fat-free Ash &&o]x=
A2} o] Rpo|7b LA A] EUTt (p > 0.05). LY FE9] FroM= Z& A7t
golgol Uehgool, AR U 219 ghgo] Zagol tet 429 Fest HEKoz
rAashs AyE UERY T (linear effect; p < 0.001). At U phytaseS A7}stH
B 7l S7tete 2aE UEHUIAIT (p = 0.004). 4=9] 3]2oA ojuZ
dFe At S o, MgolA& A2|7Fo] Rto]7F UEtUA] EAIRE (p > 0.05), Cagt
PoA = phytaseg d7Iet A2LollA 71 @2 Ak UEWAT (p < 0.05).
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# 122. AR U FEQ 50| APA AP35 FF 54 v I

o
Level of available phosphorus p-value
2 .

0.10% 020% 030% S10% SEM” " ANOVA  Linear® Quadratic
Fresh weight! g 0.605 0.559 0.592 0.592 0.018 0.351 0.621 0.103
Length, cm 12.5 12.4 12.5 12.3 0.1 0.549 0.805 0.500
Width, cm 1.002 0.933 0.932 0.886 0.077 0.766 0.232 0.493
Strength, kgf 11.5° 15.8% 20.4°2 15.5% 1.5 0.004 < 0.001 0.912
Dry matter, % 41.3 41.1 40.5 37.3 1.9 0.421 0.763 0.949
Ash/fat-free dry
matter, % 52.3 51.5 54.4 54.1 0.8 0.038 0.032 0.034
Composition, %
Calcium 37.12 36.5% 36.92 36.0° 0.2 0.002 0.560 0.061
Phosphorus 18.0% 17.7%>  17.8® 17.5° 0.1 0.020 0.166 0.124
Magnesium 0.557 0.535 0.541 0.556 0.013  0.538 0.368 0.388

3P Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)

* Fresh weight was expressed as grams per 100 g body weight

O "oy v At

- AFEST] Alm Y P &FE A7ILE phytase?] F7PPF At E 7] g0l DR =
Qe m1230] Uehglct. @xo2 $Ag Asslgion, ML MRS A4 Agejel
BEA7](Film DRI CHEM 7000i, Fuji Film, Tokyo, Japan)S A&s5to Ca, P, Mg&
Bt @4 Ul P gwe Ael 1o Abolg LreRA] eretott (p > 0.05), Ca,

>
Mgo] g2 Atr W A9 ol dagd] o2 ddHez Srtete 2as
LER AT (linear effect: p < 0.05).

& 123. AR Y FEQ 80| AFA ABFI] A A= I

Level of available phosphorus p-value

2 5

0.10% 020% 030% G10% SEM™ ANOVA  Linear? Quadratic

Calcium, mg/dL 6.1° 1547 12.0° 1487 10 0048 0020  0.343
Phosphorus, mg/dl. 491 391 270 453 079 0244 0075 0917
Magnesium, mg/dL 180" 151° 083" 143° 017  0.005 0001 0373

ab Means within a row without a common superscript letter differ (p < 0.05)
! All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)

O 3% &2 4 Axt
- AR Atm W POl 58 ARt phytase®] 7ML At er] Y g2 EEO
U= 9= 71240 YEYITE. g 2ot 949 Zo], 181 g2et 3219 vl&2
A2} 7ol xpolE UERUA] ekttt (p > 0.05).
E 124. At2 U {821 $F0] AR A2t37] g4 gm0 ke I
Level of available phosphorus , p-value
0.25% 0.35% 0.45% 0:2%% SPMaANOyA Linear® Quadratic
Villus height, um 854 935 972 994 44 0.206 0.061 0.654
Crypt depth, ym 108 109 121 106 5 0.249 0.165 0.489
Villus to Crypt* 7.89 8.55 8.02 9.37 0.48 0.234 0.813 0.182

2% Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

3 Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)

* Villus to Crypt, villus height divide Crypt depth

- 108 -



Bk

oK

—_—

55
&
B

AA

tol Atz W

9

H=
(=1¥S)

—_— ~— ~— ~— ~~—

—_— o — — —_— —_—

—

=
=

J—

—

=
=

(4x12] 7= 25 /%t

N
e

—

A 56

o

=
=

—_—

2]

i

o)

OEY

c) APME % A

A
e

St
=

M AT} AL RO A

R

<

4) BEAYA

o

BX
ile]

wE

oju

Aelak g e, iEY 29S8 dAPolA =

K- o

1 gr=uol,

L5

A

=
=

5to] Gas Tec 7]7]

TR
Ko Hlo

Moy
oo ToT

TP

- 109 -



- 110 -




“
Ho
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~N
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Y
i)
Jo

d71, 13 ~ 18%)

O Y¥a A%g 24 27

- 57471 At W P9 &8 AVel phytase?] A717F £447] YA astso UlX]=
FFS B1250] GERRGITH AFE7IZt Boto] Als AFgat £ sG-S A 1t
Aol S UEHUWA] ektot (p > 0.05), P £A&2 phytaseE A7Ist AM2|LolA 71
& g YTt (p = 0.009). P ¥lEYE phytased H7He Aol 71
We AT YET (p < 0.001). AR U] Q9] &go] Zagol ufe} Pel wjzaol
MER o7 ZhAst= A1tS UeRY9 Tt (linear effect; p < 0.001).

B 125. A2 U §EA 270 AW §47] G¥L 48L UxRE P

Level of available phosphorus p-value

2 5
0.25% 035% 0.45% ,0:2%% SEMTANOVA  Linear? Quadratic

ADFI, g/hen 86.0 85.2 90.4 89.3 4.4 0.801 0.490 0.587
Total excreta, g/day/hen 86.9 85.2 89.5 959 5.1 0473 0.700 0.614

Retention, %

Dry matter 72.6 71.1 72.2 72.3 0.7 0472 0.691 0.170
Crude protein 55.8 51.4 53.1 60.6 3.0 0.170 0.547 0.439
Crude ash 19.3 15.9 21.0 206 2.0 0.272 0.519 0.077
Calcium 11.7 10.8 11.5 104 2.7 0.983 0.950 0.809
Phosphorus 35.5% 30.5"" 24.8"° 40.4* 3.0 0.009 0.016 0.923
Magnesium 21.0 35.0 29.8 344 5.0 0.200 0.284 0.183

Excretion®, g

Nitrogen 0.88 0.96 1.02 0.82 0.08 0.293 0.258 0.902
Crude ash 8.47 8.62 8.81 8.19 047 0.810 0.644 0.978
Calcium 1.63 1.83 1.80 1.59 0.10 0.228 0.271 0.388
Phosphorus 0.22° 0.31° 0.40° 0.23° 0.02 < 0.001 < 0.001 0.876
Magnesium 1.52 1.30 1.28 1.32 0.12 0.494 0.215 0.535

3> Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 7 replicates per treatment
2 2 SEM, standard error of the mean
% Linear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)
4 ADFI average daily feed intake
% Excretion calculation is amount of excreta per day multiple concentration of excreta for each item
divide 100

O Q}fﬂ 37(-] 7:]_]7_}

‘371 A& W P =8 A7tet phytased] A7 57471 oAF TG D]Al=

Fo #1260 HERQIT. o3 T2 Gas-tecd] FEE (O]4tetEa, o},
4, Efolotrl) AAHS AREste FASILL, ey FuiEY &7
8] Al AEOA flz, o3&, s, 27k 42 oot ¢ =Yot= phytases
7ttt AE]golA 7MY =2 2ake WEien (p = 0.003), o3 E, A=,
A7t U1 siEE o] dR|Ho] d& HA ekt (N.D).

_t[o

o ux ol of
1 oo ©

l
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O

B 127.

B 126. AR U S8 2F0] AWA 247 ¥ Ul o3 2 nlxE G

=

Level of available phosphorus , p-value

0.25% 0.35% 0.45% +P(’)h%75t);/()se S | e, | b [owedieiie
Carbon dioxide 750 680 690 676 74.0 0.883 0.581 0.670
Ammonia 45.5° 59.4>  62.8% 82.8° 5.8 0.003 0.057 0.474
Hydrogen sulfide 0.75 0.85 1.40 1.03 0.17 0.608 0.100 0.518
Trimethylamine 159 163 170 104 19.0 0.095 0.714 0.961
Phenol 0.002  0.001 0.001 0.002  0.001 0.237 0.238 0.207
P-cresol N.D* N.D N.D N.D - - -
Indole N.D N.D N.D N.D - - -
Skatole N.D N.D N.D N.D - - -

3P Means within a row without a common superscript letter differ (p < 0.05)
U All means are average of 7 replicates per treatment
2 2 SEM, standard error of the mean

Lmear and quadratic p-value for three P levels (0.25, 0.35, and 0.45%)
* N.D, not detected

VFA 5% Az}
Aatzo] Abg U PO] 578 A7te} phytaseo] F7P7h AlebEs] VFA gkl 0]x]s
Oc:)] A

_]

ge ®1270] YERURIT. VFAE 2t 574 &50] § VFA & AfA|ste B2
dR ez Hdetiiet Re F=olA X2} IFe] Apolrt wERA] ofgtt (p > 0.05).

AR U S5 $E0 AR 34971 U VEA UlR: 9
Level of available phosphorus , p-value
025%  035%  045% QA% SEM™ ANOVA  Linear® Quadratic?
Acetate 867 886 894 832 22 0212 0205  0.780
Propionate 418 398 412 669 094 0160 095  0.856
Butyrate 6.08 585 459 729 110 0441 0228 0619

2D Means within a row without a common superscript letter differ (p < 0.05)
U All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.25, 0.35, 0.45%)

ME7] AT ATt (AR, 29 ~ 325)

XIS e 1280 ehelch. AR7I 5910 AR AT B uEe, YA
9882 H2| 2| Aol2 UEIA] U9t (p > 0.05). P ¥l2F L phytaseg A7}at

Y

%
KiEHLOﬂH Mg @2 2aE UEUAAL (p < 0.001), Atm W 1] o] z4agtof
o2t POl vjEFo] AP¥Aer Hasts ZiaE YEHJD (linear effect; p < 0.001).
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& 128. AR U FEQ $F0] APA AFE7] dIL 2880 URE= I

Level of available phosphorus p-value

2
020% 030% 040% 52% SEANOvA  Linear® Quadratic’
ADFI" g/hen 115 124 117 121 3 0251 0600  0.060

Total excreta,
g/day/hen 86.0 85.2 90.4 89.3 4.4 0.801 0.490 0.587

Retention, %

Dry matter 74.8 76.8 72.8 72.2 1.8 0.276 0.464 0.223
Crude protein  56.5 55.9 40.2 45.7 5.4 0.117 0.077 0.327
Crude ash 54.7 55.9 40.5 42.5 5.7 0.144 0.129 0.297
Calcium 50.9 51.3 47.5 43.1 3.6 0.353 0.539 0.654
Phosphorus 28.5 31.3 21.2 21.8 5.4 0.489 0.352 0.330
Magnesium 35.5 45.5 44.6 40.3 5.6 0.552 0.280 0.441

Excretion®, g

Nitrogen 1.23 1.14 1.31 1.13 0.11 0.660 0.683 0.396
Crude ash 10.4 10.3 11.3 11.3 0.7 0.639 0.454 0.536
Calcium 2.05 2.18 2.32 2.19 0.14 0.637 0.238 0.990
Phosphorus 0.274* 0362 0.511* 0.316> 0.026 < 0.001 < 0.001 0.366
Magnesium 1.93 1.55 1.65 1.81 0.17 0.421 0.302 0.294

ab Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 7 replicates per treatment
2 2 SEM, standard error of the mean
% Linear and quadratic p-value for three P levels (0.20, 0.30, and 0.40%)
4 ADFI average daily feed intake
% Excretion calculation is amount of excreta per day multiple concentration of excreta for each item

divide 100

O o3 5% A

- At R7] Ats Yl PY ~&E 471t phytase?] A7H7t P‘“—Jiﬂ oFF] WA ulx|=
&S R1290] LIERRYIC of2] WAL Gas-teco] 32 (o]AtgEra, gmijof
alan, Eotolo]olal) ARBE ALgolol Aol ol ustEls, ehaiiol
Egjolt|otrle] vjEg2 A2 el Ato]& UEUA] Eder (p > 0.05), Fat

U &= o] ARl HAl g4t (N.D).
B 129. Al52 U f8Q0 £Fo] AHA Atx7] B U o] WA njxe 9F
Level of available phosphorus p-value

0.20% SEM?

0.20% 0.30% 0.40% ANOVA Linear® Quadratic®

+Phytase
Carbon dioxide 368 342 348 364 20.17  0.767 0.473 0.507
Ammonia 4.40 4.20 4.40 5.00 1.10 0.960 1.000 0.865
Hydrogen sulfide N.D N.D N.D N.D N.D N.D N.D N.D
Trimethyl amine 8.60 7.40 8.00 7.00 1.47 0.876 0.782 0.632

3> Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 7 replicates per treatment
2 2 SEM, standard error of the mean

Lmear and quadratic p-value for three P levels (0.20, 0.30, and 0.40%)

* N.D, not detected

O VFA &4 ZAxt
- AFetx7] Atz U POl 5&9 A7}e} phytased] H717t Atetx7] VFA ghaol o

—_

A=

FT= H1300] YEHQITE. VFAE= ZF 54 50| § VFA 5 AHA|5he= &2
FgR o= YERY QT Acetate?] &2 Alm U Q19 o] ZdAgo wat
MPA o7 Z7tst= AtE UERY T} (linear effect: p < 0.001). Butyrate:= Atz

W lo) ol gadtl ufet HPMOR Zashs AnE Ueolc (linear effect
p = 0.008

o
—
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# 130. AR W FEQ $F0] AAA AFE7] # Y VFA UlRE= G

D
~

O

Level of available phosphorus p-value
2
0.20%  030%  0.40%  0-20% SEMY,00uA  Linear® Quadratic®

+Phytase
Acetate 88.3° 71.6° 68.6° 68.5° 3.1 < 0.001 < 0.001 0.071
Propionate 4.24 9.68 7.87 7.85 1.48 0.096 0.133 0.088
Butyrate 5.5 10.8 13.1 12.4 2.2 0.094 0.008 0.492

ab Means within a row without a common superscript letter differ (p < 0.05)
U All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.20, 0.30, and 0.40%)

AtE7] A At (AFEE 7] 33 ~ 45%)

FLA Avts A4 At

A% 7] Atm Ul Pel 5 7719} phytase] A7PPF AltE7] ¥4 48+&0
Ol 9= #1319 HEYIT. A7IF St Ate AR & & sidd2 A
ko] RpolE YEHUHA] 44T (p > 0.05). PR} Mgl B{&2 0.15% A2|FollA 71
=2 A4S UEUSoH (p < 0.05) Ata W Q19] &=fo] At mef ojxtA o g
Z7Vot= AuE JEMY AT (quadratic effect; p = 0.013), P 8j&=& 0.15%
Aol JolstAl 7 @2 AubE UEUHILL (p = 0.001), Atm W <19 =]
daghol] wet Pl vjEFo] AgAlor Aasts ZAibg UEIT (linear effect: p
< 0.001)

B 131 A2 U 98 $F0] AW AAF7] IF4 23130 lxE I

Level of available phosphorus p-value
2
0.15%  0.25%  0.35%  0:15%  SEM,00uA  Linear® Quadratic®

+Phytase

ADFI*, g/hen 105 103 105 105 2 0.637 0.960 0.265
Total excreta,

g/day/hen 99.6 104.9 101.6 109.0 5.2 0.617 0.798 0.530
Retention, %

Dry matter 80.4 74.6 80.3 80.4 2.8 0.374 0.973 0.155
Crude protein  63.6 62.4 62.0 61.4 1.7 0.819 0.528 0.851
Crude ash 60.2 56.2 59.2 56.6 2.1 0.490 0.720 0.187
Calcium 64.4 60.1 64.8 62.9 2.1 0.421 0.914 0.104
Phosphorus 54 .42 49.6° 55.42 34.2° 2.4 < 0.001 0.790 0.132
Magnesium 43.6 29.0 39.2 40.9 3.6 0.060 0.382 0.013
Excretion®, g

Nitrogen 6.13 6.20 6.40 6.49 0.30 0.817 0.561 0.865
Crude ash 28.6 33.0 30.7 31.0 1.7 0.346 0.361 0.104
Calcium 8.31 9.56 8.74 8.37 0.48 0.258 0.527 0.089
Phosphorus 0.98° 1.372 1.578 1.57% 0.10 0.001 0.001 0.489
Magnesium 1.13 1.32 1.21 1.29 0.07 0.316 0.444 0.119

ab Means within a row without a common superscript letter differ (p < 0.05)

' All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.15, 0.25, and 0.35%)

* ADFI, average daily feed intake

% Excretion calculation is amount of excreta per day multiple concentration of excreta for each item
divide 100
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O o3 2% 2

AEE7] Atm W PO & 7t phytased] 7P AFRET] ofF @A UlRl=
YT= E1320] HEUQI. oFF LT Gas-tec?] 5 (o]atetets, dmyo},
Fopra, EfolyPotrl) GRS ARESto] FA5HAT. olitetEa, ot
EcfoltEotrlof BiEEF2 X|2] It Afo]S HERNA] odgten (p > 0.05), 0.15%
Ao dRuot gy R A detpas UF viEEH GA] HA] okt
(N.D).

oo

E 132, AR U $89 2F0] AWA AAFY] B Ul 4F W] uAE I

O

H 133.

Level of available phosphorus p-value
2
0.15% 0.25% 0.35% _0-19% SEM' ", NoVA  Linear® Quadratic®

+Phytase
Carbon dioxide 296 323 293 341 21.34  0.339 0.869 0.070
Ammonia N.D 5.75 2.50 3.75 1.52 0.535 - -
Hydrogen sulfide N.D N.D N.D N.D - - -
Trimethyl amine 0.79 1.70 1.05 1.42 0.42 0.481 0.621 0.121

3 Means within a row without a common superscript letter differ (p < 0.05)
U All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.15, 0.25, and 0.35%)

* N.D, not detected

VFA 574 At

AFtE7] Abm Ul Pel & 79} phytased] F7P7F AbeEE7] VFA bt ox|+=
FL= ®1330] YEUIY. VFAE 2t 54 &=o] § VFA & AAlste vl
B4R o2 YERQITE. Acetaterw= 0.25% A|2]qtoflA Atg W Q19| &0l asto
mje} ojxpEoR Fstol Y e u8L AASl: AuE LEglon] (p - 0.005,
quadratic effect; p = 0.006), Butyrate?] 3r=F2 phytaseS A7}st A2 Lo|A 7HE
T2 AuE UEUHLL (p = 0.001), Abe W Q19] &=fo] Zasto] wa} ojxpxlo g
rAashs AE UERY T} (quadratic effect; p = 0.003).

S

A2 W &Y SE0] A AUEY] B U VFA Ol I

Level of available phosphorus p-value
0.15%  025%  035% 015% SEM' T i Iinear® Quadratic’
+Phytase
Acetate 89.1°  80.1°  846®  8/6° 17 0005 0095 _ 0.006
Propionate 3.84 5.62 4.20 364 058 0097 0671  0.041
Butyrate 418  11.19°  7.86® 589 1.12 0001 0044  0.003

2D Means within a row without a common superscript letter differ (p < 0.05)
U All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.15, 0.25, and 0.35%)

A7) ARA (U] 46 ~ 55%)

IYh 2o} A A3
AFRES7) LR W) PO £78 A719) phytased] A7PE AR5 G4 43480

njAlS ke ®1340] UER|QITH A&7z Sote] Alm AFlat B ujdee Ao
xtol2 LFERA] QX9ith (p > 0.05). Mgo] ¥.9.-88 A ArSThAo] Antet L2
CfR8 ool Aol Antzto] £&E 900, phytase H7Est A2l 2olH 7P =
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AE e (p < 0.001). NO] HjE2-S phytaseS A7I5H Aa] oA 71 S
A3E eI (p = 0.032), P HIEF 0.30% A2|FolA 7 =2 ZaE
B A(p = 0.005), Ats Ul Q9] &afo] dAadhd e} pe] HjEgo] AgAlo=z
ZrAaste Ane JeJ9ich (linear effect: p < 0.001).

R 134. At2 Y §89 $F0] ATA ARSI %A 43520 U]X]E JF!
Level of available phosphorus p-value
2
0.10% 0.20% 030% 0:10%  SEM" ", oUA  Linear® Quadratic®

+Phytase
ADFI.. g/hen 103 108 105 102 3 0557 0551 0313
Total excreta, 1, 112 107 107 4 0718 0593  0.429

g/day/hen

Retention, %
Dry matter 72.9 73.5 73.5 72.0 0.6 0.300 0.480 0.733
Crude protein 46.5 47.9 45.9 48.9 1.1 0.226 0.709 0.267

Crude ash 45.9 49.7 47.7 46.8 2.0 0.574 0.530 0.244
Calcium 52.2 52.7 51.9 51.4 35 0.995 0.949 0.891
Phosphorus 13.7 19.5 20.9 9.9 5.0 0.382 0.311 0.724
Magnesium -833> -16.47° -4.82° 20.36° 4.92 < 0.001 0.628 0.126
Excretion®, g

Nitrogen 6.27% 6.62° 6.22°° 5.59° 0.23 0.032 0.897 0.182
Crude ash 34.9 33.8 32.6 28.9 1.5 0.060 0.490 0.855
Calcium 7.87 7.53 7.16 6.72 0.49 0.403 0.382 0.985

Phosphorus 1.46° 1.823° 1.982 1.49° 0.11 0.005 0.002 0.400
Magnesium 2.12 2.13 2.18 2.29 0.18 0.501 0.326 0.491

3> Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 7 replicates per treatment
2 SEM, standard error of the mean
8 Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)
4 ADFI, average daily feed intake
% Excretion calculation is amount of excreta per day multiple concentration of excreta for each item
divide 100

a5 7] *}E Ul P & A7Iet phytasel] A7I7}F Abgter] ofF] WA o U]X]=

= R1350] YERITt. ofF] WAEF2 Gas-tec?] &=E (o]4tata, druyof,
ot EgfoltEolgl) AXHE AMEsto] ES5HAT oliteteas Ats Ui Q19
dgo] Ao et APgAos Frtete Aibg UERW QAL (linear effect; p =
0.022), g2+ 0.30% AM2|tolA 7P =2 AaE UEUdeH (p = 0.021),
Atge U 19l o] Ao wet sjEgo] AP os Fastes AiE HEUIT
(linear effect; p = 0.010). ¥tHo] Ezfoj&ofgl2 0.30% A2|FoAl 7P 2
AMS UEtHolon, Atg U Q19 &=fo] At et d¥Xos Srtste Auts
et (linear effect; p = 0.001).
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B 135 AR U §29 2F0] AWA AAFY] B Ul 45 W] uAE I

Level of available phosphorus , p-value
0.10% 0.20% 030% 010% SEM'00VA Linear® Quadratic’
+Phytase
Carbon dioxide 2043 1336 993 1507 294 0112 0022 0621
Ammonia 940 724 293 779 259 0353  0.060  0.704
Hydrogen sulfide  0.386° 0.443° 0.929° 0564 0.123 0021 0010  0.531
Trimethyl amine 162° 121"  46° 103 26  0.030  0.001  0.203

@b Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 7 replicates per treatment

2 SEM, standard error of the mean

% Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)

* N.D, not detected

O VFA &% Axt

- S Y] Abm W P & A7IeE phytase®] A7PPF AFtS 7] VFA ko U]X]+=
43S ®1360] YENJQTH VFAL: ZF 28 §20o] & VFA & RIX|st:= H| &S
B4R oz YEUgItt. Butyrated] 9f&F2 0.30% P A2]toA 7V =2 &A1&

el o, At Ui Q19 ggfo] Zadho) wef d¥A o=z HAste Aus
Y9t} (linear effect; p < 0.001).

= 136. At U 98 570] A 5] B U VFA 0]xE A

Level of available phosphorus p-value
0.10%  gpMm?
0.10% 0.20% 0.30% ANOVA Linear® Quadratic®
+Phytase
Acetate 50.4 57.6 46.8 50.8 4.3 0.353 0.570 0.110
Propionate 19.1 16.2 18.9 16.5 2.4 0.762 0.958 0.410
Butyrate 11.9° 14.3% 18.0° 15.0% 1.1 0.009 < 0.001 0.559

3P Means within a row without a common superscript letter differ (p < 0.05)
U All means are average of 7 replicates per treatment

2 SEM, standard error of the mean
% Linear and quadratic p-value for three P levels (0.10, 0.20, and 0.30%)
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<3RPE &, 20234>

Rhd
NF 1 87 AT AR U AT U 9 20| ALY o WPl ulxl: I

©)

) ATSE
- 87 ALSTIE Al2 U] AT 9 olo] S fE0) e gAY A%e, Wi
Pl O] WY UKL 9P AFAL A2 U AY 2ES AN

a) 3AlE= TAIEE S 193 ot 6724 (842, 6W=, 144/M5)E SA|5H]

S
AU 9 9 AFC) GE ASTAE AV, 2318, Br-oF] WPl

- }\}E L‘H =1
X = FFS RAZ] Yol [7](grower) 7|{to= Al W 2EHYA %8 Nomal

CP 22%, Medium CP 20%, Low CP 18%, Q1 £%&& Nomal P 0.45%, Low P 0.35%
o7 A5, S7]|(finisher) 7|7tol&= Nomal CP 20%, Medium CP 18%, Low CP
16%, Q1 &2 Nomal P 0.35%, Low P 0.25%°C 2 AAs5t3ion (®137, #®138),
22l @ Rl(Used/Fresh)g F7Fsto] ATHIA A2 243, Q1 AP 2+22 58
sttt Atgt= ®1397F #1400 UERHICE

- 199 87 Holalk AIRE UMY, MRS YAS AHOE ok 2m X 1m 7|9
w4870l U5

- a%ts 542 At BAAE Alm W celiteE 2% 7S] 48

B 137. A9 N2 (F2FE ASDAE 229 43)

L 5

Fresh 22 0.45 Fresh 20 0.35

Normal CP, % Used 22 0.45 Used 20 0.35
) Fresh 20 0.45 Fresh 18 0.35
Medium CP, % ;4 20 0.45 Used 18 0.35
Fresh 18 0.45 Fresh 16 0.35

Low CP, % Used 18 0.45 Used 16 0.35

%138 2% AT (JWAPE A3VAE A FY)

S 1 il 37
= Litter CP, % P, % Litter CP, % P, %
_____________________ % o
Fresh 22 0.45 Fresh 20 0.35
Normal P, % Used 22 0.45 Used 20 0.35
Low P. % Fresh 22 0.35 Fresh 20 0.25
’ Used 22 0.35 Used 20 0.25
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B 139. 87 AR Ul AST 8 RN BY PR HE L IPE

Level of Crude protein

Grower Finisher
Item 18 20 22 16 18 20
Ingredients
Corn 61.17 57.26 52.92 67.90 64.00 59.56
Soybean meal, 47% CP 17.67 18.65 20.72 13.00 15.40 17.30
Corn gluten meal 7.20 10.10 12.71 6.50 8.45 11.22
Wheat 4.06 4.04 4.00 2.50 2.50 2.50
Tallow 2.50 2.50 2.50 3.00 3.00 3.00
L-lysine HCl. 78.8% 0.70 0.64 0.54 0.74 0.64 0.54
DL-methionine, 99% 0.19 0.14 0.10 0.18 0.15 0.10
L-threonine, 99% 0.23 0.17 0.09 0.25 0.17 0.10
Sodium chloride (NaCl) 0.31 0.31 0.31 0.31 0.31 0.31
Sodium bicarbonate 0.23 0.23 0.23 0.23 0.23 0.23
Choline chloride 0.00 0.00 0.00 0.00 0.00 0.00
Monocalcium phosphate 1.57 1.57 1.57 1.21 1.18 1.17
Limestone 1.52 1.52 1.52 1.54 1.52 1.52
Cellulose 0.20 0.42 0.34 0.19 0.00 0.00
Vitamin premix 0.20 0.20 0.20 0.20 0.20 0.20
Mineral premix 0.25 0.25 0.25 0.25 0.25 0.25
Celite 2.00 2.00 2.00 2.00 2.00 2.00
Total 100.00 100.00 100.00  100.00 100.00 100.00
Calculated nutrient composition
AME,®, kcal/kg 3069 3069 3069 3147 3147 3147
Crude protein 18.20 20.06 22.15 16.02 17.88 20.00
Lysine 1.29 1.29 1.29 1.19 1.19 1.19
Methionine + Cysteine 0.82 0.85 0.88 0.76 0.79 0.82
Methionine 0.51 0.51 0.51 0.48 0.48 0.48
Threonine 0.88 0.88 0.88 0.81 0.81 0.81
Nacl 0.20 0.20 0.20 0.20 0.20 0.20
Calcium 0.87 0.87 0.88 0.81 0.81 0.81
Available phosphorus 0.45 0.46 0.46 0.35 0.35 0.35
Phytate phosphorus 0.69 0.70 0.71 0.59 0.59 0.61
Total phosphorus 0.23 0.24 0.25 0.24 0.25 0.26

T Vitamin premix provided following nutrients per kg of diet: vitamin A as retinyl acetate, 40,000 1U;
vitamin Ds; as cholecalciferol, 9200 IU; vitamin E as o-tocopheryl acetate, 80 mg: vitamin K3 as
menadione nucotinamide bisulfite, 8 mg: vitamin B; as thiamin Dilaurysulfate, 7 mg: vitamin B, as
riboflavin, 16 mg: vitamin Bg as pyridoxine hydrochloride, 12 mg: vitamin B, as cyanocoblalamin, 0.08
mg; biotin, 0.48 mg; p-pantothenic acid as p-pantothenic acid, 36.73 mg; niacin as nicotinamide,
nicotinic acid, 120 mg, folic acid as folate, folic acid, 2.8 mg, butylated hydroxytoluene 0.5 mg.

2 Mineral premix provided following nutrients per kg of diet: Fe as iron sulfate, 105 mg; Mn as
manganese sulfate, 120 mg: Zn as zinc oxide, 90 mg:; Cu as copper sulfate, 11 mg: Co as cobalt
sulfate, 0.2 mg; I as calcium iodate, 1.5 mg:; Se as selenium yeast, 0.30 mg.

3 AME,, nitrogen-corrected apparent metabolizable energy.
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B 140. 87) AR Ul ALSEA 8 A §F MFAR HE L GPIE

Level of available phosphorus

Grower Finisher

Item 0.45% 0.35% 0.35 0.25
Ingredients

Corn 52.92 52.92 56.56 59.56
Soybean meal, 47% CP 20.72 20.72 17.30 17.30
Corn gluten meal 12.71 12.71 11.22 11.22
Wheat 4.00 4.00 2.50 2.50
Tallow 2.50 2.50 3.00 3.00
L-lysine HCIl. 78.8% 0.54 0.54 0.54 0.54
DL-methionine, 99% 0.10 0.10 0.10 0.10
L-threonine, 99% 0.09 0.09 0.10 0.10
Sodium chloride (NaCl) 0.31 0.31 0.31 0.31
Sodium bicarbonate 0.23 0.23 0.23 0.23
Monocalcium phosphate 1.57 1.08 1.17 0.70
Limestone 1.52 1.71 1.52 1.70
Cellulose 0.34 0.64 0.00 0.29
Vitamin premix 0.20 0.20 0.20 0.20
Mineral premix 0.25 0.25 0.25 0.25
Celite 2.00 2.00 2.00 2.00
Total 100 100
Calculated nutrient composition

AME,®, kcal/kg 3069 3069 3147 3147
Crude protein 22.00 22.00 20.00 20.00
Lysine 1.29 1.29 1.19 1.19
Methionine + Cysteine 0.88 0.88 0.82 0.82
Threonine 0.88 0.88 0.81 0.81
Calcium 0.88 0.88 0.81 0.81
Available phosphorus 0.45 0.35 0.35 0.25
Phytate phosphorus 0.25 0.25 0.26 0.26
Total phosphorus 0.70 0.60 0.61 0.51

T Vitamin premix provided following nutrients per kg of diet: vitamin A as retinyl acetate, 40,000 IU:
vitamin D3 as cholecalciferol, 9200 IU; vitamin E as oa-tocopheryl acetate, 80 mg: vitamin Ks; as
menadione nucotinamide bisulfite, 8 mg: vitamin B; as thiamin Dilaurysulfate, 7 mg; vitamin B, as
riboflavin, 16 mg; vitamin Bg as pyridoxine hydrochloride, 12 mg; vitamin Bj; as cyanocoblalamin, 0.08
mg. biotin, 0.48 mg: p-pantothenic acid as p-pantothenic acid, 36.73 mg: niacin as nicotinamide,
nicotinic acid, 120 mg, folic acid as folate, folic acid, 2.8 mg, butylated hydroxytoluene 0.5 mg.

Mineral premix provided following nutrients per kg of diet: Fe as iron sulfate, 105 mg; Mn as
manganese sulfate, 120 mg: Zn as zinc oxide, 90 mg: Cu as copper sulfate, 11 mg: Co as cobalt
sulfate, 0.2 mg; I as calcium iodate, 1.5 mg:; Se as selenium yeast, 0.30 mg.
¥ AME,, nitrogen-corrected apparent metabolizable energy.

3) ZAYS

- A BAIR, ALRAERTE Als 248, HAE S

ARG B 5 % §9 o] 5
- Py B BAEE, FHAY, 24, 5 BA
- 273 B4 /l9gY. A5, pH B4 5

4) AE A
- W W A7) WEY: 7 AT ER Alo] Mol 6y, wEY 153 Hus
SAS st olAlBHEAR SHIAIAZL 3, AgolA 6mlo] B AEstect
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3
g2 ;1410] LERAQIT. ABAIS2 02, 2149, 35¢¥32 st SAIF,
At ARE AR 8982 0~219%, 21~359 %, 0~35¢F o= LERRlch 2195
At S g0l 2245 A0l soAle wAE Bt (CP effect; p =
0.007). 35¥H = OVIA|Z 2T 5 o] pX1Go= EHA 22/20

& 2] Lol A AA|Fo] o =9FK|gE 20/18 A2]Le} 18/16 A 2]F 7te] SQ-o]st o]zt
LHERA] edodet. 0~2193300 SAIFES Lo s 45 SA|F0] £olK]e e
gHo15tgict (CP effect; p = 0.018). 21~3543 1} 0~354 o= 2% ZFTHAA 22/20
Aol SAZ 7P w2 2ate HAsla Adwos das pR|GoR
obAl S 2 4 QIQITh (CP effect: p < 0.05). 21~35¥¢ 7t 0~35UH o] 823t xlo]=
LHERA] EdAIRE 2 T aEolA ARER 24l AbsE A2]57t ARRSHA]
U 2R AbsE AEFoA B =2 Als JFFES ERh Als 8800A
0~212%, 21~359%. 0~35¢ Y RF NHHoA AHHOo2 Fos o 52 A=
g0l AU (CP effect; p < 0.05).

=2 52 nle

q!
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® 141, 2R 2F0 AREE 23 Aol SA9 A Al 9T

Body weight Body weight gain Feed intake
o .
CP, % Litter Day 0 Day 21 Day 35 0 tcc)1 21 2315 tccl) 0 t(gl 35 0 tcc)1 21 21 tccl) 35 0 tcc)1 35
22/20 Fresh 41.13 771 1932 730 1161 1891 1004 1740 2744
Used 41.01 734 1887 685 1153 1846 973 1864 2837
20/18 Fresh 40.99 722 1709 681 987 1668 1014 1603 2616
Used 41.14 727 1784 686 1057 1743 1015 1760 2775
18/16 Fresh 41.08 693 1663 652 970 1622 984 1652 2636
Used 41.03 689 1680 648 991 1639 1019 1759 2778
SEM! 0.08 18.0 64.9 18.9 52.0 64.9 29.51 42.63 65.83
Main factors
22/20 41.07 7532 1909* 7072 11572 1868* 989 1802% 2791
20/18 41.07 7253 1746° 683 1022° 1705° 1014 1681° 2696
18/16 41.05 691° 1671° 650° 980° 1630° 1001 17063 2707
SEM! 0.06 12.8 45.9 13.4 36.8 45.9 20.9 30.1 46.6
Fresh 41.07 729 1768 688 1039 1727 1001 1665° 2665°
Used 41.06 717 1784 673 1067 1743 1002 1794% 2797%
SEM! 0.05 10.4 37.5 10.9 30.0 37.4 17.0 24.6 38.0
p-value
CP 0.980 0.007 0.003 0.018 0.005 0.003 0.691 0.020 0.301
Litter 0.944 0.424 0.765 0.346 0.517 0.765 0.945 0.001 0.021
CPx*Litter 0.258 0.484 0.657 0.380 0.753 0.659 0.541 0.834 0.874

abc Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
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- SAY 7S, 995, SARAYY vlg2 ;1420 YERYIT. 3RA}E, 55 AHo
7He=olA fogt Atols UEHUA] ottt 33:AF 4] &A1 Aat 7ot xto]7t
UEHUA] 44l (p > 0.05) 534 thels 578 Aol A ARE-SHA] o2 24l of| A
AMEE Al2]tol A ARERE Al AbsH AR O =2 t59 Hlas
UERU QT (litter effect; p = 0.037). 35 AF 54 AFoA 2THlAE &0 et
o eh xpol7t UERFCeH (CP effect; p < 0.021), 553 At B4 AGoM = 2HHA
22/20 AMe]old Ao r ZAHS of g2 v]g9 54 Aol HRlEint (CP
effect; p < 0.001).

B 142, 590 255 AT 23 AZol $A9 715S, telg, BLAY v uAE 9F

0 ) Breast?, % Leg?, % Abdominal?, g

CP, % Litter 3 weeks 5 weeks 3 weeks 5 weeks 3 weeks 5 weeks
22/20 Fresh 15.54 17.52 11.07 19.25 0.90 0.95
Used 15.01 17.75 11.34 19.04 0.85 0.94
20/18 Fresh 15.23 16.94 11.73 20.92 0.98 1.30
Used 15.34 18.01 10.49 17.94 0.84 1.32
18/16 Fresh 14.54 16.56 10.97 22.59 1.20 1.67
Used 14.64 15.74 11.36 20.12 1.10 1.59
SEM! 0.41 0.68 0.40 1.06 0.10 0.13

Main factors
22/20 15.27 17.64 11.21 19.14 0.88P 0.95°
20/18 15.29 17.47 11.11 19.43 0.91% 1.31°
18/16 14.59 16.15 11.16 21.36 1.15° 1.63%
SEM! 0.29 0.48 0.28 0.75 0.07 0.09
Fresh 15.11 17.01 11.26 20.922 1.03 1.30
Used 15.00 17.16 11.06 19.03° 0.93 1.29
SEM! 0.24 0.39 0.23 0.61 0.06 0.07
p-value

CP 0.178 0.071 0.971 0.093 0.021 < 0.001
Litter 0.747 0.777 0.556 0.037 0.250 0.855
CP=Litter 0.679 0.386 0.095 0.392 0.893 0.919

abC¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
2 Expressed as g/100g of body weight

S

O 7158 §728H
- 9719] 7}Ae WA Aut w1437 m1ddo] LERRICH 3% 10| sleizkabal pH 57
AT} LS ZANA ALSE A2lTolA] ALge] ehe AR ALSH A2luct
=0 AX|S UERYIT} (litter effect: p < 0.05). |A9] CIE Lxo|A] 595t x}o]7}
LFEFUA] odgtont (p > 0.05), CIE axol A ARESHA] Qb2 ZAloA Alsd A2]4L7}

ARG A AbsE A2FEd § &2 XS YEUIH (litter effect; p <

0. 001) A9 CIE bxofA] 2HHA 25 1] [k Aot WL (CP effect: p
47). ol 22% A2, 18% A2, 20% AMF o2 =2 X7} UEe
29 o Batkh ARHE) 57 A S, o S49 B LA A2
) mebe) S0 2 A1 ool cjep Aelzte Ho& AFol7} LFERIA]
AUt (p > 0.05). ZAf ALE ofFof] T JA19] CIE axQt CIE bx= AREE

2ROl AFSE Aelqsh ALgstA] e ARG ASE Aeluct o 2o folis
Hact (litter effect: p < 0.001). ®3F, %2] 7F xTuiAl stakof] whet CIE bofl 5-9]sH

T
=
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RFol7t 7ol Lhekidt.

E 143 S9N 273 ASE 28 ATl $AY /Hagd UAE IF (37))

3 weeks
CP, % Litter Cooking CIE L=* CIE a* CIE bx
loss, % i (lightness) (redness) (yellowness)

22 Fresh 19.25 6.46 54.38 4.49 18.01
Used 24.21 6.51 56.72 2.90 14.10

20 Fresh 19.59 6.63 52.96 3.87 15.94
Used 23.75 6.64 54.65 2.36 12.16

18 Fresh 20.12 6.36 53.65 4.46 16.56
Used 20.79 6.63 54.17 2.06 13.14

SEM! 0.95 0.06 1.26 0.41 0.77

Main factors

22 21.73 6.48° 55.55 3.69 16.062
20 21.67 6.63° 53.80 3.11 14.05°
18 20.46 6.49° 53.91 3.26 14.85%
SEM! 0.67 0.05 0.89 0.29 0.55
Fresh 19.65° 6.48° 53.66 4.27% 16.84°

Used 22.92?2 6.59° 55.18 2.44° 13.13°

SEM! 0.55 0.04 0.73 0.24 0.45

p-value

CP 0.333 0.044 0.313 0.350 0.047
Litter < 0.001 0.040 0.151 < 0.001 < 0.001
CPxLitter 0.072 0.132 0.769 0.488 0.949

ab¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
2 Expressed as g/100g of body weight

E 144, 2T 20 ASE 24 AZol 879 JHagol UAE 9F (37)

5 weeks
CP, % Litter Cooking H CIE L CIE a CIE b
loss, % p (lightness) (redness) (yellowness)
20 Fresh 25.11 5.61 52.93% 0.67 12.88
Used 22.47 5.52 55.57% 1.83 16.35
18 Fresh 24.15 5.66 54.07* 0.79 11.83
Used 22.64 5.57 53.27% 1.71 14.09
16 Fresh 23.68 5.59 55.452 1.21 12.95
Used 20.79 5.57 52.32?2 2.02 12.80
SEM! 1.58 0.05 1.04 0.36 0.73
Main factors
20 23.79 5.56 54.25 1.25 14.62*
18 23.40 5.61 53.67 1.25 12.96°
16 22.23 5.58 53.88 1.61 12.87%
SEM! 1.12 0.04 0.73 0.25 0.52
Fresh 24.31 5.62 54.15 0.89° 12.55°
Used 21.97 5.55 53.72 1.85° 14.412
SEM! 0.91 0.03 0.60 0.21 0.42
p-value
CP 0.596 0.626 0.854 0.507 0.040
Litter 0.080 0.115 0.615 0.003 0.004
CP+Litter 0.897 0.689 0.031 0.880 0.057

a,b,c Means with a different superscript differ (p < 0.05)
1 SEM = standard errors of the mean
2 Expressed as g/100g of body weight
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O thelg $788H 2

S8 celg 81 2

_E

d Anhe ®m145, ®1460] BRI 3%At0] B4, pH,
SAI0)A Ae] 7F §olgt Ao S Wolx| T} (p > 0.05). 5FEAINE B4, pH,
A0 Aa] 2 Golgt Ato]7t UERIAl ettt (p > 0.05),

B 145 2UMA 2Ew 42 2 fEol 879 chelgo] ] Ak (R7])

3 weeks
CP, % Litter Cooking H CIE L= CIE a CIE b=
loss, % p (lightness) *(redness) (yellowness)
22 Fresh 25.99 6.14 54.47 5.87 17.38
Used 25.99 6.24 56.76 4.98 16.53
20 Fresh 22.47 6.22 56.53 6.63 18.75
Used 28.08 6.10 57.29 5.92 17.11
18 Fresh 25.62 6.12 56.10 6.33 17.90
Used 27.10 6.13 57.53 6.18 16.06
SEM! 1.43 0.05 1.11 0.71 1.17
Main factors
22 25.99 6.19 55.61 5.43 16.95
20 25.28 6.16 56.91 6.27 17.93
18 26.36 6.13 56.81 6.26 16.98
SEM! 1.01 0.04 0.79 0.50 0.83
Fresh 24.69 6.16 55.70 6.27 18.01
Used 27.06 6.16 57.19 5.69 16.57
SEM! 0.82 0.03 0.64 0.41 0.68
p-value
CP 0.745 0.447 0.441 0.402 0.641
Litter 0.052 0.932 0.111 0.322 0.142
CPxLitter 0.143 0.121 0.789 0.862 0.906

ab¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
’Expressed as g/100g of body weight
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146. =0 F9k AHEH 24 AEol SA9 o2go nxls I (£71)

5 weeks
CP., % Litter Cooking H CIE Lx* CIE a* CIE bx
loss, % p (lightness) (redness) (yellowness)

20 Fresh 21.40 6.13 52.31 5.23 16.30
Used 21.65 6.15 51.55 5.08 16.14

18 Fresh 21.57 6.16 51.71 5.13 16.68
Used 20.92 6.14 52.14 5.08 16.33

16 Fresh 22.27 6.14 52.56 5.16 15.98
Used 21.10 6.18 51.44 5.20 16.14

SEM! 0.89 0.03 0.47 0.07 0.30

Main factors

20 21.53 6.14 51.93 5.16 16.22

18 21.25 6.15 51.92 5.11 16.51

16 21.68 6.16 52.00 5.18 16.06
SEM! 0.63 0.02 0.33 0.05 0.21

Fresh 21.74 6.14 52.19 5.18 16.32

Used 21.23 6.16 51.71 5.12 16.21

SEM! 0.51 0.02 0.27 0.04 0.17

p-value

CP 0.884 0.832 0.983 0.529 0.334
Litter 0.480 0.673 0.221 0.330 0.641
CP+Litter 0.722 0.671 0.253 0.340 0.691

abe¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
’Expressed as g/100g of body weight

Aol 42 B4 ATt ®147, ®1480] UehyQIct 35 Abo] A2] o] AT 27,
2ol, w7} 4, ZAM} TAE ol <o} LR esitt (p > 0.05). 3% At
A2o| yolt Ao nyMoz 7

& 25 9 22 pAPF YERET (CP effect; p <
0.005). A=t =AY F2 ALESHA 2 ZA A ALSE Aol A Arg<t
2RO AbsE ARG O w2 A0S B (litter effect; p < 0.05). 53
Atolle Az A, Zol, Yo, ozt Fr, x9|8ut mAH] FofA G2t xfo]rt
LHERA] eddet (p > 0.05). SHAIRE AE9] 2 ARESr ZAlA Alsd X220
AHESHA] F2 ZAONM RS AFolA w2 RS WERAIH (litter effect; P =
0.002)
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B 147. ZTHAl Az A1LE Z4A]

Aol SA9 FEol nxle ¥F (A7)

3 weeks
CP. % Litter : Length, Width, Strengt _ DTV r r
Weight® ernign ’ n?m Y Sh, ekggf ma(f/j S5 acskll,d"eb fcatl,lc}’/i
22 Fresh 0.84 76.07 6.23 16.96 36.59 40.31 93.71
Used 0.84 75.24 6.07 17.55 35.62 39.67 93.94
20 Fresh 0.84 78.24 5.95 17.72 36.91 41.79 93.15
Used 0.86 74.29 6.16 15.79 35.04 38.94 93.20
18 Fresh 0.80 74.75 5.43 15.24 41.22 40.99 93.64
Used 0.82 75.50 5.47 16.03 34.09 39.89 93.61
SEM! 0.02 0.95 0.21 1.15 1.70 0.51 0.64
Main factors
22/20 0.84 75.65 6.15% 17.26 36.10 39.99 93.83
20/18 0.85 76.26 6.05° 16.75 35.97 40.36 93.18
18/16 0.81 75.13 5.45P 15.63 37.65 40.44 93.63
SEM! 0.02 0.67 0.15 0.82 1.20 0.36 0.45
Fresh 0.83 76.35 5.87 16.64 38.242 41.03% 93.50
Used 0.84 75.01 5.90 16.45 34.92P 39.50° 93.59
SEM! 0.01 0.55 0.12 0.67 0.98 0.30 0.37
p-value
CP 0.275 0.497 0.005 0.368 0.551 0.647 0.588
Litter 0.506 0.093 0.877 0.845 0.023 0.001 0.871
CPxLitter 0.854 0.056 0.681 0.433 0.163 0.091 0.977
abc Means with a different superscript differ (p < 0.05)
ISEM = standard errors of the mean
Expressed as g/100g of body weight
& 148, ZUMA 2731 A2 24 FBo| 879 ATo] nAE A% (37])
5 weeks
CP, % Litter ., Length, Width, Strengt Y Crude Crude
Weight matter
mm mm h, kgf % ash, % fat, %
20 Fresh 0.81 104.45 8.14 31.01 54.76 37.68 69.84
Used 0.83 104.03 8.02 34.27 51.03 39.01 74.54
18 Fresh 0.83 104.29 7.83 277.48 55.67 38.12 68.36
Used 0.85 103.58 8.26 39.67 51.75 38.55 69.25
16 Fresh 0.78 101.57 7.67 30.44 56.38 39.10 73.46
Used 0.85 105.64 8.11 34.96 51.71 40.43 74.43
SEM! 0.04 1.44 0.31 2.28 1.49 1.23 1.98
Main factors
20 0.82 104.24 8.08 32.64 52.90 38.34 72.19°
18 0.84 103.94 8.04 33.58 53.71 38.34 68.81°
16 0.81 103.60 7.89 32.70 54.04 39.76 73.942
SEM! 0.03 1.02 0.22 1.61 1.05 0.87 1.40
Fresh 0.81 103.44 7.88 29.65% 55.60° 38.30 70.55
Used 0.84 104.42 8.13 36.30% 51.49° 39.33 72.74
SEM! 0.02 0.83 0.18 1.32 0.86 0.71 1.15
p-value
CP 0.736 0.908 0.809 0.900 0.734 0.421 0.044
Litter 0.288 0.411 0.328 0.001 0.002 0.314 0.187
CPxLitter 0.693 0.194 0.596 0.123 0.946 0.916 0.555

abc Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean
2 Expressed as g/100g of body weight
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279 Foe 4 AA & %A}, S50l AJFstel RSO WA Akt E149,
HE 1500 YEFY ST} 35 XFo]] A 2]t7F total cholesterol®] $X]+= 22/Fresh & 2] 9}
20/Fresh A2|oA 7H =9kot 18/Fresh A|2]7toflA 7Hg ZQkth (interaction
effect; p =0.013). T3t HDLC9 $X|= 22/Fresh %2]+2} 20/Fresh & 2] Lo A
7%} =9ron§ 20/Used A]2]LofA] 71AF WFoftt (interaction effect: p =0.005).
SFAMO A2]4t1k GPTO] fAJoflA RHHA 18% A2|oflA F2 HA]E HAL
b 20%9) 16% 7] 9.0]3t Afol @9t (p < 0.05). K] ALR of o] m2
total cholesterol® AM-3t ZAlo|A AFSE A2l polA AL&alA] b 2R AFSE
AYF+Et ¢ =& Zats Uehfct (litter effect: p =0.049). X 2]+t total
protein> 16/Fresh &2|LoflA 71 @2 A5 BRI 16/Used &A2]LoA 717
=2 2AX|S HYCT} (interaction effect; p = 0.033). ZA A& ofHo| = HDL
A 2HE9 A= ARERE 2Rl AbSH A2 Lof|A ARESHA] ok 24l oA
AR AR =2 $X]E UEYIY (p < 0.05). E9A »50 ©E uric acid9]
= 2EWMA 20% A2SoA 7MY =2 £AE BYOoW AT 16% A 2] LofA]
7P o Aabs 1 tt (CP effect: p < 0.014).

E 149, 500 25w A8 24 Ago] 870 Ao ulx: A3t (517])

3 weeks
LDL, 5
CP, % Litter GOT, GPT, TCHO, TP, TG, HDLC,

mg/d mg/d

U/L U/L  mg/dL g/Dl mg/dL . mg/dL .

22 Fresh 188.7 27.67 116.3* 2.85 19.00 25.5 88 9.83
Used 211.5 30.17 109.0®* 2.92 58.83 22.9 7430 12.75

20 Fresh 184.5 29.83 120.5* 2.93 25.67 17.4 98?2 9.08
Used 212.8 31.80 96.8%" 2.62 33.40 33.4 54° 47.84
18 Fresh 168.6 30.80 82.8° 2.24 10.80 13.9 7530 8.52
Used 181.3 31.00 107.3® 2.65 110.00 7.6 85ab 10.23
SEM! 18.3 1.01 7.3 0.19 31.87 5.7 7 13.13
Main factors

22 200.1 28.9 112.7 2.88 38.9 24.22 81.1 11.3
20 198.7 30.8 108.7 2.78 29.5 25.4° 76.1 28.5
18 175.0  30.9 95.1 2.45 60.4 10.72 80.1 9.4
SEM! 13.0 0.7 5.2 0.14 22.5 4.0 5.0 9.3

Fresh 180.6 294 106.5 2.67 18 18.9 87.1% 9.15
Used 201.9  31.0 104.4 2.73 67 21.3 71.1>  23.61

SEM! 10.9 0.6 4.4 0.12 19 3.4 4.2 7.83

p-value
CP 0.348 0.109 0.067 0.092 0.643 0.036 0.769 0.323
Litter 0.180 0.078 0.728 0.742 0.080 0.626 0.012 0.202
CPxLitter 0.919 0.521 0.013 0.223 0.393 0.152 0.005 0.321

abc Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean

2 TCHO, total cholesterol: TG, glucose: GOT, glutamic oxalacetic transaminase: GPT, glutamic
pyruvic

transminase; TP, Total protein: ALB, albumen: UA, uric acid; LDL, low density lipoprotein: HDLC,
high density lipoprotein

cholesterol;
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150. ZGA 273 A8 E 28 Agol 879 FRol AL 9T (37)
5 weeks
CP, % Litter GOT, GPT TCHO, TP, TG, LDL, HDLC, UA,
U/L U/L mg/dL  g/Dl  mg/dL mg/dL mg/dL mg/dL
20 Fresh 217 27.3 69.5 3.08% 1.00 22.3 47.0 5.13
Used 202 28.8 92.3 3.28% 4.17 22.7 68.8 5.43
18 Fresh 235 32.7 77.7 2.88% 7.67 19.6 55.7 3.95
Used 214 40.6 66.2 2.64% 5.56 21.8 54.3 4.62
16 Fresh 217 30.6 68.6 2.08P 11.00 17.2 448 2.90
Used 298 28.0 105.8 3.35? 8.50 10.0 94.8 4.18
SEM! 53 2.7 9.4 0.27 3.95 3.5 10.6 0.54
Main factors
20 209 28.1° 80.9 3.18 2.58 22.48 57.9 5.28%
18 224 36.6% 71.9 2.76 6.61 20.70 55.0 4.29%
16 258 29.3° 87.2 2.72 9.75 13.62 69.8 3.54°
SEM! 37 1.9 6.6 0.19 2.79 2.45 7.5 0.38
Fresh 223 30.2 71.9° 2.68 6.56 19.7 49.2° 3.99
Used 238 32.5 88.1% 3.09 6.08 18.2 72.6% 4.75
SEM! 31 1.6 5.6 0.16 2.36 2.1 6.3 0.32
p-value
CP 0.663 0.010 0.309 0.183 0.224 0.058 0.380 0.014
Litter 0.733 0.324 0.049 0.080 0.887 0.623 0.014 0.112
CP=Litter 0.590 0.189 0.053 0.033 0.736 0.432 0.088 0.677
ab¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
2 TCHO, total cholesterol; TG, glucose; GOT, glutamic oxalacetic transaminase; GPT, glutamic

pyruvic

transminase; TP, Total protein; UA, uric acid; LDL, low density lipoprotein; HDLC, high density

lipoprotein
cholesterol;

O &9 Y Corticosterone &4 Ay}

- AEYA 52RO

— L

#1510 UERITH AE
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® 151, 209N L&t AMRE Z4A AlFo] SA19] AEHA S23 (pg/g)oll UlXl= FF (A7])
O . Corticosterone
&8, LS 3 weeks 5 weeks
22/20 Fresh 1434 919
Used 1400 1160
20/18 Fresh 370 1153
Used 679 594
18/16 Fresh 372 999
Used 892 616
SEM! 442 334
Main factors
22/20 1417 1040
20/18 524 873
18/16 632 807

SEM! 313 236

Fresh 725 1024

Used 991 790

SEM! 255 193

p-value

CP 0.105 0.775

Litter 0.468 0.398

CP=Litter 0.820 0.461

ab¢ Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean

O AuY 2= 54 2%

- 89 ARY Rt o2, vk telg SRsgen @ WY & olelo eEg

ZA5t9ct AEWH 5= ®152, ®1530] GERJQCE 3%} 'HEM th2] Al ®H

L7t ZZ4RI0] AR oo w2 Q9]st xto|7} UERGTE (litter effect; p =0.004).

AHESHA] 2 2Rl Alee A2t AR E Z2AZ Aleet A2qE o H2jel o

AMEHS 227t 4 Fokth. S4 7189 2o+ A ZAA ARSE MelolN o 22

257} UERERIEE QOIFF Afol7k LEERER] @St (p > 0.05). 55 AollA] A1851A

A2 AAZ Alset Al 7F Aget A4S Alset A2 tEY JhEa o] A|EHe

2zt §oldo g ZFASHYTT (litter effect; p < 0.05).
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B 152. S0 273 A8E 2 AZol $49 ARA 2= vl FF (W)

. 3 weeks

&8, LA Head, °C Breast, °'C Leg, 'C
22 Fresh 36.83 35.38 36.96
Used 38.04 37.79 38.30

20 Fresh 37.18 35.17 37.14
Used 38.37 34.88 37.96

18 Fresh 36.84 34.96 37.03
Used 38.02 37.06 38.25

SEM! 0.46 1.27 0.44

Main factors

22 37.44 36.59 37.63

20 37.78 35.02 37.55

18 37.43 36.01 37.64
SEM! 0.33 0.90 0.31

Fresh 36.95° 35.17 37.04°

Used 38.14% 36.58 38.17°

SEM! 0.27 0.73 0.25

p-value

CP 0.699 0.466 0.974
Litter 0.004 0.184 0.004
CP+Litter 0.999 0.514 0.821

ab¢ Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean

B 153 A0 250 18" 28 AZol 879 MEA 2o uA: IF (37)

. 5 weeks

a8, 53 e Head, C Breast, °'C Leg, °C
20 Fresh 37.60 36.72 37.43
Used 37.49 37.23 37.83

18 Fresh 37.48 37.23 37.58
Used 38.18 37.74 38.52

16 Fresh 37.78 37.08 37.74
Used 38.09 38.00 38.50

SEM! 0.38 0.38 0.39

Main factors

20 37.55 36.98 37.63

18 37.83 37.48 38.05

16 37.93 37.54 37.12
SEM! 0.27 0.27 0.28

Fresh 37.62 37.01° 37.58P

Used 37.92 37.66% 38.28%

SEM! 0.22 0.22 0.22

p-value

CP 0.587 0.284 0.401
Litter 0.347 0.047 0.036
CPxLitter 0.588 0.836 0.780

abc Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean

A Aub= ®154, ®1550] JERJQICH 3% AH9] @ Zol9]
9]t &Fol7F LFERLFA] QEQFTH (p > 0.05). 22t 32to] Zoje= ARE-sHA|
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BT TN ALGE AL AT HYPUC AL £S5 B (litter effect;

p < 0.001). &= :

=% Hl&2

MZAL Aol AEg 24 AYFET o =2

RIS e eHlitter effect: p < 0.001). 5FAfOIA o) g2 S42 At

go)5t xfol2 LERJA ekottt (p > 0.05).

# 154, 2 S50 ALRE ZA A|Fo] §AQ] g2 UX]= FF (H7])
. 3 weeks
CP, % Litter Villus height, um Crypt depth, ym Villus to Crypt
22 Fresh 622 121 5.22
Used 612 157 3.92
20 Fresh 600 128 4.75
Used 567 177 3.28
18 Fresh 654 129 5.04
Used 626 150 4.19
SEM! 46 9 0.33
Main factors
22 617 139 4.57
20 584 152 4.02
18 640 140 4.61
SEM! 33 6 0.23
Fresh 625 126° 5.00°
Used 602 1622 3.80°
SEM! 27 5 0.19
p-value
CP 0.480 0.236 0.147
Litter 0.535 < 0.001 < 0.001
CP+Litter 0.966 0.296 0.634
ab<¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
B 155, AU 250 AHgE 2F Aol §749 g8 U IF (37])
. 5 weeks
SRR Litter Villus height, nm Crypt depth, pm Villus to Crypt
20 Fresh 639 183 3.51
Used 802 185 4.38
18 Fresh 793 193 4.21
Used 811 192 4.36
16 Fresh 936 204 4.68
Used 703 143 4.90
SEM! 95 23 0.39
Main factors
20 721 184 3.94
18 802 193 4.28
16 820 173 4.79
SEM! 67 16 0.27
Fresh 789 193 4.13
Used 772 173 4.54
SEM! 55 13 0.22
p-value
CP 0.549 0.696 0.99
Litter 0.825 0.292 0.185
CP=Litter 0.127 0.311 0.589

aP¢ Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean
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te W PO £5E Aviet 249 AME o7t SA A2r] Aibdoll tlx]+=

S m1560] YERICE 84 A RE & Atz AZEF 219014 35Y7HR] =
U ZAA AEH A2]Stet ¥l st
2 Auts YERT} (litter effect; p =0.008). s}X]qt, Atg W <19]

19] ARG ofF Apo]o] JoArg2 UEUA] AUt (interaction effect; p >
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S
>
ofo
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kel
Ra)

B 156 AL2 U 9891 £F0] 70 M) ujxl: Y3
Body weight gain, Feed intake,

g/d/bird a/d/bird FCR, gig

. .
B 5 Litter — 50" 21to 0to 0t 2lto Oto Oto 2t 0t
21d 35d 35d 21d 35d 35d 21d 3d 35d

035 ) 0g5 Fresh 751 1113 1864 1039 1720 2759 139 15 149

Used 735 1189 1924 1043 1863 2906 1.42 1.57 1.51
0.45 / 0.35 Fresh 730 1161 1891 1004 1740 2744 1.38 1.51 1.46
Used 685 1153 1846 973 1864 2837 1.42 1.62 1.54

SEM? 25 52 72 32 44 70 0.04 0.05 0.04

Main factor
0.35 / 0.25 743 1151 1894 1041 1792 2833 1.41 1.57 1.50
0.45 / 0.35 707 1157 1868 989 1802 2791 1.40 1.57 1.50
Fresh 740 1137 1877 1022 1730° 2752 1.39 1.54 1.47
Used 710 1171 1885 1008  1864% 2872 1.42 1.59 1.52

p-value
Phosphorus 0.168 0.913 0.729 0.124 0.822 0.554 0.885 0.992 0.990
Litter 0.239 0.527 0.916 0.681 0.008 0.102 0.437 0.323 0.240
P X litter 0.558 0.440 0.484 0.601 0.829 0.702 0.850 0.326 0.420

3> Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 6 replicates per treatment
2 SEM, standard error of the mean

O =AEA A7

- 87 A= U] Pl 23 Arlel AAlC] ALg olwr} 87 AEY] Jh U riel Lol
Hlgt S4AYY] vlgof U]X]= &= ®E1570 YEHAT. SA Ats W <19
gt 2l ARR o R AVIF 7] 7HE R 459 vled 5UAIEY B0
JFS 0|X|A] U}t (interaction effect: p > 0.05).
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= 157 A2 U 889 40l §A9 714 @ cfelgo] ulgw B4 ugo] oA ¥

Breast, % Leg, % Abdominal fat, %

P, % Litter
3 week 5 week 3 week 5 week 3 week 5 week
0.35 / Fresh 15.1 17.7 11.9 19.4 0.83 0.391
0.25 Used 14.8 19.2 11.8 18.3 0.81 0.344
0.45 / Fresh 15.5 17.5 11.1 19.2 0.90 0.403
0.35 Used 15.0 17.8 11.3 19.0 0.85 0.388
SEM? 0.5 0.6 0.4 1.0 0.10 0.050

Main factor
0.35 /

N 14.9 18.9 11.9 18.9 0.82 0.367
00425/ 15.3 19.1 11.2 19.1 0.88 0.395
Fresh 15.3 19.3 115 19.3 0.87 0.397
Used 14.9 18.7 116 18.7 0.83 0.366

p-value
Phosphorus 0555 0206 0101 0786 0569  0.584
Litter 0501  0.161 0910 0503 0716  0.545
P X litter 0769 0295 0565 0643 0909  0.754

T"All means are average of 6 replicates per treatment
? SEM, standard error of the mean

O &u=A A
- 87 AbE Ul PO 27 Avtet el A

o8} 87 M7 &Ll UAE FFL
AR O

AR
B1580] YEhRQIct 7H580) Ayt g9 axte Al 719 g e AR U
1 g

1ol oh&fut A4 ARE ofRof o5l JF= WA ekttt A7) IHES9 TtEATE
AHERE 2RI AbsE A 2]7F ARESHR] 2 2R AbsE A28} ¥ ulsto
O0l5HA =2 A= UML) (litter effect; p =0.003). 7}F&SM0] axFS AFR5HA]
A2 AR AbSH M2|F7F Rl =2 AubE UEIIH (litter effect; p =
0.001)

- S7 AFR W P ~FE ARe 249 AR o B2 S $7] SA U]A]= T2
F 1590 UERJQIC tha]Lo] &A12 xtg U ©9l9o] sraful 7HAlo] AL o Hoj| 9]a]
FEEA] Lot 7] 7HEHL] TrEAHEE AlR Ul Q19 Fgo] dAsSHE o,

&2 e} vlwsto] @2 A5 UEY AKX (phosphorus effect: p = 0.021), Alg U]
Qlo] &fut AR ARE ofHof tjst JEANEO] Fik= UETUA] Aottt 7HESAY]
Yes Atr U 19 gl dadd] 2t W2 2yE UEien (phosphorus
effect; p = 0.001), b3t AMESE ZAoA AMS Al FosH =2 Z2uE YERUAT
(litter effect: p = 0.006). At=m U Q1] g} Z24]0] ARG o] R+ 7155A1] o}
b*fS =o|lAY U= ASARE gyt UERSTH (interaction effect: p < 0.05).

t
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# 158. At Y| §&¢91 %9

87 M7]o] §Ald uj]:= dF

Breast meat Leg meat
P, % Litter oo Color oo Color
ooking ooking
loss PH L ax b+ loss PH Lx
0.35 Fresh 20.31 6.45 53.1 4.09 41.77 24.64 6.19 54.42
' Used 23.95 6.51 56.0 2.60 14.57 26.83 6.16 55.76
0.45 Fresh 19.25 6.46 54.4 4.49 18.01 25.99 6.14 54.47
' Used 24.21 6.51 56.7 2.90 14.10 25.99 6.24 56.76
SEM? 1.26 0.11 1.3 0.42 12.73 1.21 0.06 1.49
Main factor
0.35 22.13 6.48 54.6 3.34 28.17 25.73 6.17 55.09
0.45 21.73 6.48 55.6 3.69 16.06 25.99 6.19 55.61
Fresh 19.78° 6.45 53.7 4.292 29.89 25.32 6.17 54.45
Used 24.08° 6.51 56.4 2.75° 14.34 26.41 6.20 56.26
p-value
Phosphorus 0.752 0.936 0.456 0.410 0.353 0.835 0.751 0.729
Litter 0.003 0.607 0.059 0.001 0.236 0.377 0.551 0.236
P X litter 0.608 0.973 0.820 0.899 0.371 0.376 0.236 0.754

3 Means within a row without a common superscript letter differ (p < 0.05)
' All means are average of 6 replicates per treatment

2 SEM, standard error of the mean

Color, L#=lightness; a*=redness bx*=yellowness
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B 159. A2 U 889 4%o] 87 37| A0 U]x]|= G

Breast meat Leg meat
P % Litter Color Color®
T L
035 Fresh 20.86 5.62 51.62° 1.95 14.23% 21.1 6.17 52.3
' Used 20.73 5.63 50.21° 1.95 14.55% 22.0 6.16 52.2
0.45 Fresh 25.11 5.61 52.93% 0.67 12.88° 21.4 6.13 52.3
’ Used 22.47 5.52 55.57% 1.83 16.35° 21.7 6.15 51.6
SEM? 1.20 0.05 0.80 0.40 0.62 0.8 0.04 0.5
Main factor
0.35 20.80° 5.62 50.91° 1.95 14.39 21.6 6.17 52.3
0.45 23.79% 5.56 54.25% 1.25 14.62 21.5 6.14 51.9
Fresh 22.99 5.62 52.27 1.31 13.55° 21.3 6.15 52.3
Used 21.60 5.57 52.89 1.89 15.452 21.8 6.16 51.9
p-value
Phosphorus 0.021 0.207 0.001 0.097 0.716 0.968 0.492 0.499
Litter 0.262 0.342 0.452 0.166 0.006 0.499 0.948 0.373
P X litter 0.308 0.316 0.020 0.164 0.020 0.719 0.737 0.548

aba Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 6 replicates per treatment

2 SEM, standard error of the mean

8 Color, L*=lightness; a*=redness b*=yellowness
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- S AtR W POl 25 VR 2R ARE 87 A A7) FEEA ulA]=
F&d= #1610 HEHHIY. d& & 3
el 77} ALRSIAl e AAIoA
UER oIt (litter effect; p =0.014). 3
Ato]o] AbS AR o LFERIA] QFQMCE (interaction effect; p > 0.05).
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B 160. AL Y S8 270 87 A7) B2 S0 wx: P

o

i

P % Litter Fresh Width, Length,  Strength, Dry ) Ash/fat- Ca. %
weight®, g mm mm kgf matter, % free. %
0.35 Fresh 0.843 75.4 6.20 19.4 36.2 40.5 39.7
' Used 0.816 75.6 6.04 17.6 36.0 39.7 40.7
0.45 Fresh 0.840 76.1 6.23 17.0 36.6 40.3 40.1
' Used 0.838 75.2 6.07 17.5 35.6 39.7 39.8
SEM? 0.023 1.0 0.23 1.3 0.5 0.7 0.6
Main factor
0.35 0.829 75.5 6.12 18.5 36.1 40.1 40.2
0.45 0.839 75.7 6.15 17.3 36.1 40.0 40.0
Fresh 0.841 75.7 6.22 18.2 36.4 40.4 39.9
Used 0.827 75.4 6.05 17.6 35.8 39.7 40.2
p-value
Phosphorus 0.677 0.887 0.889 0.350 0.974 0.856 0.725
Litter 0.555 0.746 0.490 0.654 0.253 0.320 0.590
P X litter 0.606 0.637 0.992 0.383 0.488 0.912 0.317

I All means are average of 6 replicates per treatment
2 SEM, standard error of the mean
3 Fresh weight was expressed as per 100 g body weight
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# 161. A2 Y 9E% 270 74 $719 32 Syl nA: P
P % Litter Fresh Width, Length,  Strength, Dry ) Ash/fat- Ca. %
weight, g mm mm kgf matter, % free. %
0.35 Fresh 0.815 103 8.05 30.4 554 37.0 40.4
' Used 0.776 104 8.39 34.3 50.8 38.2 40.9
0.45 Fresh 0.813 104 8.14 31.0 54.8 37.7 38.8
' Used 0.827 104 8.02 34.3 51.0 39.0 40.8
SEM? 0.034 2 0.33 2.5 1.5 1.0 0.8
Main factor
0.35 0.796 104 8.22 32.3 53.1 37.6 40.6
0.45 0.820 104 8.08 32.6 52.9 38.3 39.8
Fresh 0.814 104 8.09 30.7 55.1° 37.4 39.6
Used 0.802 104 8.21 34.3 50.92 38.6 40.8
p-value
Phosphorus 0.490 0.644 0.671 0.899 0.887 0.447 0.321
Litter 0.715 0.755 0.726 0.175 0.014 0.218 0.123
P X litter 0.445 0.558 0.488 0.905 0.780 0.917 0.340

I All means are average of 6 replicates per treatment
2 SEM, standard error of the mean
3 Fresh weight was expressed as per 100 g body weight
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2 Atm W /19 ol @i%H)ﬂ w2t Z:* 5 % 4‘2 UrEJrLHO*Ur (phosphorus

7] @A Y Ca &F E£3F Alm Y] Q19| o] ZAsHRS o,
g Y Ca gFo] daste 205 YEUHIT (phosphorus effect: p = 0. 020) 7]
N U Mg T2 ARESHA] 2 ZAloA ARSE M| tollA Fofsh =2 Z2iaE
B IaL (litter effect: p = 0.034), Abs W Q19] &gt 2A10] ARG of Fof ojjst
g3 UYEY ISt (interaction effect; p < 0.05).

H 162. A2 Y 889 £ZF0] 879 WA U]X]= AT

. 3 week 5 week
(o)
P, % Litter Ca P Mg Ca P Mg

Fresh 10.2 8.0 1.08 7.50 11.3 1.123b
0.35/0.25 Used 10.4 7.9 1.08 7.63 11.6 1.13%
Fresh 12.1 11.6 1.65 9.32 11.9 1.23%
0.45/0.35 Used 12.6 12.0 1.97 8.30 11.5 0.95°
SEM? 0.2 0.7 0.14 0.49 0.2 0.06

Main factor
0.35/0.25 10.3° 7.9° 1.08° 7.57° 11.5 1.13
0.45/0.35 12.32 11.82 1.812 8.81° 11.7 1.09
Fresh 11.1 9.8 1.37 8.41 11.6 1.1872
Used 11.5 10.0 1.53 7.97 11.6 1.04°

p-value

Phosphorus < 0.001 < 0.001 < 0.001 0.020 0.320 0.575
Litter 0.198 0.769 0.282 0.380 0.911 0.034
P X litter 0.548 0.678 0.282 0.256 0.091 0.018

3D Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 6 replicates per treatment
2 SEM, standard error of the mean

O g9 U Corticosterone &A1 ZAut

- A AtR W PO aFE F7Ret 2] AR o817 S Aer] E Y
corticosteroned]| O]X]= 3k T2al113p 23120 UENYQCE 24 Ala U ©19]
gt ZA9] ARE o= A7 7] Ed Y| corticosterone?] FEgo| TS
OJR|R] 4kT} (interaction effect: p > 0.05).
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3 week
5000
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3000

Corticosterone
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—— b
1000
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a el
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Treatment

a4 11. A2 Y 559 5&F0] &4 J7] N4 Y Corticosterone o] O]X|= &

5 week
o
3000
(=]
% 2000
1000 <
<
R T | [
1]
025 0,35
Treatment

a3 12, Atm Y {82 &0l A4 371 @9 4 corticosterone o] U]X]= FF

O & &2 4 2

- A AtR W PO 58 VRS A9 ARE o5 A AeY] oA R
Rl &= #1630 UEtH T 7] Zeto] Zlojet 7] g 1oF 3e1of Hla
270 ARE o ROl YT ot ARERE ZAAM Abseh A2t {5 =2
Anks YRR} (litter effect: p < 0.05). K7] §@o} 2oto] vl #7] gotol

70017k L3 ARONA AR A2le] ATt QolshA =7 et Antdow
a2 w5 W2 AaE YErYSitklitter effect; p = 0.032). ofo] Th& JSAE

= TE BA = 7F IALR] oottt (interaction effect; p > 0.05).

)(1
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% 163. A2 U 95 £80] 879 87 gRYL DAL Y
3 week 5 week
: Villus Crypt . . .
P, % Litter . Villus to Villus Crypt Villus to
heightm, depth, .
um um Crypt height depth Crypt
Fresh 562 118 4.90 786 201 3.99
0.35/0.25 Used 603 154 3.96 833 177 4.75
Fresh 622 121 5.22 767 219 3.51
0.45/0.35 Used 612 157 3.92 802 185 4.37
SEM? 60 9 0.48 54 14 0.27
Main factor
0.35/0.25 583 136 4.43 810 189 4.37
0.45/0.35 617 139 4.57 785 202 3.94
Fresh 592 119° 5.06% 777 210 3.75°
Used 608 156% 3.94° 818 181 4.56%
p-value
Phosphorus 0.569 0.696 0.770 0.653 0.386 0.138
Litter 0.801 0.001 0.032 0.468 0.059 0.008
P X litter 0.680 0.995 0.716 0.917 0.733 0.852

3> Means within a row without a common superscript letter differ (p < 0.05)
1 All means are average of 6 replicates per treatment
2 SEM, standard error of the mean
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5) &7 (CP) A+ ZAxt

O 9ga Astg 24 2t

- g79] A%hg ¥A Ak mled, H1650] eIt 120 AwAC] Astge
AThA 22% & 2|0l 7P We Auke wglon (CP effect: p < 0.001), ALHuHAl
20%9} 18% M2 Atole] felae LRIl sich (p > 0.05). £AIY 4882
MZAOA AbgH A2 to| A AEE 2Rl Absd A2ET o 22 &A1&
UER it (litter effect: p < 0.001). 23]E A2 Atg U ©¥iA ~&3F 7Z40A]
AP o Xof wiat Ars AN gyt UeRgth(litter effect; p = 0.002, interaction
effect; p = 0.002). 23|89 A35}88 AUHAl 18% 2] Lo|A 7H 22 43182
BRow 2UWA 20% Ao 7 22 2ol AstesS BT AA HRES
22% Aol A 7 2okl vitig viEFE 7P =% eW (CP effect: p < 0.001),
AU 20%2E 18% A 2]+ Afo]9] Fo]9t Atol& UEHYA] 0*% (p > 0.05).
FAEO] A& Asha2 18/ Fresh A2|qtoA 7MY =2 AstaS ¥oH 16/Used
Ae]FtoA 7HE Fe AseS HATH (interaction effect; p < 0 05). ATHERAI O]
A29t&2 19/Fresh A2jHolA 7MY =2 actaS B o0 18/Used A2]Lof|A 7H
o Ashe-S HAT (interaction effect; p < 0.001). &X|qFO] 43452 Fresh
A2jL7F AREE ZAoA AbsH AR o F2 AstsZ BT (litter effect: p
= 0.001). 23189 Ast8& 20/Used, 18/Fresh, 16/Used A&g]1LoA 71X =&
A%tE2 B 18/Used, 16/Used Aol 71 @F2 Astaga AT
(interaction effect; p < 0.001). AA0] H o8k FiulAl 18% & 2| Loj|A 7H4
ol RUHWA 16% A2FoA 7MY B2 A5 BAY (CP effect; p < 0.001).
g2 AA0] siEed2 2EHA 16% AgoA 7P =2 Hieds B AT
18% A2|LollA 7P W HlETS WoITh (CP effect: p < 0.001). E3F, 2% AL
AR = Ate] AF, 2T, 13|79 Asts2 APAANA AbsH A 2]FLoflA
Mg ZAAoA Ak A2]to] vlsl =2 At Yepgon (litter effect: p <
0.05), ZA|o] Adta2 MEE ZAAA AtsH A2jHolA o =0t (litter effect:

= 0.001).

o rl

oo ko
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2&E AHEE 2R Aol A9 gt uxl= IF (F])

3 weeks
CP, % Litter Dry matter, Crude Crude ash, Nitrogen
) Crude fat, % )
% protein, % % retention, %
22 Fresh 71.99 66.38 72.02 36.43% 66.4
Used 71.95 64.23 43.35 37.55% 64.2
20 Fresh 74.37 68.66 75.84 36.81% 68.7
Used 73.63 68.27 52.74 33.99% 69.2
18 Fresh 74.83 69.16 72.17 42.832 68.3
Used 74.20 69.61 46.62 34.40° 69.6
SEM! 0.48 0.89 2.76 1.19 0.89
Main factors
22 71.97° 65.30° 57.69 36.99% 65.3P
20 74.00% 68.46% 64.29 35.40° 68.9°
18/16 74.512 69.39% 59.39 38.61% 68.9°
SEM! 0.34 0.63 1.95 0.84 0.63
Fresh 73.73 68.07 73.34a 38.69% 67.77
Used 73.26 67.37 47.57b 35.31° 67.67
SEM! 0.27 0.52 1.60 0.69 0.52
p-value
CP < 0.001 < 0.001 0.061 0.038 < 0.001
Litter 0.230 0.347 < 0.001 0.002 0.889
CPxLitter 0.731 0.344 0.605 0.002 0.142

abe¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
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220 A8 27 AZol 879 Akl A FF (37])

5 weeks
CP, % Litter Dry matter, Crude Crude ash, Nitrogen
) Crude fat, % )
% protein, % % retention, %
20 Fresh 76.49° 66.76% 48.38 40.67° 66.8
Used 80.06" 70.71%¢ 63.95 49.99% 70.7
18 Fresh 82.56° 74.17% 49.70 49.822 74.2
Used 75.80°¢ 63.02¢ 61.44 29.37¢ 76.1
16 Fresh 82.14% 76.13° 58.49 47.63% 63.0
Used 76.37°¢ 66.68% 59.35 30.91° 66.7
SEM! 0.56 0.97 3.05 1.33 0.97
Main factors
20 78.27 68.73" 56.16 45.33% 68.7°
18 79.18 68.60° 55.57 39.60° 75.2%
16 79.26 71.40° 58.92 39.27° 64.9¢
SEM! 0.40 0.69 2.16 0.94 0.69
Fresh 80.40° 72.35% 52.19° 46.04?2 67.99°
Used 77.41° 66.80° 61.58° 36.76° 71.178
SEM! 0.33 0.56 1.76 0.77 0.56
p-value
CP 0.169 0.011 0.518 < 0.001 < 0.001
Litter < 0.001 < 0.001 0.001 < 0.001 < 0.001
CP+Litter < 0.001 < 0.001 0.071 < 0.001 0.5525

abc Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
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O o945 wizd 54 21

- g7jlo] o3 wAer B4 Azp= m1660] LERJATH oF 54 AT} 3%, 55 Al
Zotpa 0] WAL SHRIEX] o9ttt (Data not shown). 3% X9 o]4tet&ha, fw o},
Ecfoltgotnlof wAlRo A= 24l AME o, Ate U REHA dfo] g A|2{1He]
Rlol= UEhbA] ergtol} etujol sEolA Alg Ul AU 45 % 244 ALS
of 2o w2t A ArE gy UERJT) (interaction effect; p = 0.025). 5% A} &4
Aut ojiketeta, Frwuoret EgfojtFotlo= {5t Ato|7F YEFUA] QAT (p >
5). olATebeiA WAIROlA L AfR Ul AUMA 2F 9 24 AME olio] me

N A gk UJERGTE (interaction effect; p = 0.012).

r2
Fl

O

~

E 166, ST 2E3 ASE 2 AZol 349 oA WAl nlAl: 9%

. 3 weeks 5 weeks
CP, % Litter CO, NH; RNH, CO, NH; RNH,
22/20 Fresh 610 1.88? 1.46 6923 4.90 2.08
Used 783 4.25° 1.52 683 4.75 2.28
20/18 Fresh 690 5.00° 2.40 642° 4.60 1.93
Used 575 2.10° 1.23 783° 4.17 1.80
18/16 Fresh 680 3.75° 2.00 6923 4.50 2.05
Used 860 4.80° 2.14 6702 5.40 2.52
SEM! 187 0.68 0.81 28 0.36 0.33
Main factors
22/20 697 3.06 1.49 688 4.83 2.18
20/18 633 3.55 1.82 713 4.38 1.87
18/16 770 4.28 2.07 681 4.95 2.29
SEM! 139 0.54 0.60 20 0.26 0.24
Fresh 660 3.54 1.95 675 4.67 2.02
Used 739 3.72 1.63 712 4.77 2.20
SEM! 111 0.42 0.49 16 0.21 0.19
p-value
CP 0.792 0.407 0.800 0.508 0.307 0.446
Litter 0.629 0.818 0.651 0.119 0.736 0.523
CP+Litter 0.699 0.025 0.700 0.012 0.208 0.679

ab¢ Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean

O VFA 574 Z2xt

- A BHIA9] Fuad A|ARe 7167, E1680] UERJQICH 3% At EWHoA 9
acetate, propionate, isobutyrate, valerate®] 2= §-0]st X}o|7} LEFLEA]
or9tt (p > 0.05). Butyrate9t SCFAS] %31 AVAAIONA ALSE A2l oA o 27
UERH OO isovalerate®] A2 AWZAONA At A2LEo AE-E ZAloA
ARSE A toA o w2 X5 UEYITE (litter effect; p < 0.05). 53 X}<
Beo| Q] 3jutAl x|uFAL ebAlEko]|A] propionate, butyrate, valerateQ] whrjake
S0l Atol7k UEHA] e9rch (p > 0.05). Acetated] WAZe AT 20%
] Lo|A 71 Yo wreke vt (CP effect; p = 0.003). E3}, acetate?]
WAL A ARG of Rl e RolAE Uehd ALgatAl e AR Al
Ae]tuct A Z2AA Absd A oA @A UebHTH(litter effect; p = 0.041).
Isovalerate®} isobutyrate> APAAINA A5 A2]tolA AHEE ZA oA A
AMefEt o =2 SAFS UERQIT (litter effect; p < 0.05). SCFAQ] A=
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Mg ZANA Absd Aol 2 »AIS HERUIH (litter effect: p = 0.001).
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WA »FEN AHEE Z2A AEol SA 2HAANY AT AYA T (mM)d] R IF (A7)

. 3 weeks
QIE, G Ll Actate Propionate  Isobutyrate Butyrate [sovalerate Valerate

22 Fresh 64.00 7.16 1.41 24.16 1.08 2.20
Used 65.47 7.06 1.28 22.49 1.40 2.30
20 Fresh 63.90 7.90 1.30 23.45 1.23 2.22
Used 63.93 10.25 2.23 18.36 2.65 2.58
18 Fresh 65.56 7.45 1.16 22.72 1.02 2.09
Used 67.35 7.53 1.69 19.24 0.96 2.23
SEM! 1.41 0.95 0.33 1.50 0.35 0.28

Main factors
22 64.74 7.11 1.34 23.33 1.24 2.25
20 63.91 9.08 1.77 20.0 0.94 2.40
18 66.45 7.49 1.42 20.98 1.49 2.16
SEM! 0.99 0.67 0.23 1.06 0.25 0.20
Fresh 64.48 7.50 1.29 23.44° 1.11° 2.17
Used 65.58 8.28 1.73 20.03° 2.00? 2.37
SEM! 0.81 0.55 0.19 0.87 0.20 0.16

p-value

CP 0.214 0.136 0.448 0.260 0.187 0.701
Litter 0.374 0.351 0.129 0.014 0.007 0.416
CPxLitter 0.815 0.405 0.345 0.584 0.365 0.897

abe Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
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# 168. ZEHA 2F9 AREH Z2F Aol SA FHAAQ B A 2 (mM)o]l tlRl= FF (1)

Ccp Litter > weeks
Actate Propionate Isobutyrate Butyrate [sovalerate Valerate
20 Fresh 59.81 19.68 1.55 14.24 2.35 2.38
Used 61.69 18.80 1.04 14.51 1.49 2.46
18 Fresh 62.32 15.69 1.53 15.17 2.39 2.89
Used 65.84 16.12 1.06 13.27 1.54 2.17
16 Fresh 64.42 15.50 1.42 13.89 2.08 2.69
Used 64.88 16.39 0.93 14.27 1.13 2.40
SEM! 1.12 1.37 0.15 1.57 0.31 0.21
Main factors
20 60.75° 19.24 1.29 14.37 1.92 2.42
18 64.08% 15.91 1.29 14.22 1.97 2.53
16 64.65% 15.95 1.17 14.08 1.60 2.55
SEM! 0.79 0.97 0.10 1.11 0.22 0.15
Fresh 62.18° 16.96 1.50% 14.43 2.27° 2.66
Used 64.14% 17.10 1.01° 14.02 1.39° 2.34
SEM! 0.65 0.79 0.09 0.91 0.18 0.12
p-value

CP 0.003 0.032 0.647 0.983 0.462 0.805
Litter 0.041 0.898 < 0.001 0.748 0.002 0.075
CPxLitter 0.406 0.802 0.991 0.718 0.985 0.160

abc Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
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WA A8 A2l 22t 27 UrE}Ur 2 LS ool et Aols)
e (litter effect: p < 0.001). SFAI9H, R Ashgo|A Ata U Q9] ot}
ZER10] AR ofHof ofst A5 AR g b= UERGR] 9ottt (interaction effect; p >
0.05). Ca®} POl Astg Atm W 19 o] HAasts o, tia+et Blwsto =2
AWE e AT (phosphorus effect; p < 0.05). &3t A5, iRl 3|18 Mg
2otE2 AMEE AN dad Ats U Q19 dF2 AFlst M7t g Ao
vl 71 =2 ZAE UEMJ T} (interaction effect; p < 0.05).

<A AL U Pel AER RISl ] A ool S 0] 99U Lagol olA:

L= & 1709 HERITE. Mg Ashg2 7|9} vt xjE-& 7ZAloA 0.35% P
AlaS ARs A7 7 =2 AvE ey gk (mteractlon effect; p = 0.038).
DE A FHA ARES ZAA Al A7 QYA AskEo] {5 =2
AvtS UERUICH (litter effect; p < 0.05).
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® 169. AR U R&EQ 50| 87 H719 L4 280 U= JF

. Dry Crude Ether Crude ash,

B, e Luzer matter, % protein, % extract, % % Ca, % B, e
0.95 Fresh 77.32 73.6% 68.0 43.3% 64.0 49.4
' Used 74.3P 67.7° 43.2 39.2P 62.0 51.2
0.35 Fresh 72.0° 65.5° 72.0 36.4° 54.6 475
' Used 71.9¢ 64.5P 43.3 37.5P 51.4 41.1
SEM? 0.4 0.1 2.8 0.9 1.5 2.0

Main factor
0.25 75.8% 70.7% 55.6 41.3% 63.0% 50.3%
0.35 72.0P 65.0° 57.7 37.0° 53.0° 44.3°
Fresh 74.7% 69.5% 70.0% 39.9 59.3 48.5
Used 73.1° 66.1° 43.3P 38.4 56.7 46.1

p-value

. Phosphoru (591 < 0.001 0.461 < 0.001 < 0.001 0.007
Litter 0.002 0.002 < 0.001 0.116 0.096 0.247
P X litter 0.002 0.022 0.486 0.009 0.700 0.052

ab Means within a row without a common superscript letter differ (p < 0.05)

1 All means are average of 6 replicates per treatment

2 SEM, standard error of the mean
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B 170. At2 Ul §&Q $70] 84 $719] dY4 235180 njx]= I

. Dry Crude Ether Crude ash,
B, e Luzer matter, % protein, % extract, % % Ca, % B, e
0.95 Fresh 73.9 65.7 30.9 30.8 442 49.5
' Used 77.0 66.8 61.8 37.4 56.6 56.5
0.35 Fresh 76.5 66.8 36.6 40.7 47.1 51.0
' Used 80.1 70.7 63.9 49.9 51.4 53.5
SEM? 0.8 1.1 5.3 1.4 1.9 1.5

Main factor
0.25 75.5P 66.3° 46.3 34.1° 50.4 53.0
0.35 78.32 68.7% 50.3 45.3% 49.2 52.3
Fresh 75.2P 66.2° 33.7° 35.7° 45.7° 50.2°
Used 78.52 68.7% 62.9% 43.7% 54.0% 55.0%

p-value

. Phosphoru 0.003 0.034 0.474 < 0.001 0.558 0.668
Litter 0.001 0.032 < 0.001 < 0.001 0.001 0.007
P X litter 0.785 0.201 0.737 0.378 0.054 0.170

I All means are average of 6 replicates per treatment

2 SEM, standard error of the mean
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O o3 wizy 54 2

- &7 Al U P &5 AUl 72410 ARE ofBIF A A-37] oF wiEgol| Uk
Qe B 1710] UeriTh VEAS S70] ARolN SAslglon), 24 gasos
UERHITE SA A7) & W d2yor 54 A3 Ats W 19 g2 92 U]R|A]
CISRAIRE, AFER ZAOIA ALSE A2l AFRSIA] ere AMel et ulmste] ke
AIE YERY AT (litter effect: p = 0.022). SHX|TF & AR} 574 F=0A A=
U Qlo] et Aol Abg ofyio] mE Asalgo] mube UERIA] oottt
(interaction effect; p > 0.05).

2 171. Atm Y f8020 £50] SA9 o3 vjEFo] A=
3 week 5 week
o .
P. % Litter o, NH; RNH, o, NH, RNH,
Fresh 800 3.00 2.54 700 4.42 2.12
0.35 /025 Used 570 4.80 1.86 740 4.92 1.93
Fresh 610 1.88 1.46 717 4.80 2.12
0.45 / 0.35 Used 783 4.25 1.52 658 4.58 2.33
SEM? 169 0.88 0.51 31 0.40 0.26
Main factor
0.35 / 0.25 685 3.90 2.20 720 4.67 2.03
0.45 / 0.35 697 3.06 1.49 688 4.69 2.23
Fresh 705 2.44P 2.00 708 461 2.12
Used 677 4.53% 1.69 699 4.75 2.13
p-value
Phosphorus 0.945 0.322 0.171 0.325 0.952 0.421
Litter 0.866 0.022 0.539 0.779 0.735 0.951
P X litter 0.239 0.730 0.469 0.143 0.395 0.413
T"All means are average of 6 replicates per treatment
2 SEM, standard error of the mean
O VFA % Az}
- &7 Al U PO £5H AUl 72410 ARE ofBI7F A 7] VFA] UjX|= J&=

 1720] YA VFAE

599 DE 2L AR gL

Lpepuigict.

AWE Ueh Qith(litter effect: p < 0.05). VFA

L EF QAR S,
effect; p > 0.05).

- 87 AfR ) Pl 4FE
1730] LFERQIC) VFAL §

AbE ) Q19)

O .

sregto] A sALg

Aotet Aol ALg oy

B A5t o,

A9 8ol S4srglon,
R A AFSE A2l L7t Sol5H] =e
7ZbRI0] AFS of Hof Tfst gut=
A ERGR] 249kT} (interaction

22X Ao g

S A= U Qo] Gt A A8 elvt 87 2710] VRAS) FeE o<l garct
(interaction effect: p > 0.05).
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® 172. A2 U 989 20| 87 &7]9 VFAmM)] n]xlE F3F'

P, % Litter Acetate Propionate Butyrate Total VFA
0.25 Fresh 29.0 2.31 11.32 42.61
' Used 18.1 1.93 6.36 26.44
0.35 Fresh 32.0 3.37 11.83 47.18
' Used 18.2 1.73 6.16 26.1
SEM? 4.8 0.44 1.71 6.8

Main factor
0.25 23.6 2.12 8.84 34.5
0.35 25.1 2.55 8.99 36.7
Fresh 30.5% 2.842 11.578 44 9%
Used 18.2° 1.83° 6.26° 26.3°
p-value

Phosphorus 0.751 0.348 0.929 0.757
Litter 0.019 0.034 0.006 0.012
P X litter 0.764 0.172 0.837 0.722

U All means are average of 6 replicates per treatment
2 SEM, standard error of the mean

Z 173. A2 Y 58 £F0l 84 $719] VFA(mM)] t]x]+ 4

P, % Litter Acetate Propionate Butyrate Total VFA
0.95 Fresh 23.9 6.63 5.80 36.3
' Used 21.6 5.43 6.04 33.1
0.35 Fresh 20.8 6.79 4.92 32.6
' Used 22.2 6.54 5.34 34.1
SEM? 3.4 1.12 0.99 5.1

Main factor

0.25 22.8 6.03 5.92 34.7
0.35 21.5 6.67 5.13 33.3
Fresh 22.4 6.71 5.36 34.4

Used 21.9 5.98 5.69 33.6

p-value

Phosphorus 0.721 0.574 0.437 0.788
Litter 0.898 0.524 0.739 0.872
P X litter 0.607 0.676 0.930 0.649

T"All means are average of 6 replicates per treatment
2 SEM, standard error of the mean
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<B3RPE &, 20234>
o A9 1. A= Y uldEA] § F7Pt ARAIY Bl njRl= 9%
1) A=
- AR AYE Atg U olA8EA 5 A7PE A ofF AR tlRlE dR
a5
2) AT
a) 3AlE= 2M AdA 2884 (6412, 8¥Hs, 65/9H5)5 FAlsto] AIoY
b) A A
- 5 A=dstu dgsd AR
) 1641\47;]] al /\}Oh_}al
- 4953 Hy-Line Brown A=A S 642 895 (8¥h% 64),
Ao Kl(45cm><45cm><45cm) et 2ol 245 HiR|staL Ao]A] Ft2 ¥rEo=z ThE
Sos e Y5 Ao WA o ot sigstit. AVAl ke g A

NSRS Low CP At=of ZFz}t Bacillus subtilis, prebiotics, protease, essential oil

H7tstol AIRLSIATHALL74, R175).

B 174, A8 A

AU 2= 7S St AR

ol
u&" %2,

}

o},

o

=

o

Al &=

EEE

SCP: ZTHHHAl 16%

LCP: ZTHEAL 12%

Hyline brown

BS: AGHlAl 12% At® + Bacillus subtilis

49 ~ 57 %=

12% At® + Protease

12% At= + Prebiotics

Al 12% Atg+ Essential oils
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3 175. Ingredients and calculated chemical composition of experimental diets with CP levels

at 49 to 57 weeks

Items 12% 16%
Ingredients composition, % 000 | —mmmm—mm—m————- (%) —---—-——=-——-———-
Maize 70.16 56.46
Soybean meal 9.87 20.90
Tallow 2.00 3.00
Corn gluten meal 1.00 6.40
Maize distillers grain and solubles 2.30 -
Sodium chloride 0.22 0.25
Sodium bicarbonate 0.20 0.18
Limestone 10.70 10.62
Monocalcium phosphate 1.85 1.80
Vitamin premix! 0.10 0.10
Mineral premix? 0.10 0.10
L-lysine HCI, 78.8% 0.62 0.03
DL-methionine, 99% 0.24 0.10
L-threonine, 99% 0.25 -
L-valine, 99% 0.33 -
Choline chloride 0.05 0.05
Calculation

AMEn®, kcal/kg 2750 2750
CP 12.00 18.00
Lysine 0.80 0.80
Threonine 0.66 0.66
Methionine 0.45 0.45
Valine 0.86 0.86
Calcium 4.20 4.20
Available phosphorus 0.40 0.40
Total phosphorus 0.71 0.75

' Vitamin premix provided following nutrients per kg of diet: vitamin A, 20,000 IU: vitamin D3, 4,600

IU; vitamin E, 40 mg; vitamin Ks, 4 mg: vitamin B;, 4 mg: vitamin B;, 8 mg: vitamin Bg, 6 mg: vitamin

B2, 0.04 mg: biotin, 0.24 mg: p-pantothenic acid, 18.37 mg: niacin, nicotinic acid, 60 mg, folic acid,

folic acid, 1.4 mg, butylated hydroxytoluene, 0.25 mg.

2 Mineral premix provided following nutrients per kg of diet: Fe, 70 mg: Mn, 80 mg: Zn, 60 mg: Cu, 8

mg: Co, 0.13 mg: I, 1 mg: Se, 0.20 mg.
3Nitrogen-corrects apparent metabolizable energy.

3) AN

[e]

- AFA A AR T AtdE, UE ATR 848, THAbE S

- AYER ¥ Haugh unit, W2E, WA, ML, U9 B

- AEYA BA: Al dE Y AEHA 5 2209] corticosteroneg £A35t0] Alg Y
AQUE SEo] mE AEHA BA

o

2 2818 72238, A 2518 S (DEAFY)
o}
-

WY Y

4) A7 An

O Aavy At

- AU 278 AZPE Aol olAl: 93 E1760] eI A% 7115
ARARFY Aol SAKCE He 2 SR UErEA] 49ttt (p > 0.05)
SHAI9 W E ARe Standard CP A2} 2olA Bt Low CP A2 oA Zasls

At ebgon A

O
el Zol L Fo|X Bacilius subtilis F2] L7}t 71} W

o

T

2

LERRT (p < 0.05). AfR 282 Low CP A|2]7-9} H]u5to] prebioticsE A9

"I Al old o = 2Al2 UERRCE
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B 176, AN chpt 29N 2Ew A7HAE Fojstde W Al uAE 9T

Treatments
[tems SCP LCP BS PT PB EO p-value
Feed intake, g/hen 119.2  117.5 1189 119.4 1196 1196 052  0.053
Egg production, % 91.3 88.1 87.3 87.5 86.4 87.0 1.43 0.055

Egg weight, g 65.17 625 60.3° 61.9"  64.6° 61.9" 0.73 < 0.001
Egg mass, g/day 59.4° 55.1° 52.7° 54.2° 558  53.9° 0.85 < 0.001
FCR? kgkg 2.01°>  2.13% 2.26° 2.21% 2.14*>  2.22° 0.04 < 0.001

Initial BW?, kg/hen  1.90 2.00 1.90 2.01 2.37 1.91 1.41 0.439
Final BW, kg/hen 2.08 1.90 1.94 1.94 1.99 1.98 0.05 0.143

BWG*, g 0.175 -0.100 0.040 -0.070 0.006 0.069  0.091 0.333

Abbreviation: SCP, standard CP, LCP, low CP, BS, bacillus subtilis,
PT, protease, PB, prebiotics, EO, essential oil

ab<¢ Means with a different superscript differ (p < 0.05)

ISEM = standard errors of the mean

’ECR = feed conversion ratio

SBW = body weight

‘BWG = body weight gain

O Ast 34 4 2

- AFR W A7 Aot T A B2 B7he & 1779] YUt A 22 Fvke

52, 56230 AA|5tT} 527 oA ohzt e, Gzhe, Gz J2] 1 Haugh
unitoll A= {298t Ao|7F UEFUA] QhQERITE (p > 0.05), tfAio] 749 Standard CP
&2l 79} vl wste] Low CP ®2]3Qt A7IA| &2]LofA] L9olstA 7t4astact (p < 0.05).
ol2igt Auts ATl LFo] ofst Aufety|¥rh= AUl AL oA xanthophyll 3o
=2 577278 (corn gluten meal)9] o] g4t Wado] ol & 4 Qo
565 olAl = OE7HRl2 mH2p Zb ot Haugh unite §o)gt xko]7} QIAIgt (p > 0.05),
Low CP A& S Jogt 18 % a7 Bacillus subtilis X2 Fol|A &2+ FA7F 717
=749 00 Prebiotics &a]LollA 714 QFokrt (p < 0.05). WZHE-S Prebiotics # 2] FLo]|A]
P H2 2oE UERH (p < 0.05). HREA2 525 oA A9t Autet iR =
exax~22H (corn gluten meal) 3t2Fo] xlol2 A|chul x]a2]loj|A] o AlS o] uUsiae

BISH e

got
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o2

Treatments
Iterns SCP LCP BS PT PB EO Sl e
Eggshell strength, kgf
4 weeks 4.99 4.83 5.02 4.99 4.85 5.20 0.15 0.600
8 weeks 4.75 4.93 5.4 4.84 5.13 5.24 0.18 0.093
Eggshell thickness, mm
4 weeks 0.39 0.41 0.41 0.41 0.41 0.40 0.01 0.299

8 weeks  0.40%° 0.43% 0.422 0.41% 0.39° 0.41% 0.01 0.004
Eggshell color

4 weeks  26.43 29.4 28.73 26.65 26.57 28.59 0.92 0.086

8 weeks 26.29% 26.51° 25.26%° 23.66%° 21.65° 22.88% 0.93 0.002
Yolk color, RCF?

4 weeks 8.64° 7.41° 7.80° 7.40P 7.78P 7.62P 0.10 < 0.001

8 weeks 8.61° 7.25P 7.29° 7.30° 7.23P 7.25P 0.09 < 0.001
Haugh unit

4 weeks 90.3 93.2 91.8 93.7 92.4 92.8 0.81 0.074

8 weeks 92.33 93.3 93.13 90.78 92.47 90.81 1.14 0.463
Abbreviation: SCP, standard CP, LCP, low CP, BS, bacillus subtilis, PT, protease, PB, prebiotics,
EO, essential oil
abc Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean
2 RCF = Roche colour fan

=73
AEYA 52 29| corticosterone 525x1Q} bh65Atof] S L] QT
A 23 54 Ads 1780 UERYQITE 523 A}, 565 A
o 25 ROt xpol7t FAJRITE 565 Atofl Low CP &j2|tet
Aejeh Aol AEA 2229 £X|7F gastS Eelstin

CARAA gt 28NAE 250 VRIS S5 S W 2E A s22(pg/g)dll DXl

Treatments 1
[tems SCP LCP BS PT PB EO S pElE
4 weeks 309 301 234 213 256 193 93.46 0.941
8 weeks 121 183 125 111 145 94 19.38 0.052

Abbreviation: SCP, standard CP, LCP, low CP, BS, bacillus subtilis, PT, protease, PB, prebiotics, EO,

essential oil
abc Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean
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5) A7 At
O YL 4918 B4
- Al astge AF FR A 15U (575%) AEAM

Ats Y A7HAIS] A } ] 02 A%HE2 #1799 YEHHILE A=
CP &g]FolA 7H =9ko ™ Bacillus subtilis X2] | A 7HA}
ZHHR - ZX]Y, NDF ii}goﬂ’\it o]gt XjolE UEIUA] ATt (p
238 438204 Standard CP A2 HC}

A7 Aol Al askgo] 7idd Zg &dskint (p < 0.05).

o]-&s}o] 57
A3}gS Standard
ottt (p < 0.05).

> 0.05).
L FokX|gk, Low CP &|2]3Let v]wste

stk

shAlr

B 179. A3A0A gt 2EWA L2539 HAIMAE S95t¥ S ™ 438180 0jX]= IF
Treatments
[tems, % SCP LCP BS PT PB g0~ SEM' prvalue
Dry matter 73.6°  67.4° 653"  72.0° 673 71.3® 18  0.026
Crude protein 466 373 36.0 42.7 34.6 44.1 3.7 0.166
Crude fat 86.6  80.1 819 82.8 80.6 83.0 1.5 0.079
Crude ash 4330 21.9° 23.4%  33.7%c  31.7%¢ 361 31 < 0.001
NDF? 26.3 289 280 24.8 28.2 29.2 1.8 0.509

o2

%

Abbreviation: SCP, standard CP, LCP, low CP, BS, bacillus subtilis, PT, protease, PB, prebiotics, EO,

essentlal oil

abc Means with a different superscript differ (p < 0.05)
! SEM = standard errors of the mean

’NDF = neutral detergent fiber

O N Balance &4 Zut

- A7) ALz ) A7) A7tl THE N Balance £ Akt w1800 Uefgich A
J1ZF WiEE EWO] 9pe o3t Abolsh LERLA] ottt (p > 0.05). SHAgH A
M7, W15, ¥.9% L% Standard CP A2l 2|4 71 =& AnE wgo
Essential oils A715H 21204 71 Ate e AHTT B4 E5TS Uephsict
(p < 0.05).

80. ArFAIONA g 2TWA LFEAL AVHAIE Jol6td S U A4 HFZ vjEFo] A=

Treatments 1 .

Items, g/d/hen SCP LCP BS PT PB go oM prvalue
Excreta 91.4 106.1 108.8 97.0 102.0 95.1 4.27 0.060
N intake 2.63% 1.89b¢ 2.06° 1.90>  1.86% 1.82°¢ 0.05 < 0.001
N excretion 1.412 1.18% 1.32% 1.092® 1.21% 1.01° 0.07 0.010
N retention as total”> 1.22%  0.71> 0.74®> 0.81° 0.65° 0.81° 0.08 < 0.001
N retention as egg® 1.302% 1.251%° 1.208° 1.239> 1.2923> 1.238™ 0.01 < 0.001
N retention as body* -0.08* -0.54" -0.47° -0.43*® -0.64" -0.43%° 0.08 < 0.001

Abbreviation: SCP, standard crude protein, LCP, low crude protein, BS, bacillus subtilis,
PT, protease, PB, problotlcs EO, essential oil
abe Means with a different superscript differ (p < 0.05)
! ) SEM = standard errors of the mean

2 Difference between N intake and excretion
% Calculated based on the following equation: egg weight X N concentration in eggs (%)
. assumed N concentration in egg as 0.02% (Réhault-Godbert et al., 2019).

Difference between N retention as total and egg
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B 181.

o2 H
o

Ry CICE L RS ET- ER R o}, A2
BuolAo) o 54 Auts mislo] Uehigleh. BHolA gruo}l S
Standard CP A2]-toflA 717 Aol Weten Low CP A 2|4tet H]u5ho
prebiotics®} essential oilsS 75t & 2] oA ©rizko] =716t (p < 0.05).
ofgle] UAYF 2 Standard CP A2|tollA 7P Wokew (p < 0.05) Low CP
e 7ot A7HAS Aalat A2l zio) Aol Yoltt (p > 0.05). Fetraol

o

|v
Py
il
i
ne
>
NG|
-
o
r‘\’]
Au
oX
mn
3@

i

oAttt 4 o] whAlEko. x]|2]1719] S.9]st xto]7p UERLA] 9kttt (p > 0.05).

AFA A gt A L2231 HIHAE G519 S o 24F] $Ad] njX]= FFF
Treatments 1 .

ftems SCP LCP __ BS PT PB EO B | e
Ammonia 80° 40° 40°  40°  53°  51° 249 < 0.001
Hydrogen sulfide  0.32  0.46 070 046 030  0.50 0.14 0.444
Trimethyl amine 902 36° 31b 23b 27° 24P 3.12 < 0.001
Carbon dioxide 340 380 420 380 350 420 64.8 0.924

Abbreviation: SCP, standard CP, LCP, low CP, BS, bacillus subtilis,
PT, protease, PB, prebiotics, EO, essential oil

ab¢ Means with a different superscript differ ( p < 0.05)

! SEM = standard errors of the mean

VFA &% Az}
AUHAAL A FR A 15U7 (575%) SASAT Ate Ul A7) A7t
TFE FYANAL WG E1820] LERSACE X277 HY £ AT} acetate,
propionate, 12]1 butyrateQ] YAz S-9]st K}0]7} 9331 SCFA E3t U}KHV\]E
Rz ol7} el 9 (o> 00
Moz 2o ol Ueigont (p < 0.05) 4

Protease A7} Al2]tol|A 71 W2 EATS ERT (p < 0.05). Valerte?] W Y=F2
Standard CPA|g]toflAl 7H&; oo Low CP X 2]G+9] =kt vl st Bacillus
subtilis?t essential oils A7} & 2] Lo Al valerate?] ¥wiAiako] ~X|A o2 7ZFAsHICt.
AA A et 20UA 2E0 F7HAIE SolstdS W 9 W S A @B v]R]=

Treatments .
Items SCP  LCP BS PT PB o oM prvalue
Mmol/kg
Acetate 16.03 14.46 24.62 12.31 16.03 19.99 3.623 0.234
Propionate 2.01 2.48 3.68 3.68 3.58 4.08 0.507 0.054
Butyrate 2.53 3.15 4.35 3.93 4.74 5.55 0.775 0.118
[sovalerate 0.79° 0.98° 1.22% 2.22° 1.12% 1.34% 0.257 0.012
Valerate 1.10° 1.53% 1.86%° 2.28° 1.57% 1.63% 0.202 0.012
BCFA? 8.92> 12.19%®  10.01* 18.52® 10.34®®> 10.19° 1.89 0.018
SCFA? 22.5 22.6 35.7 24.4 27.0 32.6 4.7 0.256
% of total SCFA
Acetate 71.6% 63.9%° 66.7% 49.7° 58.5% 59.5% 3.31 0.002
Propionate 8.8 10.4 11.3 15.4 14.1 12.8 1.67 0.097
Butyrate 10.7 13.5 12.0 16.4 17.1 17.6 1.68 0.035
[sovalerate 3.93° 4.74%° 3.75° 9.03? 4.27% 4.63% 1.09 0.021
Valerate 4.99 7.45 6.25 9.49 6.07 5.56 1.07 0.077

Abbreviation: SCP, standard CP, LCP, low CP, BS, bacillus subtilis,

PT protease, PB, preblotlcs EO essential oil

abc Means with a different superscript differ (p < 0.05)

! SEM = standard errors of the mean

2 SCFA = short-chain fatty acids (acetate + propionate + butyrate + isovalerate + valerate);
BCFA = branched-chain fatty acid (valerate + isovalerate)
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O wEAE

- A(E) T UATR(CP 12.00% 92)

Al BiEFALZ(CP 19.00% &)

(3) A AA ¥ M2+
(O Completely randomized block design (CRBD; Seo et al., 2018)
- SNP-chip A& E3t A& 8&7}o] = block (0.5 SD 7]&)
- SAIE 2455 274 LT A oA Alse Aot =il W JWAIE pairZ 5}
S 140 2822 Yol 5 m X 5 mo 91 127h0f] Aoz vjx|gt.
O AMeHEgAts U 42 71& 20WA 3%
- & A9 Atm vy 2 ofet i me B 183-1849F 5.
- A7+ 1 (LCP): CP 12.00%
- A3 2 (MLCP): CP 15.50%
- Ag]5+ 3 (MHCP): CP 17.25%
- A&7 4 (HCP): CP 19.00%
O AlA71ZF

- F AR APRYS AAE.

—_ o~ —~
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B 183. @9 AN vISE7] AT 25 Y efAALRO) ehEhy

Concentrate CP (As fed)?

Items!

12.00 15.50 17.25 19.00
Ingredients (g/kg DM)
Corn, flaked 192 192 192 192
Corn, ground 57 31 18 5
Wheat, ground 140 157 165 173
Hydrogenated fat 23 12 6 0
Palm oil 11 10 9 9
Corn gluten feed 159 159 159 159
Soybean hull 98 49 25 0
Wheat bran 63 32 16 0
Molasses 44 31 24 18
DDGS 50 172 233 294
Palm kernel meal 103 101 100 100
CMS 13 13 13 13
Urea
Ammonium chloride 2
Limestone 32 25 22 19
Salt 2 2 2 2
Vitamin and mineral mix* 8 8 8 8

'DDGS: distiller’s grains with solubles, CMS: condensed molasses solubles.

2CP: crude protein

*33,330,000 IU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 [U/kg vitamin E, 20 mg/kg
Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.
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B 184. T2 AN H|8H7] 2UHA LF MY xtg9] EHYEE.

Concentrate CP (As fed)? Tall

Items!
12.00 15.50 17.25 19.0 fescue

DM, g/kg as fed 886 886 886 886 888
OM 911 916 918 920 941
CP 147 178 193 208 69
aNDF 271 286 293 301 640
ADF 134 131 129 128 404
ADL 38 37 36 36 62
Ether extract 69 62 59 56 13
Ash 89 84 82 80 59
TDN 747 740 736 733 557
NEm, MJ/kg DM 8.1 8.0 7.9 7.8 5.0
NEg, M]/kg DM 5.4 5.3 5.2 5.2 2.7
Total carbohydrates 695 676 666 656 859
NFC 450 417 400 383 232

IDM: dry matter, OM: organic matter, CP: crude protein, aNDF: neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF: acid
detergent fiber, ADL: acid detergent lignin, TDN: total digestible nutrients, NEm: net energy
for maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate.

2CP: crude protein.

(1) 4 W

o]l 1A]7F Ao oral stomach

- A&55 3¢ B oA Alm 1@] 6A17t é AL =,
= K 11:00, Day 3: 07:00).

'h?ﬂil_l

o o o2

- AR WOl M AN serumS B2|5to] HAMEAS BAIST

3) 72 A7 A}
(1) ALy 4

- ohe AAMS HISA7] HigAIR W REHAE Rl mE AN dA2 & 1859 Adts.
Ao AHE, e ® Almasdd foAd Aols RARALWHP > 0.05), Atm Ui
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B 185. 39 AN U SAY] MEALE ) RN ggo] ©E AlPYA
Concentrate CP (% As Fed)? P-value
Items! SEM
12.00 15.50 17.25 19.00 Mean Linear Quadratic
Initial BW, kg 501 500 504 507 5.7 0.819 0.416 0.661
Final BW, kg 564 569 570 579 6.7 0.426 0.126 0.702

ADG, g/day 617 675 647 708 31.8 0.182 0.076 0.975

DMI, kg/day

Concentrate 7.14 6.55 6.41 6.35 0.170 0.364 0.485 0.151
Forage 2.43 2.34 2.61 2.56  0.167 0.628 0.349 0.927
Total 8.57 8.89 9.02 8.90  0.214 0.409 0.206 0.281
FCR 13.92 13.24 14.07 12.69  0.477 0.130 0.158 0.438

'BW: body weight, DMI: dry matter intake, ADG: average daily gain, FCR: feed conversion
ratio.
2CP: crude protein.

- 2 AAMS vl57] sigAts W 2T o] SRR A tXle dF ®
U 2o 5ol Frietol mep b=uyof,  butyrate,
2 Z7}5l9ot(P < 0.05), propionate?] %G Gojxlog
ZAsHP = 0.02).

B 186. &9 AA uISA7] WTALR ) ATWA FAPo] e yhEglel A

Concentrate CP (% As Fed)? P-value
Items’ SEM

12.00 15.50 17.25 19.00 Mean Linear Quadratic
pH 6.71 6.61 6.72 6.73 0.115 0.871  0.700 0.605
NH3-N, mg/dL 3.58% 5573 §59>* 8.33° 0.679 <0.001 <0.001 0.846
Total VFA, mM 54.3 56.5 58.0 59.1 3.50 0.734 0.269 0.869
Molar proportions, mmol/mol
Acetate 600 603 620 603 6.5 0.080 0.328 0.116
Propionate 235% 2223 210> 215% 6.3 0.018  0.007 0.119
[sobutyrate 21 22 20 21 2.0 0.940 0.963 0.825
Butyrate 106 115% 118%°  122° 4.1 0.029 0.004 0.562
[sovalerate 24 23 19 21 2.1 0.305 0.166 0.477
Valerate 132 152b 13% 17° 0.6 <0.001 0.001 0.185

Acetate/Propionate 2.6 2.8 3.0 2.8 0.1 0.058 0.050 0.091

"WFA: volatile fatty acid

2CP: crude protein

“Mians within the same row with different superscripts are significantly different (P <
0.05).

(3) @ a2
- @S AN HISH] HIEALE Ul ETE gao] @O OiAIEAdd] uxE gF¥e B
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(o]
OIF A WY UA: 9T

(3) A 27 2 A+
O 4 x 4 Latin square design
- SAE AFE AlSol
oz wjx|
O AM|HEgA e U 9= 7|& 2H9A

d, B S 477+2.9 kg)

2(CP 12.00% ¥=)
2(CP 19.00% ¥=)

SAKt 254 27) 180® kol

— 0%
ol

o~
~O
|

1873F 2orS. WiEIALE Ul RUA gefo] ZUhatdl meb @of U a4t gojxoz

Z71StQLOB(P < 0.05). GEIX AT B2 2EH B Qg2 LAFH(P < 0.05).
= 187. &9 AN v]SA7] WPALRE W ATWA o] G2 A AR

Concentrate CP (% As Fed)2 P-value
Items1 SEM
12.00 15.50 17.25 19.00 Mean Linear Quadratic
Total protein, g/dL 6.3 6.2 6.1 6.1 0.11  0.330 0.080 0.924
Urea, mg/dL 13.3°  16.3*"  19.6°  20.5* 1.21 0.001 <0.001 0.917
Glucose, mg/dL 78.8 77.8 77.0 77.5 1.81 0.892 0.507 0.770
NEFA, mEq/L 0.47*  0.37°  0.34> 0.36" 0.024 0.002 <0.001 0.078
Albumin, mg/dL 3.4 3.5 3.5 3.5 0.06  0.871 0.425 0.856
Creatinine, mg/dL 1.4 1.3 1.2 1.2 0.08 0.457 0.126 0.884
Triglyceride, mg/dL 14.8 21.0 17.3 15.8 2.18 0.205 0.688 0.054
GOT, U/L 57.9 54.4 54.4 55.8 3.41 0.843 0.562 0.505
GPT, U/L 19.3 17.8 19.4 20.7 1.09 0.318 0.366 0.113
Cholesterol, mg/dL 323.6% 277.6% 27523 2359° 19.30 0.020 0.003 0.803
Calcium, mg/dL 9.0 8.9 8.6 8.8 0.11  0.156 0.085 0.840
Phosphorus, mg/dL 6.4 7.0 6.7 6.7 0.18 0.135 0.239 0.056
INEFA: non-esterified fatty acid, GOT: glutamic oxaloacetic transaminase, GPT: glutamic
Pyrumc transaminase.
CP: crude protein.
AY 2. AR U ZTR o] vRAY] FQolM WA, JY4 238, Pu Pz AY L
AFEA WAF vR]= BT

1) A7 58
O At: Y 2EHWA ool v]|& A7) oA A, YA Agts, &= 4 HiEF #

5 2709] 5 m X 5 m {4



- 2 4go] Aj2 wjghy] 2 ot YR EL B 188-189T 2L,
- Ag]++ 1 (LCP): CP 12.00%
- A3 2 (MLCP): CP 15.50%
- ®2]3 3 (MHCP): CP 17.25%
- A& 4 (HCP): CP 19.00%
O AlF71%E
- & 1637 AMYAF L Rdgstgon, AA 7]7F 16585 4H9] period2 2% AL7], 1F

sample collection ¥ 1% wash-outC =2 JLAEo] 9L

—_— o~ o~ o~

B 188. &9 AN WISE7] AT 27 Y efAALRO) whEhy

Concentrate CP (As fed)?

Items'

12.00 15.50 17.25 19.00
Ingredients (g/kg DM)
Corn, flaked 192 192 192 192
Corn, ground 57 31 18 5
Wheat, ground 140 157 165 173
Hydrogenated fat 23 12 6 0
Palm oil 11 10 9 9
Corn gluten feed 159 159 159 159
Soybean hull 98 49 25 0
Wheat bran 63 32 16 0
Molasses 44 31 24 18
DDGS 50 172 233 294
Palm kernel meal 103 101 100 100
CMS 13 13 13 13
Urea
Ammonium chloride 2 2 2 2
Limestone 32 25 22 19
Salt 2 2 2 2
Vitamin and mineral mix* 8 8 8

1DDGS distiller’s grains with solubles, CMS: condensed molasses solubles.

2CP: crude protein.

%33,330,000 IU/kg vitamin A, 40,000,000 1U/kg vitamin D, 20.86 IU/kg vitamin E, 20 mg/kg
Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se

- 170 -



E 189. &9 A l§FY] AT £F NP AR AAYRE.

Concentrate CP (As fed)? Tall

Items!
12.00 15.50 17.25 19.0 fescue

DM, g/kg as fed 886 886 886 886 888
OM 911 916 918 920 941
CP 147 178 193 208 69
aNDF 271 286 293 301 640
ADF 134 131 129 128 404
ADL 38 37 36 36 62
Ether extract 69 62 59 56 13
Ash 89 84 82 80 59
TDN 747 740 736 733 557
NEm, MJ/kg DM 8.1 8.0 7.9 7.8 5.0
NEg, M]/kg DM 5.4 5.3 5.2 5.2 2.7
Total carbohydrates 695 676 666 656 859
NFC 450 417 400 383 232

IDM: dry matter, OM: organic matter, CP: crude protein, aNDF: neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF: acid
detergent fiber, ADL: acid detergent lignin, TDN: total digestible nutrients, NEm: net energy
for maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate.

2CP: crude protein.

(4) 28 94

- MIEALR P Aol B L RALR AAY R4 YRS 59 U2 HAFL ANY
- AFe 7 period F2 Al FYNGO, AY FAY % AR 282 Aol AEY

o
- ZF perionJ 252 Ag 71t TR T Ui AES AAISHe 4AFERH A5 49 FQF
A7t 7Aoo 2 AFgHDay 1: 17:00, Day 2: 02:00, 11:00, 20:00, Day
3 05:00, 14:00, 23:00, Day 4: 08:00).

- AFSE Bo] TAS £FA5to] 55°C AXR7|oA 72A17HEQ RSt A9 RS o]-85f
s TFS AL

- 2 2282 sampling ARF ¥ FL AE FAY S 2 YL #AS
AAlsto] A8HES A5

- 28kg ALLE ¢sll Van Soest et al (1994)°f] whe} AMVIARIEEE R4 5 SFo=
AVARI S RAS BAT & FERE Fo Hel E2 s Agts IR
3l Q st
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B 190. 9 A v 3A7] WA W T Fo] 4E Hi ug

Concentrate CP

Period . Fecal, g Urine, mQ
(As fed)
12.00 194.7 125.3
15.50 102.2 217.8
Period 1
17.25 140 180
19.00 138 182
12.00 201.5 118.5
15.50 201 119
Period 2
17.25 81.8 238.2
19.00 106.8 213.2
12.00 123.1 196.9
15.50 125.9 194.1
Period 3
17.25 175.1 144.9
19.00 171.7 148.3
12.00 34.3 285.7
Period 4 15.50 198.9 121.1
17.25 182.4 137.6
19.00 79.6 240.4

ICP: Crude protein

B 191 ¥ Ui 2t AL

Value Equation

[NH3 concentration (ppm) - blank NHs; concentration
mg of NHz/g of manure per (ppm)] X (mg/kg)/ppm X air flow (L/min) X density
hour (A) (0.769 g of NH3/L at standard temperature and
pressure) X 60 min/hour + 320 g of manure

[H2S concentration (ppb) - blank H;S concentration
pg of HyS/g of manure per (ppb)] X (ng /kg)/ppb X air flow (L/min) X density (1.505
hour (B) g of H,S/L at standard temperature and pressure) X 60
min/hour + 320 g of manure

g of NH3 of manure per day

A X 24 hours/day X total manure output (kg/head)
per head (C)

mg of HyS of manure per

B X 24 hours/day X total manure output (kg/head
day per head (D) /day put (ke/ )

Cumulative g of NHj of 10
Y ¢

manure per day per head i=1

Cumulative g of H,S of 10
g 2 ZD

manure per day per head i=1
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3) 70 97 A
(1) AR 4
- 9 M BISA] iAW AT g mE oA Ee] AR 4N

42 1 1929
2. AYFEe FAF A8E R Alraso] fAA Aols (=P > 0.

05).

B 192. @9 AA uISA7] WTAR U ATWD Ao BE AP APYA
Concentrate CP (% As Fed)? P-value
Items! SEM
12.00 15.50 17.25 19.00 Mean Linear Quadratic
Initial BW, kg 474 473 473 475 12.6  0.984 0.920 0.717
Final BW, kg 495 500 490 492 10.8 0.302 0.291 0.742

ADG, g/day 822 1023 744 784 150.3 0.590 0.577 0.606

DMI, kg/day

Concentrate 6.01 5.83 5.87 5,60  0.602 0.760 0.357 0.857
Forage 2.19 2.19 2.14 224 0.141 0.964 0.872 0.724
Total 8.63 8.45 8.44 8.27 0526 0.937 0.561 0.997
FCR 11.33 8.68 18.79 11.66  4.558 0.482 0.600 0.636

'BW: body weight, DMI: dry matter intake, ADG: average daily gain, FCR: feed conversion
ratio.
2CP: crude protein.

B 193. 39 AN ¥RAY] MEALE Y ETY 3ol 0 OANYY JY4 2348

Concentrate CP (% As Fed)? P-value
Items' SEM
12.00 15.50 17.25 19.00 Mean Linear Quadratic

DM, % 48.21°  59.21>° 67.21%>  78.16* 3.374 0.002  0.036 0.012
OM, % 55.55°  64.85  71.77**  81.21* 2.956 0.002 < 0.001 0.979
CP, % 41.15°  59.97°  70.95°® 81.15* 3.937 0.001 < 0.001 0.305
EE, % 70.33°  75.88™  82.62?®  86.41* 2.138 0.003 < 0.001 0.691
aNDF, % 18.18>  38.10%*  48.16*  67.04* 6.457 0.005  0.001 0.938
ADF, % 12.73°  33.03™ 43.76*®> 64.46* 6.708 0.004  0.001 0.977

'DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, aNDF: neutral
detergent fiber analyzed using a heat stable amylase and expressed inclusive of residual
ash, ADF: acid detergent fiber.

2CP: crude protein.

Q) 2= 24 % F HEF
- &% AAS HSA7] sigatEs W 2EHA o] e By Bk HIET H ER0A]
HeEe 24 2 & g2 2 1949 do%s. uigitae] 2EWA 2& Apolo mE



w HlEar] 9ol L oglglen(P > 0.05), EnolA vjEEE
2ol A= GOl el Rfo| 7t YL > 0.05).

i)
ro,

Dall
ol
i)

0% [e

1 al
SE

E 194 @9 AM wISF7] MPAR U SUWA AFo] GE Bh u1EF L BuolA

WEEt P4 9 3

Concentrate CP (% As Fed)? P-value
Items' SEM
12.00 15.50 17.25 19.00 Mean Linear Quadratic

Feces

Total, kg 14.44 12.09 15.42 14.42 2.25 0.759  0.572 0.486
DM, kg 2.57 2.18 2.74 2.47 0.40 0.791  0.709 0.440
OM, kg 2.20 1.86 2.36 2.13 0.33 0.765  0.674 0.431
Total N, g 59.22  48.41 64.52 57.50 8.71 0.635 0.593 0.345
Total S, g 4.09 3.28 4.32 3.83 0.63 0.688  0.637 0.342
Urine

Total, L 1524  21.63 16.50 19.23 441 0.186 0.361 0.055
Total N, g 114.15 150.96 141.40 164.30 16.70 0.222  0.857 0.097
Total S, g 33.05 42.88 30.78 53.26 10.30 0.166  0.304 0.051

'DM: dry matter, OM: organic matter, N: nitrogen, S: sulfate
2CP: crude protein.

(4) 2= gH 2 AT

- ulSAY] EEAlR Ul UM o] nhe ofyeR(@eyol U Fslia)e] 102
9 a9 13-167 29S. 102 WE L@iol ujE

SEAbR U ATWA 4Eo0] Z71dd] met gojdoe Erlslgon], AU 19%
OLS(P < 0.05). =4 mijo} wjEAL Ael 7 zho] golHel lo]7}

2 e ujEYe E 195
1

e oA HE &% 2
UAS(P > 0.05). Feppa0] 108 FF U A vhE3e 95 ol7}
0.05).

—

ot ofl
o rlo My

=

0-10-12.(_/3 >

A A O

E 195 @9 AM U7 WAAR U AT A3Fo] BE oMol gmuor I

Concentrate CP (% As Fed)! P-value
Items SEM

12.00 15.50 17.25 19.00 Mean Linear Quadratic
NH;, mg/g
manure per 0.0043% 0.0049* 0.0062%®> 0.0088" 0.00065 <0.001 0.013 0.045
day
Cumulative

1.61 1.55 2.15 2.38 0.393 0.323 0.245 0.812
NH3, g/steer
H2S, pg/g
manure per 0.0100 0.0106 0.0124 0.0125 0.00189 0.720 0.727 0.912
day
Cumulative

3.05 3.31 4.45 3.17 0.580 0.348 0.503 0.412

H,S, mg/steer

ICP: crude protein.
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n1200%CP n1200%CP
01550%CP 01550%CP
017.25‘%CP 0.04 .17.250/ocp
019.00%CP 019.00% CP
go.mo 5003
g _ g
e e
> ©0.02
g + .
z &
0.005
0.01
0.00
1 2 3 4 5 6 7 8 9 10 1 2 3 1 5 6 7 [ 9 10
Days Days
a9 13, ¢ AA "SA7] uigAts W a3 14. T AA "Z47] HigAtg W
ZOME ] ME PuolNe) Ryl | ZUMPY gek] mE PnolNel Fohas

2 HjEY

2 HjEY

total cummulative NH3, g/steer

N

=1200%CP

IS o

total cummulative H2S, g/steer
~

=1200%CP

01550%CP 01550%CP
¢1725%CP ¢1725%CP
019.00%CP o 019.00%CP

0
i 2 3 2 5 6 7 8 9 10 i 2 3 4 5 6 7 8 9 10

Days Days

a3 15. ¢ AA v[S57] HigAts Y] a3 16. ¥ AA H[SF7] HidAts Y]
ZoMI Feo] mE RLojMe QEUol | ATMIY gRko] The Blolxel Fohss

A wEY

A wEY
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LA &, 2022>

Y 1 AR Y SR AT 1S 3] SO0l Y, 9Ya 48}
o] AL 3

A B S AMSY Y L A WA A WA A¥E AP SMmo=

GAlstel 71E oYY 29A WYL AT,

o
e
)
j>_‘£
Mo
11a)

) B
O Atz W oA A7PE Bls 27] oA A, d9a aste: R AF =24
Ao nxl= B

- F9 AN U89 24522712, B AE 639393 ke)

- RO 15% 279 WA

(3) A A ¥ A+

O Completely randomized block design (CRBD; Seo et al., 2018)
- SNP-chip #4& &3t &AlE %5719 @& block (0.5 SD 7]%#)
- SAIE 2455 684 F M 2§22 YRo 10 m X 10 m9 9 47| do=

Rk

O AM2H1d vigate So9FY 3% &0 =2 F7HA |99)
- 2 Aol AR ulge] L ske YRR B 196-1973 2L,

i 2 (Wheat): A8no] A7}
- A2j+# 1 (Enzyme): aaA F7t
- A2]4t 2 (Probiotic): AdxtAl A7t
- A2]4t 3 (Tannin): AAa8RIE(SY) A7t

O Ald71%E

- £ 1637F AJYAS A
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B 196. 9 AAA] ¥1§37] AP AY wjEArae)

[tems!

Concentrate mix

Ingredients (g/kg DM)
Tall fescue

Corn, flaked

Corn, ground
Wheat, ground
Hydrogenated fat
Palm oil

Rice bran

Corn gluten feed
Wheat bran
Molasses

Palm kernel meal
CMS

Sodium bicarbonate
Limestone

Salt

Vitamin and mineral mix"

146
165
171
43
1
19
43
218
27
36
71
18
2
33
3

4

ICMS: ondensed molasses solubles

*33,330,000 IU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E, 20
mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.

B 197. &9 AA w1g37] A AR A2 atet 4RE

[tems!

Concentrate mix

Tall fescue

DM, g/kg as fed
OM

CP

aNDF

ADF

ADL

Ether extract
Ash

TDN

NEm, MJ/kg DM
NEg, MJ/kg DM
Total carbohydrates
NFC

896
904
151
272
143
42
70
96
736
8.0
5.3
693
466

901
948
55
722
471
73
13
52
523
4.3
2.0
881
170

IDM: dry matter, OM: organic matter, CP: crude protein, aNDF: neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF: acid

detergent fiber, ADL: acid detergent lignin, TDN:

total digestible nutrients,

NEm: net

energy for maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate.
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Pgxlol gofstel AGAIMES .

O
=
Eo[r l")'l
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=
S
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Ho

of

=
nx
Dall
i

UL WHPel MEO2 JISA Ikl wYAE A5FOIE Bl

- UigAR AEIOlTlE B4 FolHt wEAE Be 3% 4E02 ArAE wiTARe

O At 8A

- HiFAR VHE Aol 54 W RALR JRTF 2AF RS Sl A TS AT
- AEL 42 tAcR EA5I9 1, 4 ZAIF U Al §88 AAtste] AHEEh

O A tirtz2

- AR A MF5H FAoA serumS E2lsto] AIEAS BAE

3) 20 A7 ZHut
(1) AFF A

- k% AA| v sigAtEd AViet 240 O AMY AAZ ®1981 Ak oixaret
Mel7 7ol A%, ARE 2 AR 589 QoA xol: QIAS(P > 0.05). tjrpet
Aol Zte] wighAE R & A2 AN 9oHQ Aolr} QIOLKP > 0.05), BAA|
Aol ZAtm ARl g2 (aMm)of vlsh RejRlog =9k&(P < 0.05).

198, & AA v]37] AIHAO] G2 ApYF HA
Treatment

1 _
Items Wheat Enzyme Probiotic Tannin SEM Prvalue
Initial BW, kg 614 643 642 643 21.2 0.681
Final BW, kg 696 735 728 722 24.5 0.658
ADG, g/day 643.5 715.3 673.7 615.7 98.15 0.841
DMI, kg/day

Concentrate 8.0 7.7 7.6 7.4 0.33 0.540

Forage 1.2° 1.82 1.6%° 1.73b 0.15 0.039

Total 9.2 9.5 9.2 9.0 0.37 0.747

FCR 15.2 14.3 14.4 16.0 2.14 0.882

'BW: body weight, ADG: average daily gain, DMI: dry matter intake, FCR: feed conversion
rat1o DMI (g) /ADG (g).

a Mea?s that do not have common superscripts significantly differ within the treatments (P
< 0.05

0

s

Ol

(2)

- 9 AN S MEAlRe] AR 2ol B @oy YL E199% 29

297 L @A AT B U g ﬁ

SLoTi(P < 0.05), AAMGIE(E) A2 7ol B TR e fap 2 e AT
-1

100 AJ A
- O O

o MU

w2



golHel Aol7h QIIg(P > 0.05. thEPet MR e @A Y F wua Ay
AlQlE o} grol gojalel Afole GIS(P > 0.05)
E 199 3§ AA 8337] A7H] e B ojAt2
1 Treatment

e Wheat Enzyme Probiotic Tannin S e
Total protein, g/dL 7.42 6.8° 6.7° 6.92° 0.15 0.013
Urea, mg/dL 14.3 12.9 13.9 14.6 1.50 0.802
Glucose, mg/dL 59.6 58.8 58.1 59.9 3.46 0.969
Albumin, mg/dL 3.7 3.6 3.6 3.7 0.07 0.126
Creatinine, mg/dL 1.4 1.3 1.3 1.4 0.11 0.752
Triglyceride, mg/dL 22.4 19.2 30.7 30.8 5.29 0.184
GOT, U/L 66.5 67.7 76.3 77.7 9.46 0.690
GPT, U/L 25.4 21.5 21.4 24.3 1.35 0.073
Cholesterol, mg/dL 190.1 180.7 180.5 180.1 12.76 0.923
Calcium, mg/dL 9.0 8.8 8.9 8.6 0.16 0.382
Phosphorus, mg/dL 6.7 5.9 6.6 6.6 0.31 0.156
Magnesium, mg/dL 2.5 2.3 2.5 2.5 0.12 0.434

1GOT glutamic oxaloacetic transaminase, GPT: glutamic pyruvic transaminase.
aPMeans that do not have common superscripts significantly differ within the treatments (2

< 0.05).
A3 2. At2 Y U]MEA] A7 L 57] s O0A] AARA, oA A3le, By
a otx] FA dirl=ko] O]X]= 43k
g B9 e AMRY €% " AR AR Qs 3dxd] 98" Ad¥ES
AX|sto] 71E ol e 2 Ade oA
1) AT S5
O Atz W o)Al A7P7F vlS 871 oM AE. dda asts o
WAt DjxlE FF &AL
2) A4 W& H 99
(1) &Al 5=
- &% AAl H] 24722714, B+t AT 639+39.3 kg)
(2) Al A=
O ZALR
- EWAF A%
O Hga
- ROHRA] 15% 2Z0] BjAtE
3) 24 2A o A+

O 4 X 4 Latin square design
- TAE 455 AEO
Qolz ujx|

Akt 2%

W 27 1808 o] & 2700 5 m X 5

O Ae-H1Y sigrte ST 3% =22 F7HA 50)

- B 49 ALR BiEY] 2 aet

=8+ ® 200-2013F 25
180 -
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2L (Wheat): Atia] A7}

- A2j4t 1 (Enzyme): 244 A7t

- A|2J+L 2 (Probiotic): A=Al A7}

- A2]+ 3 (Tannin): AAuRIC(E) A7t
O AlF71%t

- 5 1630 AP S Adsilen, A9 VIRt 1658 4¥9] period2 25 K57, 13

@)
sampling collection @ 14 wash-outoz2 L& o] Ql&.

B 200. &9 AN HIgF7] A7 A AR wjey]

Items! Concentrate mix
Ingredients (g/kg DM)

Tall fescue 146
Corn, flaked 165
Corn, ground 171
Wheat, ground 43
Hydrogenated fat 1
Palm oil 19
Rice bran 43
Corn gluten feed 218
Wheat bran 27
Molasses 36
Palm kernel meal 71
CMS 18
Sodium bicarbonate 2
Limestone 33
Salt 3
Vitamin and mineral mix" 4

'CMS: condensed molasses solubles
*33,330,000 1U/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E, 20
mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.
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201, 9 AN HISE7] A Y AR sl Y

Items! Concentrate mix Tall fescue
DM, g/kg as fed 896 901
OM 904 948
CP 151 55
aNDF 2772 722
ADF 143 471
ADL 472 73
Ether extract 70 13
Ash 96 52
TDN 736 523
NEm, MJ/kg DM 8.0 4.3
NEg, MJ/kg DM 5.3 2.0
Total carbohydrates 693 881
NFC 466 170

IDM: dry matter, OM: organic matter, CP: crude protein, aNDF: neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF: acid
detergent fiber, ADL: acid detergent lignin, TDN: total digestible nutrients, NEm: net
energy for maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate.

O mAtRE EHAF %2 AASoR JJHE AFo] |2E s AxF FAIA|0] Fojsto]
ASAAEE stgon], ARF a2 FA ALLEA FLHES &

- MIEALR N Aol 54 W RALR MY R4 YA 59 AT HAFS ANY
- AFL 7 period B2 A FHNGON, UF FAF L AR 282 Al A5

UASHE AFREE A%E 49 Sor

0 17:00, Day 2: 02:00, 11:00, 20:00, Day

|
oo
i}
@
=
o)
A
1o
NS
4
2
olo
-~
rN
op
fru
fo
2
S~
2z
oo
o

it = AE5S 9ARE Aoz RF A (Day
3: 05:00, 14:00, 23:00, Day 4: 08:00).

- AFE 29 FAE F75ko] 55°C AR7IoA T2AIbEeE &S] £A19] RS o] 85
e T2 ALt

- 72t F2¥2 sampling ARF ¥ FLS A= FAY ES EFso I 2HS
AAlste] 23182 AR

- a%hs AitE ¢sll Van Soest et al (1994)0] wet AMIAIAIEE8AdFE & Fo=
APIMAIE S RAS BASH 3. FERE Fo Her E2 FEs 4%E R
g tig

O 2k HIEE ¥ ZuolM9 As D 5 &g

- YA A2steZ olgsto] VAl H 1Y Byt 2 HiEZE AlAeiden, o] FotEd
di2 ol&sto] ZiA E 19 Bt = HIETS AL

- 7 F=2¥8& sampling AlME Y4 e FAY 22 &9¥d Aa 2 & IS



3 oAb AR AN AFEVE A%® 49 5o
1: 17:00, Day 2: 02:00, 11:00, 20:00, Day

w
(&)
X
o
=
—_
o~
=)
o
N
w
S
o
O
o)
<

4
- RSl Al BUtis RLUlgAARE olgelel i Wl Al WS
2 J

g 1
siEegol meb Hio) 8-S AL,

- 9 BEEo Y 2k AHES ZCOM o] 2%t siled = Aite #k vleo] met
TR GAILE FoF Al F2axe] 4 R sidR 2UY 55 235t TP Bl
BEs 249 Fx7t & 320 go] HEF . 2 sample® Fx H]&2 off & 2029
Eaiess

A2 19°ColA 1097 viFS AAlsH¥ AL, compressors Eof 2 L/min®] £==2 ¥

2717} inflowing 59 2.

- 0] 30F0ict 3024 0.4 L/min? £x=2 20 L =ZAWo] Z7[7} ZAEGIOH,
24x12torcy ZAJERS wAS|RN  244bset ZAE F7)9] dEyob F = (ppm)ef
el St iE(ppb)% E7%

- JHE ERHigAIA % 6719 " &717F len 27]= blankz, 4 £k
samples HIFF =N F7] 5 dZYote} s s HAHT. ¢ ZAd:s B
2030 UERY Q1= AlS o]&3h

= 202. %9 AX u]8357] FAO] HE i u]g

Period Treatment Fecal, g Urine, m{
Wheat 63.9 256.1
Enzyme 108.4 211.6
Period 1
Probiotic 90.6 229.4
Tannin 109.5 210.5
Wheat 143.1 176.9
Enzyme 129.1 190.9
Period 2
Probiotic 140.5 179.5
Tannin 98.4 221.6
Wheat 153 167
Enzyme 144.6 175.4
Period 3
Probiotic 54.5 265.5
Tannin 151.1 168.9
Wheat 152 168
Period 4 Enzyme 82.3 237.7
Probiotic 163.1 156.9
Tannin 124.9 195.1
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B 203. ¥ Ui Zat AL

Value Equation

[NH3; concentration (ppm) - blank NHj; concentration
mg of NHz/g of manure per (ppm)] X (mg/kg)/ppm X air flow (L/min) X density
hour (A) (0.769 g of NHs/L at standard temperature and
pressure) X 60 min/hour + 320 g of manure

[H,S concentration (ppb) - blank H;S concentration
pg of HyS/g of manure per (ppb)] X (ug /kg)/ppb X air flow (L/min) X density (1.505
hour (B) g of HyS/L at standard temperature and pressure) X 60

min/hour + 320 g of manure

g of NH3 of manure per day

A X 24 hours/day X total manure output (kg/head)
per head (C)

mg of HyS of manure per

B X 24 hours/day X total manure output (kg/head)
day per head (D)

Cumulative g of NHj3 of 10
Y ¢

manure per day per head i=1

Cumulative g of HyS of 10
g 2 ZD

manure per day per head i=1

3) 58 A7 A

¢ AN UISE) uEAael WIS B me gl AY gde
o) S %

=
ore. TR} A2 7He] A&, AAE U A

= 204. 9 AX U857 FIA0] e CAUE AHYF AA

Treatment

lemis: Wheat Enzyme Probiotic Tannin SEM Prvalue
Initial BW, kg 671 654 651 660 25.9 0.932

Final BW, kg 678 673 671 671 20.8 0.993

ADG, g/day 435.9 666.8 728.5 453.7 218.09 0.716

DMI, kg/day

Concentrate 6.8 7.1 6.3 6.8 0.52 0.677

Forage 1.6 1.2 1.7 1.3 0.50 0.838

Total 8.4 8.1 7.8 8.1 0.91 0.970

'BW: body weight, ADG: average daily gain, DMI: dry matter intake.

FA ASHES B 2059+
P



= 205. 39 74 €]§37] WIIAO] BE tjArAde] dga Aste

Treatment
Iterns* Wheat Enzyme Probiotic Tannin SEM Frvalue
DM, % 69.54 73.96 74.58 70.43 2.520 0.450
OM, % 72.09 75.52 77.23 72.75 2.667 0.527
CP, % 65.18 74.30 69.72 66.21 2.396 0.108
EE, % 79.33 85.09 83.91 83.76 3.290 0.639
aNDF, % 39.62 54.52 56.68 50.99 6.805 0.363
ADF, % 32.25 49.52 54.18 46.78 8.001 0.322

IDM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, aNDF: neutral
detergent fiber analyzed using a heat stable amylase and expressed inclusive of residual
ash, ADF: acid detergent fiber.

(3) B WA U W1EY
- 39 AN HIS5] WAL AR B0l mE OANES FF B wlEY 2
wolA MEEE WA W AYe E 20637 TYL. AYPUNY BF Ln wEYHY

¢ 2 golmoz Ao} §IS(P > 0.05).

b oA BiEEE A R F I

B 206. &9 AA HIS3] AU U2 WP h MEYF L Bhold wEHE Wa L 7

&F

1 Treatment
i Wheat Enzyme Probiotic Tannin Sl e
Feces
Total, kg 10.43 8.60 9.28 8.52 1.58 0.503
DM, kg 1.98 1.77 1.90 1.75 0.26 0.694
OM, kg 1.66 1.45 1.58 1.45 0.23 0.664
Total N, g 45.20 41.30 44.13 40.48 6.54 0.777
Total S, g 5.03 5.30 5.80 5.55 1.28 0.942
Urine
Total, L 14.2 15.6 16.4 13.7 1.75 0.668
Total N, g 119.36 123.59 136.87 105.26 10.60 0.281
Total S, g 20.06 25.77 20.50 17.50 4.36 0.608

'DM: dry matter, OM: organic matter, N: nitrogen, S: sulfate

(1) B F2R WYY

- HlgR] WA U RO gl o2 obi 2 R(g Lo}
9 A wjESe B 207 ¥ I 17-200 @ore. 109
laFe AT $RA Aolt gstens > i
HlEYOIHE H2lT 2] ol

L Farra)el 109 B
@ guUol X Fara
N guijol U Fas

T

B 207. §9 A 8237 A/HA0] G2 BholAe) guyol U Fetrs wE

Treatment
e Wheat Enzymeea l(:robiotic Tannin S LESEE
NHs, mg/g
manure per 0.0057 0.0063 0.0063 0.0064 0.000596 0.758
day
Cumulative 1.38 1.50 1.56 1.39 0.155 0.805
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NHjs,

g/steer
HyS, ug/s
manure per 0.0147 0.0192 0.0195 0.0104 0.00305 0.189
day
Cumulative
H,S, 2.73 3.87 4.01 2.00 0.562 0.094
mg/steer
uWheat
o Enzyme
0.075 .le
’ o Tannin

33 17. 3¢ AN u837] Aol gE
2aolAe] gayot AL wjE

a3 18. 3t AA H| &3]

A o
Lol Fors AY HjEY

(=)

total cummulative NH3 g/steer

o
o

o

w

total cummulative H2S mg/steer
o

o

Days Days
a3 19. 3 AN 8|88 7] FA7HACl wE | 1™ 20. 3 AN v]S87] AV O
wo|A9] dmuol =X wjEH wRo|X 9 Folrs £X HiEH
o ofF B AL 3 SUUSE RuuldAlAY 25
1) Brb|gA A8 25
- 2 aAE el Bhold wAlshs gmuol 9 #elaas EAel] sl 24 ALY
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Air pump

Incubator

Bath circulator
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a3 21, Sgjsta o] B4 AL LLUYA|AE nAln () @ Al AR (3})

- By U8 87| B AZ 200go] ol vjYE &~ A &= 2L(Wide-neck Laboratory
Bottle, Duran)?] S2iHoz AAEQIon, wjy f7]oe 7ta HS Y5 54
A4E 7 &2 PTFE  AA9  F74(GLS80-Membrane  filter cap, Duran)o]
AAE S 22).

- 7 oMY gE Fesd

£ 2(W800+D400+H200)oll  FAt=lon], £Ho] s sviF &7I7F 4
spx|al7] 91a) 500 gol AE|9la] A

o ofo

2A&(MaXircuTM  CR-8, DaiHan)et HAZA= vk
> A
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3 22, RLH|QFA|AE-1(H]QFAE O HlorgY))
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00, Sparmax)23E AlASH Al
o
=

6mm, 274 @ 10mm)

39 23. ERHIGA LR -2(FFEEA)

- wi 87I0lM WM WS shar $70) PAHE PTFE A9 §FUUE 2 dmm, 9%o
Tmm)o 2 ol$E e sfgon. TA US 5 & 3c

- EF YU A5 B2 A 1A DA AT A(MI30RI 3047 T5)0
Sloh AR ME ks 2 AR

- BE a2 AL ol 8
HA0R REE NS 1AE %

=
2
ol
o
4%
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5
=

bat 20L ZPAEAE W(Tedlar baglol 20, We 24A70t LASL, HA7}
ERE W & N gRUol BAso] Aol BAY & AES AAEYES

2) Sl GAI A s Eot

SujopiAsle] FYMoR AEstel Zuglel AWM LA Brksl s
A AEIOl A2l & (accuracy)?t 7 E T (precision)2 H715H 5.
K*Q*E(accuracy)‘— o]——, 011_—_ _12594 o]—qu}g }\]/\Eﬂoﬂ gaﬂiwg [q1 7}/\51_73% H_}|10ﬂ
IAE 7tA0] oknyol =52 EAX5te ZAst =59] oyl TAL] = X|o u=
Botetdle. Aek(accuracy) B7HE HYT A¥2 ERUY A LT 2Uo= 2
L/mind 4E2 guyst ZgE §712 E@wyoo, ool wjorge Sustol 679
Aol TANHS. B WEstel WYL 21U
L (precision)= h¢-2 €¥t £k 200 g2 1119 vl&=2 4lof 6719 viFgol] =<
2 5070 wigrstol 67he) sRORHOlA SUd =S RUoPt WYHD EAH A
Sotol oo, AU (precision) F7HE ot AFE Lol UHAW FAL
2 429l 19°ColA compressors E3f 2 L/min® £x2 Q8 F7]7} inflowing
. of 3 —E—D}E} 3024 0.4 L/min®] &&= 20 L ZAERo] Z7|7} ZAEQlon,
WA A 244t 2HH 5719 YRYot s=5 5.

]
z

o By 8 Pt ooX W
|o mlm o H1

$2 Y Hr Y g

Al

NS
~
Rl

=]
=)
_\;‘
md
_I::,
tlo

e o2
e
™
Q
Q
c
=
)
Q
=
E
N
—_

T 9= %(92 ppm) PYwUjots AlAEl] ZeluwwWe W tAmgE Wo| mA
a0l gmiot g2 Egstel SUF BEo Fuiop} mAHE o] ofn

S Sotod mAE dmuyold] Fh= vy SA2  81.59+0.788 ppm,
82.89+0.990 ppm, 81.73+1.143 ppm, 83.83+1.200 ppm, 82.38+0.328 ppm,
82.60+0.190 ppmZ é SRkl

EI
&% (accuracy) B7HE &9t vl JAo] AA 57 LHEA HiREHY ZATE 5
ol ©. S oF A O0]O
A A O =2
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HloFy 2 AAES AAAE 371 ¥ U JIE F7le B¥Ee duyel} ANHAS
71540l 1S, ARl 37 55 ¢ 92 ppmo| FE2 BY 12jEe] 3717 308 59
FTFEAD, 2208 9 e EASHE 2 1T ) A% 34 Swi oF 86 ppm (30 L
: % o 35 ppmd| YRUoP} FH Ex o

92 ppm / 32 L)o] € Zd. &
7-
N

498 71540l &2

90.00

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Chamber 1 Chamber 2 Chamber 3 Chamber 4 Chamber 5 Chamber 6

a3 25. ERuYA|AEIO] Aste @Il Axt

NH;-N (ppm)

—~
2

T (precision) H7}
& (precision)= §-90] Uyt Bico] s 6710] Hjokio] SAs xroe HYHL
67le] BlopolA SU o Fuyopt AYHL mAHEA

e g

oZ ok B oX o

A
oX ©

2
z
uju
ofm o
3£
2

N

}

ol
o
8
glo

%
o

o
k-
T
)
rlr

£0] 0.0034 ~ 0.0042 mg NHs/g manure/hour?] H =

otolw ] ool SAM AR Syl W AL 0.08188

of WAl 2 ol7t gl e L & S
_]

UollA e 470 FUxel A@¥e Uepdcin

=

ok 1
32 |
lo
=)
=
oS,
ok la
N
_)('_l‘
e
v of

e

A
e

|
30 H
go ro o2
=1
NI

B 208. ERH|YA|AE AHd e (precision) H7t A}

Production of ammonia (mg NH3;-N/g manure/hour)

Cheteser | g Day 2 Day 3 Day 4 Day 5 mean gtea:z?gt?gg

0.0034 0.0036 0.0037 0.0040 0.0037 0.0037 0.00017
0.0035 0.0036 0.0037 0.0036 0.0033 0.0036 0.00016
0.0038 0.0039 0.0039 0.0036 0.0034 0.0037 0.00021
0.0037 0.0040 0.0042 0.0041 0.0037 0.0039 0.00020
0.0033 0.0038 0.0042 0.0039 0.0035 0.0037 0.00032
0.0039 0.0040 0.0041 0.0041 0.0037 0.0040 0.00013

DO WN -
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(3) 3% %7} Z=
- B uigy AAoAe] dad AuE Fofl 2 AAHIS =2 U s QI
- I8y 7SS’JE(accuracy) % U x(precision) F7Ie] ZAufoA AJARL Uox T]E
5719 3ol 549 A&wo] ¥ nyenz JE 7o &3 s iesto], 7
HjF Adollx S35 ZFAA Ao dist B7o] HQst Z1og Al
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<B3RPE &, 20234>
Ad 1, Al Y =R stefo] H]L357] SHQO|A] AJARA, ojoFA A3%tg @ obx|Exl
ST vR=

O AR Ul ZTHBAl steko] v]S 7] sFOoA] AAMY, oJok4a A5he @ obx]2x] ubxiako]

- o AA Bl 247277HEY, B AlS 717450.1 kg)

(2) Al At=

O RALE

- BEAF X

O HjEAtR

- A({K) TreA viStALR(CP 10.5% ¥&)
- I(5) THA uiSrALR(CP 15.0% ¥&)

(3) A AA ¥ A2+

(O Completely randomized block design (CRBD; Seo et al., 2018)

- SNP-chip ¥A4& £3t =A% 8% 7o @2 block (0.5 SD 7]%&)

- FAE 245E 654 F M 2522 Yol 10 m X 10 mo] % 47o] doj=
x| gt

O AAEigAe W 9= 71& 2994 &%)

- B APl ALz ujge] % g JEEE E 2092107 2.

- Ag]++ 1 (LCP): CP 10.5%

- A2l 2 (MLCP): CP 12.1%

- A2]3 3 (MHCP): CP 13.7%

- Ag]3 4 (HCP): CP 15.0%

O /\]647]7P

- 5 14%7F A

oot

= A

ook
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B 209. ¢ AN H&E7] =

ERULAETR EY

Concentrate CP (As fed)?

Items'

10.5 12.1 13.7 15.0
Ingredients (g/kg DM)
Corn, flaked 300 300 300 300
Corn, ground 242 207 171 142
Wheat, ground 100 100 100 100
Palm oil 9 7 4 2
Rice bran 5 21 37 50
Corn gluten feed 31 71 110 143
DDGS 101 65 30 0
Soybean meal 0 24 47 67
Palm kernel meal 118 112 105 100
Molasses 58 45 33 22
CMS 8 16 24 30
Urea 0 4 5
Sodium bicarbonate 6 5 4
Limestone 17 22 27 31
Salt 3 3 2
Vitamin and mineral mix” 3 2 1

'DDGS: Dried distiller's grains with soluble, CMS: condensed molasses fermentation soluble.

2CP: crude protein.

*333,330,000 IU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E, 20 mg/kg
Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.

- 193 -



H 210. 3t AA H|LA7] RUHAAl A% AlH AlgOo] St ER

Concentrate CP (As fed)? Tall
Items!
10.5 12.1 13.7 15.0 fescue
DM, g/kg as fed 882 885 888 891 895
OM 926 925 924 923 930
CP 150 162 175 185 63
aNDF 262 256 249 244 742
ADF 106 106 107 107 439
ADL 38 37 37 36 64
Ether extract 47 48 48 49 11
Ash 74 75 76 77 70
TDN 740 743 746 748 518
NEm, MJ/kg DM 8.0 8.0 8.1 8.1 4.2
NEg, M]/kg DM 5.3 5.3 5.4 5.4 1.9
Total carbohydrates 730 715 700 688 856
NFC 493 485 476 469 126

IDM: dry matter, OM: organic matter, CP: crude protein, aNDF: neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF: acid
detergent fiber, ADL: acid detergent lignin, TDN: total digestible nutrients, NEm: net energy

for maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate.
2CP: crude protein.

n
)

(4) N

O ZALR

- OjY 08AI9H 18Al0] EEAR ZEE AFoz JRAE Aol JI=HE MY
EAPRI0] Folstol ALGAAES 3

O gtz

- 7t ool Mgl i Aol AFOR s|=HL 1jo WPALR AEFONS 5
19 SPALR FolFL 6312 Lol AHE 3o

cE

l~>1

- HiStALR JHE THosf 54 U RALR AFF BAF XS Foll A AFTFS ALt
- Ale2 453 (HAo 2 EASIRNT, dF SAIF Y AlR 855 Aot AtEd
O 938 2e A

- A%® 3U 59k oF AbR ol 6417 ¥, 3A%F %, o 1A Aol oral stomach
tube& o|&sto] ¥EEQABS xjFdHDay 1: 14:00, Day 2: 11:00, Day 3: 07:00).
- ANFE ¢oio) pH, S A 2 duyols BAa
O FAH gAFEA]

- 75”@”—}10”74 AMFsE AMoA serumS H2|sto] iSRS BAISH

-1 a-

oXx, e

3) 72 A7 A
(1) A 95
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- E® ANS v527] vidAtE U 2EEA dEfo] T AN A & 2113 ZokE.
FoA 15% 98 Azpe 97 SAYT 3 A% ANFS xUMA 105% g
Al2jtof] wlsl {ofRlog AJOW(P < 0.05), Atras Ale FYAoz =3P <
0.05)

B 211, &9 AN HIg57] Atz ) AT Fgo] ohe Al 4
2 _
ftems! Concentrate CP (% As Fed) SEM P-value
10.5 12.1 13.7 15.0 Mean Linear Quadratic

Initial BW, kg 716 717 708 716 246 0993 0.953 0.872

Final BW, kg 782 766 784 756 23.5 0.796 0.564 0.788

ADG, g/day 5323b 391b¢ 6392 294°¢ 67.1 0.002 0.062 0.071

DMI, kg/day

Concentrate 6.97 7.04 7.11 7.18 0.138 0.711 0.255 0.982

Forage 1.30 2.05 1.99 2.40 0.335 0.087 0.023 0.577

Total 8.03%  8.89% 8.922b 9.34> 0.301 0.006 0.001 0.360

FCR 16.0° 24.0%° 14.4° 31.12 4.03 0.017 0.038 0.243

'BW: body weight, DMI: dry matter intake, FpDM: forage as a percentage of dietary dry

matter, ADG: average daily gain, FCR: feed conversion ratio.

2CP: crude protein.

(2) wHglo] A4t

- B S HSFY] MiEAE W EUA sigo] me vhRee) gAe B 2129

oS, HISZ7] HiTAIRO ETMA £FL uREQlY il RE AR 8ol

B 212, @9 A B1857] AR U AU o] ©hE wEe) Wa Yy W

Concentrate CP

Items! (% As Fed)? SEM AN
10.5 12.1 13.7 15.0 Mean Linear Quadratic

pH 6.67 6.61 6.65 6.61 0.106 0.946 0.709 0.909
NH;s-N, mg/dL 12.31 9.60 9.91 8.58 2.691 0.634 0.263 0.751
Total VFA, mM 58.09 60.81 58.69 59.80 3.665 0.943 0.852 0.822
Molar proportions, mmol/mol

Acetate 627 613 614 621 17.7 0911 0.822 0.518
Propionate 185 196 206 200 8.2 0.321 0.142 0.304
[sobutyrate 25 24 24 23 1.5 0.793 0.380 0.902
Butyrate 112 117 107 111 8.1 0.792 0.710 0.947
Isovalerate 28 29 27 24 2.7 0497 0.202 0.385
Valerate 22 21 21 20 1.3 0.590 0.264 0.510

Acetate/Propionate 3.4 3.2 3.0 3.1 0.20 0.561 0.261 0.420

WFA: volatile fatty acid.
2CP: crude protein.

(3) FH a2 A
-9 AN ueA] wEAe W Aga
A



B 213. 2t AN H|527] Atm U 2EHA o] g Y tjat=d

Concentrate CP (% As Fed)?
Items’ SEM

P-value

10.5 12.1 13.7 15.0 Mean Linear Quadratic
Total protein, g/dL 7.6 7.5 7.6 7.3 0.17 0.645 0.348 0.666
Urea, mg/dL 12.6 12.2 13.4 12.9 1.01 0.866 0.647 0.997
Glucose, mg/dL 65.9 68.5 68.6 66.3 2.14 0.695 0.893 0.250
NEFA, mEq/L 0.35 0.36 0.35 0.32  0.039 0.913 0.577 0.658
Albumin, mg/dL 3.5 3.7 3.6 3.6 0.06 0.116 0.391 0.046
Creatinine, mg/dL 1.3 1.2 1.4 1.4 0.08 0.275 0.234 0.883
Triglyceride, mg/dL  16.3 13.9 16.0 16.8 258 0.839 0.756 0.524
GOT, U/L 63.8 58.6 59.5 59.8 3.88 0.737 0.510 0.465
GPT, U/L 16.5 18.1 19.0 17.8 1.38  0.490 0.348 0.242
Cholesterol, mg/dL  177.8 179.3 197.9 177.4 10.50 0.454 0.700 0.289
Calcium, mg/dL 8.6 8.4 8.5 8.4 0.11 0441 0.348 0.882
Phosphorus, mg/dL 6.0 6.4 5.8 6.0 0.24 0.384 0.523 0.726

'NEFA: non-esterified fatty acid, GOT: glutamic oxaloacetic transaminase, GPT: glutamic

gyruvic transaminase.
CP: crude protein.

ook

NY 2. 2 U ZUMA o] w8 5] Lol A, o
o E

1) A4 S&=

O AR Y mEE wwpol BI857] QoI A, UL 458,
S

:
RS WPl UlAE

- G A WSS 4RQ7HYY, B AIF 689315 ke)

(2) &A1 Al=
O zRALR
- BHAR AR
O vigAL=
- () TreiAl uiSALR(CP 10.5% Y2)
- (%) TeiAl uiEALE(CP 15.0% Y2)
(3) 29 24 3 A+

(O 4 x 4 Latin square design

- BAE 4TS AFOl QAN 254 2] 1§02 Ukol F 209 5 m x 5 m £

Aol = HiA]
O AtEig e W 4= 7€ 2592 &)

[e}
- 2 Aol AR gy L Bk YREE B 214-2159 2L,

- ®2]3L 1 (LCP): CP 10.5%

al

ol
P

ofl



- A7 2 (MLCP): CP 12.1%

- A2+ 3 (MHCP): CP

13.7%

- %]2]¢ 4 (HCP): CP 15.0%

O AlF713F

- 3 1657 AYUEL

sample collection &

= 214, 39 7K ¥ 857

29 uigAt=o] sigy]

Concentrate CP (As fed)?

Items'

10.5 12.1 13.7 15.0
Ingredients (g/kg DM)
Corn, flaked 300 300 300 300
Corn, ground 242 207 171 142
Wheat, ground 100 100 100 100
Palm oil 9 7 4 2
Rice bran 5 21 37 50
Corn gluten feed 31 71 110 143
DDGS 101 65 30 0
Soybean meal 0 24 47 67
Palm kernel meal 118 112 105 100
Molasses 58 45 33 22
CMS 8 16 24 30
Urea 0 5
Sodium bicarbonate 6 5 4
Limestone 17 22 27 31
Salt 3 3 2 2
Vitamin and mineral mix” 3 2 2 1

'DDGS: dried distiller's grains with soluble, CMS: condensed molasses fermentation soluble.

2CP: crude protein.

*333,330,000 1U/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E, 20 mg/kg
Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.
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B 215. 3t AA v|LA7] RTHAl Ax AlH Atz o] et B R

Concentrate CP (As fed)? Tall
Items!
10.5 12.1 13.7 15.0 fescue
DM, g/kg as fed 882 885 888 891 895
OM 926 925 924 923 930
CP 150 162 175 185 63
aNDF 262 256 249 244 742
ADF 106 106 107 107 439
ADL 38 37 37 36 64
Ether extract 47 48 48 49 11
Ash 74 75 76 77 70
TDN 740 743 746 748 518
NEm, MJ/kg DM 8.0 8.0 8.1 8.1 4.2
NEg, M]/kg DM 5.3 5.3 5.4 5.4 1.9
Total carbohydrates 730 715 700 688 856
NFC 493 485 476 469 126

IDM: dry matter, OM: organic matter, CP: crude protein, aNDF: neutral detergent fiber
analyzed using a heat stable amylase and expressed inclusive of residual ash, ADF: acid
detergent fiber, ADL: acid detergent lignin, TDN: total digestible nutrients, NEm: net energy
for maintenance, NEg: net energy for growth, NFC: non-fiber carbohydrate.

2CP: crude protein.

(4) 28 94

- AR AR Tels 54 U mARR A g 2 et
- A5 7 period B8 Al FYoIRO0, U FAY L Az 282 AN A5Y
O IFA 2348

At AL UASH: 4FRRE A4 49 SOt
gHDay 1: 17:00, Day 2: 02:00, 11:00, 20:00, Day

%94 o2 &£A85t0 55°C ZAXR7|oA] 72A]7F=0r 7 xste] BA9] X2 0] L5
e T2 ALt
- 72t S=2¥E sampling ARF ¥ U3 AE 29 2= EYstd d¥a 2AMe
AAlste] 23HgS AR
- A%He AARS Qs Van Soest et al (1994)o] w2t YRR oA ASHER] =
SAMAELE L GAE BA5to] Asts D}ﬂ; &r93}
O By 52 4 BEnoa]o AA 4 g HjE
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B 216. 2t AN v]SA7] HigAtzr Y YA AP0 OE Fx HE

Concentrate CP

Period ) Fecal, g Urine, m{
(As fed)
10.5 94.1 225.9
12.1 104.2 215.8
Period 1
13.7 153.9 166.1
15.0 144 176
10.5 127.1 192.9
12.1 107.6 212.4
Period 2
13.7 160.1 159.9
15.0 149.9 170.1
10.5 167.4 152.6
12.1 144.1 175.9
Period 3
13.7 129.1 190.9
15.0 126.2 193.8
10.5 132.2 187.8
Period 4 12.1 82.9 237.1
13.7 138.7 181.3
15.0 115.7 204.3

ICP: crude protein

B 217. ¥ Ui 23 AT

Value Equation

[NH3 concentration (ppm) - blank NHs; concentration
mg of NHz/g of manure per (ppm)] X (mg/kg)/ppm X air flow (L/min) X density
hour (A) (0.769 g of NH3/L at standard temperature and
pressure) X 60 min/hour + 320 g of manure

[H2S concentration (ppb) - blank H;S concentration
pg of HyS/g of manure per (ppb)] X (ng /kg)/ppb X air flow (L/min) X density (1.505
hour (B) g of H,S/L at standard temperature and pressure) X 60
min/hour + 320 g of manure

g of NH3 of manure per day

A X 24 hours/day X total manure output (kg/head)
per head (C)

mg of HyS of manure per

B X 24 hours/day X total manure output (kg/head
day per head (D) /day put (ke/ )

Cumulative g of NHj of 10
Y ¢

manure per day per head i=1

Cumulative g of H,S of 10
g 2 ZD

manure per day per head i=1
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3) 2Q A7 At
(1) A} A

- S ANS ulSA7] TAR W AT o] o2 AP Al e & 2181
2os. A JAY 4EE R Atrasdd fAAA Aol AAS(P > 0.05).
B 218, 9 A BlgE7] MPAR U 2O PYol i gAY AP
Concentrate CP (% As Fed)? P-value
Items' SEM
10.5 12.1 13.7 15.0 Mean Linear Quadratic
Initial BW, kg 726 727 725 728 16.5 0.999 0.926 0.933
Final BW, kg 748 740 743 745 147 0.979 0.915 0.726
ADG, g/day 911 595 676 659 154.2 0.403 0.286 0.296
DMI, kg/day
Concentrate 7.26 7.04 7.11 7.35 0.273 0.558 0.662 0.199
Forage 1.97 2.72 2.23 2.19  0.633 0.661 0.931 0.398
Total 9.42 9.94 9.47 9.78 0.763 0.831 0.773 0.830
FCR 10.61 20.14 11.82 13.52  4.140 0.421 0.982 0.371

'BW: body weight, DMI: dry matter intake, ADG:
ratio.
2CP: crude protein.

average daily gain, FCR: feed conversion

(2) ¥Y4 202

- % AAS vSA7] sigA R Ul 2EHEA o Eo] ThE tiAME Y YA Adted B

2199 29kS. Ml P RE YUY 224 gt SR o]zt UL > 0.05).
# 219. 2t AN |52 7] HiFAts Y REHA AP0 O gAEHY gL 28hE
Concentrate CP (% As Fed)? P-value
Items' SEM
10.5 12.1 13.7 15.0 Mean Linear Quadratic

DM, % 72.52 66.03 67.27 64.70 5910 0.493 0.212 0.619
OM, % 75.22 69.85 70.07 67.97 5520 0.522  0.201 0.658
CP, % 68.77 57.04 62.98 61.08 9.314 0.648 0.570 0.478
EE, % 88.51 79.94 83.99 77.85  4.823 0.460  0.298 0.817
aNDF, % 59.69 55.22 52.41 50.31 4.835 0.187 0.042 0.699
ADF, % 53.08 51.67 47.27 47.22  4.151 0.311  0.092 0.804

'DM: dry matter, OM: organic matter, CP: crude

protein, EE: ether extract, aNDF: neutral

detergent fiber analyzed using a heat stable amylase and expressed inclusive of residual

ash, ADF: acid detergent fiber.
2CP: crude protein.

() $& W2 L F 5y
- B9 AN MY MTAR U AT AYo] TE BF Bk u1EF L FuolA
MEEE A U P AFS B 2207 LS. MITAIRY XTI £F xolo wjE
P WEYO ROM Aolt YUCH(P > 005), Euod uEEHE Fx U P
LYo R 2fol7} ISP > 0.05)



E 2200 @9 AM wS37] WPAR U EUUE AP 42 Pn wEY

WEEt P4 U F

2 Bl

Concentrate CP (% As Fed)? P-value
Items' SEM
10.5 12.1 13.7 15.0 Mean Linear Quadratic
Feces
Total, kg 13.47 10.39 12.49 12.53 3.00 0.535 0.297 0.335
DM, kg 2.56 2.04 2.48 2.50 0.56 0.601 0.306 0.425
OM, kg 2.21 1.72 2.11 2.11 0.44 0.603 0.324 0.396
Total N, g 63.90 53.93 64.45 70.30 14.00 0.590 0.232 0.809
Total S, g  8.90 6.70 5.73 8.15 2.13 0.625  0.387 0.952
Urine
Total, L 18.87 13.43 16.40 21.30 2.81 0.264 0.064 0.920
Total N, g 142.33 116.79 116.31 162.07 27.20 0.505  0.177 0.683
Total S, g 48.23 29.31 39.27 48.33 543 0.092  0.023 0.352
'DM: dry matter, OM: organic matter, N: nitrogen, S: sulfate
’CP: crude protein.
(4) T AF=E2 YT
- ] gR7] WiEALE U AT gl mhe ofFEA(gRYol U Fehaa)e] 109 B
2 A ulEYe B 221 L 1Y 26-299 2. 108 FF FRUjor X wA gfmifo}
S wjEiAlE U RUuE fF0] FUEd) ot golRoR Sstgon, xehuA
15% 92 ATolH 7P BHHP < 0.05). Fatrao] 108 FF L wH vEFge

FA QA &ol7t (P > 0.09).

B 221. ¥ AN H527] HigAlr W 2EHA AP OE FRA9

o}

Concentrate CP (% As Fed) P-value
Items SEM

10.5 12.1 13.7 15.0 Mean Linear Quadratic
NHj,

» Mg/ 00057 00063° 00074° 00093 00RO 0.045  0.062 0.124

manure per day
Cumulative NHs, a a ab b

1.75 1.45 2.15 3.05 0.265 <0.01 0.002 0.171
g/steer
HsS, pg/g manure

0.0077 0.0088 0.0110 0.0117 001206 0.709 0.680 0.747
per day
Cumulative H,S,

2.22 2.20 2.82 3.63 0.562 0.295 0.177 0.491

mg/steer

ICP: crude protein.
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