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A Aol olUA7LE FAe7] Slste] AbRel Bt AR BAAE ol gete] FaRYLAFFINS FAGE
W mE 2440 tha Ausle] gt

4 MmN WEE AWe Fol Aol Wi ARl olUAZIE QA%a A in vitro BARE ol
sto] Wrheh: A29S Austa, AT A0 olF duelEste]l gl Agsa ek, Fel o7t
A A AUATL BAh Azge] SEA gka, selel AUAst Bk Asue A Ase] g B
A 271 BAA AR HE AR AL ol g FEHHU] W], F) AR A9e] o T gt
o o7t gk
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of AT Ame duA 28&S o gate] o
Aom, 7% Aol oA 238% FHoE
3 ANET AT, o, FEAW(in vive) A £HEA HAARL AT AL B, in vitro

weh, gy FAMES A 10-2015-01311903 % 55 AIRE B4 ) =) 7} 5}
TE AR MES &3 G4F o83t AlFH oA AFATI T, A3tE G A3ES AP 5
A SAsHE A" E e dis) AAISL dth. oiRk, AlRe] 438F & zho] R S SAFo M AR
o] in vitro 23&S FAH3= HoA 7t AL FAHS e 2wy Aolrt Qi)
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A3 AP FE 7 Z2AFE 100%(standard), AAFE 100%, 7] 2AFE 50% + AAFE 50%, BAFE 100%, 7]ZAFE 50% +
BALR 50%, 71ZAFE 50% + AALE 25% + BAMR 25%% dpom, RE HjXo] 593 7 2ARE ARSIt

o

A5 7 A~ YRR 2B (automated gas production system)< o] &3fe] AFS AAFFoH, 4847 Hjg F|
NDF(neutral detergent fiber) 43+& % OM(organic matter) #241& £33 JAAEL3E(true dry matter
digestibility, TDMD, %)3 RA-F7] & 2318 (true organic matter digestibility, TOMD, %)<S ®A1&tich.

S

TDMD = [Initial DM - (Residue aNDF - blank aNDF)]/Initial DM X< 100

TOMD = [Initial OM - (Residue aNDFom - blank aNDFom)]/Initial OM < 100

1-2. A3 24

P
iE
BN
ot
fol
_E
i

Automated gas production system ©]-&3}o] in vitro 288 B4 AS AR, A
ayste] AlR ¥ IA {718 23E(TOMD: true dry matter digestibility)& =&}

7] ® 2 ¥ X 3L in vitro A¥E B &3 238y 1 AF A9E e

* 2
}\]__]E}_S %l@%ﬂ%iﬂ%
zdad
Hi + SE g =X =3 SEM P-value
CF 96.8 + 0.82 88.9 87.6 1.54 0.50
OH 79.3 + 2.93 79.3 79.9 2.38 0.80
RS 65.9 + 2.90 73.3 74.2 2.12 0.69
TH 72.1 + 1.97 76.5 76.8 1.40 0.85
SH 93.9 + 1.54 87.3 85.8 1.87 0.48
AL 71.3 + 0.90 76.1 76.2 1.40 0.96
B 75.5 + 1.55 78.3 78.8 1.48 0.79
AR 59.9 + 1.46 70.8 70.6 1.25 0.86
TL 68.9 + 3.29 75.2 73.5 2.70 0.56
TF 55.9 + 1.39 68.8 68.6 1.33 0.91
BM 63.4 + 2.73 73.0 72.5 3.38 0.89
AH 72.3 + 3.04 77.2 76.4 3.52 0.85
CF, &5 Fdlol=; O, 72l 7Ax; RS, poladx A A; TH, EJRA_mgh; SH, thF); AL, &#u}
AT WB, D71e; AR, oW Frol#Z~; TL, EEAI_AMWE TF, E#d2~F; BM, At&589]; AH, &&d 1
)
dE&x= [MIE A& XAE T + BAIE 288 XBAIE oy, B=X= AA in vitro TFE AF 2
Izks Yepdi
F* 3
Basal AbEs} 23 &
=N AR/ LSS, %
oA ZF A HEA SEM P-value
CF+0H 84.6 84.2 2.07 0.86
RS+TH 74.8 75.2 2.43 0.89
SHHAL 81.8 81.5 1.63 0.83
WB+AR 74.6 77.9 1.71 0.13
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TLATF 72.0 70.7 1.26 0.54
BM+AH 75.1 74.5 3.40 0.87
CF, &5 Felol=; O, Mg Ax; RS, holzalx Adel); TH, El=A_amekwl; SH, tiF); AL, &2
Al WB, B7)&: AR, ofiFd Ehelmigizs; TL, ElRA_A WM, TR, S| BM, A& AH, w1
o

A5A = [AAR ASHE XAALR 3 + BAMR AStE xXBAMR FEFlolw, #EAE= AA in vitro WE AF A
ks vepdTh

Ab el AFAQ A BAS A8 i i AlY] JIA-FTIE LRSS e AR 3 Y Ao AskeS
EA sk

712 Abmet A AR 2% £F I Al 23 599 A 23, Alm 2 g9 E2 18 zhelrt dAskeE Al
o2 Yeiston o]yd a7E wrygste M AR in vitro ARG EALSET in vivo 2859 dBVAHE

sl

<Agd 2> gF3EA 9459 in vivo £8&(0MD) A

A

Joi asHE

o
Ay

dAvdes ol tal AbRE Folsta, @9 ExE MEYS in vivo oW A
[e:
P

st719] 7z} giAbdge] didde] B @9 TUe &9 cross over WA o R AAEglon], 7F A7l Aol

%28 @Al ARE Fold ¥ ¥nE 2 AR 2 AEYee e e, £ 38 AR AANe @
£3}9] in vivo A% 23S B AFRS vt

A A3 1

F AMS 5F(ATE A 2809, B AF 676+55ke) S thAow STt AH Alnit 7 2ARCEFAR
85%, AWM15%), kas_archw, ohuh Avhe, Ak B RA_AuheS ARS-skglnt

ALEE 1Y 23R dle] 9 94 B oF 4A]e o] Elen, SPAYET FAANUA FELRE st
BA gEogE= A ALEY in vivo % GU%A 238 2 AR YA 7H(IDN, DE)E A5k},

= BAE SASY) mixed procedure® o] €310 tukey's range test WO T Aol RARAS x| gsiad o
m, BAA FAL P <0.06 FEolA A

AR E 2
- AMS 47 (H A8 38Y, it AF 634+77.4kg) E iAo R st AF AlEE 398 widALE
Aul(5F), ofFdetolagta(u]=), BEAAF (7)), AFRE I (3)E A3 ).

ARE 1Y 232 st 2 94 H oF 4Ao Fo sholer, AF div] 1% 2 Ag T st

I SFALS (700)+3 2 (30%), I SFARS (850)+ 2 (15%) B HleHAS
800+ 7 AR (AW, oy defo] 2eks, FAlAT, ARRE ¥ 7 20%) = STt

A FEoR2E A9 AEH in vivo A &stE 2 AR UXZH(IDN, DE)E A8kl

24 BAe gl 9 wjgatg el A dodAh 438 (total tract nutrient digestibility) 2 ol J=]7}= SAS
9] proc mixedE o]&3le] FES AFFAHE = @A BAS AA(yvi = alXl + a2X2 (yie 2A A
3 oA 4238 (DM: Dry matter, OM: Organic matter, CP: Crude protein, EE: Ether extract, NFC: Non-

_10_
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fiber carbohydrate,

NDF: Neutral detergent fiber)
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=2 TDN(Total digestible nutrients),

X1& AR &

wlgALE S HE, X2& AR F 999 Hl&)), 7 H §94 AL SAS 9] general linear model (GLM)
procedureZ o]g&3lo] BAMREAS AAEta Ao 9% H 7k vWE tukey's range test HHORE EAZ
gL P < 0.05 oA skl
1-2. 23 4
In vivo 23 =42 Churche W E(substitution method, Church, 1988)S #&3}3low 3}7] =38+ 3
o] Alo= AT,
[434] 3]
AlGArE Y] gL 28HE (%) = {(A)-(B)(C)}/D
7] AT AEANRS] FSAE st
- A7) BE 7]ZAF= (basal feed)d GU¥AE n|sirt
- 37 C= F AlE F 712AFE Y HEE 9t
- 47 DE F AR T AFAIRY H&E 9u|gith
gAA S 19 Ay
sh7] & 42 AAARS] - in vivo A YL 2SS UM A9E YEig
FZ 4
in vivo A% GUa 23E B4 A (AE, AA 945 71F)
P 7| ZA R 71 (85%)+ |7]=(85%)+ |7)%(85%)+ |7]=(85%)+ |SEM p-value
( g agd | Gty A | E|R2A I |[EJEA A
i A= 85%+ (15%) W (15%) W (15) Wl (15%)
A 15%)
Dry matter (DM) 72.7 73.3 72.8 70.9 69.8 0.59 0.28
Organic matter 75.1 75.3 74.8 72.8 72.2 0.55 0.26
(o
Crude protein |75 g 77.3° 76.4" 72.4" 72.3° 0.59 | 0.01
(CP)
Ether extract 86.4 86.1 88.6 85.5 86.4 0.41 0.16
(EE)
Non-fiber 87.9 88.0 85.9 85.7 88.4 0.63 0.56
carbohydrate
(NFC)
Neutral detergent 59.4 60.4 62.3 60.6 56.4 0.99 0.45
fiber (NDF)
Gross Energy(GE) 73.7 74.5 74.2 72.0 71.3 0.57 0.32
Total 72.4 72.2 72.0 70.1 69.5 0.51 0.25
digestiblenutrien
ts (TDN)
Digestible 3.22 3.24 3.23 3.13 3.09 0.03 0.26
Energy (DE)
w24 A3t TDNo| J3S F= (Po 438 75.8 ~ 72.3%, EES o|#A 4382 86.4 ~ 86.1%, NDFE]
I AZEL 56.4 ~ 62.3%, NFC A3F&2 85.9 ~ 88.4%% SAHEUCE. T3, NFC A A3} o] UL &
& FolA M =4 SAEReH, A FoAE TN 72.1 ~ 72.4% 2 quE]‘}i\ﬂr
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[0146]

[0147]

[0149]

[0150]

[0151]

[0152]

[0154]

[0155]

[0156]
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Abgel o ddA asEI duArtE AEslt. sVl & 5% in
=
=

5
in vivo A% JUA 28E B4 2y (AE, AE FHAR 71F)
3= &} &gzt E|RA| E|&A| SEM p-value
sery) Avd  |mgw Ao

Apparent digestibility of nutrient (% of dry matter)
Dry matter (DM) 76.6 73.0 60.6 53.1 4.38 0.20
Organic matter (OM) 76.4 73.1 60.1 55.8 3.95 0.19
Crude protein (CP) 36.9" 80.1° 53.5b 52.3b 4.51 0.01
Ether extract (EE) 84.6 100 80.7 86.7 3.22 0.11
Non-fiber carbohydrate 88.3 74.5 73.4 91.1 3.95 0.27
(NFC)
Neutral detergent fiber 66.0 79.0 67.3 39.4 8.08 0.38
(NDF)
Gross Energy (GE) 78.7 77.0 62.3 57.8 4.16 0.19
Total digestible nutrients 70.7 69.6 56.9 53.0 3.64 0.22
(TDN)
Digestible Energy (DE) 3.37 3.28 2.64 2.38 0.183 0.16

o

] A3, g M A2gk&e 747 v ma | dghu Ao ElEA]_siek B RA]_ Ao A Zhz)
76.6%, 73.0%. 60.6%, 53.1%Z ZAHEJCt. (P 28t&S dFup_zehw] Ayl Auwo] E|EA_mghd  E]R
A_AgRg feojHor A ZAHFATE. NFC 23F&S 73.4%-88.3%2 ZAEHAoH E|RA_AHdwoe] 713
F3, 43y auw dau Ao ERA_agd Fog S ).

in vivo A% A3 TN FX& AARAIR § Sy _adwo] 70.7%%2 7P =3, 4Zuk Achilo] 69.6%, E
BA_aeko] 56.9%, EJEA]_Awwlo] 53.0%%2 ZHZb AFEE Sl

ddule] 9w 3o weta] TN gsFo] & Zpol7F YEelbR] kAT, EJEA|Q] A 9-oll= 3.9%P |l
7} YErs.

webd AR WE Al TN Wl ghel weld Wi 489 Bert 9ee sl

boict.

J ]
Oll

AL g 20] A3

7] F 68 4F MRS &% invivo A% ¥k LSS 7 A0S vehac,

HZ6
in vivo A% g% 2sE B4 A9 (UE 75)

R | v EAL 2 (85%)+3 7 (15%) | wl5EAL 2 (70%)+3 7 (30%)
Apparent digestibility of nutrient (% of dry matter)
Dry matter (DM) 72.96 + 1.24 72.3 + 0.83
Organic matter (OM) 75.08 £ 1.25 74.37 + 0.81
Crude protein (CP) 72.85 £ 1.35 71.35 £ 1.1
Ether extract (EE) 91.22 £ 0.55 90.33 + 0.58
Non—fiber carbohydrate (NFC) 91.94 £ 2.99 93.12 £ 1.07
Neutral detergent fiber (NDF) 62.67 + 3.36 62.24 + 2.23
Gross Energy (GE) 76.29 + 1.25 75.53 + 0.67
Total digestible nutrients (TDN) 74.03 + 1.17 72.89 + 0.77
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[0157]

[0158]

[0159]

[0161]

[0162]

[0164]

[0166]

[0167]

[0168]

[0170]
[0171]

[0172]
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B2 A3k TN 93-S F= (PY A 2388 71.35 ~ 72.85%, EES] a4 A38LS 90.33 ~ 91.22%,
NDFe] &]&At A3}&2 62.24 ~ 62.67%, NFC A3F&<S 91.94 ~ 93.12%2 =AH =,

NFC Q& dast&S AQsta A™ 15% g FollA dda Ashgo] Avbygo=r =4 54
ALE TDNS 72.89 ~ 74,0362 ZA = T},

Aol u|go] ZF7}ge ]

Hol| wpgfr = 1 Fo] A3l&ol %741 SAHEE gy,

®
32
o
A
2,
__>{L’
ol

&t7] 3 7% in vivo A YA A3ES AT Z3E YEhd.

£ 7
in vivo 3% 9¥A& A3k B4 2y (AE, AA F9AE 7E)
3E v &+ ) g+ W EHE T 257 (20%) | B +ALE & | SEM p-value
< (209) | o eto] e} =1 (20%)
2(20%)

Apparent digestibility of nutrient (% of dry matter)
Dry matter (DM) 72.37 69.86 70.11 70.20 0.458 0.18
Organic matter (OM) 75.12 72.77 72.75 73.14 0.475 0.24
Crude protein (CP) 74.65 74.14 74.66 73.93 0.469 0.94
Ether extract (EE) 89.60 89.99 89.10 89.37 0.416 0.91
Non-fiber  carbohydrate 91.25 90.59 90.55 91.00 0.501 0.96
(NFC)
Neutral detergent fiber 63.01 60.09 60.85 61.74 0.828 0.68
(NDF)
Gross Energy (GE) 74.66 72.64 72.55 72.27 0.464 0.25
Total digestible 73.82 71.81 71.84 70.92 0.455 0.13
nutrients (TDN)

B2 A TDNe| J3& mx]&= oJokA¢l (P, EE, NFC, NDFY &aarAastee zZ+zh 72.75 ~ 75.12, 89.10 ~
89.99, 90.55 ~ 91.25, 60.09 ~ 63.01%= ZAH=om, TN 70.92 ~ 73.82%= ZHAGHATE. 2AMSE 7}l
w2 QI g gA askE @ TN F94<20 zbol7F YEA] &8tk (p > 0.05).

<AAd 2> BFIEA 989 in vitro A3E(0MD)S ©]&3 in vivo 238 (0MD) 54 7

2 dtgo] Ay Ao o] 54 AP FFolA 54T ddA 428 (in vitro M) S E83 F& A
o] JFA A3E(in vivo OMd) FAHAELE 3 AZAES &519 &3

in vivo 238 A3 4345 F5 EFLE 319, in vitro &3E HAFE 3 E=d OMdE A& 359 =
s ey, 2d S fstolE d4d WS tiE T A Abole RS 3§ S =A e

% 45 in vitro OMD, in vivo OMD A3 A& &3 dF2S RAF= agxolg,
I A¥, B e §hr] §8H2] 19 o 5AS skt

[

Lo

1)
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[0173]

[0175]
[0176]

[0177]

[0178]
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2
in vivo OMd(%) = in vitro OMd(%)><(0.501 ) + 30.0154 (R" = 0.942)

<AAd 3> oA A8-E(0MD) 5249 58 &

A7) AA o 20] AAAE B ol ol A OMD <l Z2]9] od=2o] 0.9428 EelF ).

el

2 o
o r|r

T AR E A5 Bl 2 d5HE Holv FORA, ZFA(INRAANE F71E &sh&] F
Asle] &8t AR 2 in vitro &3 AHE o83l dF4S 23T
of wel 0.44~0.79, =/ FFol wet 0.65~0.85% WA v},

%

e oA 2shE CdS54S ZEetd Bu Agsd s FA4Y ¢ e AoR VtEn.

1
(g

k1
N
[y

< Energy fraction > < Energy loss >

GE

l ]y | Fecal energy

DE

l —ll Methane Urinary energy

ME
l ——y | Heat increment
NE
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g

v = 30.0154 + (0.5011)x

R*=0.942

Eeasren

& D2oI0_NAS
& oo SN

In vivo Organic Matler Digestibility (% DM)
3 3

70 80 80
In vitro Organic Matter Digestibility (% DM)
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