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MolEh A2 A 2 BT pE Ml ZA U B

><

Mo EF AFZol CfsF 70 2 ALg
(] Mo et AL=oll CHst 714

O AMHE AMR2F 22 2ooje| ctolE AIESE a2 AtHl 2= “Low-emission animal feed”ZF 1 X, o El
Mz HHEoMe AtR FOAAHE EestE 2ol onlZE ALE
¥ Low-emission animal feed e =2dE - EU 70 FI7HUERIE, Elofz, A5 Ql) 974 F[ Al 37

O “MHE AFR"= EHIEP— %"E' % = HE XHUAI E0{Zt AIES} AR ZOAANKE =&
st oo Ho =M, FAMEFO 2AIIA UF Ao HEE = Jcs &F 7=, 2=l O
UH 7|0l FUE A=} =oof &

% M 3% CHEMOI= 2R OAM: gEEIE EY 2hEo| o F o Ete
20i (A2 BoAA) @ ghEe e =AM (v et HZA) &IF AL

O SiM7tx| Il M= o 2s o & HZo| 2
AlAElo] CHEF SE5H : 5

A" S5 ABEE 818

2
00
o
bal
>

[] 2006 IPCC Guideline (2006 GL)olIAM HA|E X o At=

O I 43512 AR(STAIR B/80| 52 AR mE)7} ot

— 2 Ym AEENHE: SHFHX thy]| oete 2 i EE oHX| HE(%)E H&
- STALR 90% Ol&e AMEER MFStE & (3.0£1.0%)
- AR, BMSAIE £ W5 2(F9 & (65+1.0%)
O ALZQ| Ym #2 Tier 2 &HHo =z ZM™=[= o Etuf ZH 5 (Emission factor: EF)E MUido=z MH &

=
—
- ST Eotel AF T WE olE wEY A0l ot

(] EtAHE 21E Aol EF AlR 2= AL
O Mootral AHASIA)olAM ZHet=El o BF ZEE gheo| MA 2=
- et Z A (Mootral Ruminant ; Ot %o Zd=2F&FH) 0o 2 2l 24E oetd=e
Credit (Mootral's Cow Credits)
- 'REZPVALS| EtAdf EH(Carbon credits)2 =HEa EbAAR -S|
= (2021.6

ul
>

H

(CORSIA) & MAXMCl b

TE AEY F U 2dF 16, et AlE). olol wat M MA T|dol

|1||0
T

4 =T T U= 2 = 1
4 Et2Hf£3(Cow Credits)S ToisH HIEZS MHMAZ = AS A2 2.
- REZ Fo|d E(Mootral Rummant)" Od:-_# 2~ SEOAM ALS Folof, EIAHEA 22 AtE HIt
H oHE dFEE M4, g EtxufEA JtH0| &4&stH F22 ALR EIHA o]80] 7ts&h
¥ ¥ Bd ICE MEaHela EtAuEA EY J1H 2 2d 24 307Z =gkl X 2021 58 4
2 4861 F2(2F 696000 )2 58 HE MSE

O Mootral Ruminante| EtA~ Credit 215 7| &
- o|=o thxX OlZt EtLdlEA o5 2 wall 7| VERRA (Verified Carbon Standard)
- VERRAZ} MAHE HIIM AlE ZUl &g dE Z4= 948 E 7] 2(VCS methodology, VM0041)

L MHE AFZ i 3 B3 2 Ml ZAF Y EA e



O Mootral Ruminante| EtA~ Credit <ol
- UN &tske| =M 2l Z2bskE 7| F(ICAO)ol M

O Mol gt AbRel &2 2 XS

FZxlstm 2021 Al&stA = =H|
(CORSIA; Carbon Offsetting and Reduction Scheme for International Aviation)of

o3
|

M

O X|ZWMX H MAM2=z I8 =2 in vivo 22 &0 o[FHZl 3-NOP (3-nitrooxypropanol)2| &
<, &30 w2t Xto|7b UX[TF =T oid| B 20730%2 oiEt 42 g3E 2. JtE 721 A
& 7|2to] e7H&Eol7| w20l 1 olate] XEZEM2 MEHMoz ZTHE AT s
O Mootral Ruminant MZ0| MAH z =2 EtAHe| 1S E Mo EF AL=ZO[X|2H MootralAle &3 &
ol w2t xto|7F 2 ML E(SAER 24% M, MXBZ 38%, 1 2 EF 25%) W20, Zct
25t 4= FoE ZYUsSH| /M o B2 AEs AE
O I SXAel Mo e Atz Jfe Jlsd
O XNHEH AlRS| ZHE ZIE EX5I7| st AF Ad=Z2pr) off dotstod, HE MM Es AR
SO AE E&st= MolE AlRel FU A7 Jier L MZe3n HES E2 AlZo] &2 of 4t
O HS0|, sB8F MajAlgdel “AU™ 2MITIAZEZAIG | 2510 FH Bt E 7|1& ATt
LI 7HX = X|&Hel A =L
O m2tAM Zhlf wE of& Mz BofollAM O wa| ZE MduE ZHMs7| fsiMe= /=0 in vivo &
E gt dtE 3YE NZHME T olsto] ol Este wots oiEE Zert UZ
O Z7|Mez2es I SAEQ e M JHo] Ze
2. IPCC 2006 Guideline (2006 GL) Tier 2 HHE&HAH s 7o A
O IPCC 2006 Guideline (2006 GL)AIM= =7t ohel Zuf 25 o &t gtz MY S 9st I A J7|F2
2 27FX| 9 (Tier 12t Tier 2)& M Alstl USZ
- 2lyets 7t A ER] I HiEAH S e Ozl 2M7tA Bl &S MEE 2006 GLol 7=

siA Eostm A=
O Tier 1 & @ X} elct2lollA Zu 2e of& sfE2F M-l ALZ(GIR, 2012)
-4 ZEYHE HESR, g2 5) & 55 x sl vl &4 S (emission factor, EF; M EF kg/5/H)
- elLele Y £33 I7F DR viEA ST Hekol oF =Eo{AM 2006 GL M= zt(default value)E At
& (A2 118, &t 47, X[ 15 W2t 8 SHA )
= el 1 25ge IY JtF Atze o Mz g3IF #X Tier 1 4HE o3 ZIIE

DMoll= =X Bt AZ

O Tier 2 ght
1-1)

: 2017A Kl Annex 1 =JIE =

[ == Ry

Sksh =

6270 =717t AtEsto =I7IENAM Ad (E

E 1-1. £3Y, 247t i EJY Tier 2 & HE AHI(Z 74 F)(Wilkes &, 2018)
_ == 22| == 2| =x=X XMz
 wE
(CH4) (N20) (N20)
e 62 57 22 11
=X 32 18 17 9
oF 18 33 18 -
20 stARC MZ AR JHetE 22 95 M gor ofp



- RELiets BAHZ|E gs2o T 2ATIA B EAFT WY A= (RATIASSIHEME, 2014)00 A
Tier 2 2tH AlE S SEZ 510 ‘2}1, Z A= oz J|L)
- Tier 2 gt z|Lizlel Zo| “1 A35t8 AIR"E o|25te =Z7iel Zhjwts o EF s &2F AMEF
of MM 2 HolXIEF 5t US
O 7t stol 4 X (digestible energy, DE) &2F0| =2 A2 Ajd oz M2 2ol & of L1 X|(Gross
energy; GE)E M=%
@ 1AastE AR GEE HHEQMAM HEF olX2 MetE&= H|S(HE MEE. Ym)ol H &5HE
A2 2} H| W5ty Aoz Js
@ ZAAAHMOZ Ter2 HHOZ JEE Zt ZFo MERH(MYE £= M) ZJ I F HE vl &4
T=E XM Zs5to] HlE2S MM 2a|uzte] A, Tier 1 WHECH HEF Hf E2F0| A He
2 J|H
O Tier 2 & o|8S st =71 1F & ¢s Hi&EHF+ S5 SE(E 1-2, & 1-3)
E 1-2. st2 Y ws 271 05 wiEAF 34 52 (20184)
3l (Tier 1) SE &A= (Tier 2)
oo - 3t = (HM<S) 1Ml o]zt : 43 kg/head/yr
=T -
- 5t = (AHM<S) 1Ml olAt : 61 kg/headfyr
47kg/head/yr ; : A : g/heady
- 5t o7 1M o|gt 45 Kkg/head/yr
T ool et sfEAS - 5 2 1AM ~24M], SR 243 2M oA
E 1-3. 34 FY s F7F 17 siEA ST 3d 5 (20204)
Sl (Tier 1) SE &A= (Tier 2)
- A4 1AMl o2t : 33 kg/head/yr
A 1 118 kg/headlyr | — B2 1M ~2AM| : 83 kg/head/yr
- A4 2M o4t 1 139 kg/head/yr
t 2% : Sutainability 2021
O Tier 2 &l (E5= 2| 7 A vlEAHASFTE o/3)= Tier 1 &¥# (2006 GL)e| <z|Ligt ®HA
ZH) gt ol s E2F AN P W (E 1-4)
¥ 2006 Z|FE(52 M E)3 HWEH 2k 15% H4F 3 — Tier 2 W HE A|J|E Et7of 3
¥ 1-4. Tier 1 29 (2006 GL)o| <szluigt &4 Fu 2w oet s E2F MY "
oo Bl &= A 5= 20194 Hf =&F
- (kg ol EHotal/H) (M & et
IPCC+X| & 1996%* 118(&o|7| &, M%) 48
(Tier!) 2006*++ 128(50l7[ &, M=) 52
Ier 2019 138(20|7| &, A <) 56
139(0“* 2M| o] Ah
=L Jhek gt
Terd . 8 (ka1 ~2M) 44
1er 332 Mﬂ o| o)
* [PCC: 7] W stol] T AHE 7+ oA (Intergovernmental Panel on Climate Change)
wx @A) SATFA MEF AR 7]E s 20239 A R(A) LAV WEE A v E
I MO E AFR g 2 B3 24 MAod ZAF A EAo e« 3



3. T2 MHEAME i 2 HF 2E dAAAT At
1) &It 2y 2e B & 2 ot ile
O HtEJIE Ay &g olaf wWMst= oet Xz ghot sie: a8 1-1
- o UM 2 Ao (Z)AR 80 &
- O|pbEtERA ZEA: FI|E AAE St MUtHAIR 2510|182 M- A
- T2 O[AEtERA Z 3 "hal: Acetogen, nitrate &
- HEMY M LS (methanogenesis) &5l: 3-NOP, s =& &
- HEFE M T (methanogens) A X: Feld SAE-4IX
- AMESE/MAL B, FLAL, XMoEt 4 T |F = HY 34,
High voncentrute diet e = r o
High digestible forage e Rumen environment -
Balanced ration e ""-\,_‘
Fibrolylic EI?Y'"“ /f""—' Oaloeetato halate
igh concentrares —_g:"'r..;\m YIOTFEE DACIEri ——
I _r'.-f it
P £ _ ) Sulphate
| Drieis (A= ¥ e U TEY QTS (i pu— Pyruvae + H. E—

High roughages| === Cellulolytic bicteria ==

| leoiron aeeeplor; — —————

:i i Suecinele
!
| ’ ' T
Acclals + o, + Hy o —m i Protozma
‘-\ - |
Animal —-"\ prrm————————y —
’ ! LY | Acglopens | ——— [} ———— | Methenogens |
\\.\ A CH,
Genetic selection \‘H.,‘ ' Melhy lotrophs |s—
Incieasing productivity e T

Descreasing unproductive ammals
Linpioving anal lealtls
Incrensing ferility

life time A4 &M

— Propionale

2 24
M s

Urgamec acid
Mfatieizin

Saponins

Halogenated compaunds

hane
~Sulphonate

‘,"',PIMFII intabolites

“ | Fatty acids
Fungial mctabelites (slams)
Witro compoumls
Milsssy coanpuuiis
Bacteriocine
Vawwine

a7 1-1. 2&:715F o et H 7 et Jl 2: Patra, 2016

[] et Mzt dot B/

O I SZAR

- SEANRE UM oz M2 Mz ME s 22 5 M dE EBESIEZ O|R0M US. H
Mz 2 doEs ElFESES 952 W pHE HOo{EZ[X amylolytic bacteria =& & 714
Za 24 MMHI o EtZAE Fubgh(van Kessel&Russell, 1996).

- ot SEAMRE AR MFZE TSI HEQ W AR MEE3 HESETE SIAFAH HHFEY
23 o|dE ZRS HEA 2 (Martin S, 2010).

- &gM YWs EIFSES HFER W alternative H2 sinkE MA Sl Z 2O 24 MMES SIHAIF
(Murphy &, 1982), BtF2| pHE & protozoall T& Z2AA|F|1D methanogene MZHS dbal gHie
21 protozoa2l methanogen 7t H2 ol &2 dhall & (Finlay &, 1994).

4. BHBC NU AR L HTS 9I3 A Yok o7



STAMRE 35%, 60% =0ieh d&olM= ol MZo| O|FOX[X| LUAKXIZE 80%, 0% =H0ieh o4&

- oo

olM= olEt Mdo| ZtAEHLovett &, 2003).

O ®7I4&t

- EtESlE 26l TtEel 7 thARES |72 vhE o et MM S ZaAlZictD 23X UAS.

- ®7|42 alternative H2 sink®2 =-&35t09 =Z2a| 24 M-S FZFsto] ot MMHE ZHAAZ(Castillo
S, 2004).

- Fumarate2} acrylate (McAllister & Newbold, 2008), malic acid (Foley &, 2009) &< &7|& X 2lol 2
of ofek MAMo| Zhagh

o Et2 AXM™MOZ methanogen MEES A5, ol2el MRAE AsSHE AN S protozoa 7H A
E ZAANAH T2 UMz A ZHEXHo=zT oEt MMg AXMSctn LM A2(Patra &

=2 80stAS W 57% (Puchala &, 2005), 13% (Carulla &, 2005), 24%

= = AA
(Tiemann &, 2008)2| | EtZ A S3E EAS

- Atz
o AEZHES o] AZoA MAM=E= surface-active glycoside® (Tamminga &, 2007; Patra & Saxena,

2009).
o AlZ U2 protozoa M EZHo| complex sterole &M 2
protozoa 2| & methanogene| Aol ZhA-sto o BF 20| ZbAaFh

Jr

M35tod 8 protozoa ZHE22 2 (Goel & Makkar, 2012)

&, 3%0| 5ol bromoform &2 &=z

stgtE0| Z&Eof JAS (Burreson &, 1976).
EXFE O|ZE In vitro AEHOlM HEO| 99% ZAs Aot US

(Machado &, 2014).

Z2ul24 WL FIL 2 xet X|gete| 45

= A} Asteks =2 A protozoa ME A,
ZoZ olsfl HEF MMES AXstotn 2e{X US(Johnson & Johnson, 1995).

- EESIX|EAe| A5 Y2 FA0[2E BO{E0 OMSEIAE st HE MM nfd S oA
stozm oEt MMZ ZAAlZ(Johnson & Johnson, 1995).

- ESH X|gkib2 methanogenel Mlxotofl Zatsto] &S W24 MM Z methanogens
Ax st 22X UAS(Dohme S, 2001).

- Myristic acidel 4% XM sTAIRRt 1 TAE MF oM 22 22%, 58%2 OlE Mg Eds
(Machmuller &, 2003).

-AMEM XE2 EE e X eE Z285t=d (McGinn S, 2004; Soliva &, 2004) 23R 2
(Jordan S, 2006), afidtz2t7|4 22 (McGinn &, 2004; Beauchemin &, 2007), otof4 2 (Martin &,
2008),  2¢ (Dohme &, 20000 S0 HEtS &2l A3t US.

=}

O Nitrate

- A X 1 electron sink2 =r235t0 o EF MM S X & (Patra S,
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O Nitrooxy compounds
- 3-NOP(nitrooxypropanol)

CC —
o i

ethyl-BNOP= X|27tx| Z

- 3-NOP= methanogen&|tl Bt MMM ofx|at iMoo st
H et MM S X 52 methanogenel M-S &sll gt (Duval

r

=
S,
=

e et MM AR
methyl-coenzyme M reductase&
2012; Martinez-Fernandez

‘:’XIOI

|

=1}

251 5hof
2014).

- 3-NOPE o| &%t MHolA e 440 7710% (Reynolds =, 2014), 60% (Haisan &, 2014), 30%
(Hristov =, 2015) &4 cte A7 23t US.
O gl
- A2 SEo HAXMAHE &&35l0d methanogenol|l CHatst atx|l MM S X350 HEF MM S ZEol=
ghe (Wright S, 2004). #iAl S &5t et MzZh AgolM 8%e =Zarl ASol &el= (Wright S,
2004). ctZ2 Al AFoA = SEHo| o5l oEto| SHEUS (Wedlock &, 2010)
o) el oiet XMzt MHIIH #Ha
(] ol et Mzt HIHA|
O 3-NOP (3-nitrooxypropanol), JH A F&=, si=F F&=, Bt (tannin), AFE L (saponin) &
7F. 3-NOP (3-nitrooxypropanol)
O E4: g ZAX Mo F+=& FAA (structural analog)&!
O OBt g-M xMZt 7| ™: oEF MM 2o &4 methylcoenzyme M reductase(MCR)2| 21X =7,
O He Mz 51
- 1170 =& et 24 Z 3} (Dikstra &, 2018) - 4 39% M&, SF 22% M &
- 4000F ol&tel HE?E o|&ek AE (Melgar S, 2020): 26% M, A S elS, MFz 4o &
O Rz|Hzle] F2 FFQl stRolM oiE HzZH &3 2 MAMo I3I7'<IE Gskof| s AF= gle A
ol 2k O.j—_rL7|' e
O 3-NOP2| =& M4otMo ojxl= &
- A gHE T FXEE0| 032 unit 7+ (BHFekFE2(o|dEAT3 X 38 =X Webinar, 2021.9; 0|
= Hristov w5 &E XIZ, Penn State Univ)
- S AMEREEE BT FE, MF T Msto oSt TAH A FAE So| MEtAel A 2ot U,
O 3-NOP7} sz o|xl= H&
- BFEL0 E{ZtE W 217t A LIERHD) gEE] W) 28 S EIF wE (Hristovet Melgar, 2020)
- 0=, = SoM XXl S5 HZo| SHst 220 E10E Hi= g3
O DSM sl AL =4 Z0{ HZ&ZE 3-NOP, 60 mg/kg DM feed; Bovaer-10, 600 mg/kg DM feed
O = FF3lAk DSM st X[ A}
- M EZ9Y: Bovaer-10: 3-NOP 10% & &
O 22YH AMESE g
- HElE: 58 2=
- FH 7155 242 S ¥ S5 olH
- 0|=3: FDA &¢l0| LIX| gfof of&l AZs5tE[0] UX| £LZ: DrugR 5 FA F0|2fM AlZto| 2
zizl Hoz o=
- FiLick: H 2 16,000F A8 &
U 58 YW =
O I AIESE g % &2 Xt
6 HURE MU AR HLEZS A% MY Yot 47
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Tuskegee Univ., st=Et=2o|d 29173 & 33 =& Webinar, 2021.9.17)
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- EMES olE UMY OB MY EF, pH, JhA WM A 258 VFA (53 24 ofF),

- R HIt =F0| SUteoll wf2b o g wlzk M Z4E0| SIteh 0.05%76.0% M7t Al o ol g A

&1 334% (31 - 82%)

ol

de (n =3

rr

E 1-5. Fod HIL in vitro B9l 2E & askE0 olx

Rumin up treatment (% substrate DM)

ltem Control Monensin
0.05 0.1 0.3 0.6 1.0 3.0 6.0
pH 6.54 6.57 6.58 6.59 6.59 6.54 6.58 6.58 6.58
DM digestibility, % 420 440 M8 407 438 433 403 408 415
Total gas, mL/g DM substrate 157 130 140 131 138 138 120 112 89.2
CHs4, % Total gas 12.9 10.9 14.0 14.0 13.6 12.3 8.89 5.78 4.04
CH4, mL/g DM substrate 20.2 141 19.6 18.3 18.7 16.9 10.7 6.49 3.62
CH4 reduction, %. DM 30.1 341 960 7.46 164 472 679 82.1
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- 32 AFE ‘TAIRS =77, ‘U=xZet AMHE|X|?, “=EZF X007 S0| et LMk D|X= HES
ZTAEE =22 i US.
- Zo| A= TStk T e WS JFECZ StH Z4E FIE HEoF= AT} 4]
WA EEX|E 1 Mo sfE2F J|Ee 2 EM MF 2 SI12 2lsto] o EF e EFo| BrofE
O HE Ate
- Aoz 457 e 2 o, R AR EF0| HE ZE YEQIX] ok}t Zhe| HEJ EHe
- Zlo| ZALZCS| HE ZHE Sal= MMM JIIREUHES T 5+ HAZE ol of Jts
HE 1-6. =T 2t AR /29 o EF 2 X|=(Lee &, 2003)
_ CH4[ [%]1 ) CH4[ [%1
Group Ingredients Group Ingredients
ml] mi]
Wheat 114 100 Alfafa Hay 6.0 53
Grains | Corn 10.3 91 Orchard Hay 47 41
Forages -
group Oat 6.9 60 Rice straw 24 21
Tapioca 10.2 90
Soybean hull 1.1 98 Soybean meal 7.1 63
Lupin seed Palm kernel meal 39 35
Beet pulp 9.8 79 Soysauce cake
Lupin hull 8.7 76 Rapeseed meal 57 50
Wheat b 83 7 Coconut  oil seed 66 58
Brans eat bran ) .
. QOil seed meal
and Defatted rice
7.0 61 meals Corn germ meal 6.1 53
Hults bran
Corn gluten feed 6.6 58 Perilla meal
Rice bran 49 43 Sunflower meal 53 47
Cotton seed hull 0.9 8 Corn gluten meal 33 29
Gluten Cotton seed meal 45 39
Canola meal 75 65
1) wheat "lgF 2 E(100%)9 thak Ao v &(%)
4) F2 HE X TEEF =5 A e HZH AE O DArE
(1) In vitro EE2 &2 S =224 hr 8f 2k, 20% oA+ ZbAast = As Zo): E 1-7
E 1-7. F4 AFo ost F HE M TE 2F 5
B =& B9 Mot H EFN ZH2 (7] HIES
A I|FE), %
LEZHE Pharbitis nil ENS 10mgk(%OmL 33 Bharanidharan et al., 2021
[e] e}
&I = Amelanchier asiatica =7 20%1mog_|7|4’—é!) 20
&322 Reynoutria sachalinensis A 20
2z2|LIF Alnus japonica el 23
=IFA Tribulus terrestris o, BXt 23
=10 2 4 Acer truncatum =7 23

I MH e AL THE 2

fl



Wi M LIS Carpinus tschonoskii =7 23

th 2 Rhubarb el 40mg 55 Kim et al., 2016
caprylic acid and B-cyclodextrin 20mg 23 Bharanidharan et al., 2017
complexes
o} Allium fistulosum ZE7| 15mg 22 Eom et al., 2020
85 Mentha canadensis o (S0mitf 2ok o5 Cee et al, 2020
B = + 300mg o
°2l=E  Lonicera japonica =7 71 &) 28 Lee et al., 2019

@ Invivo A 2ot e TESE MF ZE: e AFE, 7 =&, ot 712 HF T S

O 3-NOP (#1-8)

H# 1-8. 3-NOPoll tiet 5 ogh MZE AT =8 2

== 5F =042F (Imglkg =02 AAHTZE HENZEE, % HIES
) (% DM)
of of 115 0.012 2 weeks 25..7 Martinez—Fernandez et al.,
11 0.011 29 days 237 2014
S 130 0.013 23 days 58.0 Haisan et al., 2014
A 27 0.003 36 days 6.6 Reynolds et al., 2014
135 0.014 9.8
53 0.005 44 Romero-Perez et al.,
H| =< 161 0.016 28days 93 2014
345 0.035 33.0
40 0.004 25.0 Hristov et al., 2015
R 60 0.006 90 days 31.0
80 0.008 32.0
H| =% 280 0.028 112days 59.2 Romero-Perez et al.,
2015
P 60 0.006 2 weeks 34.0 Lopes et al., 2016
HSHIFE7I) 100 0.010 6.8 Vyas et al., 2016
200 0.020 1 29.1
SEESCIEETS) 100 0.010 05 days 8.6
200 0.020 80.7
ESES 68 0.007 23 days 23.0 Haisan et al., 2017
132 0.013 24 days 36.7
H 2 HIFE7]) 75 0.008 3.3
EAER F A 100 0.010 16.1
o 150 0.015 211 Vyas et al., 2018
i 200 0.020 229
H S HIFZ7]) 100 0.010 25.8
ZEALE 9 F Al 150 0.015 32.6
200 0.020 45.2
H| &< 338 0.034 3 weels 38.0 Martinez—Fernandez et
al., 2018
H| &2 100 0.010 2 weeks 18.0 Kim et al., 2019
S 72 0.007 70 days 23.0 Van Wesemael et al.,
75 0.008 21.0 2019
40 0.004 21.0
60 0.006 17.6
A 80 0.008 2 weeks 15.9 Melgar et al., 2020
100 0.010 33.5
150 0.015 35.9




200 0.020 31.8
H &< 200 0.020 17 days 28.2 Zhang et al., 2021
73 0.007 2.1 |
upxo| Al= 2 o|M 160 0.016 62.0 Schilde et al., 2021
wrl A==l 1200 0.120 2 days 96.6
7| (RUSITEC) 73 0.007 9.1
160 0.016 34.5
1200 0.120 90.1
o 178 0.018 30.0
- 3-NOP H = Z0d2F: 607100mg/kg feed DM (Melgar S, 2020)
O F0I¢d: CNSL &7 H7HA (E1-9)
E 1-9. CNSL &7t =& U2 e g AT =2 2¢<
= =2 -I = S C)I- E‘ C)k oo 1 — |:|I- = x 0 =
e Azg goiy CSAES FAT X amrn UETEE gaoes
In vivo (n = 3) 49/100 kg BW  409/7 kg 0.57 3 weeks 376 Shinkai et al.,
2012
Non lactating Holstein 4g9/100 kg BW  20g/7 kg 0.29 3 weeks 19.3
cows
In vivo (n = 3 4g9/100 kg BW  40g/7 kg 0.57 3 weeks 37.6 Mitsumori et al.,
2014
Non lactating Holstein 4g/100 kg BW  20g/7 kg 0.29 2 weeks 19.3
cows
30/100 kg BW  15g/7 kg 0.21 2 weeks 8.4
In vitro (6 bottles) 5mg/1g 0.50 48h 7.4 Danielson et al.,
2014
Silage based 10mg/1g 1.00 48h 18
substrate
In vivo (n = 8) 30g/d 309/ 25 kg 0.12 21 days 79 Branco et al.,
2015
Lactating Holstein
cows
In vivo (n = 8) Konda et al., 2019
Thai native (n = 4) 4g/100 kg BW 17.59/7.4 kg 0.24 2 &4
weeks
Swamp buffalo (n = 4g/100 kg BW 17.5g/7.4 kg 0.24 2 &4
4) weeks
In vitro (6 bottles/
animal)
Thai native (n = 4) 2 mg/ 200mg 1.00 24h 2 wki 41.1; 4
wk: 52
Swamp buffalo (n = 2 mg/ 200mg 1.00 24h 27 593
4) 45: 75
In vivo (n = 8) 4g/100 kg BW  20g/4.2kg 0.48 27d 24.2 Maeda et al.,
2020
Lai sind cattle 69/100 kg BW  48g/6.4kg 0.75 27d 18.4
(3) oAl ok Mz dkok A ot
- SMel 22 3-NOP (£&= Folgd) + lipid, nitrate 2 228 =& &7t
(4) X et 7™ FH| =A
- B2E0| gl A dFE dMY (BAM, 7Y FAdE S), dY Sol gFo| gls A

- MHE A=

JHet 2l E2 e MSHdT AL L BEA e 13
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Measurement methods

Direct measurement

‘ Long period measurement ‘ ‘

Short period measurement

Individual animal

Group of animals

* Respiration chamber
+ Ventilated hood or head box
*  Sulphur hexafluoride technique

e o o o o o o

Face mask

Greenfeed system

CH,:CO, ratio technique
Portable accumulation chamber
Sniffer technique

Hand made laser technique
Methane hood system

¢ Polytunnel technique
*  Micrometeorological technique

" 1-3. WHETHE OEHEE WY e
O & Hes oesy Wy

Patra, 2016

Indirect measurement

* Invitro techniques

« Statistical models

* Mid infra-red spectroscopy of milk

« Fatty acid composition of milk

¢ Archaeal ether lipid content in faeces

2 STEMHH (respiration chamber), SF6 tracer gas technique (sulphur

hexafluoride technigue), GreenFeed technique, Hand laser CH4 detector (hand made laser technique),

CO2 method (CH4:CO2 ratio technique) 50| A= (E 1-12)

O Respiration chamber

- Z22 chamber ol @1 2AX™ A|ZF ZHH o=z 28 ZJ|E ooz HofFn JEo e 27|
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- 17te| A

- =HE MEIoE 32 5 1D, 0| 0| EIls3 ol US

- &2 chamber 37t2 AE SEH AERAE FUSIH AlR MF TS H2A7|10, MESES o
sS E2ldo=z M ststo] MM AltstAolMel HEMM MRS BhdsHR| 28

(O SF6 tracer gas technique

- Yt R 2 SF6 7tATVF WEEES MAE ZEHE7|E S22 vESR U MYstd S22 ol
M M0 LI2= SF6 7tAQb HEte| s M50 HEIY M S MESts WY

- W5 X HEEMo MEstn cieo| Z=of hsl HEtEdo| Jtsg

- 20| SF6 7tA7 WEE = |2t 45 S Sests THIE 2F Sof el U =2 MF o
=2 Mt

- ZE S20 M| HEstE A P S8k oty

- SF6 7IA £ o|AtstEtAECE 2390081 O Zt2dst 2Al7tA 2l

O GreenFeed technique
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O HIEZE2Z5FH Zis ZoE, ofMetE A Dot HElZ HiE5 0 2tdo F&S o|&
O HFEEZ=2 Moz 2 ZMs==0 Hl6l AIEe ZAE HEg8MoZ 0|88
- 2oje BERE Lo RRZE A olEE82 ZZ "HA 25%2 28%=Z LIERE (Huhtanen and
Hristov (2009).
- HE9 A= O YotA, Alge It AHE SIH2 7= 80| 14%El= E AF (Hristov
et al., 2011).
O SE9 AM=Zo|Ll FFZE MMO|ZX| £ AAs B0 52 WXLIJIM EQF I, 37|18 2eA| L
(Kulling et al., 2001; Hristov et al., 2011).
O melM srEFZEof|H nEStX| 2 MAESH AR chA S ZFs5ts W HESE2 22 0|SES
=0l 7|=2 AtRd] EZE o2l 2td 2ES EQcts FHIM 2w
OdtFEIIFo| Al ch A2 dHbE2| 2 ot A (rumen degradable protein: RDP), 2%l o] =23 ched
Zl (rumen undegradable protein: RUP), H|CHHEfZR A 2l(non protein nitrogen: NPN)2 2 F&2 Jts&
(" 2-1).
- AlE T =0 =278 2 HiidE = Ha 5271 F45] SOt
- AlE Tl A Cp =1} ot22| RDP, RUP M& &zkg e ZeJt UAs
- B35 ool At (protected amino acid) 220l 2|8 AlR CHEHA == X Z+ gioto| T &
@ — Small intestine
N
b RUP —>AA & peptides =
a4 =
Rumen Liver Feces:
® RUP NH; —> \ Indigested protein
NH; gas, N,O
Feed N &/ RDP —» AA & peptides UJr AA
« Rumen Degradable Protein (RDP) J Microbial rea
* Rumen Undegradable Protein (RUP NPN — NH; — icrobia =
* Non Protein Nitrogen (NPN) protein g
Tissue Protein
i Milk Protein
SV
Urine
Urea
NH; gas
a3 2-1. vFEItE 2L oAb 2 ol E2
O FMoZREH HEE= 2dZLOHNHI)= 37|12t T2 2o Fo olgd dZLots FI U E
oF AMMSE oMM E7F Sofl ¥E=s o|& (USEPA, 2004).
O BIFEFZE9 42, AMAER S35 e MY FE0| g2 oA oM =d s 2oz
2 ot7t %‘Q%!.
- oldEo o5 ol 2 A2 ot= EHEL oz F3=EH0o ZHeZ o|sEH1 M 242
ME = (Reynolds and Kristensen, 2008).
- AR U cHei Aol stafo| HEFE HhEQ 2z of MM E FIHE (Reynolds and Kristensen, 2008).
- MME QA= ojdEe MEZ 26l HEZE MU EHAL 22 HlEE
O 2=2 &=+ 229 60790% s 242 el (Bristow et al., 1992)
28 - HARE XY AR LRSS 9IS MA wob o7
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| (Wu et al., 2020).
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and Giallongo, 2014).

- CHALEHEH A O] 13% F &k R0z ghFEel 25 S|AEHES F0sids o, A=ydF0 720 &

7t5tA S (Lee S, 2012)

- At RO| 5% s HAofAH gHER 23 S|AEHI ox2HS Foistde f A=SMF 2k}
TN A o] FIE5E & (Giallongo &, 2015).

- CHALCHEE A O] 3% R &S AR E ZSasts W Ao MF 2 AAREE, e, RUHSAZ0l 22
i, o] AtZo ghEel B35 zio|dl, ox24d, SIAEIHES &4 FoistdeE i 70| I==HAUS
(Giallongo &, 2016)

O 77187Hgd =AE HMSPE L2 sFAIRS =tMAE £FZ HEF= X7| 172%, =7
145%, MET= EI| 144%, F7] 114%2 0I5t 0, A Fol= dE2 235 Hx2d, 2lo[AlS
7t gofstds. O Z3h H|] sHol & glo] A v EZF0| 159(g/day)oll A 132(g/day) 2 17% &
£35t9 S (Kamiya et al. 2021) (& 2-5).

Control Low CP
o DMI, kg/day 9.4 95
z & ME, kg 708 697
M E = kg/day 1.37 1.33
A2 58, kg gain/kg DM 0.147 0.140
13708y &4 ME g/day 213 172
1371 € d 24 v £ g/day 159 132
THE, kg 387 381

- 2 HMROM sFAIRS =M A sFS =T SY7; 14%, 8ls 75 13% & BHIF =7
1%, M2|TF= |SH7[; 16%, BT H7|; 15% A B[S 27| 14%2 S o =ctld s=F2 SIHA
ol wel =Ml ZUXeE, KESH, CIE &el 5, Sy, chdszsx|gdte] 7iM gt

LtEFE (Kim S, 2013).
- 32 HMROM CP 12%8 F0igt MHTECI CP 14%8 018t 4TI YLSH
£, SXIWSH, EYTCHEN, BUXYE, YN B SoM RNz =Y
2010).

- 20199 ZA=HEtw o| 83| HiAbete

2t =2 KFSKC((017)2F NRC(2000)7F HZ&sID U= CP 15% kel AZE FodMS mel XtolE
Husi 2™ =2 CP TFdA JHZF 57 2= dZuU ot 7ta HiEY 7t S & &2 3
77 Reldez e, @F ZeAHE 3 |STFSsET UL, SESF B7F Longissimus
muscle area(LMA) &7 ALRH|E Z7t w0l SJlM ZAESMHZ LIEHH. Lee S(20200 =20l A
O YRE gog = U2

O ZMAS AIBstH HhF2| o|ME HEo dZUotE HMBst0 AR U cHefd @Fs ZEAaA|Z

tol

O = FPFAMAEZFUFSBC, 20000l = ghF2| L L=

ofr
i

z|ti=tstr| et CP gfeke d=718 1%

I 7HS ALR W M ST SE B M7 mAb Y 24 - 31



o
X0
<

=

<

B

10l
7ol

o

2| 2ol 2}

E

=)
=

12%7F

Sk
=S

ME CP
MAFF Xglg S

_I

=
1o

ok

g

o

ol
&

or
ol

AI_|.

i 20174 olaf =

5

K

0

Ljo

7ol

ofo| =

Tot =5l

g

o

7ol

oF
o

700

]
vl

~a

Kl

oln

o

H3S ojo|lkx

2 (Lee et al., 2012).

x| ched

Aol M

@)

ool Al DCAD(Dietary cation and anion

—
[

t

(DG)2 = ChAS

-

Jé-’{tll-

(SBM)E 2% F

difference) 7t 192(mg/kg)oll M 65(mg/kg) 2

S (Morris et. al., 2018; Lee et al., 2020). (F 2-6).

SBM DG

Fresh manure

Feces

1.9
79
419

1.6
82
478
40

D urine

Manure, kg/d
Manure N, g/d
Fecal N contribution, %
Urinary N contribution, %

45

55
7.5

60
8.5

192 65

Urine pH
DCAD (mg/kg)
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(] 29| o|23 =ted Al (rumen-undegradable protein: RUP) 222 &8t 24 &2 45 51
O HFE 9| E St A (rumen-protected protein) BE= BHEQ| diolafj A =l A (rymen-bypass protein) &=
= HkE2| |23 ot A (rumen-undegradable protein: RUP) s 22 S8 &4 uj&E2F qz
- HExQlEsfctel A nfol 22 A HjMEFE =2(Twigge2t van Gils, 1984).
OF%maamj&wakam&ﬂ Aol olstH, dhxe| o2 CHEA(RUP)Z 300M 38%7HX| =S
f HAo| oM 242 BiE0| F SHF 24090l M 163g7H Al 2F 32% Z4aet (B 2-7)
2 MEoM AR W RUPII =02 4= thEfolAM 2y ot Mol MR HotA (' 2-5)
O AlZE L RUP 20| 30%0IM 60%2 &S7I5tH A4 o|E0| 135% S7I8 (E 2-8).
= HiolijA &F HFH 52 RUP SHE EA 0|BES E0AM EA HHdY¥S &Y = A2 A
(I):!
FE2-7. HAoM gHELo| 2o A ZIF Al 24 HfEEF #H3}
A B C D
ZECHE AL o 18.8 18.3 17.7 17.2
x| 2af cted & (RDP), %CP 70 67 66 62
HFZ=2{o| 25l el & (RUP), %CP 30 33 34 38
= QAEf A g/d 240 216 195 163
25
—&— Diet A
-0---- Diet B
-—%¥— Diet C
20 - "_A'_ l)iet l)
=
z
=T] -
= 15
z
=
‘=
g
E 104
=
5_
0 T T T
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a7 2-5. At Wf RUP &7toll wg& gk
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Agle &, Storage 27 135
2010 Storage 38 15.2
Arriaga S, Housing 32 17.8
2010 Housing 34 12.1
Frank S, Housing 66 14.3
2002 Housing 62 12.9
James &,
Storage 28 20.0
1999
Koenig <, Housing 45 225
2013 Housing 22 15.7
Storage 47 18.8
Storage 48 19.2
Ku'ling =, Storage 41 16.4
2001 Storage 48 19.2
Storage 69 13.8
Storage 73 14.6
Lee 5, Application 49 258
2012 Storage 47 247
Misselbrook o
Application 70 14.0
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SERTERE
- mElM, AR o TEEel gere wEw xd

S

2 U =HE $ES 4%2 ZF, AUXE 07 MIkg =2 AIRE 7

=20igh AFollM, |47 dESHZ2 20g S7t5tR 2, AAR2TE0| 02 & /HU=AS. IS

ol= I =2rF o= =ASHA HEfL M Dold X AlR 50 E Fo0isiiE o, LI SH 0
B

= sd FEFMUUSIH AFoM =AM7|o AR Wol HERE E7 (EE HF7 38

A

1 2]
Jste WAlOR o|fX| +FS 3400kcalkgoll M 3600kcalkgS 2 £01 SAEoIA Foist 23
% = /

kg , Ab
2 MEZ0| 6.1%, L2 S 20| 23% (820 — 1,008g) S7t5l= AFMHIUE EE5IUS.
« SRl 7|=e| mehel AR Y ofnimilo] HEE Aot ALRE Fo{sig o LYY L Al
BEE8S AR Y SE SFo g2 wx gg (2 2-8 ¥ 2-9).
1,100 -
——Qpapeju et al. (2008) 6-11 kg
1,000 + Portejoie et al. (2004) 58-77 kg
Zhao et al. (2019) 25-51 kg
900 - Zhao et al. (2019) 51-76 kg
——7hao et al. (2019) 76-103 kg
800 4 _,/ ——Z7hao et al. (2019) 103-122 kg
g '/\——\ ——Ball et al. (2013) 29-91 kg
E 700 A ——GoOmez et al. (2002) 31-56 kg
o
= ——Gomez et al. (2002) 56-87 kg
1]
=
% 600 - ——Gomez et al. (2002) 33-59 kg
§ ——Peng et al. (2016) 14-34 kg
=4
500 4 ——Shriver et al. (2003) 29-116 kg
——Cing-mars et al. (1988) b-15 kg
Hansen and Lewis (1993) 19-105 kg
400 -
/\ Le Bellego and Noblet (2002) 12-27 kg
Canh et al. (1998) 55-106 kg
300 -
. Jinetal. (1998) 14-28 kg
Lordelo et al. (2008) 7-22 kg
200 r r T r T r T
9 1 13 15 17 19 21 23

Crude protein, % as—fed basis
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0.80 -

070 - /
/ ——0Opapeju et al. (2008) 6-11 kg

— : Portejoie et al. (2004) 58-77 kg
Zhao et al. (2019) 25-51 kg
0.60 - Zhao et al, (2019) 103-122 kg

——Zhao et al. (2019) 76-103 kg
——Zhao et al. (2019) 103-122 kg
——Ball et al. (2013) 29-91 kg
050 -+ ——Gomez et al. (2002) 31-56 kg
/ ——Gomez et al. (2002) 56-87 kg
/ ——Gomez et al. (2002) 33-59 kg
——Peng et al. (2016) 14-34 kg

040 - Y, ——Shriver et al. (2003) 29-116 kg

——Cing-mars et al. (1988) 5-15 kg

/ Hansen and Lewis (1993) 19-105 kg
w\'ﬂ___—_'_A_.
Le Bellego and Noblet (2002) 12-27 kg

030 4 /\‘ Canh et al. (1998) 55-106 kg

Jin et al. (1998) 14-28 kg

Gain:feed

0.20 L] L] L] T T T T
9 1" 13 15 17 19 21 23

Crude protein, % as-fed basis

a7 2-9. XMt AR E FolskdE M HX[2l AREE

[ el otol=4 M7h Meud AR, ¥ES #F2s F24

- YR sYUATI|To B0 w2 ofol=MS HIbE NEME AEel Fois Hxe] B M
2 ZAAIIT AR MM JHE HAE HaIZKlel o8 DHE MAO|AS] 2AIAS 20% E
& As

- BAE el sihol ZEE BAUE Y 5 YO0, 25Fe| BBE NHCHE WS HAIBAS
2Astael S AUTS tjofsts J-T2CIE (Japan Credt) HER $S 28 + U0iM Hit
sotolMel Hales Ackn MYstD U

- MEALRE ALRE olol=AZ HIISHO ALE Bol BHolo|=Me| FHES X5

- MEE AbRSl S Foisks cmel B0 WotdE MUOIM SRS GNe FNS 9l
obaliabe 2Tl WA BIHO ZAES MK 4T WA HAMsE Biol U2 FY &
A3

- BME HEloM WMBHE 2ATLA b2, T2 oHbEE AT L4

= AEE ofo|iiS FIbE MEMALRE ol BofED g HAe B ujuTS xzs o of
2 2AIIAIL BO{ECHE WS HOIBUS. TPt BAE X2l ALRE otoli=del ME S8 E
st M AR 0|8 BHE FAZAIS SAIIASL HiFo BHAY BIts MASK SAS



= ZI0|Z AMO|Z "I} (LCAZID EElE wHoz J|ZE9 HiEAIZR ANCIEAIRE Zo{st =HHXE Cf
A0 =2 dHlWeh At RAIAE 20% £ T UAS
» HidE M2l sl T HoL SAOAM 4T R ot SoAM FeEiste =2 FPAEts 30% Ha
Stctk gotdlls
» MOUHAIR = AR E olo|x=iMe H[ 2 EHAE V|EQ tigtAtE et HlWs| ALRH|= ZALE HE
s &
O AR f =ctd Zxof| wE 22 &2 45 50
- YEAE U SE 1% 252 2 Y & B Y ULAE SO 2 W =9 Uy I uE
2 22 38 & 9.4% HAZAMEY (F 2-14). Ad=AE Y A 1% 245 Al €82 ff 2 ¢
etmijotel B2k 7tz 4.8 ¥ 82%0HE H2E
E 2-14. 7| D ALE cfy] ZEE (% &0 mE Mo HEY En oo Ba g ¥ 2@e
W " o etmuol Z4E g3t
3=, % UEs E| A7t Z| Ol g4 g EFZHEX
SRS ES I 23 1.9 10.4 56 2.0
= uf st 4 0.3 4.4 2.7 1.5
= dd HLiufE2F 23 -0.6 1.3 3.8 3.0
= W At 6 0.9 10.8 58 3.0
= A HAufEE 23 25 16.8 94 40
Z dd A& 23 2.7 12.9 7.7 3.0
sefeg W 2agE 6 1.9 8.5 48 2.3
i | t2ufof atEk 4 6.1 11.5 8.2 2.1
- B UYEAE U zel (2" 2-10).
100 -
——Portejoie et al. (2004) 54-58 kg
Lynch et al. (2007) 74-96 kg
20 1 0'Connell et al. (2006) 80-88 kg
Zhao et al. (2019) 25-50 kg
——Zhao et al. (2019) 50-77 kg
" 80 1 ——Zhao et al. (2019) 77-102 kg
= ——Zhao et al. (2019) 102-122 kg
(=]
2 o ——Ball et al. (2013) 39-45 kg
g ——Ball et al. (2013) 39-45 kg
] ——Shriver et al. (2003) 29-116 kg
E 60 - ——Kerr et al. (1995) 22-25 kg
= ——Kerr et al. (1995) 22-25 kg
o
E ——Canh et al. (1998) 55-106 kg
50 - Valaja and Silijander-Rasi (1998) 34-82 kg
Valaja and Silijander-Rasi (1998) 34-82 kg
Lee and Kim (2015) 59-68 kg
40 - Hernandez et al. (2011) 35-50 kg
Hernandez et al. (2011) 35-50 kg
——Lordelo et al. (2008) 7-9 kg
30 T T T T T T »  ——Lordelo et al. (2008) 18-22 kg

13 15 17

Crude protein, % as-fed basis
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x 2-15.

74 ~ 97 kg

15 7 30 kg

mr

700

-2.12
-0.03
-2.09
0.30
0.68

-2.21
-0.34
-1.88
1.56
2.10

-0.92
-0.14
-0.78
0.63

-0.38
-0.03
-0.35

1.05
1.55

1.28
(Portejoie et al., 2004; Toledo et al., 2014ab; and Kim et al., 2021)
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5,493720,008g/kg
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CO.—eq emission

Crystalline and synthetic AA supplementation in diet, g/kg

CP in diet,

ltem

by including AA,

p.—Methionine | -Threonine | —Tryptophan

L—Lysine

% as-is

(99.0%)
20,008

(99.0%) (99.0%)
16,978

5,493

(78.8%)

1.000 ton/vear'

8,038

COz—eq,

glkg of AA?
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7711kg 22.0 0.10
21.0 0.19
20.0 0.29
11725kg 20.0 0.26
19.0 0.36
18.0 0.45
25765kg 19.0 0.13
18.0 0.22
17.0 0.32
16.0 0.42
657115kg 16.0 0.07
15.0 0.17
14.0 0.27

0.05
0.10

0.05

0.02

0.01

86.7

AA = amino acids; BW = body weight; CP = crude protein.

"These values were calculated using the following equation: Total feed intake of each body weight range
in Korea (1,000 ton per year; NRC, 2012; KPSMS, 2020) x CO.—eq, g/kg of diet x 1,000.

2Marinussen and Kool (2010); ILCD (2010).

s 2 UER HISALR AYAF A] 7711, 11725 2 657115kgOl Al AFR L CHEES 29, 32|31 25 65kgoll
A AR L CHHAS 3% HZE Al AR W FHIbxl= ofo| A MAF THEHO|AM O] MEFEFA (COs—eq) 7t
HAZF 172,000 LM E Hoz FHE,

- YEMTTO EUS HIDERES W, T BE AR o SUE B2 BT Echs WS L 5
AZ (E 2-18)

E 2-18. ot=21} FUS| U= AR U cH A b2k b|m

st=o| AlR el &8 clof3o & | E2t=o 3 &k St=3} vl
) AlZ L ched A2 U ched AL2 U ched ~
e S o o FH cram g
7é| = =
L QA= JEXS! = 23% 14.41% -8.6%
O|RXI=EMT| | = 7 11kg = 21% 15.8% 13.06% ~5~8%
O|RXR=E7| | & Z11"25kg = 20% 16.23% -3.7%
SMEMI| | HZE 25745kg 2] 19% 15.34% 15.5% ~3.5%
SMEST| # = 4565kg =) 18% -
H| S =57 # & 6585kg = 17% 14.61% 12.33% 2 474.7%
HSEZ7| & 857 &5} Ztl 16% -
HAIR 2= | #Z25kg Ol A = 14% -
HAIR = | #Z 25kg 0lA = 16% 13.01% -3%
UMD = AAMT|ZE 2 & =t 16% - 11.20% -4.8%
IRDE ZRI|H BE = 20% - 13.48% -6.5%

« EUSl U=AIR sample2 &M=z EAM S data (272, 2021)
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Feed
Protein

(Di, Tri) Peptide
> AA

Excreta:
Undigested N
ric acid

pH, H,0,
Microbes

Urea

NH,

Small

Intestine

« HiMAHE Sl HiEE J2e EHES QM2ZE o|FHM U, o= ZL{of gy e| Flolel
L2 o] A ol EX Zao olet ZHojuts S Sslf U ol2 MetE + AUS (3™ 2-12).
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-e-Ullrich 5, 2018 (day 1~7)
-e-Ullrich 5, 2018 (day 7~14)
Ullrich &, 2018 (day 14~35)
Macelline 5, 2020 (day 0~14)
-e-Law 5, 2018 (day 1~7)
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A =7] ME W Z=CHEA F2ES 05~20%7HA ZEEUJS 0, SHBT2 FHSA LU0 AER
T22 1.0600A 1.0242 JHM=EAD Ao HIEZ 2 447 glkg DMollAM 435 glkg DM 2 2451
€ (Hernandez et al.,, 2012; Ullrich et al.,, 2018). |HollA AlZE Lf =chedal &2kgs 235%0M 18.0%
2 SF0 XNoel A Alzo Fdoto|-itez " ofo|ite| IS FSFAIZI AT, SAHTHO|
46290l M 382 g2 2 17% H2siden] A HjE2F2 73 gollA 36 g2E ol HASUS

(Macelline et al., 2020).

SA MI7] 7L ~21LH)ol| =ch A Stk 3T5% 7K HEUS o, Y8 SAIF AASIH oL AL
ERT 20| 14590M 14082 At=E 20| 0.6670A 075022, 0.6680A 07012 ZHM=EAS. O
24 "iE2Fo| 38 g/kg DMOIA 302 gkg DMLz A5 S (Abdel-Maksoud et al., 2010;
Hernandez et al., 2012; Ospina—-Rojas et al., 2014; Law et al., 2018; Hofmann et al., 2019). &0, =
WA S 3% OWE IHFEAUE e SHe &7t HolX| (gD AIZEE22 05601AM 0592
AZ MSE59 S (Ospina—-Rojas et al., 2012).
A =7], =HHA S-S 15% ola AaAE o, B2 HAaME EdoLt, B HiEE2
45g/kg DMAI A 29.7 g/kg DM, 439g0l M 324ge 2 Z+zh 4435k & (Ullrich et al., 2018; Lemme et al.,
2019).

MEt = Aol M BHMojo|mite] HES S8 Waotnli-itel 27 S350 of2y H[T4 ofl
CAE LRYTE 255 FUS 0, O L2 AIY MEES JHE + US

FAH H7], Mot A Atzol s|Z= ofo|itel weEln Ze2to|aE HItstH SH7F 781.3 gollAM
869.3 g2 S7t5t0{ Atz ol 2 A siefo| ofgh FEMl A2 et = UUS. FI0M=
2el, ofolaFA of=XH & £ 2tatoll =S A S0l

|
1,578g0l A 1,805g2 2 Sate U

NAE HIt=l= Z2toldl+Mlgl:2tol Lol vl g
u]

e or & £ k=2 A & | XX Z%*S (Ospina—-Rojas et al.,
2012)
kA OlA BEHe Aot A HiES ZAA[F|7] fst AT ol MDD Uct Fufxo=Z
Aol HiES HAaA7= HHE2 olo|=MS IS XMEHEA A2 E o|&st= ZHolch HEo &
Hol 2AdZ Tz LUAANEY = US
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(Kamran et al., 2010; Malomo et al., 2013; Hernandez et al., 2012; Ospina-rojas et al., 2014; Shao et al.,

2018; Ullrich et al., 2018; Harn et al., 2019; Lemme et al., 2019)
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Possible targets

300
. NUE =90%
250 o
s : . Desired maximum
‘© 200 ; " N surplus <80 kg/halyr
= ’ yr
; 150 . NUE = 50%
= A. Increasing
e input
3 100 - Desired minimum
> - I i productivity
B. Increasingyield (N output > 80 kg/ha/yr)
50 & increasing i
0 ‘ -
0 50 100 150 200 250 300

N input, kg/halyr
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surplus, nitrogen output CHHE| inputol =2 MEH2 £ HS =5, ALY A2 w2 2t2to
2

THEO xS 7|ZESE HAIE (E 2-28)
29| Zof w2t MY Aa AL 2823 AMR W =ch A stEF (E 2-29)2 M A|Skcen], &
low, medium, high ambiton@ 2 LI Z2tzte|l MA =cie 712 HA|E (FE 2-30).

# 2-28. RES MY Hax A2 220 E4 1 &E (ECE, 2014).

A2 AE 28 ESEsgni el
(ka/kg) (ka/halyr)
= SN 0.3-0.5 100-150
|2 0.2-0.4 50-150
o 0.2-0.3 50-150
ASE A 0.8-0.9 -
=9 0.8-0.9 -

=5 ZCHE o2k (%, DM) MAZ ol A ALE 8 (kglkg)
ZF + 7Al, HRET| 15-16 0.30
AF + ®7A, v R 12-14 0.25
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N

Aty
(2005-2015) JbE ALE W elol ochet M3
Green Growth Action AAlD 2 A FE 15% 24
o0 5030 deloizds T ay = 1.—;?;401[ ot
Agriculiure and 2021U7tx] FMe HES noe FE WA molzatel Mo
Environment Package _
(AEP) ( 2016) A2ktlyr HR| A st 2x=2 x|
<7t3>
» REHIUAM JIE9 E=MElet 2AMItA HiEo ZHEE AFIE D AZ(Meda S, 2011)(E
2-32).
H 2-32. 7E Jta MM E=HMelol o5 o ekt ofpbEtA A 8 & 2H(g/d/bird)
7ta AlM L2t == Eb CHalg/d/bird) N2O(g/d/bird)
LHEEA| A= - - 0.034
AHEEA| - Dropping 0.08 0.0022-0.0026
AHEEA| HEzE Dropping 0.16 -
AHEEA| o[ Ekz| o} Dropping 0.08 -
AHEEA| o[ Ekz| o} Dropping 0.22 -
LFEEA - Litter 0.08 0.0022-0.0026
FA - Litter 0.05 0.004
A E== = Litter 0.06 -
A gd= Litter - 0.1
2H=E - Litter 0.25 0.009
2z - - 0.05-0.08 0.03
3) o] =
<ttFII=>
o AR U CHHA e Aol M| ek AT o[F0{X|2 U204, National Research Council
(NRC) olM ZtM3IT HlZSt= £=358 AU 27 2F (Nutrients requirements)oll iz} tske k2 F
ot ZHe AHZEst U,
e =9 T oEtMMEFS ETsjof st w2 eiXlgh 2= #e2lel FHolAM edzb 25000
metric £(CO2 eq) Ol &te| 2AIIAE LMSI= %4'1 MeAd2 247tA %‘%%% 2 sfof &
. HE 37 22 flet &0l AXet tfF 0| 22 otet HHE 7
* USDAZ2| NRSC (Natural Resources Conservation Serwce) Nutrient Management Technical Notedll =<
of cHoll Aot olof viEZk MzsS flst &S0l HA=Eo AS (F 2-33).
Il 7bS AR W XY chlld $F 2y M¥odT =AF S 24 ¢ 55
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E 2-35. Jtg9 oA wiEY M2 (s g (USDA, 2021)
kot CHH A MU E (%)
T ZASH ALZHl | ZHY 10-15
=2 ZCHERAHTL ool =t H|E 10-25
2320 =2 ALZR2| AIZ 5
Phytase2| HIHAIZ Uol &2s IE A el
SAH ALE 5
HHZ LR AR e els
MY AL 5-10

4 e

r (YE) 29 sHAFIITF FAEXAFTLEE ofo| S HISH KA

= A2 HXe ZA HjMEE HAaAFID HidE X2l 7kK| e
Mze = ots oAF ZoE HEI5on Mol A Atz

5 &=

<7t3>

o Z=9| OjFeo| JIEAIRE W AFX|S= H| 80| o2

Z U oA MM =FS 1% E2 ME2 7|82 5925t
Hio| ol =X & 245tE SMo=z ofAE (F 2-36)

£ =HXloA =0i5t
= 7

tA 20%E

E 2-36. M2 7|&2o| =ct Al AskM (Sun, 2018)
ol 7|& MEE2 7|&
. 10-21 days >20% 10-21 days 20-22%
White—feathered
broi 21-35 days >18% 21-35 days 18-21%
roiler
35 + days >16% 35 + days 16-19%
6) otd= =
<JtZ>
* |IGFA(Irish grain and feed association)olM= 7+& AlZ U ctei ol &akg ZEAaA[F|7] f|sto] 2015
HEE] Crude protein surveyZt 2l =0 210 S, 20194 JI2AlE W =ch Al stzke @i 18.1%

2 LdHFPS.

. 7t AlE o

PSP

Clul &I
1o

A
0= T

M

e



I 7h% Al2 U MF =24 4
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1. SEOAM 2 ofed M AR

Free Zn** released from Zinc
attach to E. coli binding sites
competitively. Then, Zinc block
E. coli attachment on intestinal
surface

intestinal surface
glycoproteins

—d
so| 23 £52 flsh oluy Z2leArt AR Hutslsd otede

= SlX|2h ofod BEF0| =2 2 &= =220 AR =2 HE2 ZeE AL old™@ Z2jgaz
S8E= ofledel <ol Tolx|™, distAlR W ofede| EtEFo| AR mE|Hol WA= ol FAIE
(120ppm), M= M7| (100ppm) ¥ M E F7| (75ppm)2l HIEAIZ Lf ot SE7|=2 =0E =
ol o
A O

= SEASAAM ZSAISH HigtAlER W ofd &EF A= XF=olM 150ppm OISR M stsln eni, O
2|0l = 120ppm 0|52 M &tstl US.

= old2 O|RAEOA SMA HHMERZE Za| AF2E 0 (Streyl et al,, 2015), 72k wal HH =



0-2000 ppm Ofst, BAH= 22l™ =&22AM 2000 - 4,000ppm7tX| ALE & (Burch, 2014).

» O|FAtE AR UWf ofpdel HMIt= E3| OlFfAtE MZEMAO| gatnt MHAL YXE fIsiAM M7t
(Hahn and Baker, 1993; Hill et al., 2001), Ol ®At= AtZ W of = O|FAt=9 HY 82 L
BHE 51, 9¢a Fo welst & @y Addo =82 & (U et al., 2006).

= O|RAE ALER U ofdde HIL= Ol FT HMAF X (Johansen et al., 2007)#7+H ot 2} mHAZ
(Poulsen, 1995) ZAA|7|0 MEMMZS JlMsE W22 23 E (Poulsen, 1998).

|'O
1o
0
N
r

M

= AR U ofdE A2|H FFEJX] HItstE W Ak=2 folAM oz EH|E X=g. JdE 2y
2 Ztob [ &2l A insulin-like growth factor (IGF-1)2F cholecystokinin (CCK)2|l 2HIE Z7IAIZ (Yin

et al., 2009).

= otd2 HeEloll mE MA o|EE0| CtE. RIIEI RU|Ef FElE FE ALEStH, FI[Efoll= Ltstot
o, 2hatoled S0 YD FI|Ef= ofo|cit E= EEOIELRF ZAEHSE HEl Q! (Ammerman et al., 1995).
FI1efl gefjel 2, SToHM tHEE 2o o5l o] 2=kt =0 o|&&E0| ZA35t0d 2k 50780%
7 2Fd M EFEX 20 FoZ biEE (Ma et al, 2014, & 3-1).

® 3-1. 2=ollM ofodel efutal ME 4312 (apparent total tract digestibility, ATTD)

Zn in feces, ATTD

Sources of Zn Blz/g\]/ ’ ngjr;l;g mg/kg_(Dl\/I of Zn, Reference

basis) %
Inorganic (ZnSQO,) 10.8 142.0 576.1 314 Barszcz et al. (2019)
Organic (Glycine) 10.8 142.0 607.1 27.7 Barszcz et al. (2019)
Inorganic (ZnSQO,) 10.8 141.0 591.8 35.8 Barszcz et al. (2019)
Organic (Glycine) 10.8 142.0 655.8 32.0 Barszcz et al. (2019)
Inorganic (ZnSQOy) 18.2 54.1 271.5' 38.0 Villagomez—-Estrada et al. (2020)
Inorganic (Hydroxychloride) 18.2 116.6 651.4' 31.0 Villagomez-Estrada et al. (2020)
Inorganic (ZnSQ,) 18.2 50.7 279.1" 32.0  Villagomez-Estrada et al. (2020)
Inorganic (Hydroxychloride) 18.2 109.6 5413 39.0 Villagomez-Estrada et al. (2020)
Inorganic (ZnO) 240 520 348.6' 172 Nitrayova et al. (2012)
Inorganic (ZnO) 240 1750 875.7' 382 Nitrayova et al. (2012)
Organic (Methionine) 24.0 82.0 3213 51.6 Nitrayova et al. (2012)
Organic (Glycine) 24.0 53.0 312.4' 27.2 Nitrayova et al. (2012)
Organic (Proteinate) 24.0 68.0 334.2' 39.3 Nitrayova et al. (2012)
Organic (Yeast) 24.0 84.0 367.9' 459 Nitrayova et al. (2012)
Basal diet 31.1 10.2 151.8 436 Liu et al. (2014)
Inorganic (ZnSQO,) 31.1 443 499.9 54.6 Liu et al. (2014)
Organic (HMTBa)? 31.1 51.2 4923 59.0 Liu et al. (2014)
Basal diet 31.1 19.8 137.7 33.9 Liu et al. (2014)
Inorganic (ZnSQO,) 31.1 56.6 340.3 451 Liu et al. (2014)
Organic (HMTBa)? 31.1 60.2 330.4 53.8 Liu et al. (2014)

DM = dry matter.
'"These values were calculated using the following assumptions: ATTD of DM was 87.0% and DM in feces
was 95%. 22-hydroxy-4-methylthio butanoic acid.
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2. EOMAML FE M& AR

= FEE AR HItSH S o MuolM ChSE Vlse o Fels i H@MEs FTAHATH ZHEZ
£ Eof ¥ £Ho ¥FE MMSt=E ool =22 &, 2|1 27 HAA e MEMHs THMAIA
Fof WY 2 MG SHES FMAMHAFTS S LSt RoM 0|22 FWE LHEHH (Madsen and
Gitlin, 2007; Scheiber et al., 201

: )

» FEle MIURAH J|snh A7 sZHo| U=, AELl ALRN F2[E 250 pom HItE A Y
HME HIlst AIRE Z0g S wel 22 =7t LIEFE (Hawbaker, 1961; Stahly et al., 1980).

= NRC (2012)ol 2|3l HMA|lEl F2|o] @F2F2 12-15 kgl ZS 6 ppm, 15-25 kg 6 ppm, 25-50 kg2 5
ppmg. ElstX oz 15 B M= 250 ppmS AtEdHof stohs A7 Z b AKX gE oka| st
Moz gis H7I| faliA= =2 7|2t AL2sHoke (Hill et al, 2001; Shelton et al., 2011).

» ZRXES P 7S 5-10 mgkgOlX|Tt odZo| =ofFd w2t T2 7=l ZAFE
(Underwood et al., 1977; Hill et al., 1983). €M =9 2 =

T2k2 56 mokgl 2 EFAEo| dHls] SHX|

ot (ARC, 1981; NRC, 2012) =to|L} chabsh lalE=2] H2 [z S¢2F 10 mgkgel T2l 27
S HR=Z & (Lorenzen et al., 1947).

» ZEOAM AF AIBE = HEAERR S UFY Y Sxe3PY of Pl 22 22 44, 227
2 384 ppm& (Espinosa and Stein, 2021).

= ESF FOHANCl D|¥EEE T FFS flof HlEQ-ojH 2 Z2|elA £ oojdlZ =Z2|yAT
Atzo| HMIt=l=d F2l= 8 ppm O|4F HIl=l= Zdo| LAl

= mERA dEM el SEZ AR W FElo HE2 HFEAR ¥ ojd 2 =Zz|efA2 2ls] 20 ppmE
Ct =11, ol= NRC (2012)ol MA[E o|RAt=E, |M=, Hs=, ddl2s ¥ ZRE=E9 P2 7Y
g 538 7 U=

= SEX|2H F2| sEo| =2 SFEFEFHeo| AR =2 dH|82 ZeE L ojdE Z2|glaAz 33
== Felel 2o HolX|HM, siEAtE W FElo| ol Iu Atz ze(fo HAE EZRA=E (135
ppm), A= 7| (130 ppm), SMH= =7| (60 ppm) ¥ HIS= (25 ppm)el HiFHALE W F2| 5{&7|

= EUOIM ZAISH i EtALR W) 2| &2F M2 ZRXE 2 o|RE7[ol 150 ppm Ol3t=2 XM 5t 2.
= JiE Bo| AtEEe= Felol "el= ke[ X(eh (Cromwell et al., 1998), tribasic copper chloride
(TBCC) =3t sk F?EIDF—Z* AN Oﬂ %751510._' Adskg & (Cromwell et al, 1998; Coble et al.,

| =2 R7IEf Fel= =HXo HEMHo ZHA

2l %ﬂ?;% E T AS (Pérez et al.,, 2011; Carpenter et al., 2018). stX|2+ EAHF 2|2t H|WSH S of
=

H A =2 ctytol| ot& A&3st =X 2&

« F2[7F Xl MEN 2™Mel HES 7Fchs cifst AT AX|eE O 3= =X el MECH
of wal ct2X vietg, Fel 7tz olst A& X Fate Mznp 2go| st MEMol =Xl9
Mz=a A= X MEe| ZV|HAAM ofF &% (Stansbury et al., 1990; Sales, 2014).

« MAESH Ao P2 MFle= Mo Z JEgsS F=d, HsteAE =2 oF04 MEg2R 2HE EZA
| Zto M2l IGF-1+2H|E REot0d =X MZEES FHFAIZ. stX|oh nfEsE kol HItz2 Fa
of FMZ AMastR, Hotex Ozl zinp 242 Mz JAM ZLe de2 ste Yo Ast A
Ega 242 gue oo A3 siE T[S0 ¥EekSo| dojrt HetrA el = Jlse HS
E=MAZ|0] HX[el Mo REHHol HFE=2 & (Gao et al, 2020, 28 3-6).



Normal phase:

Appropriate
concentration of Organs
dietary copper Growth
. IGF-I + and )
wo L) promotion
Hypothalamus tissues
Daily
copper
intake
Organs
——f - & L PP | — o
High copper phase: tissues restrain
Dietary copper abuse
(over-intake or long-
term supplied)
Brain and liver: oxidative stress,
injury, inflammation and dysfunction

a3 3-6. 72l MFIF MEo o|xl= AE (Gao et al., 2020)

» FE2[E QUAIZE Sk d2 s2lod MF S 4 =HA 2l MolAM P2l Fabdo| mnl=E Chymus
of ewe T2l ol ZI7t=E0f FEXte s SIAI|I= & Cidet FE80] wdstol A
A% 530 ol2AHLL O g3 BZE = UAS (Zhang et al, 2017, 2 & 3-7).

- =2 Euo TalE &Y MAE B2 MU Tal 557t Bobstod BY| SM2 suE 2 AlF
2 gdijAr|eez Felof 2o M5t AERA %’}Joﬂ Flotstod FZoll 28 7F 2 AME Vs H
of 7 M st=d, ZHoh Ao &M42 AL A|ARIS J[so ZofE d27|0 =Xl MEo FHEA
ol AstE & (Kumar et al., 2016)

Normal phase: Copper
homeostasis
— a ‘:_ — Organs ~ Growth
Portal \ / z promotion
Circulation ‘.'

Daily

copper

intake

M. hall S}'Slem Avef i
Portal .
Circulation CP I ‘ =
5 B E'-:f‘ Growth
High copper phase: . : restrain
Liver copper storage Liver and kidney:
overload oxidative stress, injury,
inflammation and dysfunction :
Cu*+H,0, — Cu? Liver injury Kidney injury
—4 Peroxidation

Protein: Protein denaturation inactivation

DNA: Strand break and oxidation of bases

a3 3-7. =2 = F2E I MF Al YMst= 2Z2E (Gao et al., 2020)

. 7ts AR W XA 235 $F E M8 ALY B4 e 65
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¥ 3-3. ¢=olM Fele efmtal ME 4312 (apparent total tract digestibility, ATTD)

Cu, Copper in feces, ATTD of

Sources of Cu BW, kg maka  malka (DM basis) Cu. % Reference

Basal diet 6.3 30.0 183.2' 24.6 Veum et al. (2004)
Organic (proteinate) 6.3 80.0 502.0' 22.5 Veum et al. (2004)
Organic (proteinate) 6.3 130.0 818.9' 22.2 Veum et al. (2004)
Inorganic (CuSQ,) 6.3 280.0 2117.5' 6.6 Veum et al. (2004)
Basal diet 2.9 8.0 418! 35.4 Veum et al. (2009)
Inorganic (CuSQ,) 9.9 10.0 58.2' 28.0 Veum et al. (2009)
Inorganic (CuSQ,) 9.9 12.0 74.0' 23.8 Veum et al. (2009)
Inorganic (CuSQ,) 9.9 14.0 88.4' 22.0 Veum et al. (2009)
Inorganic (CuSQ,) 9.9 16.0 103.9' 19.8 Veum et al. (2009)
Basal diet 20.0 5.0 37.4' 7.6 Adeola (1995)
Inorganic (CuSQ,) 20.0 57.6 372.0' 20.2 Adeola (1995)
Inorganic (CuSQy) 20.0 105.6 765.7" 10.4 Adeola (1995)
Organic (proteinate) 30.6 25.0 83.8' 58.6 Lebel et al. (2014)
Inorganic (CuSQ,) 30.8 25.0 115.3' 43.0 Lebel et al. (2014)
Basal diet 31.1 3.9 53.5 554 Liu et al. (2014)
Inorganic (CuSO,) 31.1 59.9 890.9 42.9 Liu et al. (2014)
Organic (proteinate) 31.1 60.1 816.4 446 Liu et al. (2014)
Basal diet 31.0 4.2 32.0 31.8 Liu et al. (2014)
Inorganic (CuSQa) 31.0 62.9 4715 37.1 Liu et al. (2014)
Organic (proteinate) 31.0 64.3 400.5 50.5 Liu et al. (2014)
Basal diet 82.0 36.0 260.0 11.9 Apgar and Kornegay (1996)
Inorganic (CuSQ,) 82.0 250.0 1809.0 12.0 Apgar and Kornegay (1996)
Inorganic (CulLys) 82.0 245.0 1924.0 8.8 Apgar and Kornegay (1996)

DM = dry matter.
'"These values were calculated using the following assumptions: ATTD of DM was 87.0% and DM in feces
was 95%.
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T2lel "EfZ 50-100 mgel FElE Ia8 I FHAAM &Lbge|el "defE 175-250 mg s&3%t

O3 2 =37) LIERE (Carson and Vignali, 1999).
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=

(Henman, 1999).
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§ gaFe|2ot slo|2 88 A FE[o] AS22 JEE0l 5% &7he £t &dk+2l 150 ppm
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AR U Talol tete SAAZIS W YSEH ATARMHT U ARFE0| SAEIF 3-8,

=<1 S o = o o,
3-9 & 3-10).
800
—a—Charmaine et al. (2021) day 0-28
700 —e—Luo and Dove (1996) day 0-15
‘_,_7/'/—/—‘/’4 lianguo etal. (2016) day 0-20
600 - "
-— Boscato et al. (2018) day 0-14

500 //4_/. / —e—Charmaine et al. (2021) day 14-28

—e—Yiming et al. (2019) day 28-42
400

il

—g—Braude and Ryder (1973) day 0-slaughter

300 —e—Bikker et al. (2015) day 14-28

200 -—

100 —e—Bikker et al. (2016) day 28-30

—a—Armstrong et al. (2004 ) day 0-35

Average daily gain, g/d
!

—a— Armstrong et al. (2004 ) day 0-35

—e—Davis et al. (1999) day 0-10

0
0 10 15 66 80 100 120 150 160 185 200 225 250 30Q —* Cromwelletal.(1998) day0-28
Cu, ppm
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Average daily feed intake, g/d

400
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200
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Cu, ppm
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0.7 g LU0 @nd Dove (1996) day 0-15

R -
ea — —es—Boscato et al. (2018) day 0-14
Q
% Charmaine et al. (2021) day 14-28
/]
L]
w -
o =g Bikker et al. (2015) day 14-28
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Z|ofof o (Br=7IEAILEE, 2017 E 3-4

1
ol 27

e, ka Total P, % Total P, g/d
711 0.64 3.04
11725 0.58 5.05
0545 0.51 7.35
4565 0.46 8.98
6585 043 9.79
857120 0.40 10.69

"SFRIIEAIUEZE (2017).

= SEX|2H NRC (2012)0l MAlE EEME7tE ol 72 A ShRIIFALEE (
70| s=dd FdE Sl MAIE ¢ TE| Hl&f St AFZE IV 21E

3-11; 23 3-12; Kim et al., 2021).

12.0 - m Growth trial (ADG and G:F)
Empirical data
A Bone development (Bone ash, %)
e NRC, 2012 Modeling approach 4
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» QME ZRE AR U phytasel| HIl= 2o A5t FIAZHS (O 3-14).
50
45
40 —s—Nyachoti et al. (2006)

/‘ AME
85 \ Nyachoti et al. (2006)

® T =t
- 30 e
3
5 Hwanghbo and Hong (2012)
s ® EQE
8 .
= 20 —s—Hwangho and Hong (2012)
5 7 ANE
E Wealleans et al. (2015)
10 ErE
5
]
1] 250 500 750 1,000 2,000

Phytase, FTU/kg

IF= AR Ul phytasel| HIIzfol| w2 2lo] &35t

(] JZctAY gd=Atre 2 #EJte&E (2™ 3-15, 3-16, 3-17, 3-18, 3-19, 3-20, 3-21, 3-22)
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o1 =#=Wu et al. (2018) day 15-28

~@-Lagos et al. (2019) day 0-28
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[0 £3Y JLaof MF 3 sfdoMe EHAY oM & #HH M =ALHE
- AEY ol | AF gkob ALz ol ¢l OI%éﬁ SAE st 24 2 A=Y
= Phytase2| ®Jt= otaudls, Fel, E % otodel &5tgo &S o|A (Reddy et al, 1982).
= AMRS| ol TEE 0.75%0M 045%2 ZAAIF|D Zhs 2©EES 09%0AM 06%=2 ZAaAlZ o,
phytaseE 1,500 FTU/kg2l H7tstH ol M S Ho 61%7HA ZHA[Z.
= CER|J7}E0| phytaseE =58 4% |IEZAL=E0| =X SH= phytic acid =350l WE 2o o|l8Md &
2 o sfMdzkg A7, S8 elel EItekg ZE + U3,

=

& Z7l= phytic acidsoll Z&H=l Ca, Mg, Zn, Fe, Cu ¥ ofo|Atm} &
Z 1

A2 U T EIEf 212 of
ZFAZ) (Nasi, 1990; Young et al.,

A

0| =lof 4‘-2; A A7 (Correll,
2l (Kristensen and Watches, 2000).
SEl2 3|$5l0 XIelstst= gheto]

Struvite= Mg2+, NH4+, PO43-7F =H|Z 111112 ZEst Z™AMZ guanite £= Magnesium
Ammonium Phosphate (MAP)2I1E =&,

Struvitee= MH =ZolAM Mg2+, NH4+ PO43-7F 1:1:1 SH|Z2 HFSst0] struvite 2 S @Me
(Buchanan et al., 1994).

Struvite= H|ES0| 22ct F47| 2o A JolAM nAF2(7 waEA dojrtn FXM=2 A=
Ali'i% M= oM £ dojAMg E £t dZE|oME ool Hi MMolME HWAH ol

o] Ml oApAIoA HIZZAM struvite?| E&AMo| EMsictn A5 =
2000; Ryu and Lee, 2017), S2lLi2toll M= ol&I7IX| #HX 0ol 2 ol4]
o

b Atelak geotez 28X RSt /S

ol = (Gaterell et al.,
o BEZo 2 struvite

7h=olAe e M ALR

AMlge2ll & 2ol 60780%7F I EE) 9 HElZ Oo|FHM U220 (Abdel-Megeed2t Tahir, 2015),
mElef oo olgMde sAHS LH ofAE o wEl 0750% 8 =2l #Hol|E LHEFH (Manangi2t
Coon, 2008) (& 3-23)

HA Y AH L 22 chSEn BHERIF WESIX] 22 SotX|= FuolA &H|= = phytaseZt

¢l2 ol84do| EHX|A =of B2 2ol 2lo| 2F =

Phytase= | El &(myo-inositol hexaphosphoric acid)el 7 | Z

SEMN FisetY, HAluel ffFel AU g F Rl 2 FZAIRS 0|8MES =01 YUX IJIXE

H =22 &(Abdel-Megeede}t Tahir, 2015)
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» Ho| B U o &2F2(1.4% of fresh weight) 22 & Wol A= 2 $2KH0.170.7% of fresh weight;

Mullins, 2009)2.ct £0tH SAHCIAlel 28 S5t o BEY Lo et =20 o 27g
=SB, MMM SF 3BT 70%E AXSHE R JHFRoIME o wEY MAATE A
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£S5 AR W phytaseel EIbl= o SHEo 2™l g FX|gk Aol et phytase

2d, R phytase?| HItsZo| IS 22

r

[==}
el dxe ARl Za, AVl

(Bougouin &, 2014)

= SAolMe B o FNES o uE MHMoR IS FI| W20l AR U phytase F 7ol
e o Mol et WTE o WETS VHHOZ MY & Us YHY

- S AR U HE o 27 5HS 98 %2 9L O|ROIXIT UKD AR EH 2ol
ol gl tha Al ofN HASHH MB=X 23

- o 2T SHstoH AlREHE ZABEoRE ZHY AIREE, ATUE, 4E x5 ¥

78 BHRE XY AR LIS s ¥ weol A7

o
N
B
2
x
lo



» SAAR W slofEEfQl et Ste JdESHZ, dIARYFE X AREE0 &2 FX

*=2 (2 3-24, 3-25, 3-26 A 3-27).
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—e—cCabahug &, 1999 (7252 )

120.0 — Phytasex —e—Cabahug 5, 1999 (7252 )
re— —o—Ibrahim 5, 1999 (1212 3)
—e—lbrahim 5, 1999 (1~21 2 &)

100.0 —e—Lim 5, 2001 [0~21 2 )

—e—Lim 5, 2001 (0~2123)

—o—Persia 2} Saylor, 2006 (8~22 2 )

00
o
o

—o—Persia 2} saylor, 2006 (8-222 &)
—e—Persia 2t Saylor, 2006 (5232 )

—o—Persia 2} saylor, 2006 (5~232 &)

1]
o
[=]

—o—Powell 5, 2008 (1-142 3)
: —o—Powell 5, 2008 (1~14 2 &)

—e—Powell 5, 2008 (14~322 )

Average daily gain, g/d

B
bt
(<}

—o—Powell 5, 2008 (14~322 %)
—e—Manangi 2t Coon, 2008 (21-25% &)

—e—Manangi 2} Coon, 2008 (21~252 %)

20.0

——Lee 5, 2017 (072 )

——lee 5, 2017 (072 H)
—o—Lee 5, 2017 (0212 H)
0.0 —o—lee 5, 2017 (0~2123)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Nonphytate phosphorus concentration, %

a8 3-24. AFRY Hlm ElEfel D phytase MI7tFFOl WE |AH M7|(0-282F)olAM 2] LdHE
A2k et

—o—Ibrahim &, 1999 (22-42 2 &)
BN Phytase x —o—Ibrahim &, 1999 (22~42 2 &)
—i—Lim 5,2001 (28~35 U T
120.0 —— Phytase o me ¢ =9)
——Lim ‘5,2001 (28~35 % &)

—o—Yan 5, 2003 (42~492 F)

100.0 ——Yan 5, 2003 (42~a0Y )
T —e—Yan 5, 2003 | 42~562 &)
0o ——Yan 5, 2003 ( 42-562 )
£ 80.0
g —e—Yan 5, 2003 (42-632 )
= —e—Yan 5, 2003 (42~632 )
% 60.0 ——Delezie 5,2012 (26~392 &)
% —e—Delezie 5,2012 (26~30% &)
E —e—Rousseau 5, 2012 (21~382 &)
g 40.0
—s—Rousseau 5, 2012 (21~38 2 &)
—e—Taheri &, 2015 (22-42 2 F)
20.0 —o—Taheri 5, 2015 (22~422 3)
0.0
0.0 0.1 0.2 0.3 0.4 0.5
Nonphytate phosphorus concentration, %
a8 3-25. At=uf d|m Elefjol &&Fut phytase MI7tRFol mE |H =728 dH o|F)ollAel &
S HE

I 7HE AFR U MY B34 +F B MAT TA Y 2



EEEm Phytase x

1.4

BN phytase o

1.2

1.0

0.8

0.6

Gain to feed ratio, g/g

0.4

0.2

0.0
0.0

—o—Cabahug 55,1999 (7-252 8

—o— Cabahug 5,1999 (7~25L &
—e—Ibrahim 5,1999 (1~21U )
—e—Ibrahim §,1999 (1~214 3
—e—Lim &, 2001 (0~21% T

—e—Lim S, 2001 (0~212LF)

—a— Persia®t Saylor, 2006 (8~222 T
—e— Persia®t Saylor, 2006 (8~22U &
—o— Persia®t Saylor, 2006 (5~23% &)
—o— Persia®} Saylor, 2006 (5~232 &)
—o— Powell 5, 2008 (1~14XTH)

—o— Powell 5, 2008 (1~14XTH)

—o— Manangi@} Coon, 2008 (21~25Y &
—o—Manangi®t Coon, 2008 (21~25X &)
—e—Lee 5, 2017 (0~7LE

—a—Lee 5, 2017 (0~7LE

0.2 0.4 0.6 0.8
Nonphytate phosphorus concentration, %

EEE Phytase x

ad

g8 H3t
1.2

[ ]

1.0
0.8

o0

-T:]

-}

® 0.6

=]

@

2

[=]

-

c 0.4

s

(U]
0.2
0.0

0.0

fol

t

rE
ol

o
=

phytase o —e— Ibrahim 5, 1999 (22~42T)
—e—Ibrahim 5,1999 (1~21%T)
—o—Lim 5,2001 (28~352F)
— —Lim5,2001 (28~35% 3
—o—Yan 5, 2003 (42-39U T
——Yan 5, 2003 (day42-49)
—e—Yan 5, 2003 ( 42-56 LT
—s—Yan

, 2003 | 42~562LF)

—&—Yan

n oin om0l

, 2003 (42632 T)
—e—Yan 5, 2003 (42~632 &

>=z— —e— Delezie 5, 2012 (day26-39)

—e—Delezie 5, 2012 (26~39% T

——— —s— Rousseau 5, 2012 (21~384
—e—Taheri 5, 2015 (22~42LE

—o—Taheri 5, 2015 (22-82 ¥

0.1 0.2 0.3 0.4 0.5
Nonphytate phosphorus concentration, %

a3 3-27. AtRY HlE| EEfQl 22D} phytase E7HRFOl WE |A 7282 o[ =)ol Mo
=

U
=
e
H
I
1o
{0
re
0
2
0%
e
e
-+

3-26. AtRU H|mElEfQl 2kt phytase HI7bFFol e |H H7[(0-282 B0l M2l AR

At



= JIZALE U phytase FEIF Al & 2 10% Z2=(045% 7I1=) & 2 vj&E2 & o Mz 2 dZ
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ME Y F 2 10% &0 w2t F o siE, F o ZHY 2 4= f 3&Z0] 22 16.3%, 5.3%,
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2,500ppm O[5t
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oz Z7 () 0.35
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