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E 1L ¥Fx7] ZFFAHAF 650kg)e] 19 thAF ofv =4t g &
(TDN 3§+ 76% ©l3}h)

EP

AR RS AERHAY Bohuk I,
o X =] G
k@) (%) kg) Ak @
Met 25.4 ~ 28.6
Lys 90.2 ~ 102.0
His 28.5 ~ 32.0
Phe 13.2 ~ 15.0
Trp 13.2 ~ 15.0
20 3.0 ~ 35 12.5 ~ 13.2 Thr 449 ~ 503
Leu 1149 ~ 129.5
Ile 69.5 ~ 79.3
Val 815 ~ 924
Arg 95.2 ~ 106.1
Met 35.0 ~ 39.9
Lys 125.7 ~ 143.6
His 39.1 ~ 444
Phe 57.7 ~ 68.1
_ 5 Trp 18.8 ~ 21.6
30 3.0 ~ 35 14.6 ~ 15.7 Thr 612 ~ 69.4
Leu 158.9 ~ 181.0
lle 98.7 ~ 113.3
Val 114.3 ~ 130.7
Arg 129.1 ~ 146.5
Met 447 ~ 51.2
Lys 161.1 ~ 184.9
His 49.5 ~ 56.6
Phe 73.3 ~ 83.8
Trp 24.4 ~ 28.1
40 3.0 ~ 35 16.6 ~ 18.1 Thr 774 ~ 884
Leu 202.7 ~ 232.3
Ile 127.7 ~ 147.2
Val 146.9 ~ 168.8
Arg 163.4 ~ 186.7
(Cle B S

L obuiegt @ 7S A7) AdiAE A4 AR 4R BHIF Alzge] Hagk Tl

WA AR 4R gol ol g5t YRS NRC NRRH @5 2 AgEze] 2
A 2EM ST Aot FFE o] F 29 L2,

£ 2 T AR A8 wE oAy Agobr) it e
il Al ZRMACP) % "ol Wiolulwgt
(%) (% of CP)
Cottonseed, Whole 23.5 Met 1.71




Lys 4.35

His 3.11

Phe 5.30

Trp 1.27

with lint Thr 3.46
Leu 5.88

lle 3.20

Val 4.70

Arg 11.52

Met 1.45

Lys 6.27

His 2.77

Phe 5.26

Trp 1.27

Soybean meal 46.3 Thr 3.98
Leu 7.81

lle 4.56

Val 4.71

Arg 7.40

Met 1.59

Lys 4.13

His 2.82

Phe 5.31

Cottonseed meal, 44.9 Trp 1.21
solvent ' Thr 3.23
Leu 5.89

lle 3.09

Val 4.24

Arg 11.05

Met 2.37

Lys 1.69

His 2.13

Phe 6.35

Corn gluten meal, 65.0 Trp 0.53
dried : Thr 3.38
Leu 16.79

lle 4.11

Val 4.64

Arg 3.20

Met 0.81

Lys 4.49

His 2.38

Phe 3.80

: Trp 0.76
Lupin seed 34.5 Thr 350
Leu 7.23

lle 4.13

Val 3.80

Arg 10.08

Coconut meal, 21.3 Met 1.60




Lys 2.65
His 1.78
Phe 3.84
Trp 0.87
extracted Thr 3.06
Leu 6.21
lle 3,42
Val 4.89
Arg 10.87
Met 2.04
Lys 5.62
His 2.80
Phe 4.06
Trp 1.30
Rapeseed meal 38.4 Thr 4.42
Leu 7.09
lle 3.93
Val 5.09
Arg 6.17
BrA LA EF)
oh E 20ME & UKol AFebat FolME 53] AR AR FFe] A wEed
Met), 2tolAl(Lys), EHEITrpol tisl A @ A7 & Fola, I 99 tE A
ol ieadel] HAiAE AL oz AT AL
g} SFAT febE Aol Q3 Bypass ofd|kAtel] thE AE 23] EEo] By Al AH
o] H|F3h] wigol oz wWe Ayt T8
3 5 @dE FFS A3 dolve4ke] F8A
7F Aol oA fF5 dwd IUHE A 71EY AFe T8 A sty IF
Agol oF fF Buld FUkATE FYEYod FHAA At ARHY
. olg @ ZHelA H AgotEleate] tj@ Balo] 1xHTL Yor, 53 o5 A7 o
o ARS o] 83 5 ol FX tidk FAZXR] A3yl RuFEa 9oy O F£FEL
o] u| g
o @A E2ERIFY 7 BMd FFFLE EleidE 1Ed ARE 53 fo §4
of WL ohvliit aTFS FE3ok shzdl, A AR ofule ATF FF S|FS
Zehid ko] 7)Ee ofd Fostal o] A ofwAk a7 A 9 o]- 84
of thgk HFo] ZQ3h
2k Bolulnale §5 B o] JFE vlAE A0E HA lov e ge o



Fo}n] =4HEssential amino acid)e]&? AolA FA=A FAY, FAFHGZHE 1 Aol
] Hol FE AUelA A 7e s G EFESIY BEA SO ZRE FFE)

oFgt Bhi= ofw] At

(D) oAt f5 9d FAS A TFHo=E F83F (Bequette et al, 1998;
Reynolds et al., 1994).
(2) AzoA ofm|4ik Fol Arg, lle, His, Leu, Lys, Met, Phe, Thr, Trp, Val& Z873%+
Folu-4kolw] (Reynolds et al, 1994; Rius et al., 2010; Baumrucker et al. 1985),
OJAEL Krebs cycles T3l Ao F4 uUolA whlde] PHETE oy} oy A
Ak = A= 3 (Bequette et al., 1998; Mepham et al., 1982).
(3) Met¥ Lyse ol @AS 98 &% oA o] &5 & otvit T 71 2HE7] A%
F8 A omAto® dEA AREHA FEEHoloF & (Clark, 1975 Rulquin and
Delaby, 1997; Schwab et al., 1992; Gallo et al., 2010; King et al., 1991).
(4 HT AFolA Fobr| ik ol b4 o] Building blocke] &FHERE ofuz} Tl
4ol F8 pathwayQ!l mTOR pathwayel s, oz FA4 #d {FHAEY
o) 93-S veld (Bionaz et al, 2012).
B) ZZte] HEolmnAke mTOR  pathwayet ©@d A EA Z42be] IS
Uebd (Appuhamy et al., 2012).

o
X,
=2
of
o
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N

vl obgd] ofulmat xgo] £3 vl

(D 259 A5 Met, Lys, Val 5o] Agotr|i=it o]Aqh, A|gh ofw|4he] B ZFo] 34
AL STEE oA A= Y. S A

TaEoloF FAME S ST F o).

(2) Htd o & Lysy} Mete] Z{to] FAGIHAMZAA Y FF5 Tiid o] dxHTE ¢
EAolgte Buvt 98 (Nan et al, 2014).

(3 ©o]= Lys¥ Metd] =2 24 f5 G@fdoA 43% SXaEHE UERd (Schwab et
al.,, 1992; Liu et al., 2000; Trinacty et al., 2009).

(4) Lys, Met & llee] Z3te] A fF d¥d FEAE LeERE (Robinson et al., 1999).

(G) SHAITE His, Met ¥ Lyse] =2 A f&F 9@id IFEHE YA I+
(Vanhatalo et al., 1999; Lee et al., 2012).

() lle, Leu ¥ Val9] =% A f5 @¥d FXB8HE
al., 2002), ol&1g APA+= E /N Holmite] =
3ol o3 5 oid X d97F 283

% o

e A ¢o ™ (Korhonen et
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4. 7% 99E SIS AT Ggotr| gt AAe o8 A
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ol. &E&Z 2 Jgto g B3 olu|iko] thEZAQl AFOoZE Adisseojt o
Smartamine, Evonikjt2] M ), 18]al AjinomotoA+e] Ajipro-L(e]/d
Lys 8 A& & & F Jor, 384 BSE 7|He=E g B3I ofn|ike] x4l
AF-2 Adisseoit®] MetaSmartE & + U= 53] MetaSmart A& Met FARAIQI
MHA(Methionine Hydroxy Analogue)®] 7}=&-2 weto] isopropanols F7bsle] wEE$) n
A= o] 8-S Agtsle EAS A A+

7t sFA|RE Adisseoiit Smartamine®] 73-¢- Al 19 Al AFE&S FEIA Yol EF
a(eF 54%) <F $10/kg ¢ A7 FAEH Ao, Ajinomotoite] Lys & A&
Ajipro-L Al oF $8~10/kg =9 7Hat7E FAd= o s Meto] 2B A A 7442
°F $3/kg o= FAE dom, Lyse A5 o $2/kg =Y I FAEHA A

zh T3 ZF AlFe] &% JA BIF el wet ket Al vEbgal 9o, Smartamine-S-A|
93 2 FH AF AS vndy =2 759 959 bypasses HYolE EF3HA,
2o Ao e 43t FHEE s AA AU o84S ue W AoE dHA UL

RB3E ofniAlk A Fo] vre AU o] &A(bioavailability)2

o] ofmigto] AFFH o= o]fH F ]

A
7. ol sl AGolrlmate] BIHEE ok WES BE J%S Rolsy] Us) 4T 4
=2

AL
N
2

o
=X
r

o ol
-

29 g3t 71&Hol BRFS uistnl, oldF |&H BA FHo| WEFEE A
AHAEA ohulite] A ARAL Hojts FF 84US AT F U

B @A QS AAY 47 T FR Aol A e WS ofrlmite] A5
: § AR AAEAG AFe FHHA % ZJOE FtHL YL 5
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(1) Methionine ester F=A2] A4 - 7I254 & €27 =4
(b Methionine ethylester &+43
O F8 A5 WA d, ok, FriHA4 = 34D
@ I
- B0 FYHEE 1A g #F¥E Z methionine + ethanol &Y
- 3F vkg(reflux) 1A X3y
- 2t 214 & S¢AIZ] FH methionine esthylester 24 S 5
- GCE %3 methionine ethylester §/d ¥ H7}
Q@ 84 A3 ¢ 3%
- GC 4 A% g4 & 50 mol%, A& 42 mol%
- 23 oo 4to] FUE o] pHYF 1o]st=E "X A 2 A &% d48 I &2
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13 1. Methionine ethylester =4 &4 A3}

(1) Methionine methylester % Methionine isopropylester 373

O F8 A= wWxd, WE-E T+ iso-propanol, F7]14HE4H

@ AR A7 HHH LA I

Q® &4 A% ¢ uF
- L-Methionine methylester GC &4 ZA¥}: &4 & 65 mol%, AA & 54 mol%
- L-Methionine isopropylester GC ¥4 A3} &4 48& 38 mol%, ZA|+< 29 mol%
- 583 Hukg glo] esterificatione] M= RS GCE 3 &<l

T b S -
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19 2. Methionine methylester/isopropylester =4 4 23
(2) Acyl-Methionine §=A¢] &4 - ofvl I1&o] 74 =9

(7D Acetic acid =% (N-Acetyl-L-Methionine2] &4)
O F2 A= WA 2d, NaOH, F4=4Hacetic anhydride), &4F
@ I
- DWel methionines &31% o] & A= FY
- NaOHE F<iste ¢bd &8l =
- Acetylation& 93] F<4 Z4Hacetic anhydride)-= methionine tjH]
- AL FxANA 1A EZoF wyk vke X3
- BHS FE O, F4HS F8ke] Nat o] sodium sulfate @Fﬂi A& AA B
I ] EA 5l N-acetyl-L-Methionine 2 &3l 24k A A & Z2A3 13
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- TLC ¥ GCE &% N-acetyl-L-Methionine /o5 7}t
Q@ &4 A% ¢4 uF
- GC &4 Z23: 4 & 95 mol%, ZA4& 86 mol%
- 297 o]de Ateo]l FAEo] pHYL 1o]st=: "R A 2 B¢
- GC &4 % TLC 4 Z3} N-acetyl-L-Methionine®] &/ &<l
- BAAXAEEZA 193] acetic acid 34
C AR E AAE 98] NaOH 2 F714F A& Al=glovt Mg w8 18 kg

Ho
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o
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>
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o
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M : Methionine stn,
A NALM stn,

: Acetic acid + H2504

t Acetic acid + H2504 reflux

: Acetic acid + MaOH

: Acetic anhydride + Met 8%

: Acetic anhydride + Met/MeOH

* Met Broth/MeOH

: Acetic anhydride + Met Broth/MeOH

S0 e L R =

MA 12 3385 67

13 3. N-acetyl-L-Methionine &4 =¥ TLC &4 A3}

(1P Propionic acid ¥ butyric acid =% (N-Propionyl/butyryl-L-methionine®] 343)
O 2 A= WA 24d, Propionyl anhydride ¥+ butyric anhydride, ethyl acetate
@ 484
- Ethyl acetateol] methionine& &3l ¥, Z} anhydride 37} 70° C 7oA ®E-&-
- BEgA S FHate] 24 AA & AA3 W
- TLC ¥ GCZ %3+ N-propionyl/butyryl-L-Methionine ¥4 & H7}
Q@ &4 A% ¢ 1%
- N-propionyl-L-Methionine GC #4 A3 &4 & 80 mol%, FA+& 41 mol%
- N-butyryl-L-Methionine GC ¥4 Z3}: 4 48 66 mol%, A A4 35 mol%
- TLC &2 A3} tffE2] methionineo] 1417t o] M3 H+= AL &2

S8 60 min

Met (3 ca Met (3 c4

a9 4. ¥kgAZte| wE Methionine g A ¥ (C3: Propionic acid; C4: butyric acid)
(3) Acyl-Methionine f=42] A - o9l 1Fol A4 =4



(7P Oleic acid ¥ palmitic acid =% (N-oleic/palmitic-L-Methionine2] &4)
© Fa A8
- W x] 2, Oleic acid/palmitic acid chloride, acetone, sodium carbonate, NaOH, HCI
@ &84
- Fatty acid chlorideE oFAlE &wljol =<1 %, sodium carbonate®} NaOH7} 3%+
Methionine =& 3} Ao A HH-3-3le] AL 3
- HCIS #7} sted pH 25 22 FAF F, 424 3023t 571 wwk
- =2 AF BYste &= AolE s WAT IA=S AHsto ddx 319
- TLC ¥ LCE %3+ N-oleic/palmitic-L-Methionine &4 o] 3 37}
Q@ 4 A% 92 uF
- N-oleic-L-Methionine LC #4 A=} &4 F€ 90 mol%, A +E 63 mol%
- N-palmitic-L-Methionine LC #4 A3} &4 8

& 85 mol%, AA|4& 86 mol%
- Oleic acidE AL3F A WA E0] ATVl =2 emulsion FEZ 5 (AA3 27D

13 5. N-Oleic-L-Methionine A A 23}
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1% 7. N-palmitc-L-Methionine (MW:387) LC-MS 23}

(4) Rz ojmigt S AT EHF Ve A



7R FEAS] A4S FeHEA AT 24 4 B AHA FE, ols

t
ngos ARARNE TRt AF TY FAE /&L MY

=4 T A& (mol%) | LA ER] ($/kg)
(mol%)

L-Methionine ethylester 50 42 35
L-Methionine methylester 65 54 2.8
L-Methionine isopropylester 38 29 5.7
N-acetyl-L-Methionine 95 86 2.8
N-propionyl-L-Methionine 80 41 7.9
N-butyryl-L-Methionine 66 35 14.1
N-oleic-L-Methionine 90 63 6.8
N-palmitic-L-Methionine 85 86 22.4

B4 A opulwte] obgdlol e ESE FEA B J1Eol M B BA
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Y. 2 A JheAdo] &g otnedt did BE ougt AY A QAP E)

(1) N-acetyl-L-Tryptophane] &4

O F8 A5 EYER, WeE, F24Hacetic anhydride)
b F4H
- HE&d EHERS HUlste A8 Az
- 40° C 23 ¥, ¥4 X4Hacetic anhydride)S EHES tiv] 2933 F GAZE ¥HS)
& TR 5 WaE AAE Al Ad w5 1Y
- AEd 24s A% £8% H, dx 1
-L-T

ryptophan &Aoo F H 7}
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- GC &4 2 TLC &4 ZA3} N-acetyl-L-Methionine9] 34 &<l
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13 8. N-acetyl-L-tryptophan &4 23}
(2) N-acetyl-L-Histidine®] 43

b F2 AR 324, NaOH, F4*%4Hacetic anhydride), 34F
() &9 7€ Hrte olMEs FHA FY
(th &4 d3 9 az

- GC &4 A% F44 95 mol%

- 7]& N-acetyl-L-Methionine &AM} LA A& 715 &<

i His sin
) { MAL-His m
f NAL-His B ZT

+  ®lveni peak

19 9. N-acetyl-L-Histidine &4 23}
il o] ERlE ofn 4k FA TheA S Felstdl
(e} Al

24 w9 W RS s o F-E in vitro bypass&
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- EYERS] 1259 st T4 31.2g(0.306 )= M3 o]
- AexddA 1ARE Tk v wRk (g vy
- AgH-g o] F 35%HATE Y SlgS Mekg Aol £
(Fdo] WAsty] o W% 7|E 30C 7F @A REF s a8 72D
- GArEd By g9 5 e 25F 15CE W4 ste] wik 13
- AAo] AEHEe ARNA 2AZE F7F avt & =2 AHeEA Aefoia 33
- A7 FEY 03% vite] 2 wi7kx] d3dx WY
@ 24 A3
- HPLC &4 23 F & 98.0 mol%, 5 99.5% (23] ®b&E 7t Ay}
- 71& WigkE 718k A tiHl & 4 mol%p, <% 1.5%p s &<l
- FAZEETH A Bt EHER &% ZAl= pH A& T3l 2

AN, e Mt 01 MO [ 10 0T 09 4200 NT 1 10000001 1)

@ N-Acetyl-L-Histidine (]} NALHis)

IAAE AT AE Wees 7wes @4 478 Fastg.om, 37 At 95 mol%
F4 ST FARGLS. AAW WBL FS e wYOE A A4F F S0 357
He W ol Fozel od) wAHE 24wt Bel A4 BHo) FHow Bas)
WEo] gl WAL B AZe T AEE FAHAL

@b F8 AT 3 2E Y, FZA4Hacetic anhydride), Z4F, olAE

WD F8H

- 3]2=Hd 50g(0.32%)& =4t 150g7 £33 ¥ 60C 52 wHHE|~EHd 248

- 24k 34.5(0.348)8 HAF T (2% 60C; HgYo] A £m3t Az WH)
- 3|zEdo] BF &alH AlFANA 1A F7F ik (g §EE)

- 60°C174°ﬂ A 7] o ZAH&u) Ee 35

- FEY ) AR 24 37 AAR) A8, AAS 25088 FAs] FEY &9

QAo AFE A Q3 W B YA 4
- oA E 500gE o] 83l A mukste] AAAE 219
- EN ol F AAE AHL AYdRE Bl BeR F, obMES ol g3 F7 A

¥ds
- ZA5F 3R 0.3% vvte] & w7t dEAX A
@ 4 A3 HPLC B4 23 = 8 95.0 molw, =% 99.8% (23] ¥tE 7} A3}
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1% 11. N-acetyl-L-Histidine HPLC A& £ A3} 2 A Z 9|3

@ N-Acetyl-L-Phenylalanine (°]&} NALPhe)
b F& A5 HELEd, FFZ4Hacetic anhydride), BA5, FABILEE, A4l

D T
Hdeeid 14.9g (0.098)<S AASF 200g7 &3 2 wht
IN 448 EF $89¢ o] ) Hddeide] 25 83 2 @A 59
Doz 1535 0.158)¢ A3 FYstel AF ws AW BAZD

~

Hh-g-olo] pH 7} 8.0 o]3t= "ol A &
A&ukg o] & 35% g S o] &3
%] ol

(HF 2 7|2 0C7F @4 &=
-

B 22 = 3y
Aol HEse AMAAAM 2/ F7F wt & 2 Al FstaA o]y} 313
7 FEG 0.3% mide] E wi7hA] EFAx I3

@ 4 23 HPLC &4 A3 F € 93.0 mol%, «% 99.9% (23] W& 37} A3}

H

DAD1 D, Sg=230, ¢ Refv380,100 (20190827 2018-08-27 16-39-31 DnineEdeed—008 0;

§

120 N-ACETYL-| -PHE

8

g 5 £

o B 5B &
11084

a8 ] T8 a 128 15 7.8

713 12. N-acetyl-L-Phenylalanine HPLC 3% 22 A3}

@ N-Acetyl-L-Leucine (¢]3} NALLeuw)
b F8& A8 FA, FT4Z4Hacetic anhydride), A, FASIUIES, G4 oA E

@ ¥4

F41 131g (1L.0=)<S AA 350ga & 2wyt

8N FABIUEF 89 350mlE ®vF& W FAlo] =5 &a 2 wj7hx] F
Tzt 204g C.0E)e F7t=2 HA3] Fdste Aguks (0~5C A, 2 Ak awh
A s ¥, 35% G449 380ml ¢4 (pH 3.0, HE2%E 5C FAD

dabrg o] Flo] gxd AFAA 1242 F7F alkh

2 oMM EFEH S ol &3t FAE AASHEA At I

7 T2 0.3% vide] E wWi7hA] EFdx I3



@ &4 A3 HPLC 4 A3 F & 63.5 mol%, &% 99.0% 23] w5 7} 43

DADY O, Sig=230_4 Ret=3560, 100 20180627 2012-06-27 16-30-3 1\Onkne Edded-010.0j
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713 13. N-acetyl-L-Leucine HPLC A& #24 Az}

® N-Acetyl-L-Isoleucine (°]3} NALlle)
@ F8 A7 o]&FAl, T X Hacetic anhydride), A4, ARG EF, G4

@ 4

@ 2

o] 474l 13g(0.18)¢ =4} 84g3 £% & H, 70C =< wuh
14. 2g(0 1B AA3) B9 (
o] 5% &3lE AlH A
o] % 70T =7 AA 7y 3]

Aol A4 100mlE Er%}%}@ F=9HS g8 (70C &= 24 §AD
oA WztA|7]| AR o] A

TR 0.3% "gte] 2 wi7tx] EF A= X8

A3 HPLC &4 23 & & 834 mol%, &% 99.3% (23] ¥H&

A

20
r]I.

¢

=
M
=
=
F
a}

1__
&

S bt P o
= 4 b

9o o 4

1
OPN'
OJ
o,
A
N
i
i)

DAD1t D, Sig=230.4 Raf=360.100 (201207 $2_1 2018-07-12 16-00-31'Onine Edded-008 0}
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19 14. N-acetyl-L-Isoleucine HPLC A& &4 23}

® N-Acetyl-L-Valine (°]&} NALVal)

@
&
@

F& As: e, FE24Kacetic anhydride), FAISF, FAUES, F4
4% N-Acetyl-L-Leucine &4 3437 Y
B2 Az HPLC B4 A3 % 48 86.0 mol%, =% 99.6% (23] W2 37} Az



DADT D, Sxg*230.4 Ref=360. 100 (20180627 2018-00-27 10-39-2 1'Onine fdeed—006 D)

%0 | N-ACETYL-| -VALINE

F oo oEd

1% 15. N-acetyl-L-Valine HPLC A% 24 A3}
@ 7&?% ke
- F 659 ofrAts o R opAddold TY A& AT Y
- =5 99% 1 @l e ﬂf‘é‘ B ofu it A (FFEY A9 obvat ' Aol B)
- Ag otHt T/ Y HF AP SAH wE &, G4 2 AA A A9 F

- 2% o4 ohﬂ] bake £ H, BHE Uee Hods
3 7% Fo, /E o= 4 = &S
oH & ZOF AN —» “%h BHE V)T B, % £F7 WHe] AT Zo=E Add

H
N HE el ZEE ABE AT BUoE e :
SQstaA g Weol=E ohvlmite] H3H O 2 oY AFH] Yk FHZM,

L:]%

Go 2He B oprlidl tin ag A F4go] AUEE EFV wH u 2S5,
o) Y BE ofrlwmite B FFE FA ATE S 7] wEel A Helgel A
2 AR AgH. ofF f8l HPEols LS AT 7 A8 ATE TSRS 53] H
T AT FHZo] NFFES AE HIMAE AMEstes Aeolr] Wi Z1EZA gt §{A
AT MF9 BHeU]s A FoHE 53 Bs JEgols Nds FISAS

c A Zur 7lEe AT
dutzleoz Jelol= dAL ofvAt W Ho] H&7I(ohY], Ft2EBATDE QS
blocking agentE® AH&Fh. F, 2719 ofmAils AT A9 A ofH|iAbe] opnlr]el B opn|
Fol FtEEAVIE FACRE whgo] APHe, Yoo FEIIA opviite] 2 R4Ar] gl
B ot gte] olRIZ)7t Z43t HowM RFALES AAsHA He, 1 A3 JlEtel= A4
T& 5 A= A Aol TASHA H. ol FureE Hadhshr] f3 Wetow
blocking agent® =Yate] Yojo 2875 vFPSA7| 1L, ol& Fall dste Hetol= A
o] E&4E& FSuiAZ. kAR blocking agent®] 79 a7fe] sstEdelr] Wil Ahg§ 3
Blol=o] Aitolle AFo] U= olHd e wEer 2 dAFoA+= blocking agent =
AAR Je HE G



@b Blocking agent =S 3 HElol= A

L-Metg& 7|Hto g2 3 tjo]HElo] =(Met-Met) AR /M AFE F3stHoH, A
of U39 B35 7|5 FoAE A% oMAHEY] EYS 53 N
NALM-Met) ol tig A5 Fdss. ol& #g 7124

o

o -

TRA/MC

Boc-Met het-MetOhe
ED:C
Boc-Met-MetOMe

DMAP Acetlc anhydride

MNALM-MetOMe ——  NALM-Met
«NaOH/MH20 Hydralysls>

Met — MetOMe
socR

19 16. N-Acetyl-Met-Met &4 24 %=
Step 1. N-Boc-L-Methionine¥} Methionine methylestere] ¥F-3--2 %3 Boc-Met-MetOMe §H4

- N-Boc-L-Methionine: 3% A]¢F &8 (Sigma, Cat # 408425)
- Methionine methylester

: L-Met3} SOCly(thionyl chloride), 18]1. w&h&-& o] &3l HE A
ZF T AL
BOC, th3£2A <l blocking agent (L-Mete] ofwl~7]o Agtste] 2+87] &St %)
L AHE2)

L-Mete] 7}=2E2 7)o methyl group (-CH3)7} A= o] A= AH)

N-Boc-L-Methionine®} Methionine methylestere] ®kg  o]& o}z Methionine
methylester HCl 2 methylene chlorideE ©]-83le] Methionine methylester2 #& % 3%
oW, % °|% methylene chlorideE 5= A ATOEZHN B dEo] YAES RIS, ©]
9} o] dojR Methionine methylester = W&-&S WS-8 2 AF8-3Fo N-Boc-L-Methionine
I HEE&  FIYstHa, EDCe DMAPE  AMgstd & EZS coupling  AlA

N-Boc-L-Methionine-methionine methylester (°]3} Boc-Met-MetOMe)E 34 313 <.

Step 2. Blocking agent (BOC) A A
HS-S =3 o]zl Boc-Met-MetOMe2] BOCE ofa& 189 TFA (Trifluoroacetic acid)

9] deprotection ®¥k-§- 7]Ztell wel AA TheshH, 30C FAA TFA £ & uwk s A
BOC o] A A= o] Boc-Met-MetOMe ©.ZHE] Met-MetOMe2] A& 213 4 ¢S
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19 17. TFA & o] &3 Boc 9] deprotection w5712}t

DAD1 D, Sig=230.4 Ref=360_100 (161205 2016-12-06 19-43-1611612060000003. 0)

% BocMet - MetOMe / MC
i TFA deprotection 30T 3h

19 18. TFAE o] &3 BOC 9] deprotection 23}

Step 3. olAE 7] = (N-Acetyl-L-Met-MetOMe, NALM-MetOMe)
i3S 53] dojz Met-MetOMee +x7 7128477} EA31A o} Fzx4t
(acetic anhydride)& ©]-&3F acetylation ¥H-go] &2 HHEE o] 7153 o|E #13f ethyl
acetate ¢ 2 fF7]&mME o]&3lo Met—MetOMeﬁ F= T o] Fof| FEAe FYste Tt
d Hhg3tA W wRk o]F 1h oy H2 HFTEE NALM-MetOMe 71 BAA=HA 2 (V1& of
n = Ake] ol Edgold A ) NALM-MetOMe += NaHCO3 4893} ethyl acetateE o]
&3t F= 7testd, ¥E #H Fo ¥4 =@ EDU ((N-ethyl-N'-(dimethylaminopropyl)
carbodiimide (EDC) hydrolyzed urea derivative)E H] &3+ =84 zho] E(residue)S =& Zo
O] &2 ol NALM-MetOMed} #27} 7453t

l
ol

Step 4. NALM-Met &2 A=A

Ethyl acetate =34 3 27 © NALM-MetOMe: NaOHZ o] &3+ 7}5is] &
e 53t NALM-Meto =2 A3t 7153E A /‘5} A4 0] 743k NALM-MetOMe+= # % NaOH

Sgols e ol §AHA W AR B WAL molA HAT, WA whgo] WA
QA gl SeAH0, WEel A flo] pH LEAGM AL ek S BE 2h ol

methylester 9] 7}i-3sli7F 25 = o] NALM-Met o] A4 =HA &
MRS o]F HCl F9< E3te] pH = 20089 7202 acidifications ahA =H #H-g-HA
W EAskE Na+ o]2o] NaClZ % =Hm, olw] NALM-Met free carboxylic acid 7+%&& 3

—



Al H. o]% water-ethylacetateE ©]-&3lo] F=
W% 9] impurity $lo] & Fo] NALM-Met ©

2= 23 A =H4A Boc-MetS AH&3H 7
Zol A #

o
-+

U
DADY D, Sg=230 4 u =300 20170308 I

= 3
wwo-| NALM-Met 2B 19/ ] I

13 19. NALM-Met A A 2 3H(HPLC)
FZ XA o] EAE w34 gel FHo AMAEC] AAXA =M dethyletherE 5
= overnlgh t A wHkS AASHA 5H NALM-Met AAo] dAH. 243} o]F dojzl A
Aol o#e g o, Z+ FA Uik 8- esterification 75.0mol%, NALM-MetOMe #
334 81.1mol%, hydrolysis ¥ FA|&A 76.9mol% = HA| F F&& 46.8mol%s = FAFA
o

@ Blocking agent-free | elo]= 34

A AdET AA-E 9o AdYAdE =ol7] Yst obrx4t A EU]E B 3 ©@H
3 3t GAVE 3 2 8E. AV FAHE FEAe HES HEo|l=E =2 AYERE A
7hssbAI R, avte] AERIA 2 BIA AEH oy @A o E QI3 74 °
Z A xS 2 Adogs 9ol S olHd EAAEES RYste] Bo AAA
2 B3 ot AWM N arAt blocking agent-free NALM-Met &4 A4S 7239
o

o

" OH
NH,

Methionine
0 o o o o | o O OH o
- M 1 | A |
S OH (o] 3 T (o] s N ] s T OH
NH, NH LTI NH
(o] 0 o]
Methionine acetic anhydride O-acetyl NALM NALM-Met NALM
li 15t step ; I 2nd step é

% 20. O-acetyl NALM ©]-8& NALM-Met 374 =

Blocking agent-free NALM-Met 3} &% - #A &%
- WS-8 7)o Metld )3 FF2AH25FH)S Yar, A2 5A%F avt
- SAIZE & dkg-gfo] gre g HEyl HHW Met(l9g3)S F71=2 B4t 343 wytk

- He &5 Fole AAFMet FA thyl 185 B
- 3H FFHES olg3y HU 5 I
— Met 38 100mol%, A —’Fz% 88mol%



— NALM-Met A48 63mol%, NALM A g4

o
DO
3
=

=)
IS

]
o

A7l FE TR AFY Tz F 3] L-Metg& NALM(N-Acetyl-L-Met) .2
HAZAZ7]12 NALMC. 2RE  O-acety]l NALMS we=E= A9 3r7 7M%d. A7)
728 47]e ZA3E anhydride Beje] ofMErIE F7I2 FFH(EE WS Fo] IFESE)

L-Mets Agtd &= 7] W&ol vmz es WS 8 NALM-Mete] @40l 7M. &

H. T

71E& WHo| A& blocking agentE T3l ofv|i4te] Yo ZE7|E HIEAHE AR HHE, A
WHE oA EYE FilA Jo FEU]E BIEASAIZ|L FAC ofu|iike] HEES] HE
715E BT F e AHE AYT dS. AT O-acetyl NALMe] anhydride 2F-8-7]l+=
HES-Ado] =& F 79 84Vt EA5H] " HF 53 AFEQ NALM-Met £]o]l = NALMO]
P APEE AAPEYE @Ho] s wEkAl, NALM-Mete] ABEE Fo|7] f8 dE
AbEE B dkE 21 HASE ATE FASIA S

PR A8
NALM-Met §4 1g-olA

ob¥7Ish 7128 A7)E ohAYss

Met ©iHl 29 olAw, T

FFz4ke olhgr] FFY(acetyl group donor)Z A Meto]

= & oA T4 o] 24 AR TS

34 € 2D NALM tiH] NALM-Met

= 199l 38T Atel= -] HIIsHAE. oW
1= AFE3t o, Hhe2 oA 3P etSS.

rE

¥
B
[
_|>;
o
ol
ey
k)

[\\]
2
2}
(@}
o
oo
£
it
rlr
]
o
)
m =
2
filo
=
@
LaJi 2
R

HMEF [EEM EQUZK(eq) | MEHE(NALM:NALM-Met) [EHd 48 (mol%)
HE 1.90 1:1.44 74.27
A2 2.00 1:1.40 78.84
A3 2.10 1:144 81.03
M4 2.20 1:1.53 80.93
M35 2.30 1:157 82.75
A6 2.50 1:1.59 87.26
HE7 275 1:1.26 84.24
A8 3.00 1:1.20 84.22
* BFSZA: Met(15g, 1€ 8) + BEL(1.9~309 2 — 42, 5A|ZF mEt— Met(15g, 12HE) +
OtM|E4t(15g) — &2, 3A|ZH mEt
* 2448 (mol%): NALM H&t4=8(mol%) + NALM-Met H2t8(mol%)

[7b A Faezit ARl Skl wEl NALM-Met A= 51 A &0
7t Ae FJAE F U5 AN Fazit 259% ofddlAs= withe] At
Uehom, ot mibe Fgzatel F7le EYHE Mete NALMOR  A#AA
NALM-Metez A== ZA<s Waistr] weolzta dAdd. webd, 47 B7tE 53l
Loz aAle 25ukEE AFRE= o] NALM AAHI &S H4A3 d3 NALM-Met Ad<=eS

o

Anjst Boin BEAAL

phs Lx #53




O-acetyl NALM& o] &3 NALM-Met $HAIHHS-& O-acetyl NALMS g
O-acetyl NALMO ZXE NALM-Met& Azxsd= 2W stepoz Vs & I 2" stepo
e A2odM= 1AZE oju] Hhgo] SZE AT 1% step2 Aol A F 5AI7t0] A8 =
A &, HEEEE FAH &A= AAEHY] Wi 1% step ¥ LEE

GE2A 712 3o, o] B3 NALM-Met AEE 2 FH5LS 903192
Ahe | E

7] Aspo| weh 259 ALsAon, 2 step w2l oA

% 5. 1% step WFg& 5o W& HFSAZF 2 NALM-Met A g =
HdEz Hsen 1st step B2 A|ZF | MES = (NALM:NALM-Met) | 32 (mol%)
A o2 5H 1:1.59 87.26
A5 40°C 1H 1:1.48 84.83

* S AR Met(15g, 122 + REEME5EE) — &42/40°C 5A1ZE Wk~ Met(15g, 1) + OtM EA(1H{=) —
2 3412 met

* B8 (mol%): NALM M etE(mol%) + NALM-Met &= (mol%)

r

H7F Ayt 1% stpeo] HFSL TS Ao 40 CE <

INZe 2 SEHH AT, NALM-Met A= 2 FAFELS APT200A4 td ZasA e
T Z7}o] e A E(unkown) 710 93 Aow =

AA FAH FFE =2 1Y step WSS ALoA WFIE= Aol AAAH ZHolA

& AEg H53)

7134 wbeol A Sl WeEss Stk AR SEAA Wl dojuAl sha,
grjel SAHL Nhe=o MoldHd dFs Fo WeEEE AHse T8I A4Le &
stARE, wWhEgmle WhEw Ee eI WSShA dotol dve =dE AL UE
weba E ATe] 2 stepell A& 8ElQl ofHEALS Ft2RAYIE JHAI e #A4l]
o Zoll O-acetyl-NALMo] Met¥} w3 o AANIES doZd F Ques 7S niEo=E
P B4t FdiFS Oul ol Al 3uf = Abol 2 st dge AYstls

Z 6. 2" step SU(SFM EAD) AlgFo] whE NALM-Met AElE 2 FA 5§

3
Ay OtN|EAF EQU2F | MEH = (NALM:NALM-Met) | 219+ (mol%)
A 0.00 1:275 89.42
HE2 0.25 1:2.18 89.65
AHE3 0.50 1:1.89 91.19
a4 1.00 1:1.59 87.26
HEls5 2.00 1:1.33 91.19
Hele 3.00 1:1.20 89.99

A: Met(15g, 1543 + BHEAQRSHEN - A2, 54
(0~3H{=) — 42, 3A|ZF it

()

(mol%): NALM F2t=8(mol%) + NALM-Met F&t4=8(mol%)

o

mek— Met(15g, 162 +



B7t A oA EALE BlF STkl wEl NALM AJAdHl&o] F7ksted NALM-Met
AYErt ZAsRa, Ao oM AEARS  ARESHA e APTLA T =&
NALM-Met A& %7} ﬂomoiwﬂ FATEe oMM EA ARSFEIT BAGle] APT6NA
FALSHA JERES. o]= AR opA|EAbo] O-acetyl NALM3} HF$-3le] FFZz40 2 ASty
ARE Bz Ako] Mete] ofwlz] 9} wkgdlel NALMO 2 A8te Adelas ALsg. waha], 21
stepoll Al &S AFR3FR] ¥E Aol NALM-Met AEEE 714 EY & oz Adsix
NALM-Met &4 THS ML

Hir

©@ Blocking agent-free S Elol= A FA 7NE

NALM-Met AA|-&H 7Nd A= NALM-Mets Ag|zo=
gHP37 Cl o ZHE NALM @ NALM-Met& F718 o=z <
mAo] HFsAE. FUHR R & WA H ASYE 2HS
1R 5HE AdstnA s B A7E T SH® NALM-Met 2
A AT &S otgiet ZH

At
i

ng

Sk o
4
O

oj [t
o Of

NALM-Met FA) &% - HA 38
- 4 =" w38 ol Ethyl acetateMet FAIthH] 1ul<) 7 & 1412 w9k (50 ° C)
- 5 CE WZsto 6AE F7FE wnt
- 7 HEE o] &3 Filter cakeE +5S(CD
— Cl 33 +& 46%, o3 NALM-Met 97.3%
- C1 2ol AFAFMet thy] 3uj) T
BZY 7] & ol83te & S5 FE F &4 5
Z o] Ethyl acetateMet FAThH] 0.58<F) H7F & Cl1 AA3 34 9
— C2 B33 =& 7.5% 3+ NALM 68.2%, NALM-Met 30.6%
- HF AA & C12A 7= 46%, C13 C2 Z2H &3 7]+ 53.5%

)=
U
=

o

SAHES-S B3] AStH NALM-MetS 1+%9 AZE AHAHAER F537] YA
AAE TP =Y S NALM-Mete dadoz gejsty] 913 A48 =4 242 96
TAZAB et Ethyl acetate &wiZAASIE HESFAS. F AP EF Met FYZF tinl
1Mo 243 §ujE FAstd o, 57 CE Wzste] 6A1ZF w s+

® 7. FAAASI EAGW AR S & 9 FF v
A 2y g0 | E™E3 £=8(%) (%)
e = 37.05 NALM-Met 99.2%
HE2 EA 46.01 NALM-Met 97.3%

* ANS 8% BH FA/Met T EUY
* AW S0 EUT: Met £ LY CHH| 1815



b) 80 Z™z=t

a9 21 sAZAA S e EAS AR A4 o3 mla

al

AR, EA &viAdAHSE =4 S FAZAS dibl AAHI &0 oF 6% FLEHAS
wehA], EAE Cl 243} g2 AASH T 8] A& W& A4S +8&& gl A
ARE F7IE Y AS. EA FAFS Met F4F oinl 0.59, 109, 1.591 FYste] &
ZA AARE F5IAS W, 05959 EAE FYT Afde AALS AHHUA
0] AstEo]l ¥E&7oA FEIZ &l ool RIEHNeH, B AAHgAE
Y Aol TAEAS. W, EAE 159 AHEE A 9odle NALM-Met 3ol tha
7Vt AARE EAS 1.0vl4 AHESE A9ET AASE g0 oF 11.2% A3stEAS. ol
FE vlgoZ EAE Met BUHF div] Il BUste A4 & F53= A4S NALM-Met
1 2443 3o AU+

FAAYS EA §91A43 mF 1ewel b4 NALM-Met d4e £5% +
% o
3

O
r2oe

mi o 12 o f

O

¥ 8. EA Bl & 2AAs +& vl

A EA BT | 2HW3 =8(%) S (%)
e 0.50 - Y ol o
HE2 1.00 46.01 NALM-Met 97.3%
A3 1.50 34.85 NALM-Met 99.8%
* EA £Q2 Met £ 2A| THH| B3
* 2™ $8%): B FAH/Met 5 EYUY

DAD? D, 5ig=230 4 Ref=360,100 (20171025 2017-10-25 16-16-0010nlineEdited—008 1)

200

NALM-Met

100-

T T T T T T T T
5 75 10 125 15 17.5 20 225 25 min|

a9 22 A9 Cl 2A3 gRer 53 2Ao A2vETH

2 93 =7 gF
EA &miZ2Adstz HZHzd C1 2A3 F&2 o 46%= Edd= o 17%9
NALM-Met} 23%°] NALMo| EAst= Zeisd. stAwh, Cl 29 3¢ & $d Wio= C2 2




4318 Ay ol Aol AHEA Wl WME Wl Yo EAstE BBl 7]
A@THe M MgoR Cl mYoERY BEES A7l NALM 2 NALM-Met 23S
FHoR 2587 98 FETHL YRS, FAE o Q¥ gaHE 540 gomw

]
shel A|AShaL, DOM3 B¢ FYstel 2uaUsz 5 29
et gow, om EEEel F

i Ao
o
>
™
N
U
fu
=
il
[
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04 2017-12-04 10-46-032017 120400000020)

e
—_—
= 1

Zﬁi
=

bamar

1

10 125 15 17 E 25 in|

0% 23 HAE G2 243 THOR £58 244 A 2 AunlE1Y

(-

@ HAetol= A 7 71& A+ 2 & (Met-Phe dipeptide)
@ NALM-Phe dipeptide 43
471 NALM-Met &4 WS 7|Wte® A ®B3s Jgtol= AHE JleA H7HE
TY3AE. olE As) ¥WEFFE A 1 AT opwxARel Met® Fod s shsAdo] gl
Pheg tiido =z dipeptideE &Ast, © Yolrl W9 HE 7|eS Jo3es HULE
TR AE. AF AT A oeH 2S5

NALM-Phe 313} 3% &%
- MetF &) F24H258 e FAT & F20lA 54l
- g 98 %, Phe(18Pe 7 §F A2olA 3AIRE ®E

NALM-Phe ¥4 3¢
- 20~30mLe] AAFE Hrbste] 1-28] % (BeE
- Rk&-=o] 77 thul 2u) ¢ ethyl acetateE 713k
- ¥E 8 A=

713 24. NALM-Phe dipeptide EA1 &% % $5&

5% powder®] EAFHS st NALM-Phe A AFRE  EAstr] 230



MCME=9:1 &wujel 20008} 3]4{ste] LC-MS &4 & et +s (NALM-Phe A 338.42). &
A A3, NALM-Pheo] F=8 peako. 2 & glstg e, 338.42 o]3} H o]fe] EAEFS

%
T FAkE B BEeEY SAE Fds s

f

z,omoé 0 0. OH ff
200000 S '/\ﬁ ,u\ N /I\/‘ /J’
50000 § _nn f
oo g NALM.-Phe
mw; MW=338.42
o}
%0 10 20 40 0 0 m
r.n—} "H‘\
— [
c0] |
oo “
e \ |
o4 e B - ST S R I R U T —
[+ X} o

1% 25. NALM-Phe LC-MS 4] A
gt B89 RIE ofp|xdt tiF AN 2E 75 GAEE)
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- A% HYE BE opvlmAl Fu ofolgle] tfF A A2Y TE

4
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o
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(2) A7 W&

- 51 ofoldl A Melx Bl &(Lab scale tk; 100L ¥+&7] 71%)

(b N-Acetyl-L-Histidine(NALH) 2! N-Acetyl-L-Tryptophan(NALT) Scale-up ¥4+ &3 &1
A AT AHRE T3 FEI opnx4t FEAY FA TS VIR g A4k Al
TS5 9% scale-up 75 THsHAS. ©olE 93l 100 L scales] ¥-371& Z&st H
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TR, AR TAHEE eI Zae
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ags0y  ——— BigoH Uk gasol —— g2 Tyt
Higtigine 11kg ‘ Trptophan 10kg ‘
50% NaOH 50% NaQH, DW
DW Pre mix Pra mix
(RT, 0,5h) (RT,0,5h)
Reaction : Reaction
2i2ED NI SakA B0l ————
Eevi (80~70°C, pH 9~10, 2h) & (25~50°C, 2h)
DbE4t 5% MNa0H ‘ ZaE
= é‘%ﬁl‘ ] S, é‘%ﬁ!‘
ha Fd (5°C, pH 56, 2h) T (25°C, 2h)
5% HCl ‘ 35% HCI ‘
NALH ofat £2| crater 3| e
‘ o128 71, 8kg ‘
sy =00 ————= EH) HE b - e 24 HE
ow | oW ‘
Az HE
HELE A=SEE
29 26. ob|t f-=4 scale-up 3 E: () NALH, (%) NALT
100L =Z71¢] ®wk&~] el Histidine =+ Tryptophan3} NaOH, DWE& #H7}gk % 12

B 308 ARG e VAR oY 1F RolE 9T BHoE R
g =] Sla) GAHHCD S e ahs 2.
ok wke AYsgon, o F4e 5

E3 AAZ} A PSS

H #F=4 242 s s GAZ Igd AL =8 A
=DW) == }/H]E/] ANE B8 A FAL AYEQa, vA T GA =
HI AFs FHSUE.

ol=A 1F NALH % NALTY HZE AF 3 2 82 o3

9. U AN FAH AL oiv|xst {EA AF FF L FTE

Batch No. NEEE Tr3

1# batch 99.7% 113.4wt% BalchiNo. s

2M batch 99.3% 115.6wt% 1% batch 99.2%

31 batch 99.2% 116.4wt% 2" batch 98.9%
g 99.4% 115.1wt% g 99.1%

24 A7tet

: (2P NALH, (%) NALT

543
117.6wt%
119.4wt%

118.5w%

NALH®] o]& 488 138.7% (Histidine 1kge wWh3-3tw ZHoh 1.387kge] NALH 34 7}

SIEA, & AN 3

il =
SAAE H 115.1%9] &5 s AS. 53] AFY FFS 99%
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o RANIAZANA Brotrlmat D ASH B % B Y EE PF L 3

(D A7 1. 718 dpopm|intbo] A Az Faulid Ao A= & 1d=h

Oh) WFAT R BHGE 2
© 4Y Ae

AT g A wiFAt 2 EAFEE S A AY AU ol FoR. Wi
AZEE 0, 12, 24, 48, 72, 96, 120Xt 2 F 7 G

=gk Aol ol a3t yev=

| A%
ofu|i=Ato 7 HASP O™ p-casein FHFS H
@ WM Az A

MAC-T cell& o2 7} AIZto. 2 Hjfste] p-casein HAZFES A Ax, 72417
7HA TRl Ao TSRO, T2ARY o] FRe #oF AolE HolA &



30). WetAl MAC-T celle] A i FAIZbS T2A110.2 AR

o

9 A

Lo T o T T ¥ = S |

ﬂﬁﬂ

0l 12h 24h T2h 96h 120h
lnruhation time

mRNA beta-casein relative expression

13 30. Relative B -casein expression level in MAC-T cells treated with

differentiation media at different time points (0, 12, 24, 48, 72, 96, 120 h). Values

are presented as means + SE (n = 6). Means without a superscript letter are

significantly different, p < 0.05
Q@ &4 I&5 4A
MAC-T celle] 0, 0.3, 0.6, 0.9 mMe] Met& A Elslar 72417 vt A3} p-casein 2
Aol 0.6 mM7EA] A Aoz F7Hetal, ol % (0.9 mMoAAE F9oF Aol& HolA
S (29 3D. o]= Lu et al. (2012)2] H a9} Ldx3l= A3=ZE, MAC-T cellel A B -casein &
o] HAslA o] FoH L, Mete] HA T+ 0.6 mMolghs 28-S =% sHA T g -casein
ole]e] ©& wMAe FUl PHE Fashyl wEel, FF E4de AlErE En8ig
(extracellular) @A = g7 Frlst7|2 g

R

20

‘i |

omM 0. 3mM 0.6mM 0.9mM
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mMRENA beta-casein velative expression
=

19 31. Relative g -casein expression level in MAC-T cells treated with 0, 0.3,
0.6, and 0.9 mM of L-methionine at 72 h. Values are presented as means + SE
(n = 6). Means without a superscript letter are significantly different, p < 0.05
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A3 M ZFMAC-T cell line)E o] &3] ZF 7|8 Folu]gbS A
Aol Hurt e TEE YotRy] st AA

D AE F: Ax 8 AR MEZFMAC-T cell line)
@ Ag A dzHES vgo]), Az gotu Ak 105S E3 vjgojo] H7h

Folu| =4t F5F ¢ Arg, His, lle, Leu, Lys, Met, Phe, Thr, Trp, Val

% :0,03,06, 09, 1.2, 1.5 mM (ZF 642

HjF AIZE 0 T2A1%E

ZAF &5 ¢ Cell viability, Extracellular @¥ 3 5%, £-casein mRNA & &

23} vlgo] =4 : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin  (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)

123} mr)o] Y 78 FAgobu Ak 24 ¢ Arg 0.70 mM, His 0.15 mM, lle 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM

© 43 ¥H

Cell viability : Dojindo AF¢] CCK-8 kit(Dojindo Laboratories, Rockville, MD, USA)<]
A HE o] &3t B4 96-well plateo] 5,000 cells/wello] H =& AMELE B
stod 24N %F wi ke ol dix+ ¥ AP media® wEsfFE T thA] 244 %F |
oFsk wjoko] E1}r] 1A7F A, CCK-8 solutione 10 LA 33 450 nme| 340
A OD #< SAH3

Extracellular a2 —ir% 2 A B . 6-well plateo] MAC-T celle] 100%
confluence Gl = A4 ZTEA 23 vyole A=A 7 ol
ko] ¥ FHbd £3 7 E BT 5 ke 72AKF vl & A 9 o
A& FE3F3L, BCA protein assay kit (Thermo Scientific, South Logan, UT, USA)E
o]-&sl A3

B-casein mRNA F&F . ohild S5 AAG3 A} Yoz v F AZE A
g AFHS MEZolA RNAE F=F & cDNAZ A3l real-time qPCRE ©] &3
A TE e A

= T1 v 9-

@ BA BA

tole Hgtel e EAFH #FoAE SPSS A £ZE(SPSS Inc., Chicago,
IL, USA)9] Tucky’'s HSD testZ AAg mE AF 3 HlE 0T HgPHFoH, p<
0.050 A frojstthar A3

() A4 239 9 uF
D Arginine (Arg)

MAC-T cellell Args o2l 7k §=2 A2fS o, cell viabilitys F2] % i]—O]E

BAAT AT dz2T9 vluste IA #d4stA &5 (38 32). weha =
A2 oA viabilityo] EA7F itk BoEtn F3 BAS 2183
Extracellular @3 5= 2E A FoA thx+¢ vlusty foxoz ZAY



w$e AiE HYAs (9 32).

o Arg AgE= MAC-T celldlA] p-casein mRNA & ko] {97 zto]S Holx &gk
+ (Fig. 1-30).

o wWEtA Arge @Eo=Z MAC-T cello] Xg3td<s w, 0 d A4S JZ7HA71A
EETha dehE.

102 2.
140 - a
100 ab g
120 - ab = 2
g b i
510 L & g
5 ¥ oo Pt
= i o9 E
3 60 £ g =
| 05
20 4 £ 8
g 84 0
0 03 06 09 12 15

0 03 06 08 12 15 82
0 03 06 DS‘

12
Arginine concentration (mM) Arginine concentration (m\f) L-Arginine concentration (mM)

713 32. Relative cell viability (a), extracellular protein concentrations (b), /£ -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-arginine. Values are presented as means = SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05

@ Isoleucine (Ile)
e MAC-T celld] lleg o8] 71A] 52 AL o, cell viability= Fo]& 2po]S B
o]A 5 (¥ 33). WA EE A TFollAl viabilityoll &A7F itk #Adsta
< B4S x9E
» Extracellular @4 FE=+ thx79 vlwste 0.3-1.2 mM 3ol A ZHastes AL
2 B2S OUr 1.5 mM A FolA txFrY FoFHo=w /s B (29 32).

e lle 28] & p-casein mRNA Hd=FS EA3 A, extracellular @2 =9} H]
=% JHE A (I 32). 1.5 mM AT tdzFrRg fFoHoz Frlst=
Ao 2 e,

o wWlA Ileod A= extracellular @3 FE9} p-casein @ Fo] BF F7138F 15
mME & FE2 AHE

&
¥

percentrge (%)
g

(@ (b) ©

\ a
\ |
|

Wﬂﬂ dnlnllf

o o3 0s 09 12 15 0 03 08 08 12 15
Isoleucine Concentration (M) Tsslericitis cneiir

Cell Vigbility

RNA relative expression

1% 33. Relative cell viability (a), extracellular protem concentrations (b), A -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-isoleucine. Values are presented as means = SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05



@ Leucine (Leu)

(@

Cell viability

MAC-T cellel Leug & 7HA F=2 A& o, cell viabiitys 23 ol S
Rolx S (18 34). Wt 2E A TFolA viabilityol] A7} itk #dkstar
F3 BAHe Wyd

Extracellular @93 %=+ EE A FoA dlz7<9 vlusted {9
o AnE HYS (19 34).

Leu @& MAC-T cellolA] p-casein mRNA W& ko) Fol7 xto]E HolA ¢kt
S (19 32.

et Leud foFHoz & W3tE Ho|x AN FXFHoz FU}
mM A TE Y TEZ 4 A3

2
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713 34. Relative cell viability (a), extracellular protein concentrations (b), £ -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-leucine. Values are presented as means = SE (n = 3). Means without

a superscript letter are significantly different, p < 0.05

@ Lysine (Lys)

MAC-T celld] Lyss o8 7FA #=& A& wl, cell viability:= dose-dependent
SHA| ZF4dte] 1.5 mM A9 A9+ x4 Hluste folF o= A% (Fig.
1-6a).

Wk o] Extracellular @93 F == dose-dependentstAl S7Fsted 1.5 mM A el &=
o z7-9F Hlwste Fo4 7S B (1" 35).

0.3-0.9 mM Lys AHg]++= thZ7< vlaste] MAC-T cellellA4] g -casein mRNA 23
Foll #o4 S7He Y (2™ 30).

webA Lyse thZ&7 tiH] extracellular @& w59} p-casein W&ol ZF F7}
g 0.6 mMM< H4 T2 AAT



@ (b) ©
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13 35. Relative cell viability (a), extracellular protein concentrations (b), £ -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-lysine. Values are presented as means = SE (n = 3). Means without a
superscript letter are significantly different, p < 0.05

® Phenylalanine (Phe)

e MAC-T celld] PheS o8 714 &2 A< i, cell viabilitys 592 zto]=
Holx] ¢S (18 36). WA EE A FolA viabilityel] A7} itk #oshar
5 BAS A9

o Extracellular @3 F=& {92 ZolE HolA Agkoy, FxH o= (0.6 mM7IA
S7he o] % Zraste HES BY (¥ 36).

e 0.6 mM Phe A&7+ thx+2 vlaste] MAC-T cello| Al g -casein mRNA & o
o7 2712 B9 (1Y 36).

« wetx] Phed p-casein W@l tlzF diHl F71¢ 06 mMS HH =2 A4

3}
.

(@ (b) ©

100 4
98
95‘
94‘
52 .
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06 08 12 15

L Phenylalanine concentration (mM) Phenylalanine concentration (mM) L-Phe concentration (mM)

13 36. Relative cell viability (a), extracellular protein concentrations (b), /£ -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-phenylalanine. Values are presented as means = SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05
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® Threonine (Thr)
e MAC-T cello] Thr& o8 71A =& g3 o, cell viability= 2% =}o]
Holx &3 (9 37). wetx BE AHeFolA viabilityol]l 4171 flokar dakst

2% BAL AR,

e Extracellular @& =5 = (0.3-0.9 mM Az FolA R2TFET ooz 7Hadl
ok 1.2-1.5 mM A2 7= gz U] fFode=z F71g (29 3.
e 1.5 mM Thr A&+ xz+¢ vwsdte] MAC-T cellol Al B -casein mRNA & 2o
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So]A =712 nal (19 37).
« wWetAl Phed extracellular @& F59 p-casein YA Fo] thx v F713H
L5 mM& #HH =2 AA3

(@ (b) @)

110

103 4

e (%)
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‘ ab
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L-Threonine concentration (mM) Threonine concentration,

13 37. Relative cell viability (a), extracellular protein concentrations (b), A -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-threonine. Values are presented as means + SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05
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@ Tryptophan (Trp)

e MAC-T celld] Trpg o8] 7[A B2 AL u, cell viabilitye= /93 2ol =
Holz ¢ (O 38). metxy EE AHElFolAl viabilitydl wAI7F gtk dAdsia
T3 BAE A9

o Extracellular @3 F =+ dose-dependentstAl Z7FsHS R, 1.5 mMo| 713 &
oz F7hgh (21" 39).

o MAC-T celld] Trpg A2lg 23} 09 mM A2 7% p-casein mRNA T&EzFo] 2
2 2712 By (29 39).

o wWetA Trpe extracellular @A Fx9} p-casein o] thx7 vl F7kgh
0.9 mMes HZ == AAT

o

(@ (b) ©
;, |

%ll
d g

=]

b

a
‘ ; 5! b b
o I 08
E ¢ 06
r ‘ %Ol
0 f 02
e e 15

0 03 06 09 12 15 -
Ir\'pmphm Cnncenmnon ml\i ] 03 06 09 12 13

Tryptophan concentration (mM)
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Re lat nmuu,u.
g

=
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713 38. Relative cell viability (a), extracellular protein concentrations (b), /£ -casein
mRNA expression (c) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-tryptophan. Values are presented as means =+ SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05

Valine (Val)
« MAC-T celld]l Trpg o8 7k H%=2 He@S o, cell viabilitys §97d zto]=



I
9

(

F3 BME g

A FE (3™ 39, WA 2E Aol viabilityel =A7F givta wd

e Extracellular @92 %= F93& =2olE EHo|X A, AT FXHOZ= 0.3

o

mM ATl A 7 F71s & o] ZasteE dYHs B (™ 39).
e MAC-T celle] Val& A glgk A3 B
RS (1Y 39).

o wtA Vale extracellular @& F=9} g-casein FHFo] FXHORE %

v Z71e 0.3 mMS HH T2 AAT

(@ (b) (©

sINE

Cell Vishility, %

-casein mRNA &3 zFo| Fol& Zpo]E Ho|X|

RNA Relative Fipre:
o -

a8 L L 3 0 03 06 00 12
Valine concentration, mM L-Valine Concentration, mM

13 39. Relative cell viability (a), extracellular protein concentrations (b), B -casein

L-Valine Concentration, mM

mRNA expression (¢) in MAC-T cells treated with various dosages (0, 0.3, 0.6, 0.9, 1.2,
and 1.5 mM) of L-valine. Values are presented as means = SE (n = 3). Means without

a superscript letter are significantly different, p < 0.05
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3 10. Summary of best dosages of each amino acid based on relative
extracellular protein concentrations and g -casein mRNA expression

Essential Amino Acids Best Dosage (mM)
Arginine Not Detectable
Histidine Not Detectable
[soleucine 1.5
Leucine 0.6

Lysine 0.6
Methionine 0.6
Phenylalanine 0.6
Threonine 1.5
Tryptophan 0.9
Valine 0.3

# 11. Final ranking of amino acids based on relative extracellular protein
concentrations and A -casein expression

Relative Relative

Essential Best extracellular protein [ -casein FINAL RANK

Amino Dosage concentrations Expression

Acid (D Relative % Rank Ezgllrzzl:isn Rank Total Accizliated

Arginine Detgt?t;ble 100.00 9 1.00 9 18 7
Isoleucine 1.5 106.89 3 3.08 2 5 1
Leucine 0.6 101.13 7 1.04 8 15 6
Lysine 0.6 110.02 2 2.84 3 5 1
Methionine 0.6 104.20 4 7.12 1 5 1
Phenylalanine 0.6 101.59 5 2.63 4 9 3
Threonine 15 101.14 6 2.29 6 12 5
Tryptophan 0.9 161.54 1 151 7 8 2
Valine 0.3 101.03 8 2.39 5 13 4
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@ AF AA . 2HES vy, AT LY gotr 4t 539 =% H7D
o IFolu| it F7F : Met, Lys, lle, Trp, Phe (A5 1 A3 7] AA)
e % : 0.6 mM (Met, Lys, Phe), 0.9 mM (Trp), 1.5 mM (le)

2 Combination 3 Combination
[ e I | mae |
[ys | [urs |< T | rec = - e |
T [ ne : [ Phe | ;r.p.p-h-|< s |
i Trp F I Trp I ([T l | Lyw I
E Phe I ILE KI e I Maot-Phae . = I

1% 40. Experimental design for 2- and 3-amino acid combination for milk protein
synthesis

o HGF AIXE : T2AIZE

o XA} 3& ¢ Extracellular @& 5%, p-casein mRNA Zd &

o« &3} vygo x4 : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin  (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)

o 3l mtjo] Y 7B ot A ¢ Arg 0.70 mM, His 0.15 mM, lle 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM

@ A3 W

o Extracellular @93 F& 9@ AHZF 24 : 6-well plateo] MAC-T celle] 100%
confluence JelE A4S o, hxTEA &3} vlHoje} AHeF2A4 ZF Foln
Sgbo] == HUME £33 mHolE
A& F=3la1, BCA protein assa
o]-&3l] A3

e p-casein mRNA F@=F : @biid 35 AAZY LT PHOE Wi T A=xE AH

= cDNAZ A 3ste] real-time qPCRS o] &3l &

T 5 S T2AIE WY = AlE 9] o
it (Thermo Scientific, South Logan, UT, USA)E

<
ol

Ay
i
o

@ A 4
o dolE HFgol wWE EAZ FgxtE= SPSS EA AZE ¢ (SPSS Inc., Chicago, IL,
USA)2] Tucky's HSD testZ AAIg ZE AL 3 wrEo=z PG on, p< 0.05
oA fFolsttta Tt

(th 49 2% 5 v

(D Extracellular @+ 2 &%
* MAC-T cellell o2} 7}A] =39 dotueits Ael A, extracellular @A F%
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7} synergisticatAl F7Hg ol &<l
o 53] Met-Trp, Lys-Trp 232 FolH o=z 714 &2 oid A4S Bel.
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19 41. Relative extracellular protein concentrations in comparison to control in MAC-T
cells treated with various amino acid combinations for 72 h. Values are presented as means
+ SE (n = 3). Means without a superscript letter are significantly different, p < 0.05
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1% 42. Relative p-casein mRNA expression levels in comparison to control in MAC-T
cells treated with various amino acid combinations for 72 h. Values are presented as means
+ SE (n = 3). Means without a superscript letter are significantly different, p < 0.05

@ p-casein mRNA & &

e MAC-T cello]l "F=oju|i=sbg o8] 712 2oz Aelste] p-casein mRNA L& &
o] synergisticatAl S7Hgo] &ldE (IF 42).
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(@ A&
o MAC-T cellell 7z} Hropu|ibEe] 238 A2 P& w extracellular B v
p-casein THFANA 247 & T Fde EY.
o 7} 2 AP AHREHEY AR HF opn|xA4t 22 F 129 2
o Extracellular @& ¥+ Lys-TrpollAd 7F4 E¢a, ©o]F Met-Trp, lle-Trp,
Trp-Phe-Met, Trp-Phe, lle-Trp-Met =°.2 uYeld. Trpel #H7F7} extracellular T
AS S7MAN7IE Al FA 718k Ao 2 AwE.

NE

N
?
>
N

e MAC-T celle] p-casein mRNA & &2 Trp-Phe-Metoll A 71 & 52 B2
a1, o]& Trp-Phe, Met-Phe-lle, Met-Phe-Lys, Met-Phe, lle-Trp =0 2 @& o] &
St<. Phe, Met, Trp7} pB-casein HdHFHS F7IA 7= Aol & IS 71A+= AL
2 A5 E

o Zt 3o Ay FolA extracellular @2 F=9} p-casein LA FLS Wl wdte] Ty
2 A ZE&o] SUistE HE &9 E O;R%. I A% 7 e g4 s9o] ¢

3 ol Ak %% o2 Trp-Phe, lle-Trp, Trp-Phe-lle, Trp-Phe-Met,
[le-Trp-Met, Lys-Trp7} A4 4.

3 12. Final ranking for relative extracellular protein concentrations and @ -casein

mRNA relative expression supplemented with different amino acid combinations
Relative

Relative '
AA extracel?ular Rank 9 —casein Rark Ranking F1n?11
protem. expression Ranking
concentrations
Control 100.00" 24 1.00° 29 16
Met 104.27" 22 1.38 21 43
Lys 110.02" 21 3.0gabcde 13 34
Ile 106.89" 18 3. 5 5abedef 9 27
Trp 161.54% 9 161¢ 19 93
Phe 101.61" 23 o 7obdet 15 a3
Met-Lys 138.421 12 1450 20 39
Met-lle 132.43% 16 3 5qabcde 1 o7
Met-Trp 219.312 2 9 gocdef 17 19
Met-Phe 137.72f 13 4.87°¢ 5 18
Lys-lle 135.91° 14 1 750t 18 2
Lys-Trp 224.09° 1 2,320 16 17 5
Lys-Phe 133.347 15 3 gabede 12 97
lle-Trp 207.07° 3 470 6 9 >
[le-Phe 128.87% 17 4.40abcde 8 25
Trp-Phe 189.35 5 5.48% 2 7 1
Trp-Phe-Met 194,44 4 4,487 7 1 3



Trp-Phe-Lys 180.19¢< 7 3.5(abede 11 18

Trp-Phe-lle 173.43¢% 8 5.572 1 9 2
lle-Trp-Met 182.11¢ 6 3. 54abede 10 16 4
lle-Trp-Lys 158.63¢ 10 9. ggbedef 14 24
Met-Phe-Lys 116.55%" 19 5.39 4 23
Met-Phe-lle 116.118 20 5.422 3 23

p-value <0.0001 p-value 0.001

3) @7 3 FENd P4 B SUSSE Brohunats tAEA Bde) oA =
I A% @ap

O ST A ENA AED Bo] s Ao vAE G

A o A HNZFMAC-T cell line)E o] 83t 7 ha= EFE 33
u, %f&tﬂdﬁ Aol A7l He vEE dolry] 95te] AAgH

@ 2L
@h A qz— A FE A A 2FMAC-T cell line)
W A3 A dE=FES) vgo]), AT tAE 24 23 mHold H7h

o UAEX EF FF : acetate, glucose, t-10, c-12 CLA

e % :0,03, 06, 009, 1.2, 1.5 mM (F 64

o HRQF AIZE : T2AXE

o ZA} &5 : Cell viability, Extracellular @3 F %, g-casein mRNA &3 3F

o ®3} vgo] A : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin ~ (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)

o B3} mrjo] W 7|8 FAgobu 4 A - Arg 0.70 mM, His 0.15 mM, Ile 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM

@ A3 U

Cell viability : Dojindo A+ CCK-8 kit(Dojindo Laboratories, Rockville, MD, USA)$]
APH S o] &8st A% 96-well plateo] 5,000 cells/welle] HE% AzE &F
shod 24A12F viFeh o] F tixT B AT media® nEEE F ThA] 2443 wi
gk, wjeko] E1}r] 1A1ZF A, CCK-8 solutione 10 LA #33F 450 nmo| 3ol A
OD #= 343

Extracellular @92 & 2 Az B2 . 6-well plateo]l MAC-T celle] 100%
confluence Jel®E S o, thxT2A &3} rlHojet A=A Z Holn
LAbo] w5 HUME &3 FUAE EF F WS T2A10 vl F Az ¢ o
48 FZ3}a, BCA protein assay kit (Thermo Scientific, South Logan, UT, USA)E
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o dolg HFgel WwE 5AF foA= SPSS BA AZEOI(SPSS Inc., Chicago, IL,
USA)9] Tucky’s HSD testZ HAE. ZE HA¥L 3 ¥H5o0=2 =gl on, p<0.05
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@b Cell viability

e MAC-T celldl acetate, glucose, t-10, c-12 CLAE o8 7[A] =2 A PSS o,
cell viability«= T3 S Y (I E 43).

o Acetate 7}l cell viabilityol] 2] F&S v XA FEP 1, glucose H7F= #9
ARl F7HE BAS. t-10, c-12 CLAE= #9 &2 cell viabilityE ZFAA H AT, 95%
Arol7] Wi & dFo] s ACE AZsta 5 E4S WP
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13 43. Relative cell viability in MAC-T cells treated with various dosages (0, 0.3,
0.6, 0.9, 1.2, and 1.5 mM) of acetate (a), glucose (b), and t-10, c-12 CLA (c). Values
are presented as means + SE (n = 3). ®™Means without a superscript letter are
significantly different, p < 0.05

@ Extracellular @93 =%

e MAC-T celloll acetate 37}= dose-dependentdtAd] @iz 22 Z7AAS (1H
44). Glucose®}t t-10, c-12 CLA H7l= FoZF o= @id w55 S7HAF.
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T1¥% 44. Relative extracellular protein concentrations in MAC-T cells treated with
various dosages (0, 0.3, 0.6, 0.9, 1.2, and 1.5 mM) of acetate (a), glucose (b), and
t-10, c-12 CLA (c). Values are presented as means = SE (n = 3). **Means without a
superscript letter are significantly different, p < 0.05

@ g-casein mRNA & &

e MAC-T cellol acetateE o8] 71A =2 H7HES o, 0.3 mMolA <A<l
-casein MRNA 2 F S HAS (I 45). g4, glucose A7F= 0.9 mMollA F2]F
FFo 3 E =712 Yy o, t-10, c-12 CLA H7}= B -casein mRNA & ZS
dose-dependentdtAl Z7HA71= Ao = EF1E.
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13 45. Relative g -casein mRNA expression in MAC-T cells treated with various
dosages (0, 0.3, 0.6, 0.9, 1.2, and 1.5 mM) of acetate (a), glucose (b), and t-10, c-12
CLA (c). Values are presented as means + SE (n = 3). ®"Means without a
superscript letter are significantly different, p < 0.05

4) 2%
e MAC-T celld] Al 72 Ael3A EH(acetate, glucose, t-10, c-12 CLA) X d&
ol Z7le] AR EFRE Fe A= ATHE.
o o}, Fo& =7 Hl glucoses} t-10, c-12 CLA= Z4+Z; 0.9, 1.5 mMS & Z
FTEE AAStA o]% ofm|i4bite] 23 Aol A&7
o Acetated] A-$, FF in vivo Ao A o] &=E HIIAQ dFolr] Wi EE 7%
E ofn|=4ke JZ—ELO}"# 3713t



(b FASTAEAA RASD B3 Drololeit 2go] Ko o) MAE I

o A FY FAGIHMEFMAC-T cell line)E ol&st] 2 ASZ =43 5ot
Mwae 2POE AYWS W, FHNY FHo] Ayt B FEE Fohus] s

b ME F: ZHax F FAZIAEZFWMAC-T cell line)
W AR 24 - HEFES mg o), A7 SR 243 gobr 4k H7h

o FFolu 4t F/ : Met, Lys, lle, Trp, Phe

o TIAIEZZ E& £F : acetate, glucose, t-10, c-12 CLA

e F% :0,03, 06,009, 1.2, 1.5 mM (acetate)

0.6 mM (Met, Lys, Phe), 0.9 mM (Trp, glucose), 1.5 mM (le, t-10, c-12 CLA)

o HIQF AIZE : T2AZXE

o XA} & : Extracellular @9 5%, p-casein mRNA ¢ &

o ®3} vyo] A : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin ~ (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)

o 13 HHo] W 7|E Fotw 4l 24 - Arg 0.70 mM, His 0.15 mM, Ile 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM
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o Extracellular @& FZ& 2 AHZF B4 . 6-well plateo] MAC-T celle] 100%
confluence el 2 AR wl, H=2TEA &3} v|tjoje} HF2A 2+ Holn
LAbo] w5 HUME &3 FHAE &5 F w e T2A1 v F AlE o o
A& FZ3}a1, BCA protein assay kit (Thermo Scientific, South Logan, UT, USA)E
o]-&st A3

e p-casein mRNA @ . &iid =2 AAF7 5L PHO=Z wjgF & MEE AH
Sk Al FH 3 AlZoA RNAZS FF & cDNAZ A3l real-time qPCRE o] &3
A2 ddgFs g2l

@ A =4

o dHolE HFFo WE SAH Folats SPSS A AZEY(SPSS Inc., Chicago, IL,
USA)e] Tucky’'s HSD testZ A% BE A 3 HtEoZ APFHFom, p< 0.05
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@ Acetate

e MAC-T celld] theFdt s=2] acetates} A7 14 AAHH ojm=ik-S A A2
< e A3 O9 467 2e

o Extracellular @92 F%= 09 mMe| TrpE AH2ld Agolvt thx7 iy #2914
=7 A34E He

e p-casein mRNA &3H#L 0.3 mMe] acetatee} 0.6 mMe] PheE 74 AHE|dE o
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Acetate-Individiual AACombination

Acetate - AACombination

7179 46. Relative extracellular protein concentrations (a) and g -casein mRNA
expression (b) in MAC-T cells treated with various dosages of acetate with amico
acids. Values are presented as means = SE (n = 3). Means without a superscript
letter are significantly different, p < 0.05
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7173 47. Relative extracellular protein concentrations (a) and g -casein mRNA
expression (b) in MAC-T cells treated with 0.9 mM of glucose and 1.5 mM of t-10,
c-12 CLA with amico acids. Values are presented as means + SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05
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Energy Source - Amino Acid Combmation Energy Source-Amino Acid Combination

7173 48. Relative extracellular protein concentrations (a) and A -casein mRNA
expression (b) in MAC-T cells treated with acetate, glucose and t-10, c-12 CLA with
amico acid combinations. Values are presented as means = SE (n = 3). Means
without a superscript letter are significantly different, p < 0.05
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Energy - A4 Combination
13 49. Relative extracellular protein concentrations in MAC-T cells upon
addition of different energy sources plus different amino acids for 72 h.
Values are presented as means = SE (n = 3). **Means without a
superscript letter are significantly different, p < 0.05
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Energy Source-Amino Acid Combination

13 50. Relative A -casein mRNA expression in MAC-T cells upon addition
of different energy sources plus different amino acids for 72 h. Values are
presented as means = SE (n = 3). *%Means without a superscript letter

are significantly different, p < 0.05
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o B2 FU FAAIANEFMACT cell line)E o] §3te] AT 3& 53 2Z3 Phest
gt &, proteomic #41& T3 WAL 71 WX =

A 7 5T A ZF=(MAC-T cell line)
@ A3 AA  x2(E3 yo]), A2 F(Pheet Trps #3} mlH ol H7h
o FFolu it F7F : Phe, Trp
e F% :0.6 mMe Phe, 0.9 mMe] Trp
o HGF AIXE : T2AIZE
o %A} &% Intracellular @& 3%, Proteomics
e ®3} vlyo] =4 : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin  (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)
o 23 mtjo] Y 7|E FFolm i A ¢ Arg 0.70 mM, His 0.15 mM, Ile 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM
@ A7 W
« Intracellular @& FZ : 6-well plateo] MAC-T celle] 100% confluence A2 A
e o, dxTEA &3 FlHolet HeFE2A 2 gotu gl w5¥ H7bd
23 v & B F s 72A12 vl 3 AlE o aESs FE23
e Proteomic analysis : UPLC-MS/ESI-Q-TOFE o] &3}a] %3} intracellular w2
o] vl FFZ 2. MASCOT search engine?] v. 2.4 (Matrix Science, Boston,
MA, USA)oll A international protein index (IPI) bovine databaseZ o]-& 3.
@ FA =4
o dlolg HIF 2 EAZF Foxt= SAS AZEYS] v. 9.4 (SAS Institute, Cary
NC, USA)e] LSD testZ AAIgH p < 0.0594 Folstttar #o3t oz o] Agk ol
st 24 cut-off level2 >29} <0.05= ¥#E3}. Pathway analysissts PANTHER Z &
19 (http://www.pantherdb.org) S ©] &3},
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$# 13. Differentially expressed proteins in MAC-T cells supplemented with
L-phenylalanine compared to control

Detected proteins
Increasing  number 25
Decreasing  number 24
Selected  downregulated and upregulated proteins VA
ATP synthase F1 subunit beta | ATP5B A

A : Upregulated (> 2-fold greater protein expression than in control
V¥ : Downregulated (< 0.5-fold greater protein expression than in control

3 14. Protein and energy metabolism-related pathways stimulated by

supplementation of L-phenylalanine in MAC-T cells compared to control
Detected pathway

ATP synthesis

Cholecystokinin receptor signaling map
Glycolysis

Phosphoinositide 3-kinase pathway

L-Phenylalanine | N
— = 7 Inhibition

O o - - * Sumalation
T -
Came ) o) (k]

ATP Symthesis ———

| Al |
> Milk Protein

m TR

- [ sea | "
| A ! CAEE

AMPE

| *Rood boes are patlowayy, melabolites and genes activated by L-Phe Additson |

19 51. Diagram of the effect of L-phenylalanine supplementation in

MAC-T cells on milk protein synthesis pathway
Abbreviation: ATP5B = ATP synthase F1 subunit beta ; AMPK =

AMP-activated protein kinase; PI3 Kinase = Phosphoinositide 3-kinase; Akt
= Protein kinase B; mTOR = mammalian target of rapamycin; S6K = S6

Kinase

@ Tryptophan (Trp)

e MAC-T cellel Trpg A@std =dd dwade 110717F ¢=% (Table 4-3). 11 F
4 248 BMAe 510, 8% 2AE 9uAe 5998 1 F wud 9 oy

Aot BAF WSS Table 4-30 AAF,

WM 2 oluA Abeh Bdste] WEE W ASo] Hefshis 7| HS Table 4-49



Zom, o]lg =43} 3 AL 19 529 &5

MAC-T celle]l #7F8 Trp= 3334, pentose phosphate pathway, ATP &4 37 ol
olgd (19 52). =3 Tuld s + HEEFS AF 2t AT 1A 9 2
o] p-casein HAS FIIANA A= FoW FAo 7|oste Ao 2 A,

3 14. Differentially expressed proteins in MAC-T cells supplemented with
L-tryptophan compared to control

Detected proteins

Increasing number ol
Decreasing number 59
Selected downregulated and  upregulated proteins VA
HSPD1 60 kDa heat shock protein, mitochondrial HSPD1 A
HSPAIA Heat shock 70 kDa protein 1A HSPA1A A
ATP5B ATP synthase subunit beta, mitochondrial ATP5B v
EEF1A1 Elongation factor 1-alpha 1 EEF1A1 v
RPSA Similar to 40S ribosomal protein SA (Fragment) RPSA v
ATP synthase subunit alpha, mitochondrial ATP5A1 v
RPS18 40S ribosomal protein S18 RPS18 A
EIF4A1 Eukaryotic initiation factor 4A-I EIF4A1 \4
EEF2 Elongation factor 2 EEF2 v
RPS25 40S ribosomal protein S25 RPS25 A
EEF1G Elongation factor 1-gamma EEF1G v

RPN2 Dolichyl-diphosphooligosaccharide-protein
RPN2 v

glycosyltransferase

ATP1A2 Sodium/potassium-transporting ATPase

) ATP1A2 A
subunit  alpha-2

GPI Glucose-6-phosphate isomerase GPI v
RPL11 60S ribosomal protein 11 RPL11 v
RPS2 40S ribosomal protein S2 RPS2 v

A : Upregulated (> 2-fold greater protein expression than in control
V¥ : Downregulated (< 0.5-fold greater protein expression than in control

3# 15. Protein and energy metabolism-related pathways stimulated by

supplementation of L-tryptophan in MAC-T cells compared to control
Detected pathway

Apoptosis signaling pathway
p53 pathway

Glycolysis

Pentose phosphate pathway
ATP synthesis

CCKR signaling map

Endothelin signaling pathway
FGF signaling pathway

Ras Pathway

EGF receptor signaling pathway
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713 52. Diagram of the effect of L-tryptophan supplementation in MAC-T

cells on milk protein synthesis pathway
Abbreviation: ATP1A2 = ATP1A2 Sodium/potassium-transporting ATPase

subunit alpha-2; AMPK = AMP-activated protein kinase; PI3 Kinase =
Phosphoinositide 3-kinase; Akt = Protein kinase B; mTOR = mammalian
target of rapamycin; S6K = S6 Kinase; RPS6 = Ribosomal Protein S6; RPS18
= 40S ribosomal protein S18; RPS25 = 40S ribosomal protein S25
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@ A3 AA - =& vyo]), AT (FE4L A mHofe] His &2 acetate Z7H)

A D a7t Add 84 2A
% : 100, 99, 98, 97, 96, 95%

KAF 2> Jda7t AFE Ao HisE HA7MaS wle] I3 ZA
*g]= : His

% : 0,015, 0.3, 0.6, 1.2, 2.4, 4.8, 9.6 mM

HjF AIZE 0 T2A%E

ZAF &5 ¢ Cell viability, Extracellular @& 5%, pg-casein mRNA && &

KAE 3> JFart ASE A 0.15 mMe Hise} acetate?] H717F §obul 314 o
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n 2= FF 24
- 28] & : His, acetate
- 5% : 0.15 mM¢] His, 0, 0.15, 0.3, 0.6, 1.2, 2.4, 4.8, 9.6 mM<] acetate
- BiF AIZE  T2A1%E
- ZAF & Cell viability, Extracellular @2 5%, p-casein mRNA & &

o« &3} vygo x4 : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin  (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)

o 23 utjo] Y 7|8 ol A ¢ Arg 0.70 mM, His 0.15 mM, Ile 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM

@ A3 Uy

« Cell viability : Dojindo AFe] CCK-8 kit(Dojindo Laboratories, Rockville, MD, USA)<]
AL HE o] &3l B4 96-well plateol 5,000 cells/wello] =& MEZE EF
shod 24A12F viekel o] iz B AT media® nEEE F ThA] 24AI3F B %
sk wfofo] Eur] 1A17F A, CCK-8 solutionS 10 # LA ¥33F 450 nme] ol A
OD #<= =43

o Extracellular @#d F& H 21 . 6-well plateo] MAC-T celle] 100%
confluence el A& o, o 24 &3 mdojet AHeFEA Z dgotn

rAbo] w5 247}Q 23} vgolE B F g 72A wlYg & AlEZ 9 oW
y kit (Thermo Scientific, South Logan, UT, USA)E
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e p-casein mRNA AT : gwld =2 AAHF LS FHOE v T AXLE A
2 % % (DNAE A3l real-time qPCRE o] &3

o dlolE B wE FAZF Fozk= SAS AZEH O] v. 9.4 (SAS Institute, Cary
NC, USA)e] Tucky HSD test2 AAlE. p < 0.0590A4 Fstcta A3t

O <AHE D S A 4 23
o FUAaT} ATE AN MAC-T celle viFAAS uwl, cell viability:= 98%H-E
gAE Holw F43+A 4T (p < 0.000D (29 53) Wb Foka AT B o
2 99% w3} rgojrt A4 HAow F5 A3o] .
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173 53. Relative MAC-T cell viability by treating various percentages of
differentiation medium (n = 3). Values are presented as means = SEM. Means
without a superscript letter differ, 2 < 0.05.
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7173 54. Relative MAC-T cell viability by treating 100% (a) and 99% (b)
differentiation with various concentrations of L-Histidine (n = 3). Values are
presented as means = SEM. Means without a superscript letter differ, 2 < 0.05.
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13 55. The effect of various concentrations of l-histidine with not-restricted (a)
and 1% nutrient-restricted (b) differentiation medium (DIF) on relative extracellular
protein concentrations of immortalized bovine mammary epithelial cells (MAC-T).
MAC-T cells were incubated with each treatment for 24 h (n = 3). Values are
presented as means = SEM. Means without a superscript letter differ, p < 0.05.
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« Relative cell viability:= acetate?] dose-dependentd}Al 7F4g webx SA 2 F23t
7 e AYTE 5 E24%

« Extracellular @94 T+ IFA7t AdHA e Ao Hise} acetateE 2hzt
0.156 mM &g ZFAA FejHez Frtstlod, 1 a3 mu s



o oA E A Fst His 0.15 mM Z-& His¢} acetateE ZHz: 0.15 mM = gl&F 1E9)
A p-casein mRNA L@ Fo] Fo|How FI7HYE.

Beta-casein expression
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Beta-casein relative expression

7173 56. Relative MAC-T cell viability by treating 100% and 99% differentiation with
various concentrations of L-Histidine (n = 3). Values are presented as means = SEM.
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19 57. The effect of 0.15 mM L-histidine and various concentrations of
sodium acetate with 1% nutrient-restricted or not restricted differentiation
medium (DIF) on cell viability (a), secreted protein concentrations, and
relative g -casein expression of immortalized bovine mammary epithelial
cells MAC-T). MAC-T cells were incubated with each treatment for 24 h
(n = 3). Values are presented as means =+ SEM. Means without a

superscript letter differ, p < 0.05.
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o Al AFEFJAAA  AFde]l JAAH  tryptophane] A FFEA WF9 EHE
L-tryptophan (RPT)& At ol &3l HlFZ7] i A F7tel A&
FHFE AFstaA 3

) 43 A= 3 3
O & d7e Ad=addn s=243&2Ad3d 5 stol AAIEAS
(52I¥ 5 KU17080).

Q@ TATE 2 A A4
o B AYJAHFL FHEE FTFo AXT Audgu FFEEFEZN e S2ER]
(Holstein-Friesian) 2H+-¢ 5 Hl-+Z27| 58 HlFF7]0l aidet= /HAE A el7-¢F o
Z7E 72 1074 Uro] B ArFAF A FrrdoE ¢ B JIPA =T
vl AT 5, viaaA, bk 2 AR FAA fFojaks HolA ¥EE 1
Hste 153 2 s A3

¥ 16. Similarity in dairy cow’s milk yield, days in milk, parity, and milk composition

Ttem Treatment

Control RPT SEM P-value
Heads 10 10
Parity, No. 2.8 3.1 0.73 0.688
Days in milk, d 174.7 178.6 45.77 0.933
Milk yield, kg/d 35.7 36.4 2.54 0.778
Milk fat, % 4.8 5.0 0.32 0.570
Milk protein, % 3.0 3.1 0.12 0.685
@ 712A R

o Total Mixed Ration(TMR; Feedex Co., Ltd, Chungnam, Korea), Roughage %
Concentrates& ©] &3t (& 17).



3 17. Ingredients and chemical composition
cow diets

of TMR, roughage, concentrates used in dairy

ltems TMR' Roughage Concentrates

Feed, kg/d 34.3 2.9 4.4
DM of Feed, kg/d 21.3 2.6 3.9
Chemical compositions, g/d of DM

Crude Protein 2179.0 933 776.9
Crude Fat 6433 17.2 138.1
Amino acids, g/d of DM

Aspartic acid 204.5 7.8 65.9
Threonine 83.1 4.2 29.3
Serine 98.0 4.2 35.9
Glutamic acid 347.2 9.9 141.1
Glycine 102.2 4.4 34.7
Alanine 119.3 6.0 39.4
Valine 108.6 4.9 374
Isoleucine 78.8 3.6 28.9
Leucine 157.6 6.2 62.0
Tyrosine 554 3.6 222
Phenylalanine 102.2 4.9 36.7
Lysine 95.9 4.4 34.7
Histidine 533 1.3 19.9
Arginine 153.4 39 50.3
Cystine 36.2 1.3 13.3
Methionine 34.0 1.3 133
Proline 127.8 8.9 47.2

lTMR, total mixed ration

@ RPT 5471%F 9 %Y
o AF 7T AQMANLOPFE HAAFEA6FI7HA T 424
o 0F5E RPTY g4%E 5, 10, 15 go2 HFAHOZ 211/\]74 15¢7 RPTE A&
712 599, RPTS TMR 3 kg &&ste] o 074 28 B A3t 7H7<ﬂ
HE g95 3193
©® AEFE 4A 2 E4UH
o % 2 FAE
- A EE(F 2099 MAE 270300 h) ¥ 23(1500 hell 2F¥ FHFs Y 715
A+
- FATEEF 2099 AF MA €HEH 7Y FEoe 2 270300 h) 2 231500 h)ell
23 ® AFZE poolingste] - W YwkA E[milk fat, milk protein, lactose, solid-not
fat(SnF),  somatic  cell ~ count(SCC), milk urea  nitrogen(MUN),  acetone,
beta-hydroxybutyrate(BHB), beta—casein, Mono- and Poly-unsaturated fatty acids,
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- p-value < 0.05 oA F2Jskar, 0.05 < p < 0.191A4 Aol = AL=Z ¥

=3t

el

(th 2% A3 2 v
O #+%F
o FAPE 2 A AFIIRNA tHET9 shod A2 ol TAIA zelE UE
WA ks (3 18-D).
o oked A APV FE HAT] Ao fFF s FAA dxzTo ¥ WHEle
A = ALz Yehg (LF 57).
« RPT Fofoll @& FATES] 3 Wstel dof, AAMNALOF)H vlaste] 152t
M A FA9 S7F FAE Holu, olF AVt T Ww7] Ao 7
FAE AL FAE UEHL

3 18-1. Milk yield on test days of lactating dairy cows

Treatment!

period Control RPT SEM P-value

0 wk 36.8 36.9 2.24 0.951

1 wk 38.9 38.2 2.40 0.766

2 wk 37.3 37.3 2.90 0.994

3 wk 36.6 37.0 2.85 0.876

4 wk 37.1 37.4 3.07 0.912

5 wk 37.1 36.3 2.93 0.783

6 wk 37.6 37.7 3.10 0.954
total AVG? 37.3 37.3 2.78 0.891

"Treatment = control, basal diettn = 10); RPT, 15 g per kg of basal diet(n = 10).
total AVG = average of each item with 1 to 6 weeks

Yield

Mlik

Mlik Yield

—O0—CON — & — RPT

— -

CON: R = 0.0199
34 r RPT : R* = 0.1716

32 i i i 1 i i 1 i
ow 1w 2W 3w 4w W Y

Weeks

173 58. Milk vyield on test days of cows receiving RPT from Ow to
6w and cows receiving no such supplements

b &<t RPT Hole T thvl Blf7] 3lad] 2 Wl 9

A7
Fo FA g Aoz #gdE (& 18-2.
o AN ZF 5 Wl ARUNALO0F)FE A A7 FAImik fat) o WSt H
woll AofA, hxz72] B¢ 0.9%4.8% 05 vs. 5.7% 6573+ H)| FAY Tl 2



2 FaE #Ae fFowi(milk protein) §F
RPTY Fo& 0FA57H b % Fetod 4FAtl= tE SVt

To] Z7F AZR? = 0.7609F vlwEte] RPT FoE BHoh & Fx

0.8938) Ut (I H 58).
o 3 FbE(milk protein yield)ol A, RPT Fdo 23 fohis

72793} vlw3sle] RPT FoE= B =& £x9 Z7}8R? =
59).

nEorl

3 18-2. Milk component on test days of lactating dairy cows

Oﬁ
o g
rr tob

Z(milk protein yield)
zTol vs) F7lete AFE 39 &+ o, txTY 7 AFR® =
0.8022)5 Yt (L

Treatment!
Control RPT SEM p-value

Milk protein, %

0 wk 3.0 3.1 0.68 0.119

6 wk 3.3 34 0.51 0.190

total AVG? 3.2 3.2 0.71 0.163
Milk fat, %

0 wk 4.8 5.0 0.32 0.570

6 wk 6.8 5.7 0.54 0.044

total AVG? 5.7 5.1 0.44 0.242
Somatic cells, x 10°

0 wk 134.9 117.1 71.84 0.807

6 wk 121.0 405.5 324.37 0.392

total AVG? 253.5 289.2 334.85 0.619
Lactose, %

0 wk 4.6 4.7 0.08 0.202

6 wk 4.7 4.6 0.09 0.746

total AVG? 4.7 4.7 0.10 0.550
Solid-not Fat, %

0 wk 8.3 8.5 0.11 0.297

6 wk 8.6 8.7 0.14 0.592

total AVG® 8.5 8.5 0.12 0.655
Milk urea nitrogen, mg/dL

0 wk 12.1 11.9 1.21 0.903

6 wk 15.8 14.7 0.95 0.325

total AVG? 15.8 14.8 0.90 0.320
Aceton, mM

0 wk 0.0 0.0 0.01 0.208

6 wk 0.0 0.0 0.01 0.558

total AVG? 0.0 0.0 0.01 0.486
Beta-hydroxybutyrate, mM

0 wk 0.0 0.0 0.00 1.000

6 wk 0.0 0.0 0.00 1.000

total AVG? 0.0 0.0 0.01 0.624
Casein-b, %

0 wk 2.3 2.4 0.10 0.594

6 wk 2.6 2.7 0.14 0.618

total AVG® 2.5 2.5 0.12 0.749

Mono-unsaturated fatty acid, %



0 wk 14

6 wk 1.8

total AVG® 1.6
Poly-unsaturated fatty acid, %

0 wk 0.4

6 wk 0.4

total AVG® 0.4
Saturated fatty acid, %

0 wk 3.0

6 wk 4.6

total AVG® 3.8
Total Unsaturated fatty acid, %

0 wk 1.7

6 wk 2.2

total AVG® 1.9

14
1.5
1.5

0.4
0.4
0.4

3.1
3.8
3.4

1.8
1.9
1.8

0.09
0.11
0.11

0.01
0.01
0.01

0.25
0.40
0.33

0.11
0.14
0.13

0.706
0.080
0.247

0.687
0.024
0.293

0.590
0.045
0.254

0.581
0.111
0.242

"Treatment = control, basal diet(n = 10); RPT 15 g per kg of basal diet(n = 10).
total AVG = average of each item with 1 to 6 weeks

Milk Protein
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173 59. Milk protein content on test days of cows receiving

RPT from Ow to 6w and cows receiving no such supplements
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173 60. Milk protein yield on test days of cows receiving RPT

from Ow to 6w and cows receiving no such supplements
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3£ 19. Experimental grouping considering days in milk, milk yield, milk protein, and body weight

Item CON 15 ¢g 30 ¢ 60 g SEM p-value
Days in milk, d 71 75 73 78 7 0.911
Milk yield, kg/d 32.06 34.05 32.75 35.34 3.74 0.928
Milk protein, % 2.89 2.88 2.84 2.90 0.13 0.990
Initial body weight, kg 587 629 636 576 47 0.755

Each least squares mean represents 4 observations.
TMR requirement is 155.1 kg/d for control, 154.6 kg/d for 15g, 149.4 kg/d for 30g, 150 kg/d for 60g.

@ 71Z2AE
e TMR (NE : 1.67 Mcal/kg; CP : 21%; L-TRP : 0.2%, DM basis)e ZAZoA 5493 (&
20).
o FHF2 NRC (200D AAE Z-F-oA 875 = AU} zaids 35

F 20. Ingredients and chemical composition in basal diets for dairy cows

Experimental diet




Items Control 15 ¢ 30 ¢ 60 g
Diets

TMR, kg/d of DM 24.05 23.96 23.15 23.26
Concentrate, kg/d of DM 3.48 3.48 3.48 3.48
RPT, g/d 0 15 30 60
NE., Mcal/kg of DM 40.16 40.01 38.66 38.84
Chemical compositions, kg/d of DM

Crude protein 3.66 3.65 3.55 3.56
Crude fat 0.64 0.63 0.62 0.62
Crude fiber 3.30 3.29 3.18 3.20
Crude ash 1.40 1.40 1.36 1.36
NDF 7.83 7.81 7.57 7.60
ADF 4.74 4.72 4.58 4.60
Ca 0.16 0.16 0.15 0.15
P 0.09 0.09 0.09 0.09
Amino acids, g/d of DM

Threonine 35 34 33 34
Valine 144 143 139 140
[soleucine 193 192 187 188
Leucine 138 137 133 134
Methionine 281 280 273 274
Lysine 79 78 76 76
Arginine 165 165 161 161
Histidine 263 262 255 256
Penylalanine 91 91 88 89
Tryptophan, g/d of DM

Requirement 30 30 30 30
Dry matter 33 34 33 33

TMR was formulated to meet the requirements of energy and protein (NRC,
2001), and a cow in each treatment was fed RPT at 0, 15, 30, and 60 g/d,
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fat(SnF),  somatic  cell  count(SCC), milk urea  nitrogen(MUN),  acetone,

beta-hydroxybutyrate(BHB), beta-casein, Mono- and Poly-unsaturated fatty acids,

Saturated fatty acid]& #43}
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Temperature (°C)

Minimal Temperature-humidity index (THI)
-Average °C =THI ~-Average RH %

Humidity (%)

19 61. Changes in the temperature, humidity and THI during experiment period
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(1 ) Temperature. & feed intake (kg) Humidity & feed intake (kg)

THI & feed intake (kg)
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% 62. Feed intake (1) and milk yield (2) change with heat stress index changes

during the experimental period

3 21. Correlation coefficients between feed intake and heat stress index

Items CON 15¢ 30 g 60 g
Humidity - 0.07 - 0.13 - 0.05 - 0.29**
Temperature - 0.42%%* - 0.52%** - 0.16 - 0.53%**
THI - 0.43%** - 0.54%** - 0.18 - 0.58***
*p < 0.05, **p < 0.01, ***p < 0.001.

Data are R value.

3 22. Correlation coefficients between milk yield and heat stress index

Items CON 15 g 30 g 60 g
Humidity 0.06 0.03 0.06 - 0.36%*
Temperature - 0.34%* - 0.31%* - 0.04 - 0.67%**
THI - 0.33** - 0.31** - 0.03 - 0.72%**

*p < 0.05, **p < 0.01, ***p < 0.001.
Data are R value.
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3 23. Effects of RPT on milk yield, milk composition pattern

™ Significance of effect
lrem _ Stress Threzhold THI (68 L, Mild Mod-ex'are =tresz THI (72 ‘:'S-- Moderate - Severe Strezz THI (80 : o9 SEM  RPTRI THI(TY RaT
Og 15 30g 50g Og 5g g Bg Og 15z g 60g
Yield. kg / d
Milk 345 338l 35.05 31065 3648 30.99 37.01 37.52 W71 3L39 3map 20.13 Loat 0.165 0.080 0.358
15% PO /.76 3556 35.05 %547 39.87 30.67 &4 1 39.% Ewlrt "8 380 20.75 Llad 0.855 0.0%5 0.522
ECM* 40.70 40.74 400l 417§ 4572 H#4.00 4480 4460 3TEL 7.58 3.6 38 L2 0.966 0.063 053
Milk compozition. %
Fat 33l 17 186 4.70 5.26 484 5.19 43 5.47 4.50 48l 432 alle 0733 0.0%% 0.703
Protein 289 283 282 285 3.08 300 288 297 315 3.03 20 29 Q030 050G 0.007 084
Lactoze =t 484 5.02 4.76 476 450 453 471 478 480 481 4.7 0023 o007 0.000 0.004
Mik compoamon. kg
Fat L7 1 173 175 147 L7 L80 L5 160 155 157 130 0062 0.500 0.00L D434
Proten 0.99 100 100 102 1l: Ll§ L1 L2 0.85 0.87 Loz 0.69 QT 0363 0.000 [
Lactoze 159 158 173 171 175 154 178 180 JE 156 167 142 0044 0.153 0.008 0.375

Values represent

TMR requirement is

e means ofd indnidusl dairy cows.
155.1 kgid for control. 1546 kgld for 15g. 149.4 kgid for 30y 150 kgid for B0g

“RPT. rumen protected L-tryptophan
*THI. remparature- Rumidity index
35w FCM = [0.437 = milk vield (kgfdi] + [16.216 = far vield tkgfdi] the value of data iz average of first to last day im individual THI pened

ECM = 0.327 »

milk vield tkgidh + 12.85 = far vield (kg/d) + 7.2 « protein vield (kg/d). the value of data iz sversge of first to last day in individusl THI pened

@ Moderate - Severe Stress THI 7]3+2] RPTe Ho &3}

Moderate - Severe Stress THI 7]ztoll tizTol ®l8] 30gS Fo3F A g ol A
fre)d oz ko] Z79S (F 26, 30.71 vs. 35.49).

Lactose contentt= 15 g3 30 g A g FolA thExF< 60 g AEF thhl ZVlshe=
43S ®H). sIAT lactose yieldes SAIA zolE RHolA &okS.

3.5% FCM, ECM, A%, fe¥ content2} yieldoll thd+ RPTE J&e QIS

RPT 60 g H7l= €% glucose levele tix7 2 o2 g7k nvlashd
FolHoz AN (F 24).

® 232 fF AA=Z Fok F ME 5 Ui RPT 15 g 30 g AEF+
hzek 60 g A7 vl FXZHOE e AAEZ 5 BYoy, FoF Aole
UEhA] ZF%w. ol FAlsEC] A7 o ®E y7H.

Wy == RPT 15 g, 30 g A FolA #aste AF¢FS BY. 7 AT AA
HQ ot oy, iz e 60 g AYTe =2 Hd7 9 &
Ao = Hol RPT 15 g, 30 g A& 77F WYel 344 &35 Hl o= AZH.
HSP #AA+= EE©°] heat stressE WS HH stress=

715 B AT A HSPT0 §87H= 30 g, 60 g RPT A2l Toll A 2718 (19 62)
Moderate-severe THI Tz}l @3 tryptophan 5+ ®W37F e (& 25). o=
4# % tryptophane] serotonin® melatonin® & HWHE 7] W& Aoz Aztd

(19 62).
RPT 30 ¢ Ag++= tExz7 2 & Ay dv] % serotonind} melatonin & %=7}
°-°/lxq OS2 T EY 2Ef 2 FUket 3 EHlEE 2821 cortisol®] F=7}
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¥ 24. Effects of RPT' on milk yield, milk composition patterns in dairy cows depending
on average temperature-humidity index

Moderate - Severe Stress THI (80 - 89) Significance of effect
ftem bay SEM RPT R) Day ® R xD
0g 15g 30g 60g
Yield, kg / d
Milk 30.71 31.89 35.49 30.13 0.036 0.004 0.358 1.000
3.5% FCM?® 32.78 32.82 33.90 28.75 1.168 0.461 0.362 0.658
ECM! 37.61 37.56 38.85 32.94 1.308 0.437 0.335 0.653
Milk composition, %
Fat 5.17 4.88 4.61 4.32 0.154 0.338 0.163 0.780
Protein 3.15 3.03 3.02 2.99 0.036 0.508 0.605 0.968
Lactose 4.71 4.90 491 4.76 0.032 0.074 0.477 0.793
Milk composition, kg
Fat 1.60 1.55 1.57 1.30 0.071 0.439 0.463 0.609
Protein 0.95 0.97 1.03 0.89 0.026 0.338 0.163 0.780
Lactose 1.44 1.56 1.67 1.42 0.043 0.176 0.309 0.889

Values represent the means of4 individual dairy cows

TMR requirement is 155.1 kg/d for control, 154.6 kg/d for 15g, 149.4 kg/d for 30g, 150 kg/d for 60g

'RPT, rumen protected L-tryptophan

THI, temperature-humidity index

33.5% FCM = [0.4324 x milk yield (kg/d)] + [16.216 X fat yield (kg/d)], the value of data is average of first to last day in individual THI
period

‘ECM = 0327 x mik yield (g/d) + 12.95 x fat yield (g/d) + 7.2 X protein yield (kg/d), the value of data is average of first to last day in individual THI period.

¥ 25. Effects of RPT! on metabolic profile test in dairy cows under moderate-severe
stress THI* (80-89)

Moderate—3evere Stress THI (30-89)

SEM® Dig®) Linear Quddc

Item Control  15g 30g 60g

Glucose, mg/dL 30100 3127 3216 2375 1885 0009 0004 0019
Total cholesterol, mg/dl. 26263 28573  267.10 23128 13594 0061 0039  0.101
Triglycerides, mg/dL 413 438 463 175 0785 005 0027 0027
Total proenin, g/dL 7.16 745 7.24 722 0098 0212 0843 0235
‘BUN, mg/dL 2004 1876 2125 2144 0807 0124 0071  0.800
Albumin, g/dL 363 352 359 351 0058 0446 0285  0.891
*NEFA, mg/dL 14191 12866 13827 13259 9031 0144 0212 0723

TME was formulated to meet the requirements of energy and protein (NRC, 2001), and a cow 1n each
treatrnent was fed RPT at 0 g/d, 15 gfd, 30 g/d, and 60 g/d, respectively.

'RPT, rumen protected L-tryptophan.
*THI, temperature-humidity index
*SEM, value is the value for the diet
‘BUN, blood urea nitrogen

"NEFA, non esterified fatty acid.



moderate-severe stress THI? (80-89) in dairy cows

# 26. Effects of RPT' on somatic cells and complete blood cell(CBC) related to

Moderate—Severe Stress THI (80-89)

Item® Control 15g 30g €0g SEM' Did®) Linear Qud
Somatic cells, x 10°/mL 1313 52 36 227 525019 0.271 0.249 013
WBC, 4 - 12 KAl 13.26 11.62 10.15 1372 1.087 0.091 0.611 0.02
Lyrmphocyte, 2.5-7.5 KAIL 678 633 6.68 7.06 0.950 0.965 0.729 0.7¢
Monocyte, 0-0.84 K/uL 0.81 053 051 0.94 0.225 0.440 0.565 0.13
Gramalocyte, 0.6-67 EAL 5.53 488 352 520 0.705 0.267 0713 0.0¢
RBC, 5-10 ML 642 7.04 6,94 6.64 0.245 0.233 0.817 0.0¢
Hemoglobin, 8-15 gfdL 10,19 1048 10.47 10.22 0.273 0.792 0.209 0.33
Hematocrit, 24-46% 27.89 28.39 28.65 27.58 0.672 0.660 0.656 0.24

TMR was formulated to meet the requirements of energy and protein (NRC, 2001), and a cow in eacl
treatment was fed RPT at 0 gf/d, 15 g/d, 30 g/d, and 60 g/d, respectively.

'RPT, rumen protected amino acid L-tryptophan.
*THI, temperature-humidity index

Item = WBC, white blood cell, RBC, red blood cell
*SEM, value is the value for the diet
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19 63. Effects of RPT on HSP70, HSP90, and HSPB1 gene expression in
peripheral blood monomuclear cells of dairy cows. RPS15A and B2M were used as a

housekeeping gene for normalization. The values are expressed as mean =+ SEM.
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173 64. Effects of RPT on serotonin, cholecystokinin, cortisol and melatonin in
plasma of dairy cows. The values are presented as mean = SEM. 2°Means
without a superscript letter are significantly different, p < 0.05

3% 27. Effects of RPT! on serum total tryptophan concentration in dairy cows under
moderate-severe stress THI? (80-89)

Moderate—Severe Stress THI (80-89)
ltem Control 15¢ 30g 60g

SEM® Dig®D) Linear Quddic

Tryptophan, mg/L 0.715 0.782 0.763 0.650 0138 0908 0653 0575

TMR was formulated to meet the requirements of energy and protein (NRC, 2001), and a cow in each treatment was
fed RPT at 0 g/d, 15 g/d, 30 g/d, and 60 g/d, respectively.

Covariance assumption structures [AR(1), UN, C8, ANTE(1), TOEPH, ARH(I)] were tested, covanance structure that
resulted in the lowest values for the Akaike information criterion (AIC) was selected.

'RPT, rumen protected L-tryptophan.
THI, temperature-hurnidity index
ISEM, value is the value for the diet.
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3 28. Chemical composition and amino acids in basal diets for dry cows

Diets Control Treatment
TMR, kg/d 1.0 1.0
Roughage, kg/d 9.8 9.8
Concentrates, kg/d 2.0 2.0
RPT, g/d 0.0 15.0
Composition, % (DM basis)
Dry matter 240.56 240.56
Crude Protein 28.24 28.24
Crude Fat 5.02 5.02
Crude Fiber 36.22 36.22
Crude Ash 15.77 15.77
Calcium 1.73 1.73
Phosphorus 0.80 0.80
Amino acids, %
Tryptophan 0.16 0.32
Threonine 0.97 0.97
Serine 1.12 1.12
Proline 1.68 1.68
Valine 1.38 1.38
Isoleucine 0.91 0.91
Leucine 1.95 1.95
Tyrosine 0.63 0.63
Methionine 0.54 0.54
Cystine 0.79 0.79
Lysine 1.09 1.09
Glycine 1.23 1.23
Alanine 1.45 1.45
Arginine 1.73 1.73
Glutamic acid 4.09 4.09
Aspartic acid 2.35 2.35
Histidine 0.59 0.59
Phenylalanine 1.17 1.17




$# 29. Chemical composition and animo acids in basal diwts for

dry cows
Diets Control Treatment
TMR, kg/d 1.0 1.0
Roughage, kg/d 9.8 9.8
Concentrates, kg/d 5.0 5.0
RPT, g/d 0.0 15.0
Chemical composition, g/day of DM basis
Dry matter
Crude Protein 1529.92 1529.92
Crude Fat 213.36 213.36
Crude Fiber 2558.43 2558.43
Crude Ash 1008.48 1008.48
Calcium 92.25 92.25
Phosphorus 39.48 39.48
Amino acids, g/day of DM basis
Tryptophan 7.39 22.39
Threonine 49.76 49.76
Serine 55.29 55.29
Proline 84.34 84.34
Valine 70.60 70.60
Isoleucine 46.07 46.07
Leucine 95.49 95.49
Tyrosine 29.20 29.20
Methionine 27.89 27.89
Cystine 40.87 40.87
Lysine 56.02 56.02
Glycine 63.56 63.56
Alanine 74.71 74.71
Arginine 78.16 78.16
Glutamic acid 187.09 187.09
Aspartic acid 130.43 130.43
Histidine 27.75 27.75
Phenylalanine 57.03 57.03
@ RPT 54717+ € %
o A A o) ERrdo] dA|sHA] 7] wiol BRhd 60l &5 wj7hA]
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# 30. Daily dry matter intake in dry Holstein cows fed RPT for 6 weeks

Week Treatment
Control Treatment SEM p-value
0 6.69 6.63 0.334 0.934
1 6.97 6.85 0.156 0.700
2 6.91 7.73 0.189 0.024
3 7.23 7.62 0.361 0.613
4 6.46 7.69 0.414 0.146
5 7.12 7.63 0.286 0.389
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1% 65. Changes in daily dry matter intake in dry Holstein cows fed RPT
for 6 weeks. *p < 0.05
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3% 31. Changes on weight of calves from dry period cows fed RPT

Treatment!
Control RPT SEM p-value
Weight, Kg
0 wk 35.90 41.43 3.063 0.409
2 wk 40.95 46.05 3.085 0.451
4 wk 48.08 52.75 3.381 0.532
6 wk 56.73 60.95 3.601 0.598
8 wk 63.80 69.70 3.609 0.457
total AVG? 49.09 54.18 3.316 0.486
Increment 27.90 28.28 1.127 0.882

Treatment = control, basal diet (n = 4); RPT, 15 g per kg of basal diet (n = 4).
’total AVG = average of each item with 0 to 8 weeks
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F 32 Effect of RPT supplementation during dry period on milk yield and milk
composition in postpartum period cows

Treatment!
Item
Control RPT SEM p-value

Milk yield, kg

0 wk 19.83 24.03 1.894 0.301

total AVG? 31.77 35.44 2.401 0.487
Milk protein, %

0 wk 12.20 12.81 1.219 0.826

total AVG? 4.83 4.88 0.266 0.930
Milk fat, %

0 wk 9.64 6.25 0.985 0.080

total AVG? 6.62 6.31 0.380 0.713
Somatic cells, x 10°

0 wk 1299.75 4867.95 2388.421 0.473

total AVG? 383.85 1086.15 473.554 0.525
Lactose, %

0 wk 3.36 3.48 0.108 0.634

total AVG? 4.37 4.38 0.036 0.903
Solid-not Fat, %

0 wk 16.35 17.17 1.153 0.753

total AVG? 9.88 9.95 0.259 0.908
Milk urea nitrogen, mg/dL

0 wk 23.80 24.43 1.735 0.873

total AVG? 16.29 16.49 0.578 0.878
Aceton, mM/L

0 wk 0.00 0.00 0.000

total AVG? 0.04 0.07 0.025 0.531
BHB, mM/L

0 wk 0.00 0.00 0.000

total AVG? 0.03 0.04 0.01 0.596
Monounsaturated fatty acid, %

0 wk 2.50 1.35 0.505 0.287

total AVG? 1.74 1.70 0.162 0.913
Polyunsaturated fatty acid, %

0 wk 0.39 0.34 0.042 0.596

total AVG? 0.36 0.36 0.010 0.911
Saturated Fatty acid, %

0 wk 7.18 4.95 0.541 0.023

total AVG? 4.51 4.20 0.217 0.526
Total unsaturated fatty acid

0 wk 2.87 1.38 0.593 0.232

total AVG? 2.20 2.16 0.211 0.933

'"Treatment = control, basal diet(n = 8); RPT, 15 g per kg of basal diet(n = 4).
’total AVG = average of each item with 0 to 8 weeks
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3 33. Complete blood cell analysis of blood in before parturition dry cows

ltem Treatment!
Control RPT SEM p-value

WBC, 4-12K/uL

0 wk 7.45 10.45 1.248 0.258

total AVG? 9.04 11.91 1.530 0.427
Lymphocyte, 2.5-7.5K/uL.

0 wk 3.86 7.68 1.441 0.250

total AVG® 4.52 7.88 1.453 0.342
Monocyte, 0-0.84K/uL

0 wk 0.26 0.48 0.127 0.413

total AVG? 0.69 0.74 0.050 0.338
Granulocyte, 0.6-6.7K/uL

0 wk 3.33 3.89 0.433 0.259

total AVG? 3.83 3.29 0.215 0.308
MCV, 40-60fL

0 wk 47.00 46.75 0.934 0.905

total AVG? 46.85 47.54 0.794 0.638
MCH, 11-17pg

0 wk 16.58 16.01 0.267 0.555

total AVG® 16.20 16.74 0.269 0.261
Platelet, 100-800K/ul

0 wk 318.25 297.67 34.026 0.155

total AVG? 294.73 331.35 20.419 0.553

Treatment = control, basal diet(n = 8); RPT, 15 g per kg of basal diet(n = 4).

’total AVG = average of each item with 0 to 6 weeks
Items = WBC, white blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;

3 34 Complete blood cell analysis of blood in after parturition dry cows

Treatment!
Item
Control RPT SEM p-value

WBC, 4-12K/uL

0 wk 11.75 15.32 2.327 0.313

total AVG? 10.10 13.95 1.554 0.242
Lymphocyte, 2.5-7.5K/uL.

0 wk 5.57 7.99 1.333 0.226

total AVG? 4.98 7.86 1.438 0.356
Monocyte, 0-0.84K/uL

0 wk 1.10 0.92 0.207 0.632

total AVG? 0.85 0.91 0.057 0.668
Granulocyte, 0.6-6.7K/uL

0 wk 5.08 6.41 1.111 0.541

total AVG? 4.27 5.18 0.414 0.303
MCV, 40-60fL

0 wk 46.25 47.00 6.100 0.666

total AVG? 45.20 46.55 0.869 0.480
MCH, 11-17pg

0 wk 16.45 16.80 2.183 0.485

total AVG? 16.03 16.60 0.241 0.266
Platelet, 100-800K/ul

0 wk 304.50 348.75 44.919 0.361

total AVG? 447.15 480.51 26.278 0.567

Treatment = control, basal diet(n = 8); RPT, 15 g per kg of basal diettn = 4).

%total AVG = average of each item with 0 to 8 weeks
Items = WBC, white blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;



3% 35. Complete blood cell analysis of blood in cavles

Treatment!
Item
Control RPT SEM p-value

WBC, 4-12K/uL

0 wk 9.48 13.72 1.298 0.103

total AVG? 11.02 12.14 0.320 0.073
Lymphocyte, 2.5-7.5K/uL

0 wk 4.23 3.72 0.512 0.657

total AVG? 6.43 6.93 0.448 0.616
Monocyte, 0-0.84K/uL.

0 wk 0.51 0.32 0.144 0.555

total AVG? 0.82 0.53 0.074 0.031*
Granulocyte, 0.6-6.7K/uL.

0 wk 4.74 9.68 1.406 0.073

total AVG? 3.77 4.69 0.418 0.306
MCV, 40-60fL

0 wk 36.25 39.00 0.680 0.027*

total AVG? 30.45 31.80 0.683 0.389
MCH, 11-17pg

0 wk 12.05 12.95 0.245 0.056*

total AVG? 10.89 11.20 0.261 0.608
Platelet, 100-800K/ul

0 wk 317.25 512.75 79.909 0.249

total AVG? 515.40 584.35 53.237 0.559

Treatment = control, basal diet(n = 8); RPT, 15 g per kg of basal diet(n = 4).

’total AVG = average of each item with 0 to 8 weeks
Items = WBC, white blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin

Q@ AHE AR
o BT AT AioA RPT H7F 3o tAME WskE Yehd A ks (3£ 36, 37).
e RPT A T4 Hojd AA Fopx|= iz tiv] ¥ &5 glucose F§FS HY
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3 36. Metabolic profile test analysis of blood in before parturition dry cows

ltem Treatment!
Control RPT SEM p-value

Albumin (g/dL)

0 wk 3.85 3.93 0.069 0.627

total AVG? 3.68 3.74 0.035 0.502
GOT (U/L)

0 wk 84.25 82.50 6.905 0.910

total AVG? 68.56 80.92 3.459 0.125
BUN (mg/dL)

0 wk 12.00 12.25 0.766 0.885

total AVG? 11.10 9.88 0.616 0.374
TG (mg/dL)

0 wk 19.00 16.25 3.306 0.710

total AVG? 22.46 19.88 1.134 0.305
CHO (mg/dL)

0 wk 157.25 194.00 15.660 0.271

total AVG? 129.90 143.08 6.949 0.379
GLU (mg/dL)

0 wk 54.00 50.00 2.283 0.423

total AVG? 54.04 50.52 1.837 0.470
NEFA (mmol/L)

0 wk 292.73 805.83 263.920 0.404

total AVG? 399.60 480.13 70.863 0.521

Treatment = control, basal diet(n = 8); RPT, 15 g per kg of basal diettn = 4).

%total AVG = average of each item with 0 to 6 weeks
Items = GOT, Glutamic-oxalacetic transaminase; BUN, Blood urea nitrogen; TG, Triglycerides; CHO, Cholesterol;

GLU, Glucose; NEFA, Non-esterified fatty acid

3 37. Metabolic profile test analysis of blood in after parturition dry cows

Treatment!

Item Control RPT SEM p-value
Albumin (g/dL)

0 wk 3.53 3.73 0.094 0.323

total AVG? 3.88 4.01 0.097 0.547
GOT (U/L)

0 wk 68.00 87.00 9.214 0.340

total AVG? 83.55 89.55 2.388 0.234
BUN (mg/dL)

0 wk 16.25 10.75 1.648 0.093

total AVG? 17.95 16.75 0.784 0.487
TG (mg/dL)

0 wk 7.50 8.00 0.620 0.718

total AVG? 9.05 9.45 0.401 0.655
CHO (mg/dL)

0 wk 88.25 101.25 8.269 0.475

total AVG? 164.10 188.45 10.093 0.256
GLU (mg/dL)

0 wk 111.75 83.75 16.755 0.446

total AVG? 75.20 68.35 3.104 0.304
NEFA (mmol/L)

0 wk 375.20 534.85 83.004 0.376

total AVG? 198.49 301.27 38.480 0.202

"Treatment = control, basal dietth = 8); RPT, 15 g per kg of basal diet(n = 4).

%total AVG = average of each item with 0 to 8 weeks
Items = GOT, Glutamic-oxalacetic transaminase; BUN, Blood urea nitrogen; TG, Triglycerides; CHO, Cholesterol;

GLU, Glucose; NEFA, Non-esterified fatty acid
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3 38. Metabolic profile test analysis of blood in calves

Treatment!

Item Control RPT SEM p-value
Albumin (g/dL)

0 wk 2.58 2.50 0.050 0.494

total AVG? 3.44 3.36 0.091 0.696
GOT (U/L)

0 wk 67.00 47.25 9.029 0.309

total AVG? 65.00 62.55 2.623 0.676
BUN (mg/dL)

0 wk 12.75 10.00 1.451 0.384

total AVG? 11.50 11.30 0.688 0.897
TG (mg/dL)

0 wk 20.75 14.50 3.703 0.441

total AVG? 37.95 34.40 4.570 0.729
CHO (mg/dL)

0 wk 26.50 33.00 2.194 0.149

total AVG? 98.35 109.30 6.935 0.473
GLU (mg/dL)

0 wk 78.00 54.75 13.516 0.432

total AVG? 97.85 78.95 4.416 0.015
NEFA (mmol/L)

0 wk 379.53 427.43 64.019 0.738

total AVG? 219.64 210.55 17.321 0.815

Treatment = control, basal diet(n = 8); RPT, 15 g per kg of basal diet(n = 4).
%total AVG = average of each item with 0 to 8 weeks

Items = GOT, Glutamic-oxalacetic transaminase; BUN, Blood urea nitrogen; TG, Triglycerides; CHO, Cholesterol;

GLU, Glucose; NEFA, Non-esterified fatty acid

@ A=
.« EBEQl AG9e] Qo] RPT A7ke the AAAS ARAE AR5
AAZe I8 ol ARG, EH WA FobAY AZFol 4 kg FEHE I

UERE.
o Wt Aol RPT 7k 9 $ 2t @Alol Qo] nFd -/ A4k
ek ux AA A At rjodd Ao w Az,

@) A7 9. W39 HE s|xEdo] ] AR B B FAR vIAE FF G

b A+ WA

+ Histidine® 873 ojul gjgo] P23 ARE HAT Faold A7 A AR 44

5ol o]5e o

histamineo] =

o_IR
)

Itk= Bk 948 (Lapierre et al., 2014; Ouellet et al.,
BANAE ol AAE S F Ut AEH A7 SHAAA AA
S S, &3 histidined AWollA histamineo & ZHHE=H),
of ##dte] we} fFdEo]l WIHF vl Ao WY S

2014).

32 2 4 92 (O Mahony et al, 2011). wetd 2 AFoME #39 B3
L-histidine (RPH) H7IE &3l 249 A4 SX 9 A9 4 845 7|d & +

A& Aoz ey,
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W} a7 =4
o A7 59 in vitro AF A FUd4 AT Al L-histidinee] H77b fowl Zxle] &
F7b 9lgol gelg uh, u L-histidine (RPH)S Arekal@ol] =&3le] 24

o] ALY Z7kel A a3,

Og% ;g'

f
oy, for
o|N

o)
=1 T
23 FriH oz F EE A
el BAH folAE HolA @
@ NzAE

e Total Mixed Ration(TMR; Feedex Co., Ltd.,, Chungnam, Korea), Roughage (oats) 2
Concentrates& ©]-83l%+ (3£ 39).

e NRC (200Del 9J3td Hul fFowAZFe 22~23% CPE AHAodA 343& o &
T deH, FALE 8l CP 17.1%E 59 As dasta 5. sHARE F3o) A
vt = FES DM 7|E CP &) 11.2% A==, a7FHT 493 @*&
¥ FAs A+

o wEtA AAl AEFEE AR 5 FEH= Ao a7FET EAN, AT 59 A
B A 7oA L-histidineo] ¥ F7F &3E WEAY] vl RPH <
7F Ao A4k TAHAR FFS = AR A7

3 39. Nutrient and amino acids composition of dietary ingredients used in the
experimental diets

Items TMR Concentrates Forage (Oats) Yeast culture
Dry matter, % of fresh matter 61.91 88.84 85.88 89.32
— % of Dry matter —

Crude protein 9.79 20.33 11.36 13.10
Ether extract 1.79 3.10 2.60 3.08
Crude fiber 13.02 7.25 25.12 7.80
Crude ash 5.09 6.94 6.55 3.94
Calcium 0.59 0.69 0.46 0.15
Phosphorus 0.28 0.56 0.18 0.67
Starch 6.04 22.97 2.03 24.80
Acid detergent fiber 18.25 12.05 30.38 12.00
Neutral detergent fiber 34.78 24.33 49.20 26.49
Non fiber carbohydrate 10.46 34.14 16.17 42.71
Non protein nitrogen 0.02 0.01 0.05 < 0.01

Amino acids
Tryptophan 0.10 0.21 0.12 0.13
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Threonine 0.36 0.67 0.37 0.40

Serine 0.42 0.87 0.36 0.49
Proline 0.53 1.06 0.92 0.89
Valine 0.43 0.79 0.08 0.13
Isoleucine 0.27 0.57 0.24 0.28
Leucine 0.60 1.42 0.50 0.79
Tyrosine 0.16 0.44 0.17 0.30
Methionine 0.09 0.20 0.10 0.14
Cystein 0.21 0.46 0.16 0.29
Lysine 0.40 0.59 0.93 1.68
Glycine 0.39 0.80 0.36 0.51
Alanine 0.48 0.94 0.50 0.62
Arginine 0.53 1.14 0.32 0.55
Glutamic acid 1.35 3.19 0.88 1.93
Aspartic acid 0.79 1.51 0.73 0.68
Histidine 0.16 0.37 0.08 0.15
Phenylalanine 0.36 0.76 0.29 0.38

@ RPH 4717t 2 W
o AF 71 AQMANLAPFE HAIAFEATFHI7HA F 49Y
o wld o} 09A] A= top-dressing .

@ /\HE% ?:_]X-l EU H}vhﬂohﬂ

- YL AR

- BABEE U] AAE 2WO300 H B 2FA500 el B FEL WY A=

92

- INEF=(F 34—1—)«] A9 7H’\] dHE 7Y ﬁﬁ.ii 270300 ) 2 25(1500 h)ell
o =

fat(SnF),  somatic  cell count(SCC), mﬂk urea  nitrogen(MUN),  acetone,
beta-hydroxybutyrate(BHB), beta-casein, Mono- and Poly-unsaturated fatty acids,
Saturated fatty acid]& #43}
« AR AT 24
- AR AT E42 md obR 9Alo] FoskE AFR L, 24417 Q1 thEE ofF] 94
of F& AR ¢S VEet dF AHAFES £33
o g A
- FANTE(F 4P)Y A MAY FH 14U HHo 2 BAWS F3 dHS AFH[HA
Serum3} plasma, EDTA tubeol| o} 24335

©® TA =4
e 7} BEMS E3 dojz 9 HAS =2 3
o Tdloly Hgtel WE FAA FoAk= SAS AZES v. 94 (SAS Institute, Cary,

NC, USA)¢] repeated measureS AF8-3t.

o p-value < 0.05 oA Fosta, 0.05 < p< 0104 Adko] Y= Ao g FTHg}
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) A9 A 5@ 0@
O #F D FAE
» Table 9-2& oAl RPH H7}e W& Ats AHAE, % 2L

= A& o 3 :

RPH Hel7= foldog As AFHFo] Zastdou, f@ole Aozt s (4
g 66). o= 7|E RIEHE HAE 2 A=, HUlAe EA o] A o
2 7.

AR AT 25004 55 Atelol HlzTrt Mt fodom FUkg ECM¥
4% FCM2 35l A 65 Atolol thzx+7F Ag7Ht Foder S/ =3k 3579
454 BHBA7} thzTFolA Z7138S B9l ole tizT7l AT nlis AgES
H AARSAE EFsta AxFS &Befste] dUAE - Aitel AHEE A=
Az,

5% ANE $E 02T/t ADTRG 2AL N5F AF rpAE 2Tt A
7ol sl AME F7b EolAE AL 8. ol histidineo] AHAM WY

g0 #AS Ao E Algd

¥ 40. Effects of RPH! on dry matter intake, milk yield and composition in dairy cows
Item Control NALH SEM p-value
Dry matter intake, kg/d 26.87 26.19 0.22 < 0.05
Milk yield, kg/d 35.94 35.83 1.07 0.923
Feed efficiency?, kg/kg 1.45 1.36 0.02 0.359
Milk fat, % 5.14 4.87 0.13 0.051
Milk fat, kg/d 2.05 1.74 0.06 0.080
Milk protein, % 3.06 3.10 0.03 0.207
Milk protein, kg/d 1.12 1.10 0.04 0.489
Milk lactose, % 4.71 4.73 0.03 0.433
Milk lactose, kg/d 1.71 1.69 0.05 0.999
Milk Urine N, mg/dL 16.33 16.78 0.38 0.251
Solid-not fat, % 8.31 8.36 0.04 0.223
ECM, kg/d 40.17 38.97 1.02 0.269
4% FCM, kg/d 42.20 40.31 1.13 0.140
Milk NE;, Mcal/d 30.07 29.15 0.77 0.259
BHBA, mM 0.71 0.10 0.59 0.312
Somatic cell count, x 10° 325.37 230.47 137.78 0.496

'Rumen protected L-histidine
2Milk yield/Dry matter intake
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(a) (b)
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— - S e
23 N& 3% \\H —
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50 ki)
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Weelk Week
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©
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0.2
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0.08
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oo
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000 +

BHBA

Week

——CON ——TRT

13 66. Effects of rumen RPH on dry matter intake, milk yield and composition in

dairy cows. *p < 0.10, **p < 0.05

@ 4%

o WY lymphocyte= G4 HL oA HARAT FAH zol&

41).
e Haemoblobin®} MCHE A& FoA Ao =2 7
TS B SHAITE 25 A Hel G d.—fé}.

A3}3, haematocrite 743}

¥ 41. Effects of RPH! on complete blood cell count in dairy cows

Holz| =

rr

Item Control NALH SEM p-value
White blood cell (4-12 K/mL) 12.59 12.74 0.77 0.842
Lymphocyte (2.5-7.5 K/mL) 8.33 8.62 0.97 0.765
Monocyte (0-0.84 K/mL) 0.34 0.32 0.10 0.854
Red blood cell (5-10 M/mL) 7.29 7.16 0.12 0.292
Haemoglobin (8-15 g/dL) 11.40 10.90 0.20 0.016
Haematocrit (24-46%) 32.35 31.33 0.51 0.057
MCV*40-60fL) 44.56 44.20 0.57 0.531
MCH*(11-17pg) 15.68 15.30 0.18 0.045
MCHC*(30-36g/dL) 35.18 34.79 0.29 0.186
Platelet (100-800 K/mL) 452.13 445.42 32.92 0.840

'Rumen protected L-histidine
’Mean corpuscular volume
SMean corpuscular haemoglobin
‘MEH:MCV ratio
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(T 28

o BadA RPHO| H7te AR AAFES FAaA7IHA fFEde FAANH S Tt
2R3 dUAE FarFs B AAE S5 FAANRE
« mW&AM RPH H7k= AER] As A9 4 SHdAM A4 5237t e AL

= galg,

(5) A7 10. Ao AAWo 2 9% Tryptophan, Phenylalanine, 1231 Acetate®] Z3to]
e Aol mAs I9F GdAp

b A+ WA

A 71 i vitro A7) AT 1 - AT 49 23}, Trp-Phe 2 Acetate-Trp-Phe =
ol e FAgol THE EFAR] =2F/ Aow AAHE. wepA ol AAl AioA A 85
o fad X9 a3E HSstaA gk

b a7 53
Acetate®} L-tryptophan, L-phenylalanineg 2-f-$-2] g W) Foslo] 2H{-9-2] Y4k
Aol mX= Y-S Hrhsta 3k

(th 48 Az 2w
D ¥ ATE ASUSa FEIYR ATl 22 sho] ANHAS
(213 : KU19038).
® FANEE Y AP P&
3

@ 71 Z2AR
« Total mixed ration (TMR), concentrate, hayS NRC (2001)2] o= 2 thufa @
2ol gt 3% 5 W (0830 and 1700 h) Fo13 (F 42).
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3 42. Chemical composition in basal diets for dairy cows

Chemical compositions, g/d of DM TMR Concentrates Roughage
DM (%) 61.91 88.84 85.88
— % of DM —

Crude protein 9.79 20.33 9.61
Ether extract 1.79 3.10 3.71
Crude fiber 13.02 7.25 15.68
Crude ash 5.09 6.94 4.86
NDF 34.78 24.33 29.52
ADF 18.25 12.05 18.08
Ca 0.59 0.69 0.52
P 0.28 0.56 0.27
NE, (Mcal/kg of DM) 0 2.15 2.10 2.15
Amino  acids

Tryptophan 0.10 0.21 0.15"
Threonine 0.36 0.67 0.24"
Serine 0.42 0.87 -
Proline 0.53 1.06 -
Valine 0.43 0.79 0.26"
Isoleucine 0.27 0.57 0.30"
Leucine 0.60 1.42 0.43
Tyrosine 0.16 0.44 -
Methionine 0.09 0.20 0.25"
Cysteine 0.21 0.46 0.06"
Lysine 0.40 0.59 0.34*
Glycine 0.39 0.80 -
Alanine 0.48 0.94 -
Arginine 0.53 114 0.28*
Glutamic acid 1.35 3.19 -
Aspartic acid 0.79 1.51 -
Histidine 0.16 0.37 0.21*
Phenylalanine 0.36 0.76 0.46"

*Book Value (from NRC, 2001)

@ A7 2 W

« 5 X 5 Latin square designg o]83t FA7] b7 AF 6d& wEE
 Control(saline), Trp, Phe, Trp-Phe, Acetate-Trp-Phe?] & 57§ AlFF+E AL&3H

e Invitro ATNA 24" 0.9 mMe] Trp, 0.6 mM2] Phe, 0.3 mM2] acetateE EA}F
tv] gramo 2 34kt olw|:-4k3} gcetate powderE A5 W pH gL x| ¢
55 zAslo Ay Al #H7Hg £H13 treatment solution2 1000 hell ZH A=
7Vl & o] &3t W3] FU7

ANE=(F 579 AR 220300 h) 2 22(1500 el ZFH FEFs ML 7=

i

- FAFTEEF 559 28 71z wid 270300 h) 2 231500 ol i H 75
poolingsle] - U ¥k E[milk fat, milk protein, lactose, solid-not fat(SnF), somatic
cell count(SCC), milk urea nitrogen(MUN), acetone, beta-hydroxybutyrate(BHB),
beta-casein, Mono- and Poly-unsaturated fatty acids, Saturated fatty acidl& #23}
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e ARG BAe Y ob) AR Fol A e A ¢ slsstel U AW
o B3
-E

©® A =4
o ZF EAE Fal Aol I AHHEL VIMEE HAgs =T
o dlolg Hgtol WE FAH fFox= SAS AZEYS v. 9.4 (SAS Institute, Cary,

o

NC, USA)¢] one-way ANOVAES A}&-3}.
e pvalue < 0.05 oA S8k, 0.05 < p < 0.1614 AdFo] Q= Aoz BTHd}

() A9 2+ ¢ 3#
O F=F 2 F8E
o A9 AAW FHHEE o] &3l ofr|At B ol ELRS AHEd A AR AHTF
I frFelle W3t s (G 43).
A3k ulel o] fubwlA ek (milk protein yield)ol @ FolA Folzo

F7Hgs RS Trp @5 A F7F ZE AEFE SE /M S71deH o 5=
Acetate-Trp-Phe, Trp-Phe, Control, Phe <=%. ol i vitro A& A37} in vivo 2
B =2 olofrte HolA FEs TAHAN AHE ALRFH.

s F% AME FE BEE AZFAA dEzT di¥] FAFgE BA
AWeolA dF 9hgES AR AC=E AT,

o
b\l

tHEsol =

3 43. Effects of amin acid and energy infusion on milk yield and milk composition

Item Control Trp Phe Trp-Phe Acetate  SEM!  Covariate Treat Day Treat*  Period
+ (Day 0) Day
Trp-Phe

DMI:.I-cg:'d 18.95 18.95 1893 18.95 1895

e ; 1547 2465 2420 2526 2435 0.708 =0.001 0.796 0069 0441 0.081
Milk Yield kg /d ;
1, o g i 28.58 2894 2690 18.48 28.08 04835 0383 0155 0172 0.091 0.003
3.5% FCM
EcM’ mn 29.02 2712 1789 1813 0.331 0.850 0226 0028 0.514 0.527

Milk Compasition Yield, kgid

Fat 1.08 1.1 1.03 1.08 1.06 n.028 0.898 0301 0203 0.061 0.013
Protem 0.80¢4 0.84e 0.784 082® 0.83% 0.010 0.040 0.003 0002 0.007 =0.001
Lactose 123 123 1.17 119 1.22 0.023 0001 0332 0070 0339 0.007
Beta-casemn 0.60 0.63 061 0.61 0.61 0.010 0113 0.505 0008 0383 =0.001

Milk Composition, %

Fat 426 428 437 420 41 0.143 <0001 0948 0032 0095 0.008
Protein £ Rl 324 3325 333 323 0.049 0.015 0.603 0044 0178 0.047
Lactose 4381 482 482 476 481 0.039 0572 0886 0379 0349 0.023
SNE® 8.33 2.60 8.43 8.72 258 0.052 0.606 0.37 0,025  0.705 0.024
Cells 178.41*  111.01° 10100 84.26° 104.01% 18.04 0.058 0026 0046 0000 0.810
MUN® 13.92 14.49 14.00 15.15 14.12 0.367 0.003 0.283 0437 0998 0.001
Acetone 0.04 0.03 0.04 0.03 0.04 0.008 0.830 0474 0503 0812 0.027
Mono-unsaturated FA 134 1.33 1.35 1.40 137 0.037 0.264 0.793 0064 0963 0.001
Paly-unsaturated FA .31 032 033 0.33 032 0.003 0.734 0523 =0.001 0.166 0.020
Saturated FA 2358 2.67 2138 279 2.60 0.147 0.173 0863 0335 0945 0.739
Total Unsaturated FA 1.68 1.67 1.68 171 1.68 0.046 0.963 0.990 0099 0.830 =0.001

'SEM, standsrd error of mears
‘DML dry maner intake
'3.5% FCMfat comected milk) = [(4324 5 milk yield (kgd) = [16.216 x &t yield (ke/d)

1y comrected milk) = 0327 x milk vialdfkg/d) + 12.95 = fat yieldkg/d) +7.2 x protein yield(ke/d).
*SNF, solid non-fat
"M, milk ures nitrogsn.
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AW 713 B9 AR R obuat @ ofdEate] A7k @ gl ofbvdl
G oA B (4. WA AYFEL AF Feels AT AR A

3 44. Effect of amino acid infusion on day 1, 3 and 5

Item! Control Trp Phe Trp- Acetate SEM Covariate Treat Treat* Period
Phe + (Day 0) Day
Trp-Phe
WBCY, 4-12 K/uL. 10.47 10.73  10.83  10.55 1091 0.615 <0.0001 0.985 0.656 0.581
Lymphocyte, 2.5-7.5 K/uL 5.97 5.76 6.53 6.12 6.68  0.454 0.0001 0.649 0.414 0.061
Monocyte. 0 —0.84 K/uL 0.93 1.00 0.89 0.92 0.93 0.070 <0.0001 0.852 0.181 0.634
Granulocyte. 0.6-6.7 K/uL 3.38 3.92 3.36 331 3.61 0330 <0.0001 0.692 0.921 0.062
RBC?, 5-10 ML 7.48 7.46 7.53 737 742 0.137 <0.0001 0.959 0.876 0.640
Hemoglobin. 8-15 g/dL 10.93 10.70 1062 1049 10.86  0.163 <0.0001 0.403 0.715 0.075
Hematocrit. 24-46% 30.62 2987 29839 29.09 30.20 0.468 <0.0001 0.369 0.591 0.050

! Abbreviation: WBC = White Blood Cell; RBC = Red Blood Cell

W tiAlel o] 8H HoE ALSH.

ZF Ao A3 1 3, 5Y A9 ofmAr FEFolle & Aot flS (F 46). =
T A Ser, Trp-Phe A& T4 Valol <4 zkel7t AL, Phe AT A Asp,
Acetate-Trp-Phe A g]F-oll A Trpell W 3}s}
Ao 2o opn| 4t FYH F oim|4ke] Wt} wHet FF AU &F
=

.

3% 45. Blood amino acids composition in Holstein dairy cows injected with different
amino acid and energy source

Acetate
Amino acids Control Trp Phe Trp-Phe + SEM p-value
Trp-Phe
Aspartic Acid 12.46 15.14 14.73 13.65 18.15 7.92 0.990
Threonine 102.48 77.32 85.18 71.43 95.99 19.75 0.791
Serine 105.72 61.00 100.46 109.80 91.83 14.99 0.191
Asparagine 105.52 132.08 67.52 134.88 104.05 30.04 0.528
Glutamic Acid 289.54 258.28  270.92 267.23 259.85 24.85 0.904
Glycine 345.54 350.85  353.29 322.84 352.12 21.79 0.848
Alanine 289.58 279.12  277.24 266.20 280.07 19.76 0.947
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Valine 14.51 14.30 17.53 22.91 13.96 3.39 0.322
Cystine 41.46 37.59 41.84 42.48 40.19 7.85 0.993
Methionine 99.20 100.70 98.21 75.32 102.24 22.66 0.910
Phenylalanine 95.79 91.08  99.35 95.67 93.65 22.23 0.999
Isoleucine 25.57 28.34 30.76 26.92 27.28 8.19 0.994
Leucine 20.64 30.73  28.12 23.60 20.08 6.43 0.718
Tyrosine 16.30 21.22 21.21 24.71 21.93 5.59 0.878
Histidine 55.65 57.74 56.35 48.17 61.93 6.34 0.653
Tryptophan 10.37 18.55 19.66 17.59 14.04 4.83 0.652
Lysine 83.12 81.35 83.81 77.47 74.78 4.11 0.491
Arginine 105.36 99.36  104.95 127.21 105.02 14.76 0.710
3 46. Blood amino acids composition in Holstein dairy cows injected with
different amino acid and energy source in Day 1 to Day 5
Acetate
Amino acids Control Trp Phe Trp-Phe +
Trp-Phe
Aspartic Acid
D1 5.70 2.60 7.55 30.13 15.13
D3 26.23 36.50 28.72 4.19 43.10
D5 5.44 6.33 7.92 8.24 5.21
SEM 7.13 8.20 7.36 8.78 8.09
P-value 0.42 0.19 0.44 0.45 0.37
Threonine
D1 83.17 63.55 84.05 65.92 80.27
D3 108.82 93.05 96.65 51.49 117.98
D5 115.46 75.35 74.84 58.58 118.47
SEM 16.24 16.11 16.57 14.28 16.61
P-Value 0.72 0.78 0.88 0.93 0.54
Serine
D1 151.90° 101.23 112.17 77.37 135.91
D3 61.33° 25.47 120.32 161.99 43.37
D5 103.93%® 56.29 68.87 75.25 106.04
SEM 15.32 13.87 17.28 21.21 15.55
P-Value 0.04 0.69 0.46 0.18 0.19
Asparagine
D1 90.50 121.60 63.83 216.74 101.20
D3 136.33 64.93 105.24 74.75 80.71
D5 89.74 209.70 33.48 129.11 81.13
SEM 27.53 30.07 13.68 43.12 23.36
P-Value 0.76 0.14 0.09 0.42 0.39
Glutamic Acid
D1 311.39 239.85 259.07 265.13 286.44
D3 259.50 307.62 331.16 266.91 216.60
D5 297.74 227.38 222.54 253.36 303.02
SEM 12.27 20.58 28.07 31.90 23.41
P-Value 0.21 0.24 0.29 0.99 0.54
Glycine
D1 356.13 375.76 402.90 382.07 362.08
D3 341.44 355.66 392.27 287.92 384.06
D5 339.05 321.13 264.71 264.96 328.79
SEM 16.75 20.19 30.08 36.35 19.80
P-Value 0.92 0.57 0.11 0.39 0.11
Alanine
D1 317.49 295.04 303.87 304.35 299.61
D3 278.16 266.32 302.66 243.53 291.13
D5 273.09 275.98 225.19 231.03 264.11



SEM
P-Value
Valine
D1
D3
D5
SEM
P-Value
Cystine
D1
D3
D5
SEM
P-Value
Methionine
D1
D3
D5
SEM
P-Value
Phenylalanine
D1
D3
D5
SEM
P-Value
Isoleucine
D1
D3
D5
SEM
P-Value
Leucine
D1
D3
D5
SEM
P-Value
Tyrosine
D1
D3
D5
SEM
P-Value
Histidine
D1
D3
D5
SEM
P-Value
Tryptophan
D1
D3
D5
SEM
P-Value
Lysine
D1

12.63
0.31

12.41
13.90
17.22
3.17
0.84

41.57
34.99
47.82
5.98
0.713

92.14
117.37
88.09
14.19
0.69

81.86
91.93
113.59
14.15
0.68

28.22
21.36
27.12
6.17
0.90

26.34
13.19
22.40
5.37
0.11

20.63
15.93
12.33
3.20
0.61

62.76
49.21
54.99
4.31
0.47

11.16
10.27
9.67
111
0.88

85.47

14.07
0.73

13.20
11.16
18.52
2.48
0.49

33.97
36.60
42.20
5.28
0.83

81.03
111.96
109.12

16.46

0.73

86.61
96.14
90.50
17.30
0.98

22.37
29.28
33.39
5.85
0.77

31.38
21.28
39.52
6.30
0.53

24.08
17.96
21.63
4.35
0.87

61.64
55.68
55.90
2.65
0.62

10.93
15.77
28.96
5.19
0.37

82.95
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18.97
0.15

7.77
19.35
25.45

3.62
0.13

28.41
51.59
45.52

5.15
0.165

95.65
125.20
73.79
15.00
0.40

86.00
101.19
110.86

11.15

0.79

14.32
33.96
43.99
20.81
0.59

17.05
37.70
29.62
5.27
0.29

13.88
19.33
30.42
4.85
0.39

66.45
50.11
52.51
5.57
0.47

14.41
18.49
26.08
5.26
0.69

85.03

29.50
0.58

22.86%
8.02"
43.04%
5.50
0.02

41.97
43.16
95.78
5.77
0.61

64.68
78.66
60.92
14.40
0.89

88.45
87.00
135.83
16.72
0.45

26.27
18.81
47.84
7.58
0.32

25.40
15.02
40.07
8.21
0.53

25.08
16.60
3141
5.60
0.62

55.22
51.17
51.84
7.68
0.98

13.83
12.75
31.12
5.99
0.43

83.19

15.54
0.13

8.41
15.34
12.70

2.28
0.41

34.40
40.60
34.91
4.74
0.96

107.12
148.86
99.86
15.09
0.65

57.22
78.15
95.98
12.14
0.78

10.43
26.02
29.10
5.43
0.12

12.37
34.49
15.07
4.89
0.21

24.46
26.35
21.21
3.32
0.79

62.06
60.48
59.09
6.32
0.26

13.87
21.93
10.48
2.08
0.08

74.80



D3 81.98 85.72 88.01 61.18 76.10

D5 81.89 75.37 78.40 83.88 76.84
SEM 4.04 6.00 418 5.64 4.81
P-Value 0.93 0.79 0.66 0.20 0.56
Arginine
D1 114.88 97.15 101.01 115.58 108.10
D3 92.75 98.70 111.37 110.59 99.40
D5 108.46 102.22 102.48 105.38 123.90
SEM 6.16 6.41 6.87 13.95 7.74
P-Value 0.34 0.95 0.82 0.96 0.94

(vh A&
+ A HEE F3 G0l FUH oprlnat R oML Ao AR HAT
2§ WSAA Foud faMARS F/AZ. B 2T ob ZE A
Fol A AME £E ZEA.

o YF ofu| At AL ot HUte wEl 2 WHEE HolR] kS
e In vitro A A AFNE in vivool] HE31 WL‘?EZ%J.Ol ksl 2o AvE =
ZP0= HolA FAHAFoZ HutH.

6 HF 28

o HEE9] H S L-tryptophan RPTS AEH =2 +F9 heat stress (Moderate-Sever
e We FAFFE9 FAMEE FU7HAIFH S, ol tryptophano] & AolA 2
Egx ¢3} 429l serotonin®} melatonine & HAHE 7] w & Aoz YzhE.

I RPTE J% A3, fF& A FobA

AR & TS ] A= A7

A A G o] Fx]H o

o wglx RPTY A4 Al LH A7t RS 77l SHAA AAHeE TF
Aol E7 9 AoE BHrhw,

o HEF9] H3S L-histidine RPH)E ¥l F7] ZFFFolA g4 23, Als AH =2
st ARE Ak o] FAEHE AAE AAS. o= i vitro AFolA ZIHIAHE A}

A7 ZHolA FAHHFoZ 7.

W F}HE]E E38) L-tryptophan, L-phenylalanine, ~1#] 1l acetateE 3713+ 2A#},

i z7-9F thnlste] fFewldaro] foFow FI1gh ol MEE ARE T m vitro

AT LT AR=E, AA AT AF AT HoA T8 T 2ARE

olgdE Aow Az,

r
)11

N

o
OEEI-'

o A AP MRS BE ojulwse] e wWE &Y AT

(1) A+ 11. In vitro Al
2 A

zdoA EHES, WESY, 3 2EY, 181 of¥EAto] il
A= g 3dxp

2 W

Oh AT B4

o Al AFFAANAM Ao AFEHA Aol a7t obv|imstso) =]

A0

1)
=
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E otE7] fal 2
. éé_/t % %é"ohﬂ MEFMAC-T cell line)E ©o]&3td Trp, Met, His, Z2&8]a
fretd g S Bk

O M=ZE F: s 8 FAAIMNEFWMAC-T cell line)
@ Ag AA : dzHES vYo]), A8 7H(Trp, Met, His, Aced] =3 &)

o AT : ZT, Trp, Met, His, Trp-Met-His, Acetate-Trp-Met-His

e ¥ : 0.9 mM(Trp), 0.6 mM(Met), 0.3 mM(His), Z} ofu]x=4+3} 1:1 H]-&(Acetate)
*Hise ©¥ A& Al Extracellular @9 & % 2 p-casein WA Fo| F713HA &Sk
= kA HUE w5 F 7MY 92 w520 0.3 mMs AgEh

o HEGF AIXE : T2AIZE

o XA} &% ¢ Extracellular @94 5%, p-casein mRNA L& &

o ®3} vyo] x4 : DMEM/F12 (Gibco) + 10% Fetal bovine serum (Gibco) + 1%
Penicillin/streptomycin  (Hyclone) + 0.1% Gentamycin (Sigma-aldrich) + 0.1%
Hydrocortisone (Sigma-aldrich) + 0.1% Insulin (Sigma-aldrich) + 0.1% Prolactin
(Sigma-aldrich)

o 23 utjo] Y 7|8 FFolm i A : Arg 0.70 mM, His 0.15 mM, Ile 0.42 mM,
Leu 0.45 mM, Lys 0.50 mM, Met 0.12 mM, Phe 0.22 mM, Thr 0.45 mM, Trp 0.04
mM, Val 0.45 mM

@ A3 Wy

» Extracellular @¥d =& P AHZF &4 : 6-well plateo] MAC-T celle] 100%
confluence FelE AAYPE wl, HE2TEA &3 vHole} HeFEA 2 Holn|
Ate]l 5 HrbE 123 vtolE B O g T2A12 vl $ AE 9 o

=

d-& FE3)a, BCA protein assay kit (Thermo Scientific, South Logan, UT, USA)E
o]-g3to] &A%k
» (-casein mRNA L3 : @l d 5 AAH L PR v & A=Z2E A

Sk A H T Al ZoA RNAS F= & cDNARZ $HA3}o] real-time qPCRS o] &3l
A ddgFS g2l
@ BA A
o dlolE HFFol e EAZ FoxE= SPSS BA AZE(SPSS Inc., Chicago, IL,
USA)e] Tucky’'s HSD testZ A mE Age 3 dtE02 APHFom, p< 0.05
oA fFrofsttta A3

i

(h 2g 244 9 3%
o MAC-T cells 7} M EEH I wigst 23, Trp7t 288 2E A FolA dix
T 2 Trp vlA g Fo Hlal extracellular @ d %7} FoA oz =713 (19
67).
o Trp, Met, His®] %3 % 37} o}u|:-4tol] acetateS 34 MAC-T cellel A 2]3lS o,
f-casein WHFLS T} ofr|iql g Ao vlE] {8 JIUHE RS
(13" 68).

« 53] p-casein® 7%, acetateE H7}eF ofm|xAF X3 AHE|FU) acetateE: FH71e)
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A e AYFRYG FAZHOE =& HEF Y. oA AP EZQ acetate
9} ofm| = Ake] x3lo] A ALkA Ao A synergistical Al Z&3 Aoz 7.

180 -

a a
160 —— a =]
_ 140
=
& W)
B 120 i B
= —— b
& 80 -
T4
L
|} i i i i i i Il
Control Trp et His TrpMet-His  Ace + (TrpMet-
His)

7173 67. Relative extracellular protein concentrations in MAC-T cells upon addition
of tryptophan, methionine, histidine and acetate for 72 h. Values are presented as
means = SE (n = 3). *"Means without a superscript letter are significantly
different, p < 0.05

| R

mNA Relative Expression
e

b
4 b
b
1]
ﬂ_ i i i i
Control T Me Hiz

b
Tip Mt TrpMet-His  Ace + (Trp Mt
His)

1% 68. Relative £ -casein mRNA expression in MAC-T cells upon addition of
tryptophan, methionine, histidine and acetate for 72 h. Values are presented as

means += SE (n = 3). *"Means without a superscript letter are significantly
different, p < 0.05

() 24&
e Trp, Met, His 37] olv]i=4te]l Z3o] fobul ZZlo] a37l A%, Trp:Met:His9
Hl &L 3:2:14.
o o] HEH HF9 BT oAt Y &5 ofv4ke] HIES et 73 Y
d wol®o] 30go] HEE A4 wEbA Heridd A A8 E In vivo A3 el
RPTZ 17.25¢, RPMS 8.4g, RPHE 4.35¢ 313},
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- o

7} L

HA =T fo AEe FEHES AL AL AFE AAe] HASH, 20144
19 FE FA o] A3AL 43%A4 41%= 51 2AHEHT FoEd g=o M A= o
et fof A 7o)l MEFHAS(GEREI]). et FEiAS F4T 7 Jde wekEe
THIAS. AL AS AE W =W E(Crude protein; CP)S AFH39S W mik
protein® & & == HIEN mik/N intake)e 25-28%°) E33}a(Spek et al, 2013) H&
nitrogen (N)& ammonia (NHy)E el 2 Eoly w2 wj&Ho] 37H oHLS of7]3HPain et al,
1998; Chase et al, 2012). =d¥d s Fo FEHEAS FOEiEE AE7F ANo,
Zawz 3heFy milk protein yield7he] Z&3a3A(r=0.14)& “ o™ (NRC. 2001) =2 fﬂ%’ﬁol
ot wet milk proteine] A Ewk ofygt A - W urea FFH =E Sl
HiEE= NEF S7F 2 oo mE A& 8o Taste AHE E%E(Colmenero and
Broderick. 2006). Frank and Swensson (2002)2] AFolA= 17%NA 13.1%71A HFH o=
Zod steks Zole AP A G890 o= AL AEFP oY, #% L casein, whey
proteino] ZrAFRLS. dA AFAFAEL xudwld FFS FHT FHF L [FAHES
TN 7)Ao A %J_i i8S = Ao s Ee4de AASE . Metabolizable
protein  (MP)& A&7 A s=9 AA, #A, S Hd ol &FHE
FonEdg AHolFw u|AYEA wZ(microbial crude protein; MCP), W9l ol A
B35 x &= Alg W @ A(umen undegradable protein; RUP), #-& <kolAwt FE&
AWl A THEo = WAA © & (endogenous crude protein; ECP)e] F&o 2 A (NRC.
200D. RoEA e FEY onx4ls FAE AS WEFEHAW HAEES s wEA
F3l 5 a2(Chalupa. 1976) MPe] FdFA 7ix= Zolm| 4k A w2t ZAAH7]
i Zol(NRC. 200D &7olA 37 48 Ag ofv| =4S B3shr] 913 W Eo]l B83h
B AFdAdes ZFF99 A ofmiedt 2 A opm| 4kt 23 ojukgt BHE W
g A& At 3

Al

(e

0 2 X
erﬂ

1nu

X

oot

RN

)

2
S

D) ZH5 A oprledt B AT ofr Ak 2%

® NRC (200Dl W2m 250 o] S, et 2 2AE 59 AARE #4389 45
lysine (Lys)Z} methionine (Met)o] A| 1AIg ofm|=4tolg}l 3t Ths-© 2 Histidine (His),
Phenylalanine (Phe), isoleucine (lle)o] A|gk o}w]:=4to]etar gt

® Haque et al (2013)¢ Holstein®e] duodenumel] TZojuleals ZQlste] 2% U
ol 4SS BE Z=EA7] 99 o] F arginine (Arg), lle, valine (Va)< z+7 ASAAHS
W Ffe FF R FAE vAE 9Fe BESS. Argd el xﬂf&_ e F9
2 FAa R Wt fidloy Vals ASe A fawd ko]l 4.3% AP A
ob it 1 Valo] #2202 zrastgon Metdh His ®3 adte 4 k% B oE
Val T3k A3 olu|-2to]gls AL A|AFSH

® Trinacty et al. (2006)2] A-ollA+= rumen protected (RP)-Lys, RP-Met, RP-His& 7
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=
5 344

H7FelH S W F3Fo] 1.07 kg 7R 2™ milk protein yield 2 casein 3F&Fo] F718l=
BEFS BAS

Krizova et al. (2008)2] <370l 4]+ RP-Met, RP-Lys, RP-leucine (Lew)S H7}3t9S v
2, AEAHE, casein, A, lactose, urea®] AAbEFo] W3l7l ow A W ofmi-Al
=3 M3 A=

Giallongo et al. (2016)2] <AFoAE= RP-Hise ©s JFos9eS uw AEHFH
%7}8t9l RP-Met, RP-Lys, RP-His& &3t F K Ul
=7t A=

Zhao et al. (20192 <AFNAME RP-Metthe ©= FodUS w2t RP-Metd
RP-threonine (Thr), RP-lle, RP-Leu 47}A1¢] B & olm:=4kS &3 FoJ-S w] moderate
mammalian target of rapamycin< A=3t] FoWd WS FTIAIH T Bagh
Robinson et al., (2010)2] d++= 299l A RP-Lys 2 RP-Lys, RP-lle, RP-His, RP-Val2]
A7 gool wE wkEe W Ea&d old wE FAMEF 2 @Rl opn|x4b
ZAAREY BHE dotRy] f8 WS s RP-Lys @5 AHFFAA Febdo]
oldo=w Frbstdlal RP-Lys 2 7 daotn| 4k A7 RP-Lys ©@= A2l
Hlgl 73 2 #FFo] FoHor Frtstdon fod 2 oUyA S Frkete BEFS

=
Bgou FRRYLS FH Aol UUS.

>

-
ol

(2) ZEYH & in vitro ¥ in vivo &3}
(7B pH sensitive polymer (2-vinylpyridine-co-styrene)

A19I(pH: 5.5-NellA = P&l &Edliste 43 E4dE IFAREZHC] A &
A4 =2 Fo7t A4S (pH: 2-3) A E3l = WZ%  methioninee] A% oz Jojr}
FTE.

AdisseoAloll 4| Smartamineo] 2= AFSE AlF Foly w9 BHEEL2 90% (Robert and
Williams. 1997), A A|o]8-4 & 74.44% (Graulet et al., 2005)%2 F4 4.

Transition period (B% &% 3FH-F4t 3577422 717kolH o] AlZ]o] A Ao WY o]
b #Hekshel A 45utE]ol Al Met -2, Metasmart (HMBD =]2]F, Smartamine
AYTFE UH HAMAE o5t E W FF 2 S Ee ATOAA ST e
TFTY HAE AL 7S Tl ©HY 715y 7S AR =(Osorio et al., 2013).
Cornell Net Carbohydrate and Protein System 7]<© 2 methionine¥} lysine H]&& 93
CP &g 39S w18.3% F*2F, 16.7%; Smartamine™ M and 12 g of Smartamine™
ML (15% DL-Met and 50% L-Lys monohydrochloride), 15.3%; 7 g of Smartamine™ M and
15 g of Smartamine™ ML) HEAHZF =L F3FS CP 18.3%014 714 =gkor} urine
outputa CP gtaFo] wropaA 4= 714319 21 o]& blood urea nitrogendl A= 2 AxE
BAe(15.9, 129, 10 mg/dL). @4 F-&(milk N/ intake N) T3+ CP gFo] AT =
25.8%, 29.3%, 33.1%= 3= A=Dinn et al., 1998).

Mete T3+ 71753 #HE biomarkerEo] methyl donore] ¢S 3sl=d| Zhou et al
(2016)¢] AF-ollA+= smartamines wostd A, b, x2S Dbiomarker §&EF
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ZAEIAS. 1 A 7H7]se] A E7F H+= cholesterol and paraoxonase (PON)7} & %ol A
= AFE BYon giks 94FS 3t glutathione 3171 4 #EHE 5
AA Aoz 7t3t Aol biomarkere} W Yuk-S-of FAH A WIS s
Ordway et al. (2009 Smartamine3} Metasmart& &4 H7}sle] vHlwstH=d F242
ZzF(FAgPAA 718 =A ke Smartamines} Metasmart3te] =}o] ,
Febm A (%) Smartamined} Metasmart A2l 77F hEFRT =4 JeEbgS. AlE Y
A7t 2 AE=E = ¥E&-2 Smartamine 2] 77 Metasmart2th =4 YERsE 2 1(0.34
vs. 0.33 and 0.32). &% o}v]x4Fe Smartamine®} Metasmart =5 tiZTRT #Hz2d
TZ7F F718FH2(4.26 and 5.96 vs. 3.34 ug/ml).
Watanabe et al. (2003) |7olA+= HEet7F &9 2 4o A pH-sensitive polymer= =
MetS Foste] A4¢, 2%, £ olujxst I4E&S& B4 A3} polymerz2 IZH
Meto] Zt 68.6%, 78.2%, 0% = =2 o] &S HY <.
Smartamine2 &2 WHOE IAERI AFOE dFHAHo] o} Aog A&
o] - (Rulquin et al., 2006), A FHNAN= FUHA &= A= F2AH.

rlr
2%
32
dlo ¢

£

ek

(1}) HMB (2-hydroxy-4-(methylthio) butanoic acid) ¥+ HMBi (Isopropyl ester of HMB)

HMBi 2 HMB& ofF]=7|(NHpE 7FAaL A gfol ofm|e4to g E/REA FS. webA
o]l AAE= Meto] ofuH 712 EA7)(-COOH)E =31 glo] §7)4ke .
28714 a4 FFE HMBE  Mets #A4s] 0 A FUHEAEQ
keto-4-methylthiobutyrate2 AgE (o] FHAHoA 27} &4 L-e-hydroxy acid
oxidase (EC 1.1.3.15¢} D-hydroxy acid dehydrogenase (EC 1.1.99.6)7} =}&3H THA|
L-Mete = transaminate®] o] ©]-&%(Firkins et al., 2015).

Romer and Abel (1999)¢] A7+ “3 =HA oA HMBE J3tHS wf DL-Met Ff<}
TUS ol&ES EASH HA= Meto] ZFH Arso|l HMBE HostdS W 8=
HiEE = AA7F St 53+

Knight and Dibner (1984)2] A+ Z=3 SANAl HMBE JFo39<
Fold4E 2% 2 @AM HMBY H=MO7t EoliAlE e #F
4o s =04 = HMBS 47 Mets tiAE + A& THF9 B3HE HIAS.
HEE5E9o] 49 HMBY HF9] B35 82 39.5% (Koenig et al, 2002), A o] &&L2 40%
(Koenig et al, 19992 FAEY HHo] AFEoA EH ofv|:=4F 2 milk protein &
HEES 50 Qo] H7F &3 QIASHutjens and Schultz. 1971; Chandler et al., 1976;
Hansen et al., 1991; Johnson et al., 1999).

Jones et al. (1988)9] Ao A = HMB2} HMB-Caz} W= ujollA 99%7F W& = At &3
%l om duodenumel A 1% ©]3te] I+E&S HIS.

HMBieo] HF3+9 Ei%% 50% (St-Pierre and Sylvester. 2005)°]™ Aol &EL 52.84%
(Graulet et al.,, 2005)2 4= ™ Adisseorloll Al Metasmarteh= AFo2 AT Fo AL
HMB¢} HMBi= 2149 dH@oe Y40 o7t gldem 4 W Metd S HMBiZk
F37¢ HMBEO w2 APdFS BAS. =3 FF 9 fFo#do] HMBi7t HMB
AP THY fFo]F oz F718lH2(St-Pierre and Sylvester. 2005).

HMB &=7F
Fas. olAd

ol
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HMB¢} HMBiE tfFuta Zo] A este] ZAidA g43t3s =l HMBE o9 §A4d
Y= PIAA g ¥ HMBie F37bREA @4 W MetdheFol 110%7F F71sti o
milk protein yield= 32 g, milk protein content= 0.1%7} Z7}8F%sRulquin et al., 2006).
DL-MetE HMBiZ thAslH =S w(0.055% HMBI, 0.11% HMBi) NH3-N¢| T+ AFHo=Z
7Vt AR o uK6.22, 6.80, 7.20, 5.65 mg/dL) NH3;-N- -2 bacteriaz= A2 o
Z715t99S. VFAE  acetate?} propionatex= HMBi &Fo] Z71854=2 ZAisgo
acetate:propionate Hl-&-2 57}t =(Fowler et al., 2015).

Whelan et al. (2013)9] Ao A= grass silage®t maize silageo] HMBiS z+zt H7}sll<
ol HMBie] 77} in vivo ¥E59] & A /HpH, VFA, NH3-N)oll vl X]= &3= g3+
Alstrup et al. (20159 ATFANA= Holsteing 3 JerseyZFolA HMBIE 3 718l9S
AERAHAF, % =L fFAEAN FoFA Hol7b ¢, urinary N =3+ HolsteinF 3}
JerseyZol Al 247t 6.11%, 11.1%% FX 2o 20k ZHAa7F S B Fozel zol= AL,
Chen et al. (2018)9] AFolA &= alfalfae] YHE SFAE9 HMBIZ OiASHHS of N
efficiency (milk N / N intake)7} 15% <718l 3L, milk urea nitrogen (MUN) =g+ 27.5%

ES T

=)

(th Lipid T+ cellulose coating

Arambel et al. (1987)2] AFoA] lipidZ2 ZEE ofn| Ak W39 HE8o] 72%H S,
lipid2 8% Z-¢ B39 HE&3 WoE B9 E F b 3 49 " Al A
ofn| = 4ko] WEH AUWE FoEHE AEE Rl 51 S(Wu and Papas. 1997).
EvonikA}] meprone] thxZA ol Metd} HES Ethyl-cellulose$} stearic acid=z =& S
dEAR AFA.

Koenig and Rode (2001); Whitehouse et al. (2016)2] ol 4= Meprone] W59 H35 &L
78%, AA|o] &8-S 22~34%=2 ERF O™ Berthiaume et al. (2000); Berthiaume et al
(200D9] Aol A= Meprond] WFH=9 H3E &S 66%, A0l &EL 54%E VENS.

Nursoy et al. (2018) AFolAE= 15% CP (+10 g of mepron) Az TF-ollA Hehao]
F7hstR o HAis 17% CPEY 94 #i=H%s. 2488 =3 DM, OM, A&
A&l #Aglel A YRS

Blum et al. (1999)¢ HAFolx = Meprones THsIAS @ MUNY FF g ARt
ZAastd oy 3 2 FAEGAY, F9, lactose, MM ES) Bk ol ALSAFH T,
A F, BCSAl = o2 Ql 2ol 7} QIS+

Batistel et al. (2017)¢] <dAFolAe EAHANA 2fF =71 ZAoA Meprong
AE71F 0.09-0.10%5 FostARs o 2 1-30€92 o] 0.16% F7FstRom ol
7 ol AAEE 31-60¥ o AEHAZFH FFol 44 14

2+ 1.45 kg, 4.4 kg Z7180S. =3
FAYTFEG A FolA A% D Foawd g go] 47 0.

9, 0.17 kg/d Z718+%S-

—

(h 2&

290 Qlol Al AFF oA Meto Z, MetS H3E3dte {99 dAA TS,



g 2 RS Eolge dFE0] ASEsA 280 sks(Arambel et al, 1987; Nursoy et
al., 2018; Zhao et al, 2019). @A A& Fol A+ RP-Met2 tiF-& =4 Y-S T3l
H33tgom 3Rl whHeS EF B3I AZTE HMBI 1= 48 BHEE
A o] 8ol 7HE =& Z o E YERD pH-sensitive polymer 9 A9 &< WHo=E
gk do] Wolx HIyoZ ALgslr] olgle Aol 9J-S(Rulquin et al, 2006). =3
4E ForRtg & dgohn|xitd 34 g43E EF 2 FAEel SUM Havt
A= (Trinacty et al., 2006; Robinson et al., 2010; Giallongo et al., 2016; Zhao et al., 2019).
B FBA oA NdE RHFolu|:ake n-acetyl A3 WHOZ NH.7]o acyl group <
acetyl7] & #7}ste] 3lstzo g W3 W Y. N-acetyl-L-methionineo] WF$Jo| A R 3 5| o
2oz JolykAl =W A% U aminoacylaseo] 2J3] Met¥} acetyl grouplZ E3EH o]
o]-g-%(Endo. 1980). Windschitl and Stern (1988)2] <ol A N-acetyl-DL-Met (N-Ac-Met), D,
L-Met-hydantoic acid, methyl-thio-isobutyric acid & <2 F+=#1¢] in vitro ¥59 EE&&
Hrtetde W N-Ac-Met7} 67%= 714 2 W9 EHS&& HAF%1om™ Digenis et al
(1970)¢] AFNA = in vitro AFolA N-Ac-Met®] w39 FgA ol =gt &+
AA7FA NALM 55 S8 259 Ao g d+= HMBiET o] 3w o] Q1A
Fom M ZHEAAA Vs xRl AT T HE ofu|4le FE Mete® TR
. ¥F RP-Lys A|FE°] Azl o=l o™ tablet 3431,] RP-His (Zhao et al., 2019)
o]y} RP-Phe (Swanepoel et al, 2015)Z A3 =FEo] FaFo o} dA Metz} Lys
e BHE ofr|ihe A Fol YA G2 AR HAH E}F/PH ATE= NALMS =33k
109 FEA "olm e ArEY] in vitro ¥R LEAA 2 RBESS HwEr] 9
T3 A =

. AlZ AdE NALM3 NALTS] in vitro W59 &34 2A (A7 D
FHAE B3 A, AFsE obm4t AAZE in vitro HEES
= ZAEE] Hsl A S

2 A= Z UH
- A3 ®H: Modified Tilley and Terry (1963)2] ®Ho =2 43i(18 68)

b F8 A=
- B3 o}r|:=4HNALM, NALT), TMR( @)
- McDougall’ s buffer, Buffered rumen fluid (buffer:rumen fluid=4:1)

% 47. AF-A & A S (total mixed ration)e] G ¥ E(% of dry matter)

Item %
Dry matter 89.06
Organic matter 91.70
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Crude protein 13.83

Ether extract 6.25
Neutral detergent fiber 35.81
Acid detergent fiber 17.76

b AFAEA
O zHES ov| =it FA ), Ag7HE S ofr 4t A7)
@ olu| =ik T/ H7MFEWNALM 0.25%, 0.50%, NALT 0.25%, 0.50%) B]xl
@ HIFAIZE: 0, 3, 6, 9, 24Xt vl
@ A3 3WEoZ 213
© &4 =5
- 7k A", pH, NH3-N, 3274 =4K(Volatile fatty acid, VFA)
- AE4318(Dry matter digestibility, DMD)

¥ 48. McDougall’ s buffere] +A443&

Ingredients Contents, g/L
NaHCO; 98 ¢
Na,HPO, - 2H,0 462 g
KCl 0.57 g
NaCl 047 g
MgSQO, - TH,O 012 g
CaCl, 4% 1 ml

(th 43 49

D 9l AA B A=A A | PEERER e
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I} McDougall” s buffer &3,

pH=A

®al :‘“’ l-@

@ Inoculum 100 mLZ sjeFH o] A7}

© Butyl rubber stopperZ % @ Aluminum cap sealing

|

19 69, REolu| =2k A7} in vitro Ad 34
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() SAEA
- SPSS (version 23, IBM, USA) =213 -S o] &3}
_ Duncan_/] H/\‘] HO]-]ZH o E_OH /\]B'-I-TI-LZJ_— 3 :ﬂ-_o_. ]:]]
- 95% Yo R EAAS

l

Q) 23 5 unZ

NALM 7t @& =438, NHa-N@e 23+ & 483 23 £ 43& batch
cultureg ©]83t9 oy batch cultureg o] &3 Hsopwx=4k Ado] glo]  continuous
cultures ©]&3% AP} HlasAF. Ammonia-N2 HlF SAIRERE 24A3174A] o 2716}
A8 F(NALM  0.25%, 0.50%)3+2] %ﬂml 2ol e, AEASES Wl 24Ol A
NALM A 2ol Al ZEA(P<0.05) Vel . 318h2 wsio s X sH HMBie] 79 OM, CP, NDF,
ADF, NSC 59| A&3}&oA 93l X}Ol—g RHolz ¢ABlake et al., 1986; Vazquez-Anon
et al.,, 2001; Noftsger et al., 2003; Windschitl and Stern., 1988) -4 A 3%}&0] F7FslHthal
B =9l oM(Patterson and Kung Jr. 1988) AEAZ&o] PA UL His §le Zo=
AtE . Ammonia (NH»)-N¢| s%+ thxz7¢ A2 73F FolZQl o7 YetuA] gt
ol HI olui4bo] WEES oA v E sl EIFHA &LUti= AL AASEHE
39 W ResEs 7HAI v AR E

¥ 48. R& o}lu|:=2HNALM) &7} A in vitro A&E438, ammonia-N %2 H3st

Treatment

Time SEM P-value
Control NALM 0.25% NALM 0.50%

Dry matter digestibility, %

3h 35.06 35.41 36.92 0.539 0.373

6 h 41.09 43.07 37.70 1.185 0.178

9h 49.23 47.38 46.90 0.780 0.499

24 h 70.45° 65.90° 65.62° 0.943 0.029

NH3-N, mg/100 ml

3h 1.91 1.97 2.01 0.033 0.501

6 h 1.05 1.02 1.28 0.095 0.544

9h 0.76 0.82 0.76 0.020 0.408

24 h 1.95 1.91 1.74 0.086 0.621
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7 140

& 120
1 4 —— E
68 % = 80
L N 3
T67 8 60
’ a
o 40 II | |
66 3
20 : - - :
0 3 6 9 24 3 6 g 24

Hour
sCON mNALM 025% =mNALM 0.50%

Hour
—o=CON =—e=NALM 0.256% =—=—=NALM 0.50%

1% 70. Rsotr] 4k NALM H7beEel W in vitro §-¢¢] pHEHS}F & 7F2 A H(-9)9] w3t

9\)\
of W} &A% At ACE UeYS BEE AdTA 8 AQ pH
o] WslE= HE ofminihe] HUbol® Estal RbEe Has ANACE JIPHIYY A=
Atg9. In vitro W pHE VFAS] A Aol ofaf waAgte] Aol me} THasiy nAdEY A4
of AA pHx 6.7-6.98+1 3153 o™ (Pigden et al., 1980; @rskov. 2000) pH7} 6.2 ©o]slZ HEof
A FHH Afd Asgo] AT thal 533 (Russell et al., 1992).

Ir

¥ 49%= NALM H7} A] in vitro 4 VFA ®H3E Yeld £, F A VFA T,
acetate, propionate, butyrate, AP ratio= EE HIFAIZHSE, 6, 9, 24X DA 2] Q0 Aol
E HolA &skom valerate EZF i F 3AITHOl o H Q1 Abol7b Aoy IANTHE A9
g 2 ajAIgel fe el ZFolrk §le. ol Noftsger et al. (2003)9] Ao} I X3t
VFAE @95 &Y g B35EdA 70%2 oAUAE Fostes Ad4te Z(Bergman. 1990)
VFA oA % acetate, propionate, butyratee] 3g}aFo] BE-& AAst=d(France and
Dijkstra. 2005) &8 VFA®] o] thx7te} vlus) FodQl Aol& Holx e o2 B
of HFAolE IS HAA = ALE AEH.

3£ 49. B3 o}r]:=4HNALM) H7} Al in vitro 343 A4 w59 W3}

Treatment

Time SEM P-value

Control NALM 0.25% NALM 0.50%
Total VFA, mM
3h 11.70° 16.47% 17.85% 1.064 0.013
6 h 25.67 25.69 25.22 0.374 0.879
9h 31.52 31.26 32.01 0.480 0.850
24 h 57.12 59.29 48.46 2.716 0.249
Acetate, % of total VFA
3h 74.14 74.66 75.65 0.352 0.219
6 h 72.25 72.81 71.73 0.240 0.191
9h 68.41 67.98 68.47 0.238 0.718
24 h 61.85 62.26 62.52 0.330 0.762
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Propionate, % of total VFA

3h 13.01 12.85 12.62 0.184 0.742
6 h 15.82 15.62 15.84 0.097 0.647
9h 20.55 20.61 20.52 0.311 0.969
24 h 27.35 27.08 26.95 0.241 0.832
Butyrate, % of total VFA

3h 10.21 10.00 9.61 0.154 0.315
6 h 10.09 9.70 10.46 0.146 0.082
9h 9.41 9.71 9.35 0.073 0.445
24 h 8.85 8.79 8.66 0.122 0.682
Valerate, % of total VFA

3h 1.107 1.03% 0.90° 0.008 0.032
6 h 0.73 0.73 0.79 0.019 0.401
9h 0.6 0.63 0.6 0.012 0.544
24 h 0.63 0.60 0.61 0.007 0.413
A/P ratio

3h 5.72 5.81 6.01 0.109 0.603
6 h 4.57 4.67 4.53 0.041 0.434
9h 3.33 3.30 3.34 0.031 0.894
24 h 2.26 2.30 2.32 0.032 0.778

NALT H71goo] @& AE438 2D NHy-No 2x= % 5 oﬂ eSS, d=4s)
& 9 NH3-N 5% 25 A3 13 FAS AFS B, 43730 Fod0] YepA &t
ow o3t AFE BHE opu| ke HIE Alo|x w39 A é*o l A FFE PAA &
== AL AA= 2342 FdE. Ammonia (NHy)-N 5%+ 5 mg/100 ml=Z(Satter and
Slyter, 1974) & 23] AfoA et de] ko] 13%2 TMR AIEE 7EE A& =
NH;-N¢] H% &= of-9- A Yebd 2(0.76-1.95 mg/100 mD O & Ho} w39 ) AAiAgo] A
gE AR AR,

it

X 50. B3 olr|:=4KNALT) 7} A] in vitro AE 438, ammonia-N = ¥H3}

Time Treatment SEM P-value
Control NALT 0.25% NALT 0.50%

Dry matter digestibility, %

3 35.06 37.45 35.83 0.695 0.410

6 41.09 42.55 40.83 0.922 0.769

9 49.23 46.40 48.37 0.935 0.511

24 70.45 66.75 68.33 0.882 0.250

NH;-N, mg/100 ml

3 1.91 1.95 2.19 0.074 0.278

6 1.05 1.06 1.05 0.015 0.941

9 0.76 0.74 0.71 0.015 0.411
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24 1.95 1.63 1.57 0.090 0.171

W39 W) ghz7el AelT NALT 0.25%h 0.50%¢] pHZ4 2z wleraizto] ol
gt =T AT pHrt vgsA dasts ZEE dEhIY 0.

7 140
- — E120
=100 |
68 5
r _ g 80 |
67 - g 60 :
§ 40
66 8 o = _
6.5 0 II II |
0 3 6 9 24 3 6 9 24

Hour ~
Haur

—~—CON =e=NALT0.25% —e—=NALT 0.50% Ll e L
% 71. B35 ol Ak NALT #H7bE3Eo] WE in vitro ¥+59) pHEPSF = 720048 2H(9) 2] w3}

% A VFASHE, butyrate, valerate, AP ratio= =S wlAIZHS, 6, 9, 24A]17H)T ol A
oA ZolE HolA kS, wld 9AIZETIl acetates thZTFollA NALT 0.25%9F #<4
Ao NALT 050%RT o8 o2 =4 B&=A=(P<0.05). Propionate F=3+ Hl
o fFoAQl AolE BEH o NALT 0.50%0A4 7+ =A YeEbsa(P<0.05). 18y
HjoF QAT E A Q)3 RE wjEAZ o)l acetate®t propionate ¥ I Fo] A<l 2o =
HolR ¥, VFAE @9sEH g wFsEANA 0% dUAE Foste Ao =R
(Bergman. 1990) VFA ol A% acetate, propionate, butyrateo] 3tzFo] thHE-ELS 2 x|3t+=1]
(France and Dijkstra. 2005) & VFA9] &eko] thxT9} Hlus] oA xpo]S Holx e
2o ® Kol NALT g MaAiols IFE FIXA e A2 Alss.

F 51. B3 olu|=AHNALT) 7} Al in vitro 3&A A4t =5 #H3)

Treatment

Time SEM P-value

Control NALT 0.25% NALT 0.50%
Total VFA, mM
3h 11.70 14.31 14.72 1.056 0.512
6 h 25.67 21.26 19.79 1.823 0.448
9h 31.52 33.04 32.14 0.701 0.733
24 h 57.12 55.66 49.83 1.472 0.078
Acetate, % of total VFA
3h 74.14 74.35 75.26 0.287 0.259
6 h 72.25 73.00 74.03 0.534 0.451
9h 68.41% 67.94% 66.71° 0.294 0.016
24 h 61.85 61.40 62.18 0.228 0.431

Propionate, % of total VFA

- 126 —



3h 13.01 12.89 12.68 0.151 0.725

6 h 15.82 15.45 15.05 0.266 0.563
9h 20.55" 20.94° 21.722 0.204 0.025
24 h 27.35 27.49 26.93 0.167 0.421
Butyrate, % of total VFA

3h 10.21 10.18 9.99 0.124 0.776
6 h 10.09 9.75 9.26 0.215 0.323
9h 9.41 9.52 9.86 0.098 0.159
24 h 8.85 9.08 8.91 0.061 0.338
Valerate, % of total VFA

3h 1.10 1.08 0.97 0.038 0.376
6 h 0.73 0.71 0.70 0.018 0.791
9h 0.60 0.58 0.61 0.012 0.570
24 h 0.63 0.65 0.63 0.008 0.480
A/P ratio

3h 5.72 5.77 5.93 0.087 0.636
6 h 4.57 4.74 4.94 0.122 0.522
9 h 3.332 3.24° 3.07° 0.044 0.016
24 h 2.26 2.23 2.31 0.022 0.408

D A754

2 AT FHUIHAA NEE BT opunghd AR TRl BHE olninihe] BT &
! in vitro ¥F¢ TEANS Pty S FHEAS. AT T BRI ofn ke ¢
2018 1097 Al F< AFS ZAIE = ©, B/\}Oﬂfﬂ MdE B3 golile =uol
ol HA ekorar, 2020d@ 1€ CAoll A=+ 31%S o pH sensitive polymerZ Z®
AF T A FHAA Fo7F BA fol YA ?%—8: AR FRAFHAS. & HAlo BE
ofu| =4k} Zho] 35hA W o g Jidtd HMBiv= A43dS 93 A2 Fuid o, 4ol &3
ABREE BEF AFdor ot stdou, £ HAA JigE HE opn| ke AAIF
of Aol tht BRE AFatrlel olglgol U, AAY] BS ofu| e ihehE

o

a9

ez

(2 Az 2L U (Tilley and Terry (1963)2] WS 7] o7 =3))

b F8 A=
- NALM, AA} RP-Met (lipid &), L-Met, Timothy, 28 F3AS
- rumen inoculum (rumen fluid:McDougall’ s buffer=1:4)

b

52. APA RS FFAFE(% of dry matter)

Item Concentrate Timothy NALM AAF RP-Met
Dry matter, % 92.53 93.60 99.97 99.51
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Organic matter 92.14 93.19 99.71 99.40

Crude protein 20.38 7.99 76.17 54.82
Ether extract 4.03 4.00 - -
Neutral detergent fiber 38.67 65.01 - -
Acid detergent fiber 19.35 38.18 - -

b AFAEA

7 Be opn|i4l FHI7ES ATl NALM H7E, Ag+20 Al35<l RP-Met
A7}, A2l +3: L-Met 7}t

AWM= 71 AA R 9 0.25% A7}

Hj A7k 0, 6, 24A13F

A7 3wrE o7 PP om 5 mi¥ syringeE xFH3e] pH =4 3 NHz;-N, VFA
=4S 93] 1 ml¥ eppendorf tubeol &7A T

AHA7E Bd SA dEet] BaEAA AR F FAo A 48 sAAZE 1S

T4 GE: 7F2TAE, pH, NH3-N, VFA, -4 opm] 4t

@0 e\ 6

e
]:].
(D Timothy¢} &FALEE Z+zF 0.6 g7} 0.4 g & 1g2 125 ml serum bottleo] F2
@ ZAEWn FEEANA 9 i 25 A4S stomach tubeE o] &3t AHFH F,
o

o] muslin®. 2 2¥ o 3}
HjFH el 100 ml ¢
® Rubber stopper} aluminium cap o 2 Wi % (, 6 QF 39T ol A Hj %
® 7t A FLS glass syringe$} gas transitionS ©]-&3Fe] 6, 12, 2447k =43
@ pH =4 wi%ko]l £ serum bottles 7083 $ syringe® 5 ml 2|33t pH meter
(SevenCompact, METTLER TOLEDO, USA)Z =74
NH;-N #4}: Chaney and Marbach (1962) W o= R4
- Rumen inoculum 1 mloll 0.2 N HCl 1 mlE &% % oS EA71A 20CoA d%
- 3& & YAEL7IZ 10,000 rpmoE 10837 YA E
- A5 20 WE 15 ml assay tubeol %! % phenol color regent (phenol 50 g, sodium
nitroferricyanide dehydrate 0.25 g/L) 1 ml¢} alkali-hypochlorite reagent
(NaOH 25 g, Sodium hypochlorite 16.8 ml/L) 1 mlE& &%3 & 3087F 2 Lol HX
- Spectrophotometer (Optizen pop, Korea)E ©]-&3}le] 630 nm 3oz B4
© 31A A ERAF B4 Erwin et al (1961) WH o2 B4
- Rumen inoculum 1 mlel 25% metaphosphoric acid (Wako, Japan) 0.2 ml &3&3}¢]
4C oA 3023 AT & b5 4714 -20C A B
- & & wFA S 10,000 rpmel A 1083 DA EE g & syringe®E SN

©
=
AC)
AN
=
rit
o
g
—h
@
i)
o
T
wa
rfo
k
i
R
B e
o
=>.1=¢
A
e
f
2
flo
N
o
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A
offt
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- 2498 vialoll 0.45 um syringe filter (RjN1345NH, Rephile, China)Z o 3}

- Gas Chromatography Z#: BR-Wax fame (BR87503, Germany)

- 25 89 volatile fatty acid standard solution (Sigma-Aldrich, 46975-U, USA)

- Injector 2! detector (FID, Flame lonization Detector) =%: 250C, @& 2%: 100C
- A F& AL 9ol §%: 247 29 ml/min, 30 ml/min, 300 ml/min

() EAEA: SPSS (version 25, IBM, USA) Z23#3& o]&3te] dntA

Y=
papAe Ba MEPAe FAsdon Duncanel EAMEES EFal 95% foleE
D

al

W AFE A Y T OES opH|4be] HRE EAE AW T RS
= o] Qo] HEolu=4t 14 ET v, AAL2] RP-Met2 lipid
matrix &, 28Z< WHoz RBEI olu il A|EY. CP o] NALMI} vlwsle ERA}
RP-Met& 54.82%¢} NALM 76.17%=% JdAA3A =AolE& RS, o]xH Lipid matrix®] 4%
A sreF wjEoll FaAFo] ¥ o] d-S(Casper et al., 1987).

705 N
7.00 =
T 695 3 :
590 :
6.85
A | BN [N
0 6 24 "

Hour Contral NALM RPMet L-Met
=e=Contro|] =e=NALM ===RP et L-Met Hour m6 m24

obv ek

-

]
=2 SO -~ B = B . NR
o o o o o

e
=

Gas production (ml)

a9 72, A F) BE opu A4kt in vitro REEW Ea A Hlal pHEDSE F 7Ty
(-$); RP-Met2 Al# FR1 AALS] ®BG ofu| =4k

zTe NALM, 183 Ao =9 AXA} R3S ofn
o Ao AP pHeE Thd A el s f9 A1 Apol

2HRP-Met), L-Met< HI a3} &
AN

br

rlr
1:1]0

Ammonia (NHy-N9] ¥ 5= 66X 244170 BE wjgAzId o] foFHel o=
HolA] gk (3 53). B AFHLE L-Met A FollA BEMet A& TFERT NH;-No 557} ¢
=g Aozt g oU FolAHd AolE HolA g3k, Noftsger et al. (2003)¢]
ATFNAME HMBIE 0%, 0.005%, 0.110%, dl-Met *g|+= ‘4’-% in vitro 243 ZA¥9
Tagds #AsAES wW NH-N9| 5= A7 F938A Ao)lE Holx gggon =
Age ARt dAEAS. F 539 HojHReREE EIAEE ADEII7E ofH ¢
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¥ 53. Al F92 B3 olm|:x4Aka} ammonia-No| B
Treatment
Time (h) NALM RP-Met SEM P-value
Control L-Met
0.25% 0.25%

NH;-N, mg/100 ml

6 3.06 2.90 3.03 2.72 0.065 0.242

24 1.89 1.93 1.97 1.90 0.039 0.906
RP-Met2 Al &2 AARS] B ofn|icAt

T A A AAEFES AE FoAQl AolE HolA] o™ acetate,

butyrate, valerate, A/P ratiodlA = o2&l Zpo]l& Ho|A 3k5(3FE 54). Propionatee] 749

Hi ¥ 6A1Z T ol L-Met®} NALM 0.25% A & F-ollA 7174

AL Noftsger et al. (2003)e] Ao A=

We
Jo
A
oZ

Z7}A713L  butyrated] =7

F 54 AT TRl BB opn|ingha} I 2 Ak B
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ojx o7 =koi} propionate7} 2]%¢1l zo]S Ko
= t

KoN
=
propionate®] 7-¢- FAYEG Fedol] FHAA F

Hir

2

oo

N

FA3

rr

ot

El

FAH

A GERFOU AP ratio= &9 A9l
I} W) 2 acetate HFL L-Meto]
29kS. VFA 5 acetated] Z71=
S

< Foar 3% S(Dijkstra. 1994).
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Treatment

Time SEM P-value
NALM RP-Met L-Met
Control 0.25% 0.25% 0.25%
Total VFA, mM
6 h 27.60 28.83 27.65 29.30 0.437 0.470
24 h 55.88 54.43 53.01 53.05 0.736 0.521
Acetate, % of total VFA
6 h 71.32 71.32 71.78 71.45 0.105 0.388
24 h 66.36 66.56 66.71 66.46 0.153 0.900
Propionate, % of total VFA
6 h 18.33° 18.55% 18.26° 18.662 0.063 0.050
24 h 24.02 23.75 23.48 23.92 0.111 0.366
Butyrate, % of total VFA
6 h 7.78 7.73 7.71 7.70 0.027 0.791
24 h 7.24 7.32 7.37 7.25 0.059 0.892
Valerate, % of total VFA
6 h 1.022 0.95% 0.90° 0.87° 0.020 0.013
24 h 0.82 0.82 0.84 0.81 0.011 0.886
A/P ratio
6 h 3.89 3.85 3.93 3.83 0.018 0.142
24 h 2.76 2.80 2.84 2.78 0.019 0.542
RP-Met-& Al =921 AALS] RE olm| 4tk
g2t BE opu|i=4t HUPL W] HEAL v 9 (AT 3
) A7+5H
2 Age NALM % NALT7} in vitro ¥ @RaEAA vx= 94 959 U

RELS Yoty s FHege.

AL Tilley and Terry, (1963)8] W& 7|2 o7 o] 438

oh F8 As: HIS  olu|x4F 23(NALT,
fluid:McDougall’ s buffer=1:4), timothy 0.6 g3 &

3 55, AAAE Y FUFAH=(% of dry matter)
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NALM), rumen
FTEAE 04 g

inoculum (rumen



Item Concentrate Timothy

Dry matter, % 92.53 92.98
Organic matter 92.14 90.13
Crude protein 20.38 9.76
Ether extract 4.03 0.93
Neutral detergent fiber 38.67 71.14
Acid detergent fiber 19.35 42.59

h Ag AA
O HERT(HIE ofn| it TAHIM), A HEE ofu| =4t 25)
@ NALM 0.25%, 0.50%, NALM 0.25%, 0.50%% 37}t Bl
@ HjEAIZE: 0, 3, 6, 12, 2443}

@ A7 SrEo R st o, SutE F 20kE

Kol
BA BHE S R} SR SA0) 95D § FAAx A
=

® 5¥FE Z 3uFE-O in vitro HEAACI DAY =, A E 43S, NH-N, VFAS) 4
©® EAEE
- 7k %, pH, NH3-N, VFA, & 4-3-&(Dry matter digestibility), o} =4k

(th A3 4.

(D Rumen inoculum #|Z: rumen fluid®} McDougall’ s buffer 1:42 &3}
- A8 748 serum bottle] rumen inoculum 100 ml F¢ ¥ 23t wj

@ 7 }nga =4 3AZkult} gas transition ¥ glass syringeZ =4

@ AEA3E A4k Hlko] By serum bottled] A|EE nylon bagel 2% &4 &
= % T2 AFst 105Ce 252 24AM3 Az, Ax7E 24 AlsEs 30% o
st 54 S48 & d=4sts ALt

- . A2 57 DM, g— nylong bag 57| DM, g
s} o
A= FA DM, g

X100

@ pH =4: pH meter (Thermo Sci, Korea)Z nylon bag (Nylon bag ANKOM Technology,
USA, pore size 50 ym)oll A& % nylon bage] poreZ whA1}-& njFee] pH =4

® NH3;-N #29: Chaney and Marbach (1962) ¥ o2 FX

- HjFH S 10,000 rpme2 1083 AR & FFAT 2

- g3 A=< 20 u, phenol color regent (phenol 50 g, sodium
nitroferricyanide dehydrate 0.25 g/L) 1 ml, alkali-hypochlorite reagent
(NaOH 25 g, Sodium hypochlorite 16.8 ml/L) 1 mlZ &3 & 3087 A X
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i’
rlo
o

- AX7F Bd ujgde ds]g Ful(Ratiolab cuvette, Germany)ol]l &7
3433 =4 (Optizen pop, Korea)E o] &3l 630 nm I} o2 NH;-N&E4
® 3¢A A 24 Erwin et al (1961) Wy o= 24
- 25% metaphosphoric acid (Wako, Japan) 0.2 miZ} H7F& wjFe] 10000 rpmo.=
1027 AR & A59%r &
- 1 ml syringe2 #45d< & F F48§ vialdl 045 um syringe filter (Rephile,
RjN1345NH, China)Z o3}
- Gas Chromatography Z#: BR-Wax fame (BR87503, Germany)
- 5 89 volatile fatty acid standard solution (Sigma-Aldrich, 46975-U, USA)
- Injector ¥ detector (FID, Flame Ionization Detector) &%: 250C, & 2%: 100C
- A4, F4, 1R ool #5242 29 ml/min, 30 ml/min, 300 ml/min
(N
ye o%mﬂ—v WA FFAYAGTAA B 2B
- v kS 10,000 rpmo.Z 1083 YAEE & =t
- 4% 1 mlel 0.2M lithium citrate loading buffer 5 ml &3 % ®4-& vialel] 0.45 ym
syringe filter (Rephile, RjN1345NH, China)Z o IH(H *]&])
- High Performance Liquid Chromatography Z ®: lon exchange
- & &9 Type ANII, Type B (Wako, Japan) &3tAL-&
- Pump: 713 0~19.6 Mpa, Flow Rate 0.05~0.99 ml/min
- Injector volume: 20 ul, Detector 37 570 nm, 440 nm

ro

() EAEA: SPSS (version 25, IBM, USA) Z23#3& o]&3e] dWAd 239
AEAS T3 MEAARA S FIHEH e Duncane EAWHE T3 HAIHY vLE
sl o

3 23 g v
NALT #H7l5Fol w2 ujef AZtdE pHel 7FxdAsre] wWsles 19 733 2.
pHe i 3AITHE ALt BE AdelA dixz7Et NALT AgFoA =4
2o M (P<0.05), £3] NALT 0.25%R.t} 0.50%2 A8+9 pH/F H & AFS e =
JhwrAEEe. mjoF 12417dlol] NALT 0.50% =2 FRoh 279 NALT 0.25% =8 TFolA o
EA Utk (P<0.05), B3, 6, 2441t o] TR A TS AP TIE 7Y AR Aol flle
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6.95 160

2 140
6.90 N z
. E1 i
685 — 5100 :
— . 50 | ]
6.80 s 60 - -'
o jg . I' | ]
B.70 0 Ii | | |
3 12 24

3 6 your 12 24 6 Hour
—e—Control  =—e=NALT 0.25% ~MALT 0.50% mControl ®NALT 025% w=NALT 0.50%

]
o

pH
Gas production (ml)

1% 73. NALT H7} &0 w2 pH & 7t~ dAy =k W3}

NALT 7ol wE NH-No| Zz 9 dEASIES #5674 Zs. A
Hj FAIZET ol Al 6A1ZE 12A13F0] 93 AfolE B AS(P0.05). F A 25 tiz<
NALT 0.25%°14 92 =Xto]l= gileyt, NALTY ¥%7F EHobx 0.50%thel A &<l
zolE R ¥ 5. Abbasi et al, (2018)9] m=Zm, NH;-N¢ F%+&= 4.45~5.78 mg/100 ml=Z, &
Ao NH;-NEG =2 e Jeligless ol McDougall buffer W ®EE$] wlAEE9]
o] &% F e Aol FF3to NH3-No| vtA yetd Ao = AsH(Russell. 2006).

AEL3ES 2E djEATH FoFe zole (UAS. Tryptophan& serotonin
melatonine ¥Ast= otn|=4kd. 8 AUdlA melatonin® 2 pineal glande} WA
ZZ oAl A= H(Zhao et al, 2019) ¢, W&, o]&Foll Al melatonin 4847} E]$H(Peschke
et al, 2000). tryptophan¥ melatonin cholecystokinin (CCK) &S A3t A U
o -amylase 4|7} 7= ol(Leja-Szpak et al., 2004) HEA3FEo] F7Fetty R (Lee et
al., 2020). 6AITHHE A3 B ARtAAE AP0 FYAd Aol gldem NALT7H

in vitro AE23180) AT m xR Y= Aoz Al=mH,

"

ol

¥ 56. NALT #H7}=o] whE NH;-No} A E438(dry matter digestibility)oll w] x|+ 9 &k

Treatment

Time SEM P-value

Control NALT 0.25% NALT 0.50%
NH;-N, mg/100 ml
3h 1.80 1.77 1.91 0.034 0.203
6 h 1.83° 1.92° 2.19° 0.058 0.003
12 h 2.52 2.49 2.43 0.089 0.930
24 h 3.76" 3.56 4.31* 0.124 0.007
Dry matter digestibility, %
3h 34.99 33.54 34.14 1.127 0.899
6 h 32.21 35.22 33.01 0.879 0.402
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12 h 49.41 53.47 51.55 0.793 0.093
24 h 66.78 66.01 65.72 0.428 0.645

T A AR FEE EE A@FOAA ARl AEFE FUIsiAoH,
+. Propionate= 3AIZFtHel] oA Q1 ZpolE H 2 1HP<0.05),
AN E AT 2E AZRUAAHE F2ZFUd Hole (UL Acetate I RE

1>
ool
-
N
El
o
2
©
2
o
o
%2
2

Hj kA o] el 2 el ztole= 9191 France and Dijkstra (2005)0l] wh2 ™, 3]ukAd =] ubake]
A &%+ 70-130 mMeo]™, acetate, propionate, butyrate Hl-&o] Z+Zt 70%, 20%, 10%zhaL
ok

SH9. Wik 244 7kthell AE o] MA LA Ak FEE 73.46-83.62 mM, AA 34

)

WAk F acetatert AAShE W& oF 65%~75%, propionate’} AA|Sh= HI&L oF
15%~20%, butyrate’} A sl= HIEL °F 9%~11%d==F France and Dijkstra (2005)2]
HAAHS el A AE=HA=

% 57. NALT 7 2 g2 94 Ao vAe 93
Treatment
Time SEM P-value
Control NALT 0.25% NALT 0.50%
Total VFA, mM
3h 36.51 39.30 34.66 1.097 0.239
6 h 64.24 65.76 65.81 1.139 0.855
12 h 42.79 40.98 41.02 3.026 0.971
24 h 73.46 83.62 76.74 3.285 0.497
Acetate, % of total VFA
3h 74.41 81.48 73.74 2.230 0.331
6 h 66.13 68.19 68.37 1.279 0.780
12 h 57.86 55.45 55.40 4.307 0.974
24 h 60.19 69.17 63.91 2.906 0.510
Propionate, % of total VFA
3h 15.19% 16.08? 13.06° 0.617 0.047
6 h 18.00 18.30 18.32 0.913 0.913
12 h 14.25 13.59 13.82 0.971 0.971
24 h 17.96 20.71 18.27 0.802 0.353
Butyrate, % of total VFA
3h 11.29 11.27 9.50 0.448 0.178
6 h 11.78 11.81 11.66 0.156 0.938
12 h 9.10 8.83 8.64 0.545 0.957
24 h 10.60 11.47 10.95 0.356 0.671
Valerate, % of total VFA
3h 0.68 0.63 0.52 0.029 0.157
6 h 0.71 0.69 0.69 0.672 0.672
12 h 0.58 0.52 0.53 0.033 0.805
24 h 0.88 0.89 0.84 0.023 0.760
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A/P ratio

3h 4.89° 5.07° 5.67% 0.144 0.038
6 h 3.67 3.72 3.73 0.018 0.468
12 h 4.05 4.10 3.99 0.097 0.922
24 h 3.35 3.33 3.50 0.043 0.236
5.95 180
160
6.90 =140
) i =120 :
O -\ g 100 = :
“as0 5 80 i :
N o 60 |
875 . & 4 IH’ . I 1
6.70 0 | _[e = _
3 6 Hour 12 24 3 5 12 24

Hour
—e—Control  =e=NALM 0.25% NALM 0.50% e Control mNALM 025% = NALM 0.50%

19 74. NALM 7} =& W& pH 3 7k 7 3t

NALM 7} F&o wE Ao pHel 7= ge] wals 1y 749 22
Hj ¢k 124120t ] pHe NALMS Z7Ee Ae77F tgzTRY fod o= 54 ysha(P<0.05).
Wi 1241015 A9 BE wFAUG, 6, 24A7DoA= AFFE FoFd o=
AR5, 7FdAy g v 1241 o] Tl A 23 A 2ol NALMA E TR fod o=
A Ut om(P<0.05), i 12AHE A&7 BE v FAIZIHEG, 6, 24A7D9] Tt A B
A1 Apole fIUS. viE 1A AF#E Hlustd, vl el P A4 Uskd
=79 pHe 7Hd 9A SAHJSH AE43E =3 NALM A FolA S7tete AEFE
B w59 485 delA pHe 7F2A =, AE4sE ol AadA T S48 Wl wi Y
12412t pHeF 73, AEASES] ARy IX3HSs(Pigden et al., 1980; Blu and
@rskov. 1993; Doane et al., 1997).

NALM H7} o mE NH:-Ne 23 2 AE 4382 3 587 25, NH;-N
A#E Y 12ARHE AYd 2E HGAIHE, 6, 24x7DelA NALM A F7}
2T RT =4 YERS(P<0.05). Methioninee] 79 #(Sulfun< 33k ofrjiitoz W9
el & Afd &3E&S FdANUTT st emKahlon et al, 1975) AEASIS E=3JH
FAAZITE Bk 9lS(Morrison et al., 1990; Supapong et al, 2019). o|¢} FASHA 2
A3 AFoMes WELIEY AS HlF 1241009 diE2FEY NALMS A4 =2
AgS Yepfilen DR2AYE A3 e wjdAtdolA AEFE #FFH AolE
Holz ¢k, ol& HAEA @i S Fol7] falAE NS ratio} 18.5:12 FFH5| ofof

Hl(Harrison and McAllan. 1980) ©]& FZ3tA X3t AR ALEE. 2T Hlusty
o)Al Aol gle AR Hop NALM =3 in vitro W9 @aAdido] I&FS vAX

U= AoE AR HE,
3 58. NALM #H7} ol W& NH3-N&} d&=43b&(dry matter digestibility)ol] #]2]+= & &
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Treatment
Time SEM P-value
Control NALM 0.25% NALM 0.50%

NH3-N, mg/100 ml

3h 1.80° 2.06° 2.18° 0.045 0.001
6 h 1.83° 2.27° 2.18 0.068 0.000
12 h 2.52 2.40 2.58 0.094 0.771
24 h 3.76" 4.28 4.96* 0.190 0.004

Dry matter digestibility, %

3h 34.99 33.54 34.14 1.127 0.899
6 h 32.21 35.22 33.01 0.879 0.402
12 h 49.41 53.47 51.55 0.793 0.093
24 h 66.78 66.01 65.72 0.428 0.645

NALM 37} 3o ©E dA 3ad Adat 355 NALTS Zo] 2E AT olA
Hj FAIZEo] A5 St on, A3 FolZAd Atole fIe. T3 AP TXL acetate,
propionate, butyrate FXZlA FolFHQ zole UUS. WY 24X AP A
A X HMAke] wEE 73.46~86.51 mMOoE AH FE(70-130 mMEZ A Ao, ZHA
3o Ak S acetate’} AASE HlES 9F 65%~75%, propionate’} A El= H] S
©F13%~19%, butyrate7} 2FA|3t= Bl &L <F 9%~11% AE=Z HAH oA A= A=

3 59. NALM #7} =& o A A itel mA= |
Treatment
Time SEM P-value
Control NALM 0.25% NALM 0.50%
Total VFA, mM
3h 36.51 39.68 37.86 1.564 0.764
6 h 64.24 63.78 69.82 1.897 0.403
12 h 42.79 49.28 43.83 2.214 0.500
24 h 73.46 83.62 76.74 3.285 0.497
Acetate, % of total VFA
3h 74.41 83.70 81.66 3.504 0.590
6 h 66.13 66.16 72.71 2.150 0.407
12 h 57.86 67.10 61.38 2.981 0.504
24 h 60.19 69.17 63.91 2.906 0.510
Propionate, % of total VFA
3h 15.19 15.18 14.19 0.617 0.799
6 h 18.00 17.89 19.55 0.435 0.236
12 h 14.25 16.43 13.77 0.817 0.421
24 h 17.96 20.71 18.27 0.802 0.353
Butyrate, % of total VFA
3h 11.29 11.03 9.49 0.476 0.279
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6 h 11.78 11.32 12.13 0.292 0.587

12 h 9.10 10.20 8.37 0.513 0.390
24 h 10.60 11.47 10.95 0.356 0.671
Valerate, % of total VFA

3 h 0.68* 0.63% 0.52° 0.029 0.026
6 h 0.71 0.65 0.71 0.019 0.401
12 h 0.58 0.56 0.46 0.003 0.349
24 h 0.88 0.89 0.84 0.010 0.760
A/P ratio

3h 4.89° 5.53° 5.75 0.135 0.001
6 h 3.67 3.69 3.71 0.292 0.919
12 h 4.05 412 4.46 0.080 0.059
24 h 3.35 3.33 3.50 0.043 0.236

NALT % NALM #H7} o m& 28 ofn|x=4ke] wjek 0, 3, 24NZE s+ &
60, 61, 629} Z&. HAA F8 oAt FEE AFTFEE {FYHU Aole glAewn,
Hj FAIZEo] Aol et BE APl A A4S S, Met 2+ vl eF 0AIFT o o=+ 0.38
ng/ml, NALT 0.50% 7+ 0.43 ng/ml, NALM 0.50% %7} 1.47 ng/mlZ NALM 0.50%
A7FFAA 7 =A Y4k m(P<0.05) Met ¢ ©E2 FFopmiike AP FoF<
zFol7F Il BlF 3AIZE =3 ti =+ 0.53 ng/ml, NALT 0.50% 7} 0.17 ng/ml, NALM
0.50% 7} 1.64 ng/ml=Z NALM 0.50% H7F7olA 7F =4 Y42 (P<0.05) total amino
acide 2 A3S HAou, ulg 24Axtdols 79 NALT 9 NALM X7l =25
methioninee] HEHA  FshS. WiFARAE iz W FEov=d FEE O EH
3MNXIF-E Arg, Leu, Phe &%l HEHA k=t w59 Wl Arg¥ Thro] 713 whe
B3)7F F 1 th& o =Z Phe, Leu, lle, Val, Met £ 2 E&7 dojdtta 319 -2(Chalupa.
1976). Russell (2006)¢] <oA= McDougall bufferE o] &3S wf WFENAE 25% o|3t=
HEsHA =HW lysine E3f&o] F43%] EHokval &%ls. WE o] FUHESE
lysineol A1 ammonia® &&= += HlLo] FAIchy Rug T3 Elwakeel et al. (2012)-&
Russell (2006)¢] A5 EWE McDougall bufferet ¢S 1:49 HIEE EF3te] rumen
inoculum& AF&3t= ¢ lysineo] W9 oA A3 EalEta 39S, B AFoME
McDougall buffer$} ®r5¢jHS 4:19] H|EE AHE3IA9-S. McDougall buffere= F4AY
o]-&d 7 A+ 71Ho] jle & salivad FAAPECE o] Fojx glomn o] wjiEel RF9u
27} dojt Aoz ALZH. Elwakeel et al. (2012)2 lysineS 34 A s,
lysine®] ©& opn|=4lE9] &3 2 buffere] FT/F9F vl&o WE Falle F7HEQA AP E
Bote] Ysjof & ACRE AlEH.

F 60. ONZT BEE opm:=4HNALM, ANALT) A7} &0 W& fgolu|xAt 5%
Treatment P-valu
Item, ng/ml Control  NALT 0.50% NALM 0.50% SEM e
Threonine 0.79 0.83 0.69 0.036 0.294
Valine 2.09 2.13 2.18 0.085 0.927
Methionine 0.38° 0.43° 1.472 0.202 0.010
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Isoleucine 0.66 0.66 0.91 0.082 0.414

Leucine 1.25 1.20 1.66 0.113 0.213
Phenylalanine 1.63 1.24 1.93 0.161 0.236
Lysine 0.52 0.47 0.68 0.046 0.177
Histidine 0.14 0.15 0.16 0.271 0.128
Arginine 0.62 0.59 0.50 0.035 0.338
Taurine 0.32° 0.30° 0.40° 0.019 0.023
Phosphoserine 0.75 - 1.39 0.195 0.106
Aspartic acid 5.59 5.82 5.97 0.196 0.775
Serine 1.202° 1.29° 1.02° 0.054 0.099
Glutamic acid 1.99 2.11 2.26 0.067 0.309
Glycine 0.53° 0.52° 0.66° 0.028 0.040
Cystine ND ND ND - -

Tyrosine 0.93 ND 1.24 0.110 0.233
£ -alanine 0.09? 0.10° 0.07° 0.006 0.028
g -amino-n-butyric o 75 0.79 0.75 0.021 0.716
Ornithine 0.07 0.07 0.15 0.022 0.234
Proline 3.59 3.86 3.89 0.189 0.820
Total free amino acid 26.00 24.52 29.47 1.142 0.204

E 6l 3AZY BE olu|:=AHNALM, ANALT) H7} 24 & Sgolrxst =5

Treatment

Item, ng/ml Control  NALT 050%  NALM 050% oM Prvalue
Threonine 0.26" 0.33° 0.20° 0.020 0.001
Valine 2.46 2.27 2.56 0.091 0.476
Methionine 0.53% 0.17° 1.64% 0.277 0.048
Isoleucine 0.65 0.52 1.11 0.152 0.274
Leucine ND 1.03 1.49 0.120 0.169
Phenylalanine ND 0.89 1.78 0.193 0.078
Lysine 0.58 0.59 0.57 0.018 0.951
Histidine 0.17 0.16 0.16 0.008 0.877
Arginine ND ND ND - -
Taurine 0.29 0.25 0.26 0.016 0.727
Phosphoserine 0.65 0.65 0.69 0.058 0.966
Aspartic acid 1.21 1.26 1.22 0.021 0.621
Serine 0.15 0.14 0.12 0.007 0.149
Glutamic acid 1.41 1.28 1.33 0.028 0.135
Glycine 1.02 1.00 0.94 0.027 0.472
Cystine 0.22 ND 0.95 0.328 0.444
Tyrosine 0.58 0.46 1.02 0.154 0.314
B -alanine 0.10 0.09 0.10 0.003 0.346
y —amino-n-butyric acid 0.80 0.85 0.80 0.016 0.358
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Ornithine 0.90 0.86 0.90 0.027 0.796
Proline 4.77 5.42 4.99 0.133 0.118

Total free amino acid 22.03 21.83 27.15 1.144 0.075

F 62. 24X RS ofm] = 4HNALM, ANALT) 7 & mE feohredt 55

Treatment

ltem, ngfml Control  NALT 050%  NAIM 050% oM Prvalve
Threonine ND 0.04 0.04 0.002 0.368
Valine 0.80 0.80 0.78 0.017 0.901
Methionine ND ND ND - -
Isoleucine ND ND ND - -
Leucine ND ND ND - -
Phenylalanine ND ND ND - -
Lysine 0.19 0.22 0.24 0.011 0.302
Histidine ND ND ND - -
Arginine ND ND ND - -
Taurine ND ND ND - -
Phosphoserine 0.66 0.58 0.63 0.020 0.308
Aspartic acid 0.20 0.21 0.20 0.007 0.858
Serine 0.03 0.04 0.03 0.001 0.418
Glutamic acid 141 1.28 1.33 0.028 0.135
Glycine 0.32 0.35 0.30 0.020 0.644
Cystine 0.60 0.61 0.63 0.026 0.932
Tyrosine ND ND ND - -
B -alanine 0.03 0.02 ND 0.006 0.573
¥ —amino-n-butyric acid ND ND ND - -
Ornithine ND ND ND - -
Proline ND ND ND - -
Total free amino acid 5.33 4.90 5.19 0.185 0.687

vh AZ RE BE obu:ite] NES) WEA Y] AL FF (AT 4)

1) A=A

0

:i

=

o
L

EEERCE

2 A= 2 T
- AdH-e Tilley and Terry, (1963)2] WHE 7[R oz 3192
b F8 AR BSE opv]:x4F 7F(NALM, NALT, NALP, NALV, NALH, NALI, NALL),
rumen inoculum (rumen fluid:McDougall’ s buffer=1:4), timothy 0.24 g, 28 &A% 0.16
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E 63. AFARE S GUFHE(% of dry matter)

Item Timothy  Concentrate NALM NALT NALV ~ NALP NALL NALI  NALH
DM 92.98 90.46 99.97 99.77  99.36 99.97  99.95 9945 99.48
OM 90.13 91.69 99.71 99.28 99.77 99.68 99.91  99.85 99.94
CP 9.76 23.95 76.17 7844  72.27 79.12 74.66  74.79 70.70
NDF 71.14 21.33 - - - - - - -
ADF 42.59 9.82 - - - - - - -
EE 0.93 5.12 - - - - - - -

DM: Dry matter, OM: Organic matter, CP: crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, EE: Ether

NALH:

extract, NALV: N-acetyl-valine, NALP: N-acetyl-phenylalanine, NALL: N-acetyl-leucine, NALI: N-acetyl-isoleucine,

N-acetyl-histidine

T 64 APAR O] opr]weal TAHAY
Item Timothy Concentrate
EAA, mg/g
Arginine 1.51 8.93
Histidine 0.74 4.07
[soleucine 1.62 5.88
Leucine 2.95 12.80
Lysine 2.28 7.83
Methionine 0.27 1.56
Phenylalanine 2.03 7.22
Threonine 1.82 5.53
Valine 2.52 6.99
NEAA (mg/g)
Alanine 2.97 8.23
Aspartic acid 5.38 12.99
Cystine 0.35 1.98
Glycine 1.74 6.48
Glutamic acid 4.33 26.75
Proline 3.17 17.51
Serine 1.76 6.32
Tyrosine 0.85 3.78
Total amino acid (mg/g) 36.29 144.84
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W 2 24

O = (Ezopm| etk F-H7H)

@ A=

- NALT, NALM, NALV, NALP, NALL, NALL, NALH 0.50%<} NALT, NALM 20% %7}

@ HjFAIZE: 0, 6, 244%F
A7 4itEo R FFPsigon, 4ty F INHES FAgotn At 24 5 mAlE
o3 £4S el dart FEHIA A ded F A A
H

@

® 4¥FE = 3urE-O i vitro HEANS 9 B4

® A=

- 7} A=, pH, NH3-N, VFA, 1=43+&(Dry matter digestibility), 2] obn] =4t

¥ 65. McDougall’ s buffere] +A44&

Ingredients Contents, g/L.
NaHCOs 98 g
Na,HPO, - 2H,0 4.62 g
KCl 057 g
NaCl 047 g
MgSOy - 7TH,0 012 g
(th 23 o

3
O W32l Q3 AEStw FETA A A ¢ 270 A stomach tubeE ©] &,
FGol 2= &xt

@ 714" FAE #1381 COE FHal7taA 4789 Musline 2 Q=9 2/ o 3}

@ Rumen inoculum #|%: rumen fluide} McDougall’ s buffer 1:42 &3 3 50 ml ¢
@ < 3 rubber stopper®} aluminum capo.Z WE3 & (, 6, 24A|%t, 39T wj<F

() FAEH

- SPSS (version 25, IBM, USA) Z27#& o]&3le] UHIAFP R o] BARXAS Eg)
7HeAAE 795192 Duncang] E4UHE 5l AASAA S A5 A S

3 A% 2 nF
FE 662 B3Z oju|iAto] wbES wrgAate] nlxE Pko] B3I EY. in vitro A
I, BE Sz A6, 24417H) tjzTol HlE] A FECA pHEkol freldoz =A U
6AIZFT ol A T =T9F NALM, NALT, NALP A& FolA 744 =A e
2E AYF7E gzl vE feldoz E=A JEgs. dEASES
vl FAIZIY 2 ATl A F9HA Aole §lS. otelet Zo] pH ®Wste JpamAy e
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RN = B A3 3T vE 23 god, gRtdoe=s Bo of
o Al 9EE=9] W pHelle & W37t gtk Bk dX3H=(Wright et al., 1988).

3 1l
Jo
o
ol
2
o
N
N

¥ 66. B3 oflu=AF H7}7} in vitro pH, 7t F, AE 43S0 n X = P

Time Treatment P_valu
Contro SEM
() : NALM NALT NALV NALP NALL NALI NALH e
pH
6 6.88¢ 6.92¢  6.94  6.96°® 6.96*  6.98 6.97°  6.97*  0.007  0.000
24 6.79° 6.81° 6.85° 6.86° 6.36° 6.87° 6.87° 6.87¢  0.006  0.000
Gas production,
ml
, 17.75% o 17637 . .

6 18.75*  18.002 . 17.38 . 17.48° 17.25%¢ 16.75¢ 0.151 0.041
24 58.50° 61.75% 62.25% 62.38% 62.75* 63.75° 61.50* 62.13*  0.376 0.022
Dry matter digestibility, %
6 44.90 43.78 46.10 44.63 44.95 44.91 45.65 44.68 0.301 0.768
24 71.02 7106 70.29 7154 7239 7192 7143 7193 0.320 0.864

MY Ul BE ofrieibe HES] 64 WET AWT 7F BT tzFol u
T2 NHs-No| T&5E& AsAzl Aoz SRIEAP<0.05. A3d5 5 NALT, NALVE
NALHO A 22 NH3-N9| F=& RS m(P<0.05) NALM, NALP, NALL, NALI ztol= &<l
Aol fI S, 24N 7 BEREt NHs-No| 555 43 23 =79 NALM, NALT, NALYV,
NALP A2 Fztell& F9 4l Zol= gl o™ NALL, NALL NALH+ tiz7 Rt A4 #ZH
%1-8(P<0.05)

Yotz WES W HAE A AEEHE F8 dadd
o o3 AAYY Fal o] &ol #I FTEHZ ARE & —’F
Row HhE9 %‘E‘JO} TEE HAE A&l Agte] E F e AVIE AAHNERE AR
& 7)FEo] & £ JS(Clyter et al, 1979). o]} %
W] HollA A& o2 gAgEo] AGHR] HdEzE fAHE
mg/100 mlE A U7e] FE4AA B e AMES FF3 E
Slyter, 1974).

)&(Satter and

A8 Ao w2 ofu| 4k Ea|E&-L w9 v|A =+ (Prins et al., 19793 5 9
o

T8 &(genus)e] FF<S Wr(Scheifinger et al.,, 1976).
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g A3olA = His € Leu, llerl dRYol X wX& F3Fo] & AR YES
S Wang et al. (2008)-2> Met2] A|d Fol7t dryole] sxo 7P & 9L vt s
R ol A7 Foet FUF wofoh 2 ARl WE zolgt A AHEH A=Y F
ol & Aol2 ATH. ¥ opux4l Ejo #g AT AHE A¥EH R o

o}7} HisE #3lsle] urocanic acid (URA), N-formiminoglutamic acid, formamide % GluE A4
st AS WA vH(Van den Hende et al.,, 1963), His®] o]&&}-&o] #Ast= T2 EZ0Le}
are|gote]  #AS AYAF= wMlg HY. oYt Aerobacter aerogenes, Pseudomonas
fluorescens, Escherichia coli?} 22 vl =EEc°| Hise] #ald #Ass AR deizion
(Brevet et al., 1968) ¥F9| u] Y& ”H“élo] Aol FrEs dHdY gRES AA S
A, &Eu Azt S5 ALEAE Sl ZHF$olA Hisel F£o2 At SHA4ke

Aol A £ Qv RuHn} 9}—%(Lee et al., 2012).

¥ 67. B& olu]=2F H7}7} in vitro ammonia-Nol| v]x]= < 3F

Tim e Treatment P-valu
SEM

(h) Control NALM NALT NALV NALP NALL NALI  NALH e

NH3-N, mg / 100 ml
6 3.44° 4.01% 3.90 3.83" 419" 403" 4.02* 4.35° 0.062 0.001

24 1.96¢ 2.03° 2.35" 2.06° 2.30™  3.05% 3.32¢ 3.43° 0.138 0.001

In vitro ¥H5=9] TF Ao g wFE ol AR FFS % 6839 Za. WS
6A1ZEAFO A valerateE A B FEolA FAHQd AolE YERHA S Y
AN AL A F FPAA A YA R NALL A3 71 36.47 mM=E 2 A FolA 714
werom, NALM A3 571 55.95 mME BE A3 FoA 7HE =35(P<0.05). Acetate= Hl %
6AZFT MR R wgF 24Nl R AP Tl A FoAQl Zpol= @11+ Propionate+
HjoF 24A17koll A NALMo] 23.33%% 71 =2 &< Uelia, NALH H7H+5 21.8%=
7H w2 S U e S(P<0.05). Butyrate= Wl F 24410 A A A F2F A Aol=
UERGA] eEgk=. AP ratiow i 24AZAAME AF@TIE FolFQl Aole YEREAl %e-
Acetate, propionate, butyrater ¢ FAAIH} HWHIF HHEo] Ae ITAA4o|H
acetate®} butyratex= lipogenic¥} o] 2}*7, propionate= glucogenica} o] U=
A ¥F4k]l. o] glucogenic# lipogenice] Hl-&9] Tave 3 2 $HFEES A4aAZ F A
sH(Miettinen and Huhtanen, 1996). ¥ 23 9] 75‘—‘% acetate®} butyrate= v F 24A17boll A EE
Ay FoA FoA2Q zolE YERA &R, propionate= NALMelA 23.33%Z NALL
22.22%, NALI 22.42%, NALH 21.87%Xxt} O =2 F4& UE A =(P<0.05).

E 68 BZ olu=4t 77} in vitro VFA vl 9

- 144 -



Time Treatment

(h) Control NALM NALT NALV ~ NALP  NALL  NALI  NALH SR Prvalue
Total VFA, mM

6 24.87 2591 25.01  24.03 24.19 22.89 28.39 26.04 0.471  0.113
24 49.11%¢ 55,95 41.67" 51.81% 53.81% 47.02" 36.47° 4330  1.736  0.041
Acetate, % of total VFA

6 69.36 69.75  69.74  70.49 69.83 70.35 68.99 70.16 0.154  0.223
24 66.59 67.11 67.17  67.24 67.02 67.43 66.88 67.87 0.158  0.725
Propionate, % of total VFA

6 19.73 19.66  19.49  19.06 19.22 19.22 20.04 19.62 0.100  0.234
24 23.29° 23.33*  23.02% 23.02® 2270 2222 2242 21.87° 0.127  0.008
Butyrate, % of total VFA

6 8.50 831  8.45 8.24 8.53 8.15 8.46 8.03 0.053  0.166
24 7.46 719 7.29 7.25 7.71 7.64 7.89 7.75 0.074  0.099
Valerate, % of total VFA

6 1.05% 0.99° 1.02> 096" 116 099>  1.08"  0.96" 0.017  0.024
24 0.88" 0.78° 0.85°  0.79° 0.89  0.97%*  1.04° 0.85¢ 0.020  0.001
Acetate:Propionate ratio

6 3.52 3.55 3.58 3.70 3.63 3.67 3.44 3.58 0.026  0.245
24 2.86 2.88 2.92 2.92 2.95 3.03 2.99 3.10 0.022  0.065

NALM 2 NALTE #7F ¥ 6412 5 pHE A3 A3 Aol ns) foze
7FstR 0. (PK0.05), 24A1%F H pHe ofvn|4l HA7bgoE & A@FolA F7hete 7§6:}E
Q. 6AIZF = 24A17ke] Jhs MR ES NALT, NALM #H7bgel Al fodoz Zrlstgon
B34 T3 6AZF 2 2447 o) EE NALM, NALT #A7F7t fodoz =71359
(P<0.05). B A3olA+= AEL3ES S4317] 98l pore size7} 50 um<l nylon bags ©]-&3

=d FA7HNA MEE BT opu|xitEL 840 =AY YA It A o] WE
3 opH|A4E BIEo] 2 AT AS dAEC] Yl =AY nylon bagolA 4 H
E438tg0] FFIIE Ao Foy. I3y Bach et al. 2000)= 84 Eoar 3
o] & AL ot EATF =z wet koA ElEE AEr b2va &3
=z al. (2019)¢] AF@olA= NALMY HlF9d BEs 82 58.9%= SAHIS
ol T840 BT A REFS Ed&o] w0e A YvEhA &S UEY.

! 1:1]0 AL m o[N

Md

HEg=e Al AR opv| it FF, FolAtsl wel @24 4 AARE Seymour et
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al. (1990) % Rulquin (1987)¢] Ao WEH SFFE 7N g2 3 Atz @idS 3713 o
2 BESA QT Lysel A LAZo o2 ehdn, $34a45E /MoR shel wF
9wl A T AT A9 Meh AL AT ofElwmaow ek,

71 e oL
A7) ofm| Ak = =t
Lewis and Emery (1962)«] 3
2v2t 37%, 32%% UrEbgron} B
R3S oluxAto g2 X3t gFFoF Bl

¥ 69. B35 opr|=4F HIZHNALM 20%, NALT 20%)7}F in vitro pH, 7F2=A &, AEA48HE
ko)

vx= GF
Treatment
Time (h) SEM P-value
Control NALM 20% NALT 20%
pH
6 6.88" 6.932 6.942 0.010 0.000
24 6.79° 6.83? 6.83? 0.009 0.057
Gas production, ml
6 18.75°¢ 19.63° 21.00% 0.304 0.000
24 58.50° 70.252 69.132 1.631 0.000
Dry matter digestibility, %
6 44.90P 54.332 54.10% 1.622 0.001
24 71.02¢ 77.53% 75.66" 0.997 0.000
Ammonia-N< 6A|7F A NALT & 77F S oz 713 =9kv, ulzF, NALM
AYTELE FoH o2 F4%E. 24AZHAAE NALT, NALM, tiz7 o2 FA YERS.
Tetsuo et al. (2018)d] M= HE ofu=it A7l & AT Yol Fe oz
Hg] fojdo=z Frisigal stRAT g A A= A AT FARSE 23E wEXA
2=t NALM A2 T-9] A o] olxd dAFel Hlall Bol mAEY dwWd F3&o FF=

RS o2 Aoy,

¥ 70. B3 olux=4F HI7HNALM 20%, NALT 20%)7} in vitro ammonia-Nol| "] x|+ < &F
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Treatment
Time (h) SEM P-value
Control NALM 20%  NALT 20%

NH3-N, mg / 100 ml
6 3.44° 2.32° 3.92 0.239 0.000

24 1.96° 2.66° 2.78° 0.139 0.003

NALM3} NALTE 20%% 3o 232 3 Az wvjok 647k A NALM 20% 2 3 F-oj) A
ZT FEAPALLE Aol 36.60 mME thET 248 mMol| HlE] FoHoE A #AFH
(P<0.05). Hi<F 24AMZFell A= 2 B YA 2ol (UL acetate B &S Wi 64
b thZT 69.36%, NALM 20% 77.22%, NALT 20% 71.99%% NALM #2737} 7}4 EgtowH
(P<0.05), HlQF 24712 <A NALM 20% ARTF7F 72.33%2 7F4 2 ¥l&S UEAS
(P<0.05). Propionate= ®i%F 6, 24X 7Foll Al =7} 19.73%, 23.29%2 714 &S H|&S e
WAIL(PK0.05), butyrate= Bl 24A3koll Al thz=7 7.40%, NALM 20% 6.44%, NALT 20%
7.40%% JEFS-3(P<0.05). AP ratio= HiQF 24A17Foll A NALM 20%7} 3.772 74 & FAE
UEFRS(P0.05). 49 A% A 877 70% A=7F 3 AAks &3 55
Z acetate= FYAZA YA OiA T DA S = ANUAY 45% S A =3 ZFFo o]
A} Ao =83 98-S Iddk(Urrutia and Harvatine, 2017). A& <¢] Axlo] w= wj ek
24X 7F Tl nlal wioF 2447Fe] NALM 20% 23879+ NALT 20% A &0l A acetate 3t
2Fo] 72.33%%} 68.69% %= FEFLH-2(P<0.05).

|

Treatment
Time (h) SEM P-value
Control NALM 20% NALT 20%

Total VFA, mM

6 24.87° 36.60° 27.19° 2.142 0.027
24 49.11 52.56 49.37 1.138 0.443
Acetate, % of total VFA

6 69.36° 77.22° 71.99° 1.157 0.000
24 66.59° 72.33° 68.69" 0.854 0.000
Propionate, % of total VFA

6 19.73¢ 15.02¢ 18.34° 0.700 0.000
24 23.29° 19.17° 21.55" 0.604 0.000
Butyrate, % of total VFA

6 8.50° 6.07° 7.64° 0.357 0.000
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24 7.46° 6.44° 7.40° 0.174 0.001
Valerate, % of total VFA

6 1.052 0.73° 0.91° 0.046 0.000
24 0.88% 0.69° 0.76" 0.030 0.002
Acetate:Propionate ratio

6 3.52° 5.14% 3.93 0.245 0.000
24 2.86¢ 3.77° 3.19° 0.136 0.000

B AYe AIPE e A9e® 28 NALM-NALT-NALH EFAA 7L 2a-5-0
ol ]

o FAEe AL GFe 2] 8 FASEon  AIRE7| Bl A
NALM-NALT-NALH 2§48 94 v S0z E£3a 45e wop 2 43¢ +3930e

Oh APAE AFS AP FARE FEA ANT AT AEEFANA 5
(b A A7 Fol A SF L BAAA F 377 A/HAE Folste] 30Y 5
(th BAEE: Holstein -9 6152 d@FER Ao o F 43, 45, A7,

AFLTE VT2 HET 207, AT 207 F 4075
A: Randomized block designe AF83ted 4kal, Z-{FAF, &, ATS 7=
Adete] H7AAE FoEA ¥v xR 53 NALM-NALT-NALH 30
glds #H7teke A2 20574 AL
(mp A
O A@Ass wWd o IA AEE97IE TMR 1,200 kg &EEA 5 kg
(top-dressing) & Foslgen wFAEE AEFAIRS. AdFde mMY F3
NALM-NALT-NALH 30  g< 7|ZAL=) top-dressingst X+
- NALM-NALT-NALH "€ 84 g : 17.25 g : 435 g (3 30 @)
@ AEAAAFS W oA F9 A JdFE SASA A=
@ ZHrAIZE 3FF 2HMAE 3419} 25 3A]) 23w
@ FFE Wid 71EstR o mF FAARE AFHSIH AE AR
® H7HA 39 A 29(-d 2, -d D, §49 25 ¥ 39 14-16), 54 35 F 3¥YxHd 21-23)
e AFAsT FAAEGEAY, 99, F9, MUN, Solid not fat, AAEF )
A8 A=
& H7A Fo 3F 3 25 AFHIU W Holsteing R A3t 7 A o] A
FAIE 10 ml AHSFF o™ AHFH FA heparine] &= 10 ml FAHEAHBD

£
>
o
il
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H

Vacuainer.

Becton Drive, Franklin Lad)ol

AR Rels] WP BSAL.

D AR foF

(1D FAEH

RN
1=}
g, A

FoFF bRz 7MEAAAS FHSIS.

- SPSS (version 25, IBM, USA) Z 2138 o]&3}d

EAHAE, Aoln e HEA 2), AR7|EA HU)

72. AFAF S E(% of dry matter)

Item TMR Concentrate Roughage Yeast culture
DM 64.37 90.24 24.65 92.75
OM 91.23 91.52 95.37 86.11
CP 16.13 21.74 10.41 15.58
NDF 43.32 27.37 63.08 30.86
ADF 25.47 12.85 42.27 9.90
EE 5.16 4.00 4.71 1.43
Amino acid, % of DM
Arginine 1.17 1.53 0.94 0.30
Histidine 0.27 0.40 0.26 0.08
Isoleucine 0.51 0.70 0.49 0.25
Leucine 1.18 1.76 1.23 0.56
Lysine 0.64 0.88 0.57 0.37
Methionine 0.18 0.28 0.19 0.08
Phenylalanine 0.53 0.87 0.65 0.29
Threonine 0.64 0.84 0.61 0.34
Valine 0.67 0.86 0.63 0.32
Tryptophan 0.16 0.22 0.17 0.10
Alanine 0.84 1.11 0.83 0.61
Aspartic acid 1.40 1.80 1.19 0.72
Cystine 0.36 0.51 0.40 0.12
Glycine 0.71 0.93 0.74 0.40
Glutamic acid 2.35 3.52 2.54 1.03
Proline 1.13 1.99 1.44 0.48
Serine 0.68 0.94 0.68 0.32
Tyrosine 0.47 0.53 0.54 0.19

73 AHS Fold £ 9 4R

Item Control Treatment SEM P-value
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Milk vyield, kg/d 32.48 32.21 1.189 0.910

Milk composition

Fat, % 5.08 5.08 0.099 0.986
Protein, % 3.49 3.52 0.048 0.748
Lactose, % 4.80 4.74 0.030 0.360
Solid not fat, % 8.77 8.76 0.041 0.869
MUN, me/dL 16.12 15.93 0.282 0.750
Cells, 10° 413.85 210.98 142.330 0.523
Acetone, mM 0.00" 0.01° 0.002 0.014
Beta-hydroxybutyrate, mM 0.03 0.03 0.004 0.629
Cas.B, % 2.66 268 0.034 0.807
%?Fyo aucfilgﬁt;/ffated 155 1.59 0.025 0.398
?gtltyy HsetLyated 0.34 0.34 0.004 0.892
Saturated fatty acid, % 3.24 3.21 0.075 0.818
Total unsaturated 1.83 1.87 0.026 0.472

fatty acid, %

3 23 9 oz
A=GHAZFE A7 d27EY fFoF o
Giallongo et al. (2016)2] AFolA= MP &HFS FFHA7Y]
Fo3tAS W AEAHAZF 7SS %% LR

Aol ggoy FAHerE AL 2Tl fo

ft

=2(P0.05). Lee et al (2015);
™ Al RP-Lys, RP-Met, RP-HisS %7
2o gz Ay T77te] 8ozl
< Aol A eSS

¥ 74. NALM-NALT-NALH E3}47} Holstein®] 8 2 §A R nx&= 43}

[tem Control Treatment SEM P-value
Dry Matter Intake, kg/d 25.99° 26.782 0.250 0.040
Milk yield, kg/d 31.92 31.21 1.658 0.301

Milk composition

Fat, % 4.86 4.59 0.106 0.225
Protein, % 3.45 3.50 0.044 0.566
Lactose, % 4.76 4.66 0.027 0.085
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Solid not fat, % 8.84 8.80 0.042 0.616

MUN, mg/dL 15.19 15.26 0.278 0.894
Cells, 10° 274.54 204.51 70.599 0.644
Acetone, mM 0.02 0.03 0.004 0.372
Beta-hydroxybutyrate, mM 1.34 1.36 0.018 0.551
Cas.B, % 2.09 2.09 0.026 0.955
%gct’{lyo glc?g:‘“,}/fated 0.92 0.91 0.013 0.516
?ftltyy e ated 172 1.62 0.038 0.218
Saturated fatty acid, % 2.44 2.32 0.052 0.229
Total unsaturated 1.78 1.73 0.024 0.320

fatty acid, %

g ofln Ak BEe 1759 S NALM-NALT-NALH EZAE g9 o 4
otH|i= Ak T HIES ofH|:Ahe A FrolA FY AR FA UERS(P<0.05). Eaobn gt
R F A opr| At Aot xR oAl Aol glo] His (45.37 vs 50.27 uM)
Met (15.47 vs 19.39 uM)ollA A2 77F dxzTro Fodoz HA Yelg3(P<0.05). BE
ofr|i=Ate] ®H5& g o]&EF Wrte in vitro A3 AA(E Hriste ART EF U
otu| - 4k-S A5 Zo] ¥ AHEsltg= Mol A Rulquin and Kowalczyk, 2003) d# W] Met}
His =9 F7l= B3S ofu|ilo] whEfjolA RIw ol &A% FF5 S7MEHTGE S
A AL

ojN 4

3£75. NALM-NALT-NALH E&HA 5o Al, Holstein €% ofw|=4ke] W3}

[tems Control Treatment SEM P-value

Essential amino acid

Arginine 85.94 83.77 5.848 0.714
Histidine 45.37° 50.27¢ 2.071 0.023
[so-leucine 94.55 86.72 4.124 0.065
Leucine 117.27 112.40 5.417 0.374
Lysine 70.37 61.79 4.352 0.056
Methionine 15.47 19.39° 1.746 0.031
Phenylalanine 32.38 32.03 1.414 0.802
Threonine 62.66 59.91 4.269 0.525
Valine 276.04 273.89 18.271 0.907
Total EAA 800.04 780.17 35.654 0.581
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Nonessential amino acid

Alanine 91.76 97.72 5.401 0.277
Aspartic acid 6.76 5.48 0.996 0.207
Glutamic acid 51.15 52.53 2.666 0.607
Glycine 217.15 238.60 12.786 0.102
Proline 63.20° 114.57% 4.359 0.000
Serine 228.45 238.91 10.816 0.339
Tyrosine 40.56 31.50 5.875 0.131
Total NEAA 699.02° 779.31° 29.757 0.010
Total AA 1499.06 1559.49 57.079 0.296

a9 75. AEHIHA 71848 JIHE: 2T, - A8
a" 75 AVHA 7134 B7be uEdl. H7PAE top-dressing A F WA TR
MAEC]l A7 wZEod H7MA 59 F 3083k stanchions 1243 HIMAE
Fostd o AEAFAF] HERTEY 5 o2 Hol 7|4 L 5 Zo2 dug.

Ab HEES] B opu|i4l BA|ZE in vitro REAG PXE FF (AT 6)

(1) A%

2 A F AN HFT JEE HIS oiu:x4t F  NALM-NALT-NALH
EdAAe BRo& 9 in vitro BFFS HaEAFG PXE dFS A fs FAsR e
B A3 positive control® NALT, NALM, NALH, Met, Trp, His & 708 oju|x4+-S
v} 2] 3} =

2 Az L ¥y
Op & A3ge Tilley and Terry (1963) WS 7B o2 43
b AFAA
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O 437124 A= TMR 0.85 g, /78 §FAR 015 g
- zEzT TRV

- A8 71: NALM 3% (w/w feed ©ls} 5<Y)

- A8 92: NALT 3%

- A 2]73: NALH 3%

- 28] 74: Met 3%

- A8 +5: Trp 3%

- A 2]6: His 3%

- 28] 5+7: NALM+NALT+NALH 1%

- X 8] +8: NALM+NALT+NALH 10%

- AP REFEA & Met +Trp +His 1%

- A 10: REEXA & Met +Trp +His 10%
HlOFAIZE W HbE: () 6, 24A1ZF 0 R F 3AZMNE BEE 3 HER L3
#2485 pH, NH3-N, VFA, FAdoln] x4k

(th A3 Oy

@O McDougall buffere] pH ¥ 257} 747} 6.91, 37.3CE A=A w A&7
@ 71AALE7F 21 v g o CO.& Y3 ¥ buffer 80 ml 53

@ CO,E FY3g 3 rubber stoppers} aluminum capl.Z 553

@ oA E 3o A T da 2FY A9S AT

® COE FHal7IH AL 589 musline = 21 o=}

©® ®EEF91 20 mlE syringeE o] &3l buffer7p @11 v gH o &

@ AEJATE g o] & Ho|e & =g EE5o/F F 39T incubatorell wj <
g T8 5 syringe=Z ¥l 5 ml 2 FH3SF] conical tubedl] o} pH &4
© Ammonia-N #4}: Chaney and Marbach (1962), 0.2 N HCI 500 wl %7}

10 VFA 4. Erwin et al. (1961), 20% metaphosphoric acid 200 wl 7} \

HoH /i opuest 9 EAe BREEA oFe N ofw|x4k 2 EHA|S] pH 2
P B7637 2o 9 6413 A diE2TeF NALMolA 71 ¥A (P < 0.05) yelgoH
NALM-NALT-NALH E-3A ¢} Met-Trp-His 5dAE vlwstd<s = H7H&3 #Aglel /9
Aol ztol= QUS. a2k wiek 24417kt ol NALM-NALT-NALH 23§49} Met-Trp-His &3
AE vwstH S uw Met-Trp-His EFA oA FolZoz 713 =4 YEl S,

3 76. NALM-NALT-NALH$} Met-Trp-His¢] pH Hlxl
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Treatment

kit NALM- NALM- Met-  Met-  SEM Pval
: NALT-  NALT- p- p-
Con NALM NALT NALH Met Trp His NALH  NALH His His
1% 10% 1% 10%

6 6.74°  6.78°0 6.81™ 6.86" 6.86° 6.92* 6.88"  6.92° 6.89° 6.90°  6.93* 0.021 0.000

24 649" 654" 658 659"  6.56™ 6.54° 6.59°  6.59" 6.58"  6.64° 6.89° 0.014 0.000

Hod 7 oprx4l g HA|e} HoHA F2 R ofH|x4gl 3 H3HA| 9
ammonia-N ZA¥&= 773 28, Ammonia-N F5E w59 U ngEEo] o
olm = Ak 58 ammoniaZ E3)3}7] wjEo|(Bach et al, 2005 W39 HFE HZAHQ AER
o] &F=d 53|, uvl¥ 24A 7t NALM-Met (1.71 VS 2.12), NALT-Trp (1.54 vs 2.02),
NALH-His (1.56 vs 4.7D)2 RZH A & ofniit Ag oM Fodoz HA Yehgon
oAl 2ol wlw m=FE Met-Trp-His 10% A 2]-oll A 4.86 mg/100 ml= NALM-NALT-NALH
10% &9 1.56 mg/100 mlEtt FH o2 %A Yeyge

5

i

, peptide,

4

3£77. NALM-NALT-NALH®} Met-Trp-His¢] ammonia-N (mg / 100 ml) H]x

Treatment
T(iﬂ)le NALM- NALM- Met-  Met-  SEM P;lveal
Con  NALM NALT NALH Met Trp  His Nary  NarH o 1
1% 10% 1% 10%

6 1728 1.32%de 150  q27%de  106°  1.30%¢ 1139 1320 139 146 12 0087  0.002

24 1334 1.71%d 154 156 2.12° 2.02° 4712 1.54 156 196  4.86° 0.127  0.000
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i1 CF a =1 =
H 3 15 g4dx % 23H 20 7|0k
AlAdAEXE SAE
1. 1A9E B G4
T EZ
sy | ARHAT AR-ATE 5 i A7}
HZ29 BT 7|58 2= 100 Met F=A &4 =9
=97 7 B3E ol x=4t Ay s (&= 3%, 7714t 3%, A4 2%
(CIA LA e i ke el sad ofml =4k ofM g3t ZIdk Trp ¥ His
obpli it thd BE obvlmat 100 |
18 A A
A 7
ST A Z(MAC-T)E o] & Arg(48h, 1,5mM), His(96h, 1.2mM),
5 P [le(48h,0.6mM), Lys(24h,1.2mM), Leu(96h,
@ 10709] Waofn] i to] ’ :
. 1272}4135;0} Pt Lj 100 [L5mM), Met(72h, 0.6mM), Phe(24h,
_ ngsagm| @ TEmEdel AH AR 0.9mM), Thr(96h, 1.5mM), Trp(48h,
VH | azgem |2 5% 4% 0.9mMD, Val(24h, 0.6mM) 7%
A= oA ST SaTa o 871(HSPB1, GRP-78, LDH-B, MDHI,
(2017) - - o 100 |ANXA1, CK-7, GAPDH, PHB)S] vk
W w2 (FrrdT) #Y FRoyd B2
IAFEZHAE T3l N, Ay
3ted olm A A A bypass| 100 [FFEAFES] ofjm|i-al zA B XY F
g %%
AeEd+71H — . _
X 2 = 7 A3 - _
Caugpepay | S s A, A BB opu] 4k xﬂxﬂ A7b A wEY wE
b ot AA Y WF) ol ot el S (B
HLE Ex w 7—]‘:‘/K§]-°o]] 100 Oﬂ D:]— _. __,_91]—@ pH
AT Grevel A4 ST 9 o wu )
MAE 9
2. 239 E B 9T
T B 31 20 o RS Rt 8= SEEE
A = ar ol 3
(&%) ) 53244 75 ) F-AT5 ) T
E9E 94 1% 8u
;oM g glo] A
b P =Y oY obE Al
Fd A (F4E | €2
1. His: 95.0 mol% / 99.8%
2. Trp: 98.0 mol% / 99.5%
gE | CIALAD |23l 7 ,ﬁf A% 7HHL PO o MY
R = 5. Tle: 83.4 mol% | 99.3%
(2018) 6. Val: 86.0 mol% / 99.6%
B3 Jlglols A4 7Nk 7l gR
1. Blocking agent-free &4d
2. Aetol= T4 2
N9 BS 717
A ol G Hu
ANPEATrI e Fado] 74 @zl 100 [Met (0.6 mM, 72 h), lle (0.6 mM, 48
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Dottt A4 (A 9=
AT A1)

ol #a9 gd50] /13
Qo2 vebg

e

M Zuj kA d S 53] extra-cellular

Zy daolu| b o gt 100 chaldo] 719 107 ofm] AkS
o g B omics S 4 AHeg = My aud AgF B4
I8
Extra-cellular &2 £u] Ai =2
0 3 529 zo0 z3lo
% vud g4 21 Bl gy meol Mg FL 2L
N Ile-Leu (96 h), lle-Met(72 h), Met-Leu
Folr| 4k 23o]l fF 100
) ) (72 h), Met-Leu (96 h), Met-Phe (72
o HA ol m X = G
h), 18111 Met-Val (72 )¢l Ao =
gl
(A=t ga)
Fgotu gt 239 /5 A opu| A4t 23 AZEAHEE A
ol g kg 3 B 100 [7HAE =% H7F 23 (=4 H7HA
e Aol m X = G 9B QX G 39l
W39 & L-Tryptoph
an (RPT) 30 go] Moder ate-Severe
k9] ¥ & L-tryptophan Heat Stress THI (80-89) 7]zFoll A <]
(RPT)o] E2ERQl BlA&] oo [HE ART SEIAL glgler,
AL H A= Gk G237} lactosee] FIHS Z7HAF
(F71 ) RPT9] H7M7F A{FA719 AL H &
AAEAE NSRS H, FolA
SAAFe 7 AEFES 1Y
HEAFE Q] ofm Ak 2AS B
13254 S S8 A, T o=
T 3191 24, n-acetyl”] ]%Ei
A@slE ofw =4k A A 9 100 )
_ . AEA o] sttty AHEo PA)
bypass £& =4 “ i
=4 He F
gl o) . . :
Anma) LARAAS B8 HEokel Al AA] A7k A WS
° = kel =, _ _
(8ol eraL) T g EA o Ml (HE43E,pH,
APGslte ofw=4t A A <9
100 [h=EAw, dRYoty A4 v 9
HE9) 28 EX 9 A& '
_ A ALY, AlBFQd BEolu 4t
&3lgo v A= F&F HI _ oo
A A} vl B F
REE B 9XAE
TE g = Qmam
Al -3 8 AEATER o R
) | -2} A) | 5 08
g At 7Hed BHE ofw 100 100L scale otv]:x=4t =4 4 34
3z} A AY 7E HAs g (g 99% ©l)
. FaA7 &
STl eAgAm) (A AE S2AEAMD oo |EER HCIE (Tg, Tm), A% kg
2019 2 9% Ay dole qn 2 Q% RS doly

- 156 —




In vitro X743 M=E A Trp, Met,

Zh5-ol JoiA HZH o b His 37} o}m=ak %3 o] fubw =3
9 B3F Ffolu| ko] FA 100 of &3 gl
oA ©ud A 7 (Trp:Met:His ¥ & 3:2:1)
aT AbF 7y HobeF wkd (17.25g, RPME
8.4g, RPHE 4.35g)
W9l BE Trp W Af-9 H7HA,
AE A A 9 FolR AF =7
AP EAT |In vitro AFA A=" A }< 5 ° ! b AT 274
_ N 73 &(+4kg) &<l
713 Z o] Hgroln| Ak 23S 2
A 1) |[eoo TAA Sz guwz 100 744 FHEE 7]dE S| ~Ed 2 oA E
L‘::LILEH*ﬂJJ— arT ] l:loq ] RN L_lé /‘K_]_- %/\] —Zr?:} }\]’ Xy‘%_/{:f}] -ﬂ-l\:}_—\ﬂi@ }\g/‘\l—
SR v A= FEF A ) )
ZF 372 AMES TA &9 g9l

(in vitro B7} 239} )

Al FE71BAA =P8 HIopu sk
3% (Trp, His, Met)& Z-f-5-olA F<

A= =] = o=
§FEEIIEC TR0 lga guma zams 47 GAA
El
h

N2 Z2 dEF =4 (9

=71
HA 2} FF5F8)
HZ MEE HH =F oy NALH % NALT =3t & 7F9 ZHo}
A AA 2 fad A4 olgl w4 VFA 5 HEE e A
~ _ 100 _ - - )
ZXEZ bypass && H golg xR (N9 vAE dE G
HE9] dhg B4 Hr) w]n))

(73 &=t eta) Al Fds71dolx =" HEofrieqh
R

29007 Fo

HA = otr|4F L /- 3% (Trp, His, Met)
Wogd e B 0 (s FUMd FAED A%
W fuwad SNEN A% (522 Z7h)

do 4 5 F7F B 1Y F

9e Ao oyd
G og@ B ohieite] FEE 5@ ke fuM A A E3E AFHa, AP
obEliate] Ag A1 AAH O BHGE FRoIN FuP JEH waSE FF o}
Rl ol9le] ThE AR M LS SIF AW e B F Qor, FA

o

specialty AtE H7HA TS A=d & Qe A 7IeZ A8 Ve

- 157 -



1A
O .

A} signalling map |

1

K2

Z wmg

oF

ofm At YA E Al

aL
o -

Foolu Ak 24 djg ol A

S
gl

nh, A o] ALg ] T

file)

7 @Aje] BE opu|A AR Lysi Meto 2 Tf

ojlu] =

oA ¢ oju|A4loE HG

15
)

o
A=y

LA

o}u]

ﬂo
o

ATE Eo) AWH 1S oy

=

}

Rk

.

N
o

@_

I A Sei7E AREHL e BT ofridt A&l S

o Yot e stHoeg Qs

7H3HIE 7]

o,

Azke] F

A

2} A A o] Al L A

o
o

Eal

)

s

AEAIA £2AE ATEo=H Cargll, ADM, Evonik}

o

=
=

2 ogsm, Aguaolehs A4l 7

)
e 7o

<
T

1
7}e] AT 27} olmA] AT 71

;OE

mie

Lol

A AR AL AT 9

=]
=

]
T5=

JJo

Ag Agol| s 7

=

1

Il
yul

Ao} 7hdel of

Hl &
-

7Isd &

[ele) =
S W 4=

2

et

fou

il

of. /N Hzotmlingl AA2] AAYBHHA A ) A LA F(F) wh

— 158 —



A1d AT 43 LEF L 8 W

O
S re
2
-
o,
:i
rr
rE
o
oft
gﬂn
Jm
ol
il
off
—o

o
19
=
2
filo
I
=]
f
i
o
Ll
Ho
%

1
™
p'L
Jil
m)
N
AL
off
o
ofo
>
frtl
=
oot
Ry
Lo
:|:4‘
o
=2
e o
ofo
et
£
o
9

O
”
re
-
2o i

T
RV

off T i

O =&, B35 ofricit F71E 918 AFA AL AR WP Y B2 BAA el A
6 A7 R Y FUE FEFOEA Fke oL AHT £ IS Aoz BuY

Al 24 F7 479 oA

O & d7A AT W59 HE ofu|iit 9o & 7 ofw|iit 9 ojrietbEo] 292
AA AFshs A ddo] 228 Zlow dAdd

A F% @A gA signaling mape] ol&lS 93k metabolomics A
o7 FYPL A9, @ed &% A SHe A RN ofYg HEg Aol
Ve= A A 2 71Ee] HEo] 7Hestal, ol & HR o R id AAY 7EFd
S A FRlo] 7hsdk ol Jw Aune FF AFY Ve MRS 93

34 H79| opu]ix

o
2 H8 &40 A HIFHIE ATFeEN F7He
3 93}

A3 d e AT &

O F A AAN AFH AR A7HE olmat 24 AT THs.

b

=
=

tlo
e
i

ol

O B dFE T3l /EsE w59 BS oln| =4k sub-effect= WA E gk A
of ofu|i=A4l HUER S F& AU gFst &3 HAF 7197 7

- 159 -



P, s 2 AAAR R o7

3

Hop s A&

YiE$g olmiat AMR HIMAY AAS

o

MEel RS oln

sho] A=

A A

| —
—

A7rEE, A

g,
At A S A2A

@-

=

/‘\l_

-
-

4% opy]

b A7e oA oA

, O:g]_-Ai “_"_7

9|

g 9

O

Z o
&

o
0

o

opu At F=A T

Els

gr

2

AT Aol HE] dA)

[e)
u

241 9] R, ik AdH] ]

Bk Sls) e

o
)

ol

N
oy
nJ
"
o
oF

- 160 —



Y. F1Ed

Abbasi, I. H. R., Abbasi, F., El-Hack, M. E. A., Swelum, A. A., Yao, J., and Cao, Y. 2018.
Post-ruminal effects of rumen-protected methionine supplementation with low protein diet
using long-term simulation and in vitro digestibility technique. AMB Express. 8:36.

Alstrup, L., Nielsen, M. O., Lund, P., Sehested, J., Larsen, M. K., and Weisbjerg, M. R. 2015. Milk
yield, feed efficiency and metabolic profiles in Jersey and Holstein cows assigned to different
fat supplementation strategies. Livestock Science. 178:165-176.

Appuhamy JA, Knoebel NA, Nayananjalie WA, Escobar J, Hanigan MD (2012) Isoleucine
and leucine independently regulate mTOR signaling and protein synthesis in MAC-T
cells and bovine mammary tissue slices J Nutr 142:484-491 doi:10.3945/jn.111.152595

Appuhamy JA, Nayananjalie WA, England EM, Gerrard DE, Akers RM, Hanigan MD
(2014) Effects of AMP-activated protein kinase (AMPK) signaling and essential amino
acids on mammalian target of rapamycin (mTOR) signaling and protein synthesis rates
in mammary cells J Dairy Sci 97:419-429 doi:10.3168/jds.2013-7189

Arambel, M., Bartley, E., Camac, J., Dennis, S., Nagaraja, T., and Dayton, A. 1987. Rumen
degradability and intestinal availability of a protected methionine product and its effects on
rumen fermentation, and passage rate of nutrients. Nutrition reports international (USA).

Atasoglu, C., Newbold, C. J., and Wallace, R. J. 2001. Incorporation of [15N] Ammonia by the
Cellulolytic Ruminal Bacteria Fibrobacter succinogenesBL2, Ruminococcus albus SY3, and
Ruminococcus flavefaciens 17. Appl. Environ. Microbiol. 67:2819-2822.

Bach, A., Calsamiglia, S., and Stern, M. D. 2005. Nitrogen metabolism in the rumen. Journal of
dairy science. 88:E9-E21.

Batistel, F., Arroyo, J. M., Bellingeri, A., Wang, L., Saremi, B., Parys, C., Trevisi, E., Cardoso, F.
C., and Loor, J. J. 2017. Ethyl-cellulose rumen-protected methionine enhances performance
during the periparturient period and early lactation in Holstein dairy cows. Journal of dairy
science. 100:7455-7467.

Baumrucker CR (1985) Amino acid transport systems in bovine mammary tissue J Dairy
Sci 68:2436-2451 doi:10.3168/jds.S0022-0302(85)81119-X

Bequette BJ, Backwell FR, Crompton LA (1998) Current concepts of amino acid and
protein metabolism in the mammary gland of the lactating ruminant J Dairy Sci
81:2540-2559 doi:10.3168/jds.S0022-0302(98)70147-X

Bergman, E. 1990. Energy contributions of volatile fatty acids from the gastrointestinal tract in
various species. Physiological reviews. 70:567-590.

Berthiaume, R., Dubreuil, P., Stevenson, M., McBride, B., and Lapierre, H. 2001. Intestinal
disappearance and mesenteric and portal appearance of amino acids in dairy cows fed
ruminally protected methionine. Journal of dairy science. 84:194-203.

Berthiaume, R., Lapierre, H., Stevenson, M., Cote, N., and McBride, B. W. 2000. Comparison of
the in situ and in vivo intestinal disappearance of ruminally protected methionine. Journal of
dairy science. 83:2049-2056.

Beugnet A, Tee AR, Taylor PM, Proud CG (2003) Regulation of targets of mTOR
(mammalian target of rapamycin) signalling by intracellular amino acid availability

- 161 —




Biochem J 372:555-566 doi:10.1042/BJ20021266

Bionaz M, Hurley W, Loor J (2012) Milk protein synthesis in the lactating mammary
gland: Insights from transcriptomics analyses Milk protein:285-324

Blake, W. L., Stern, M. D., and Hannah, S. M. 1986. Effect of supplementing methionine in
various forms on bacterial degradation of methionine in continous culture. Nutrition reports
international. 33:729-738.

Blu, M., and @rskov, E. R. 1993. Comparison of in vitro gas production and nylon bag
degradability of roughages in predicting feed intake in cattle. Animal Feed Science and
Technology. 40:109-119.

Blum, J. W., Bruckmaier, R. M., and Jans, F. 1999. Rumen-protected methionine fed to dairy
cows: Bioavailability and effects on plasma amino acid pattern and plasma metabolite and
insulin concentrations. Journal of dairy science. 82:1991-1998.

Brevet, A., Hoffmeyer, J., Roche, J., and Hedegaard, J. 1968. On the reversibility of the
degradation of L-histidine in imidazolelactic acid in different microorganisms. Comptes rendus
des seances de la Societe de biologie et de ses filiales. 162:1054-1058.

Broster WH (1973) Protein-energy interrelationships in growth and lactation of cattle and
sheep Proc Nutr Soc 32:115-122 doi:10.1079/pns19730024

Casper, D., Schingoethe, D., Yang, C.-M., and Mueller, C. 1987. Protected methionine
supplementation with extruded blend of soybeans and soybean meal for dairy cows. Journal of
dairy science. 70:321-330.

Chalupa, W. 1976. Degradation of amino acids by the mixed rumen microbial population. Journal
of Animal Science. 43:828-834.

Chandler, P. T., Brown, C. A., Johnston Jr, R. P., Macleod, G. K., McCarthy, R. D., Moss, B. R,
Rakes, A. H., and Slatter, L. D. 1976. Protein and methionine hydroxy analog for lactating
cows. Journal of dairy science. 59:1897-1909.

Chaney, A. L., and Marbach, E. P. 1962. Modified reagents for determination of urea and
ammonia. Clinical chemistry. 8:130-132.

Chase, L. E., Higgs, R. J., and Van Amburgh, M. E. 2012. Feeding low crude protein rations to
dairy cows-What have we learned. In: Proceedings of the 23rd Ruminant Nutrition Symposium.
University of Florida, Gainsville, FL. p 32-42.

Chen, Y., Harrison, J., and Bunting, L. 2018. Effects of replacement of alfalfa silage with corn
silage and supplementation of methionine analog and lysine-HCl on milk production and
nitrogen feed efficiency in early lactating cows. Animal Feed Science and Technology.

Chung, Y. H.,, Bateman I, H. G., Williams, C. C., Stanley, C. C., Gantt, D. T., Braud, T. W.,
Southern, L. L., Ward, J. D., Hoyt, P. G., and Sod, G. A. 2006. Effects of methionine and
lysine on fermentation in vitro and in vivo, nutrient flow to the intestine, and milk
production. Journal of dairy science. 89:1613-1620.

Clark JH (1975) Lactational responses to postruminal administration of proteins and amino
acids J Dairy Sci 58:1178-1197 doi:10.3168/jds.S0022-0302(75)84696-0

Colmenero, J. J. O., and Broderick, G. A. 2006. Effect of dietary crude protein concentration on
milk production and nitrogen utilization in lactating dairy cows. Journal of dairy science.
89:1704-1712,

- 162 —




de Veth MJ, Castaneda-Gutierrez E, Dwyer DA, Pfeiffer AM, Putnam DE, Bauman DE
(2006) Response to conjugated linoleic acid in dairy cows differing in energy and
protein status J Dairy Sci 89:4620-4631 doi:10.3168/jds.S0022-0302(06)72512-7

Digenis, G. A., Amos, H. E., Yang, K., Mitchell, G. E., Little, C. O., Swintosky, J. V., Parish, R.
C., Schelling, G. T., Dietz, E. M., and Tucker, R. E. 1974. Methionine substitutes in ruminant
nutrition I: Stability of nitrogenous compounds related to methionine during in vitro incubation
with rumen microorganisms. Journal of pharmaceutical sciences. 63:745-751.

Dijkstra, J. 1994. Production and absorption of volatile fatty acids in the rumen. Livestock
Production Science. 39:61-69.

Dinn, N. E., Shelford, J. A., and Fisher, L. J. 1998. Use of the Cornell Net Carbohydrate and
Protein System and rumen-protected lysine and methionine to reduce nitrogen excretion from
lactating dairy cows. Journal of dairy science. 81:229-237.

Doane, P. H., Schofield, P., and Pell, A. N. 1997. Neutral detergent fiber disappearance and gas
and volatile fatty acid production during the in vitro fermentation of six forages. Journal of
Animal Science. 75:3342-3352.

Elwakeel, E. A., Titgemeyer, E. C., Faris, B. R., Brake, D. W., Nour, A. M., and Nasser, M. E. A.
2012. Hydroxymethyl lysine is a source of bioavailable lysine for ruminants. Journal of Animal
Science. 90:3898-3904.

Endo, Y. 1980. In vivo deacetylations of n-acetyl amino acids by kidney acylases in mice and
rats a possible role of acylase system in mammalian kidneys. Biochimica et Biophysica Acta
(BBA)-General Subjects. 628:13-18.

Erwin, E. S., Marco, G. J., and Emery, E. M. 1961. Volatile fatty acid analyses of blood and
rumen fluid by gas chromatography. Journal of dairy science. 44:1768-1771.

Firkins, J. L., Fowler, C. M., Devillard, E., and Bequette, B. J. 2015. Kinetics of microbial
methionine metabolism in continuous cultures administered different methionine sources.
Journal of dairy science. 98:1178-1194.

Fowler, C. M., Plank, J. E., Devillard, E., Bequette, B. J., and Firkins, J. L. 2015. Assessing the
ruminal action of the isopropyl ester of 2-hydroxy-4-(methylthio) butanoic acid in continuous
and batch cultures of mixed ruminal microbes. Journal of dairy science. 98:1167-1177.

France, J., and Dijkstra, J. 2005. Volatile fatty acid production. Quantitative aspects of ruminant
digestion and metabolism. 2:157-175.

Frank, B., and Swensson, C. 2002. Relationship between content of crude protein in rations for
dairy cows and milk yield, concentration of urea in milk and ammonia emissions. Journal of
dairy science. 85:1829-1838.

Gallo A, Fusconi G, Fiorentini L, Grilli E, Fantinati P, Masoero F, Cuore S (2010) Blood
methionine and lysine concentration in lactating dairy cows supple-mented with
commercial rumen-proteced methionine and lysine products Energy and protein
metabolism and nutrition:349

Getachew G, Pittroff W, Putnam D, Dandekar A, Goyal S, DePeters E (2008) The
influence of addition of gallic acid, tannic acid, or quebracho tannins to alfalfa hay
on in vitro rumen fermentation and microbial protein synthesis Animal feed science
and technology 140:444-461

- 163 —




Giallongo, F., Harper, M. T., Oh, J., Lopes, J. C., Lapierre, H., Patton, R. A., Parys, C., Shinzato,
L., and Hristov, A. N. 2016. Effects of rumen-protected methionine, lysine, and histidine on
lactation performance of dairy cows. Journal of dairy science. 99:4437-4452.

Graulet, B., Richard, C., and Robert, J. 2005. Methionine availability in plasma of dairy cows
supplemented with methionine hydroxy analog isopropyl ester. Journal of dairy science.
88:3640-3649.

Gwazdauskas FC (1985) Effects of climate on reproduction in cattle J Dairy Sci
68:1568-1578 doi:10.3168/jds.S0022-0302(85)80995-4

Hansen, W. P., Otterby, D. E., Linn, J. G., and Donker, J. D. 1991. Influence of forage type,
ratio of forage to concentrate, and methionine hydroxy analog on performance of dairy cows.
Journal of dairy science. 74:1361-1369.

Haque, M. N., Rulquin, H., and Lemosquet, S. 2013. Milk protein responses in dairy cows to
changes in postruminal supplies of arginine, isoleucine, and valine. Journal of dairy science.
96:420-430.

Harrison, D. G., and McAllan, A. B. 1980. Factors affecting microbial growth yields in the
reticulo-rumen, Digestive physiology and metabolism in ruminants. Springer. p. 205-226.

Hutjens, M. F., and Schultz, L. H. 1971. Addition of soybeans or methionine analog to
high-concentrate rations for dairy cows. Journal of dairy science. 54:1637-1644.

Johnson, H. E., Whitehouse, N. L., Garthwaite, B. D., Piepenbrink, M. S., and Schwab, C. G. 1999.
Supplementation of corn and barley-based diets of late gestation and early lactation cows with
liquid methionine hydroxy analog (HMB). J. Dairy Sci. 82:65.

Jones, B. A., Mohamed, O. E., Prange, R. W., and Satter, L. D. 1988. Degradation of Methionine
Hydroxy Analog in the Rumen of Lactatina Cows. Journal of dairy science. 71:525-529.

Kahlon, T. S., Meiske, J. C., and Goodrich, R. D. 1975. Sulfur Metabolism In Ruminants: 1. In Vitro
Availability of Various Chemical Forms of Sulfur. Journal of Animal Science. 41:1147-1153.

Kimball SR, Jefferson LS (2005) Role of amino acids in the translational control of
protein synthesis in mammals Semin Cell Dev Biol 16:21-27
doi:10.1016/j.semcdb.2004.11.009

King KJ, Bergen WG, Sniffen CJ, Grant AL, Grieve DB, King VL, Ames NK (1991) An
assessment of absorbable lysine requirements in lactating cows J Dairy Sci
74:2530-2539 doi:10.3168/jds.S0022-0302(91)78430-0

Knight, C. D., and Dibner, J. J. 1984. Comparative absorption of
2-hydroxy-4-(methylthio)-butanoic acid and L-methionine in the broiler chick. The Journal of
nutrition. 114:2179-2186.

Koenig, K. M., and Rode, L. M. 2001. Ruminal degradability, intestinal disappearance, and plasma
methionine response of rumen-protected methionine in dairy cows. Journal of dairy science.
84:1480-1487.

Koenig, K. M., Rode, L. M., Knight, C. D., and McCullough, P. R. 1999. Ruminal escape,
gastrointestinal absorption, and response of serum methionine to supplementation of liquid
methionine hydroxy analog in dairy cows. Journal of dairy science. 82:355-361.

Koenig, K. M., Rode, L. M., Knight, C. D., and Vazquez-Ané6n, M. 2002. Rumen Degradation and
Availability of Various Amounts of Liquid Methionine Hydroxy Analog in Lactating Dairy

- 164 -




Cowsl. Journal of dairy science. 85:930-938.

Kollmann, M. T., Locher, M., Hirche, F., Eder, K., Meyer, H. H. D., and Bruckmaier, R. M. 2008.

Effects of tryptophan supplementation on plasma tryptophan and related hormone levels in
heifers and dairy cows. Domestic animal endocrinology. 34:14-24.

Korhonen M, Vanhatalo A, Huhtanen P (2002) Evaluation of isoleucine, leucine, and

valine as a second-limiting amino acid for milk production in dairy cows fed grass
silage diet Journal of dairy science 85:1533-1545

Krizova, L., Trinacty, J., Richter, M., Hadrov4, S., and Pozdisek, J. 2008. Effect of

ruminally-protected leucine supplement on milk yield and plasma amino acids in dairy cows.

Lagunes, F. I. J,, Fox, D. G., Blake, R. W., and Pell, A. N. 1999. Evaluation of tropical grasses

for milk production by dual-purpose cows in tropical Mexico. Journal of dairy science.
82:2136-2145.

Lapierre H, Ouellet D, Lobley G (2014) Estimation of histidine requirement in lactating

dairy cows J Dairy Sci 97:757

Lee C et al. (2012) Rumen-protected lysine, methionine, and histidine increase milk

protein yield in dairy cows fed a metabolizable protein-deficient diet J Dairy Sci
95:6042-6056 doi:10.3168/jds.2012-5581

Lee, C., Giallongo, F., Hristov, A. N., Lapierre, H., Cassidy, T. W., Heyler, K. S., Varga, G. A.,

and Parys, C. 2015. Effect of dietary protein level and rumen-protected amino acid
supplementation on amino acid utilization for milk protein in lactating dairy cows. Journal of
dairy science. 98:1885-1902.

Lee, C., Hristov, A. N., Heyler, K. S., Cassidy, T. W., Lapierre, H., Varga, G. A., and Parys, C.

2012. Effects of metabolizable protein supply and amino acid supplementation on nitrogen
utilization, milk production, and ammonia emissions from manure in dairy cows. Journal of
dairy science. 95:5253-5268.

Lee SB et al. (2020) Administration of encapsulated L-tryptophan improves duodenal

starch digestion and increases gastrointestinal hormones secretions in beef cattle
Asian-Australas J Anim Sci 33:91-99 doi:10.5713/ajas.19.0498

Leja-Szpak, A., Jaworek, J., Nawrot-Porgbka, K., Palonek, M., Mitis-Musio t, M., Dembinski, A.,

Konturek, S., and Pawlik, W. W. 2004. MODULATION OF PANCREATIC ENZYME SECRETION
BY. Journal of Physiology and Pharmacology. 55:33-46.

Lewis, T. R., and Emery, R. S. 1962. Relative deamination rates of amino acids by rumen

microorganisms. Journal of dairy science. 45:765-768.

Liang, S. L., Wei, Z. H.,, Wu, J. ], Dong, X. L., Liu, J. X., and Wang, D. M. 2019. Effect of

N-acetyl-I-methionine supplementation on lactation performance and plasma variables in
mid-lactating dairy cows. Journal of dairy science. 102:5182-5190.

Lu L, Gao X, Li Q, Huang J, Liu R, Li H (2012) Comparative phosphoproteomics analysis

of the effects of L-methionine on dairy cow mammary epithelial cells Canadian
Journal of Animal Science 92:433-442

Lynch G, Berger L, Merchen NR, Fahey Jr G, Baker E (1987) Effects of ethanol and

heat treatments of soybean meal and infusion of sodium chloride into the rumen on

- 165 —




ruminal degradation and escape of soluble and total soybean meal protein in steers
Journal of animal science 65:1617-1625

McDougall, E. 1. 1948. Studies on ruminant saliva. 1. The composition and output of sheep’s
saliva. Biochemical journal. 43:99.

Mepham TB (1982) Amino acid utilization by lactating mammary gland J Dairy Sci
65:287-298 doi:10.3168/jds.S0022-0302(82)82191-7

Miettinen, H., and Huhtanen, P. 1996. Effects of the ratio of ruminal propionate to butyrate on
milk yield and blood metabolites in dairy cows. Journal of dairy science. 79:851-861.

Morrison, M., Murray, R. M., and Boniface, A. N. 1990. Nutrient metabolism and rumen
micro-organisms in sheep fed a poor-quality tropical grass hay supplemented with sulphate.
The Journal of Agricultural Science. 115:269-275.

Munk BG (1966) Amino acid transport by the small intestine of the rat The existence
and specificity of the transport mechanism of imino acids and its relation to the
transport of glycine Biochim Biophys Acta doi: 10.1016/0926-6585(66)90281-0

Nan X et al. (2014) Ratio of lysine to methionine alters expression of genes involved in
milk protein transcription and translation and mTOR phosphorylation in bovine
mammary cells Physiol Genomics 46:268-275 doi:10.1152/physiolgenomics.00119.2013

National Research Council. 2001. Nutrient requirements of dairy cattle: 2001. National Academies
Press

Neves CA et al. (2007) Intake, whole tract digestibility, milk production, and milk
composition of Holstein cows fed extruded soybeans treated with or without
lignosulfonate Animal Feed Science and Technology 134:32-44

Noftsger, S. M., St-Pierre, N. R., Karnati, S. K. R., and Firkins, J. L. 2003. Effects of
2-hydroxy-4-(methylthio) butanoic acid (HMB) on microbial growth in continuous culture.
Journal of dairy science. 86:2629-2636.

Nowak W, Michalak S, Wylegala S (2005) In situ evaluation of ruminal degradability and
intestinal digestibility of extruded soybeans Czech Journal of Animal Science
50:281-287

Nursoy, H., Ronquillo, M. G., Faciola, A. P., and Broderick, G. A. 2018. Lactation response to
soybean meal and rumen-protected methionine supplementation of corn silage-based diets.
Journal of dairy science. 101:2084-2095.

O’ Mahony L, Akdis M, Akdis CA (2011) Regulation of the immune response and
inflammation by histamine and histamine receptors Journal of Allergy and Clinical
Immunology 128:1153-1162

Nursoy, H., Ronquillo, M. G., Faciola, A. P., and Broderick, G. A. 2018. Lactation response to
soybean meal and rumen-protected methionine supplementation of corn silage-based diets.
Journal of dairy science. 101:2084-2095.

Ouellet D, Lobley G, Lapierre H (2014) Histidine requirement of dairy cows determined
by the indicator amino acid oxidation (AAO) technique J Dairy Sci 97:757

Pain, B. F., Van der Weerden, T. J., Chambers, B. J., Phillips, V. R., and Jarvis, S. C. 1998. A
new inventory for ammonia emissions from UK agriculture. Atmospheric Environment.

- 166 —




32:309-313.

Patterson, J. A., and Kung Jr, L. 1988. Metabolism of DL-methionine and methionine analogs by
rumen microorganisms. Journal of dairy science. 71:3292-3301.

Peschke, E., Fauteck, J. D., MuB hoff, U., Schmidt, F., Beckmann, A., and Peschke, D. 2000.
Evidence for a melatonin receptor within pancreatic islets of neonate rats: functional,
autoradiographic, and molecular investigations. Journal of pineal research. 28:156-164.

Pigden, W. J., Balch, C. C., and Graham, M. 1980. Standardization of analytical methodology for
feeds: proceedings. IDRC, Ottawa, ON, CA

Prins, R. A., Van Hal-Van Gestel, J. C., and Counotte, G. H. M. 1979. Degradation of amino acids
and peptides by mixed rumen micro-organisms. Zeitschrift fiir Tierphysiologie Tierernihrung
und Futtermittelkunde. 42:333-339.

Reynolds CK, Harmon DL, Cecava MJ (1994) Absorption and delivery of nutrients for
milk protein synthesis by portal-drained viscera J Dairy Sci 77:2787-2808
doi:10.3168/jds.S0022-0302(94)77220-9

Rius AG et al. (2010) Regulation of protein synthesis in mammary glands of lactating
dairy cows by starch and amino acids J Dairy Sci 93:3114-3127
doi:10.3168/jds.2009-2743

Robert, J. C., and Williams, P. E. V. 1997. Influence of forage type on the intestinal availability
of methionine from a rumen protected form. Journal of dairy science. 80:248.

Robinson P et al. (1999) Influence of postruminal supplementation of methionine and
lysine, isoleucine, or all three amino acids on intake and chewing behavior, ruminal
fermentation, and milk and milk component production Journal of animal science
77:2781-2792

Robinson, P. H., Swanepoel, N., and Evans, E. 2010. Effects of feeding a ruminally protected
lysine product, with or without isoleucine, valine and histidine, to lactating dairy cows on their
productive performance and plasma amino acid profiles. Animal Feed Science and Technology.
161:75-84.

Rook JAF, Balch CC (1961) The effects of intraruminal infusions of acetic, propionic,
and butyric acids on the yield and composition of the milk fo the cow British J of
Nutr 15(3):361-369

Romer, A., and Abel, H. 1999. Effects of DL-methionine hydroxyanalogue (MHA) or
DL-methionine (DL-Met) on N-retention in broiler chickens and pigs. Animal Feed Science and
Technology. 81:193-203.

Rulquin, H. 1987. Détermination de certains acides amines limitants chez la vache laitiere par la
méthode des administrations post-ruminales. Reproduction Nutrition Développement. 27:299-300.

Rulquin H, Delaby L (1997) Effects of the energy balance of dairy cows on lactational
responses to rumen-protected methionine J Dairy Sci 80:2513-2522
doi:10.3168/jds.S0022-0302(97)76204-0

Rulquin, H., and Kowalczyk, J. 2003. Development of a method for measuring lysine and
methionine bioavailability in rumen-protected products for cattle. Journal of Animal and Feed
Sciences. 12:465-474.

- 167 —




Russell, J. B. 2006. Factors affecting lysine degradation by ruminal fusobacteria. FEMS
microbiology ecology. 56:18-24.

Russell, J. B., O’connor, J., Fox, D., Van Soest, P., and Sniffen, C. 1992. A net carbohydrate and
protein system for evaluating cattle diets: I. Ruminal fermentation. Journal of Animal Science.
70:3551-3561.

Sarbassov DD, Ali SM, Sabatini DM (2005) Growing roles for the mTOR pathway Curr
Opin Cell Biol 17:596-603 doi:10.1016/j.ceb.2005.09.009

Satter, L. D., and Slyter, L. L. 1974. Effect of ammonia concentration on rumen microbial protein
production in vitro. British journal of nutrition. 32:199-208.

Schwab C, Bozak C, Whitehouse N, Olson V (1992) Amino acid limitation and flow to the
duodenum at four stages of lactation. 2. Extent of lysine limitationl, 2 Journal of
dairy science 75:3503-3518

Schwab, C. G., and Ordway, R. S. 2003. Methionine supplementation options. In: Proc. Four-State
Applied Nutrition and Management Conf., July. p 9-10.

Seymour, W. M., Polan, C. E., and Herbein, J. H. 1990. Effects of dietary protein degradability
and casein or amino acid infusions on production and plasma amino acids in dairy cows.
Journal of dairy science. 73:735-748.

Slyter, L. L., Satter, L. D., and Dinius, D. A. 1979. Effect of ruminal ammonia concentration on
nitrogen utilization by steers. Journal of Animal Science. 48:906-912.

Spek, J. W., Dijkstra, J., van Duinkerken, G., Hendriks, W. H., and Bannink, A. 2013. Prediction
of urinary nitrogen and urinary urea nitrogen excretion by lactating dairy cattle in
northwestern Europe and North America: A meta-analysis. Journal of dairy science.
96:4310-4322.

St-Pierre, N. R., and Sylvester, J. T. 2005. Effects of 2-hydroxy-4-(methylthio) butanoic acid
(HMB) and its isopropyl ester on milk production and composition by Holstein cows. Journal of
dairy science. 88:2487-2497.

Subuh A, Rowan T, Lawrence T (1996) Effect of heat or formaldehyde treatment on the
rumen degradability and intestinal tract apparent digestibility of protein in soya-bean
meal and in rapeseed meals of different glucosinolate content Animal feed science
and technology 57:257-265

Supapong, C., Cherdthong, A., Wanapat, M., Chanjula, P., and Uriyapongson, S. 2019. Effects of
Sulfur Levels in Fermented Total Mixed Ration Containing Fresh Cassava Root on Feed
Utilization, Rumen Characteristics, Microbial Protein Synthesis, and Blood Metabolites in Thai
Native Beef Cattle. Animals. 9:261.

Tilley, J. M. A., and Terry, R. A. 1963. A two-stage technique for the in vitro digestion of forage
crops. Grass and forage science. 18:104-111.

Trinacty, J., K#izova, L., Hadrova, S., Hanug, O., Janstova, B., Vorlova, L., and Drackova, M.
2006. Effect of rumen-protected protein supplemented with three amino acids on milk yield,
composition and fatty acid profile in dairy cows. Journal of Animal and Feed Sciences.
15:3-15.

Toerien CA, Trout DR, Cant JP (2010) Nutritional stimulation of milk protein yield of
cows is associated with changes in phosphorylation of mammary eukaryotic initiation

- 168 —




factor 2 and ribosomal s6 kinase 1 The Journal of nutrition 140:285-292

Trinacty J, K¥iZzova L, Schulzova V, Hajslova J, Hanus O (2009) The effect of feeding
soybean-derived phytoestogens on their concentration in plasma and milk of lactating
dairy cows Archives of Animal Nutrition 63:219-229

Urrutia, N. L., and Harvatine, K. J. 2017. Acetate dose-dependently stimulates milk fat synthesis
in lactating dairy cows. The Journal of nutrition. 147:763-769.

Van den Hende, C., Oyaert, W., and Bouckajert, J. H. 1963. Fermentation of histidine by rumen
bacteria. Research in Veterinary Science. 4:77-88.

Vanhatalo A, Huhtanen P, Toivonen V, Varvikko T (1999) Response of dairy cows fed
grass silage diets to abomasal infusions of histidine alone or in combinations with
methionine and lysine J Dairy Sci 82:2674-2685 doi:10.3168/jds.S0022-0302(99)75524-4

Vazquez-Anon, M., Cassidy, T., McCullough, P., and Varga, G. 2001. Effects of Alimet on nutrient
digestibility, bacterial protein synthesis, and ruminal disappearance during continuous culture.
Journal of dairy science. 84:159-166.

Wang L, Magliery TJ, Liu DR, Schultz PG (2000) A new functional suppressor
tRNA/aminoacyl — tRNA synthetase pair for the in vivo incorporation of unnatural
amino acids into proteins Journal of the American Chemical Society 122:5010-5011

Weerasinghe WM, Wilkinson RG, Lock AL, de Veth MJ, Bauman DE, Sinclair LA (2012)

Wang, M.-Z., Wang, H.-R., Cao, H.-C., Li, G.-X., and Zhang, J. 2008. Effects of limiting amino
acids on rumen fermentation and microbial community in vitro. Agricultural Sciences in China.
7:1524-1531.

Watanabe, K., Sato, H., Kobayashi, T., Katoh, K., and Obara, Y. 2003. Determination of intestinal
disappearance of lysine and methionine derived from ruminally protected lysine and
methionine in Holstein heifers. Asian-Australasian journal of animal sciences. 16:549-554.
Effect of a supplement containing trans-10,cis-12 conjugated linoleic acid on the
performance of dairy ewes fed 2 levels of metabolizable protein and at a restricted
energy intake J Dairy Sci 95:109-116 doi:10.3168/jds.2011-4165

West JW (2003) Effects of heat-stress on production in dairy cattle J Dairy Sci
86:2131-2144 doi:10.3168/jds.S0022-0302(03)73803-X

Whelan, S. J., Mulligan, F. J., Callan, J. J., Flynn, B., and Pierce, K. M. 2013. Effect of forage
source and a supplementary methionine hydroxyl analogue on rumen fermentation

Yao K, Fang J, Yin YL, Feng ZM, Tang ZR, Wu G (2011) Tryptophan metabolism in
animals: important roles in nutrition and health Front Biosci (Schol Ed) 3:286-297
doi:10.2741/s152

Whitehouse, N. L., Schwab, C. G., Fredin, S. M., and Brito, A. F. 2016. 1597 Determination of
relative methionine bioavailability in lactating cows fed Smartamine M, Mepron, and
AminoShure M using the plasma-free AA dose-response method. Journal of Animal Science.
94:.776-777.

Windschitl, P. M., and Stern, M. D. 1988. Influence of methionine derivatives on effluent flow of
methionine from continuous culture of ruminal bacteria. Journal of Animal Science.
66:2937-2947.

- 169 -




Wu, S. H. W., and Papas, A. 1997. Rumen-stable delivery systems. Advanced drug delivery
reviews. 28:323-334.

Zhao, F., Ma, C., Zhao, G., Wang, G., Li, X., and Yang, K. 2019a. Rumen-protected
5-hydroxytryptophan improves sheep melatonin synthesis in the pineal gland and intestinal
tract. Medical science monitor: international medical journal of experimental and clinical
research. 25:3605.

Zhao, K., Liu, W., Lin, X. Y., Hu, Z. Y., Yan, Z. G., Wang, Y., Shi, K. R., Liu, G. M., and Wang,
Z. H. 2019b. Effects of rumen-protected methionine and other essential amino acid
supplementation on milk and milk component yields in lactating Holstein cows. Journal of dairy
science.

Zhao Y, Yan S, Chen L, Shi B, Guo X (2018) Effect of interaction between leucine and
acetate on the milk protein synthesis in bovine mammary epithelial cells Anim Sci J
doi:10.1111/asj.13125

Zhou, Z., Bulgari, O., Vailati-Riboni, M., Trevisi, E., Ballou, M. A., Cardoso, F. C., Luchini, D. N.,
and Loor, J. J. 2016. Rumen-protected methionine compared with rumen-protected choline
improves immunometabolic status in dairy cows during the peripartal period. Journal of dairy
science. 99:8956-8969.

- 170 —




AY7) ENEAY S AT RIAYYTh

‘._w._wo

A

2. 0] BRA U

= oy

sk A

3. 77 e & Z1E A




	유단백질 고함유 우유생산을 위한 젖소에서의 필수아미노산의 이용성 증진 연구 최종보고서
	요약문
	목차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발 목적
	제 2 절 연구개발의 필요성
	1. 고품질 우유 생산을 위한 유중 단백질 함량 증가의 필요성
	2. 젖소에서 아미노산의 요구량과 원료의 평가 system
	3. 유중 단백질 증진을 위한 필수아미노산의 중요성
	4. 유중 단백질 증진을 위한 필수아미노산 제제의 이용 한계
	5. 반추동물용 아미노산 제제의 반추위 Bypass의 필요성
	6. 유중 단백질 증진을 위한 유선상피세포에서의 단백질 합성 메커니즘 규명
	7. 에너지 원료 및 대사기전 촉진 물질의 유중 단백질 증진에의 기여

	제 3 절 연구개발 범위

	제 2 장 연구수행 내용 및 결과
	제 1 절 연구개발 추진 전략 및 방법
	제 2 절 연구개발 추진 체계 및 일정
	제 3 절 연구 개발 성과
	제 4 절 연구개발 내용
	1. 젖소의 유단백 증진용 고효율 아미노산 제제 개발– 씨제이제일제당 (주관기관)
	가. 반추위 보호 기능을 갖는 보호 아미노산 제형 개발 (1차년도)
	나. 유단백 개선 가능성이 확인된 아미노산 대상 보호 아미노산 제형 개발 (1차년도)
	다. 선정된 필수 아미노산의 조합에 적합한 제형 개발 (2차년도)
	라. 분말형 보호 아미노산 대량 생산시스템 구축 (3차년도)
	마. 분말형 보호 아미노산 시제품 생산 (3차년도)
	바. 분말형 보호 아미노산 경제성 평가 및 기술이전 계획 (3차년도)

	2. 유단백 합성 필수아미노산 선정 및 이용성 증진 연구– 건국대학교 (협동기관)
	가. 유선상피세포에서 필수아미노산 및 대사촉진 물질에 의한 단백질 합성 효율 검증 및 그기전 연구
	나. In vivo 실험을 통한 필수아미노산 및 대사촉진 물질의 유단백 증진 효과 검증
	다. 개발 진행된 반추위 보호 아미노산들의 조합에 따른 효과 연구

	3. 보호 아미노산 및 그 복합체의 반추위 안정성 및 유단백 증진 연구– 경북대학교 (위탁기관)
	가. 개요
	나. 새로 개발된 NALM과 NALT의 in vitro 반추위 발효성상 조사 (연구 1)
	다. 시판 중인 보호 아미노산과의 발효성상 및 보호율 비교 (연구 2)
	라. 보호 아미노산 첨가가 반추위 발효성상에 미치는 영향 (연구 3)
	마. 새로 개발된 보호 아미노산이 반추위 발효성상에 미치는 영향 (연구 4)
	바. 반추위 보호 아미노산 복합제가 착유우의 유량 및 유성분에 미치는 영향 (연구 5)
	사. 반추위 보호 아미노산 복합제가 in vitro 발효성상에 미치는 영향 (연구 6)



	제 3 장 목표 달성도 및 관련 분야 기여도
	제 1 절 목표 달성도
	제 2 절 관련분야 기여도

	제 4 장 연구결과의 활용 계획
	참고 문헌




