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Wb H3H - 11454 H 9 H 5 20 : 1H44E9 H 191

W R

AHgE BB AR PR T HES | - Wabfh A ENERE - fFR R ENZE - (T
16 B398 HEEFL & 30.63 kg HAFLA > (RALEITE 4 4 > /rpleRETHE A ERE 15 ~ 16 ~ 17 50 18% ZFAEE(H
(bFLIFHRE 1.69 Mcalkg ) JeSFiEht ~ SHRIEZRIZEVILLE (45 - 45 10) Z 618 - #E7T 4 x 4 fiI T 5t > sl 21
Ko BE 14 REEIHEL 7 KPRkl - AFELDUEE(LaREEE - EhR A AR L2 ~ ALy » ERPEIE
Fon =R RPIE 252 - SEREUR - REFERHESEREMIA T ZEERREBHABWRAmPE
FHFEEARBREAREAE S EHREE 55015 27.07 ~ 26.09 ~ 27.29 J 27.87 kg / H » [EKEEEE E &G HEE K
DA REEEE R EFE TR HE (P<0.05) o LLIPCC J5ikstE  EALERPE R AEIE DHEEE 15% 41
(5,338 kg CO,e / TH / ) 85 17% (5,556 kg CO,e / JH / 4 ) 2K, 18% 4H ( 5,515 kg CO,e / §H / ) 43 B/ T 218 € 177
kg COe / BH / £F - 4Y/) 3.92 — 3.21% > (HABBREFIE R R 25 EAE SR EESTE £ BT HYE (P = 0.0048)
(LT E (P = 0.0272) JHESEE T - MEOLALFERTHESE SR 15% Mia il E o B e arbed - o]
HERFEFLEN VR R EEARRE - FRDR = SRR E 2R R RS - (RE E R iSRS R N E
SRR AT TR -

BEdER bR ~ BIGE ~ BRPEIGE -

i

SRR Rl E R AGPEBUR A E T HLT 10 — 12% > H @ QEL 50% BYHE (CH,) Fll 60% BYE(LoE &
(N,0) - Hfe EEAR B BB EEE; - S Lot S AR E HIRAVEMEER (Eckard er al., 2010) - £ A FoflbiE 12% o »
A 62% o FF 14% ~ F 9% ~ 7K 8% ~ LIF: 4% K &i=F 3% > WPCE AT AR B S 51 2 i iy 2 A BRI IR
Fo 62 B LR E R > ERPHUR R TR RS SRR S PRI R GERTR L e Rt Y s e AR HY b aE |
(FAO, 2023) - FkEUEIZOM = AAGHRIUS Ml s (TTEBERIEIReEE > 2022 ) fi5H 2020 23R H0F TR = A ARHRIAY
RS E RRETEIN 1.17%  HPEaB S # 4 17.35%  &5&i5E # R E S mR R H S rIHIEn
44.27% - {KZF (2000) BIFEEERAEZE L 20K ~ IR ~ B E SRS IR SR ROL AT - SEREBAF
BiEETRELR - DIOREITERERE  FRESA R RSP R EREE > I - DUREE
Fr R Rz AL A e H A 20 264 L - {RCEREIAR [ EHY 340 L sRIOKFRTEIRE.Z 350 L - “PHo [ RiE
23%  EARVFAILURE S etr oKW EN R EE > IREEERCYERBEERE - DERIORERT
EAFRAREE -

|

(1) Rl Fm A s B AT b ST e 2 5 2841 51f -
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ERAE R B ALV FOBAL R > ROMER R RIERIRE S - EHERATER - SR AN
WAL RHIEASER > HEKEWUMERTEOENESE - HMEREHNABRE VMR - w8z DA K
A RIEERNVATHEOER KERS  —REP T RESDATEAR  ST2RE GRS E D BEE - 2800
HEENEQ BRI E I TR B E S EREAIIE > BERETIEEE ST (Kebreab ef al., 2001; Steinfeld et
al., 2006) - BIFEfE I RETRITAVSEL E SR - 1 EER S ERPCRIVE 0B AR - AUHST - B EEM
F o A DIEOR SIS A BRAVREARE - SRCRE A E e AT = e R S - [FR n] A R0 B R
(Schmidt, 2017) - fE[#(REIIEE OB & £ > WRIEEHAS BRI - Rl 2 RAHIE - oK baYRifE
Wit BE R - IR EH B EERILA B RRRHIRER -

Eckard et al. (2010) f5HHEMVIETE - GRIEREE - R HIREEIER - HREH - HIREHEENN - A 8K
B - B - LB BRI e s AR B AERARCR o] DI R A A ALY PR R © fEmERhnE (1
IR R PR KA &) - B DA ) AT BE R - RINRERG (AT~ SRR ) IR A A AR 10% —
25% : s FH4E & B EE (condensed tannins, CT) "I HEEEE - (HHEE AT REREIN(L + (SR Y) 5T ERE H
P[zetil e B S5 - RIBUR S TPV ZBEE - DA SREL LR o [ERERTREI Y AR RK - Agle et al. (2010) fz Groof
and Wu (2005) B5Ef5H - BEEEREAVREEIIR > O (EZERNRR) THRS RGN - B AHRTHEE
FA R - [FERSEATSIERESE 2R - fJHEERPEAZDRERY - B REREETH - mEA
B HETEMESY  (BRE S EERNEAR I VRS FGEHIPERCEE (Hristov ef al., 2015; Rendén-Huerta ef al.,
2018) = FyfE 2030 FFAITECD 30% KR 2 RAGHRIE (81 2020 SEAREE ) - (ETRBHRENZ A EEBAY A REM: - W5
DAgspRHAC T H s R AL A 2 ERRAHRL - BUEASE - SRHBLRIEYIELE] (F25 ) By 45+ 45 10 - R[] I8 B ORI fig
EHEEELEER] (35%) ZAC7 » CLEEREIE O B (S ETEHZE 15 ~ 16 ~ 17 50 18 > P flisf[R e E 0 BB E
MREBICR Z 8 > FRFIER AR tEfA AEE S BEEERGEE T - WA T ZERE G E K FER
i SREGHRIE - WAL B SRR S RER R I PR > HE MR ViR

MR T A

| O e Lo (R

BRI ST B IS R P AL A8 (498 113-17 ) T o s e B S -
SEALEIRE S I 5 NRC (2021) FLABHRERE H 28 ke UL BT RE TR 2R 4 IR
(total mixed ration, TMR) + AT - SHIHRRIFEPIECHY (#45) 2545 : 45 : 10 - FHSFAER (TR ke 20
BIRALBFLFRE 1.69 Mcal ) [E7E 8 5 AR E O B(5E ' EELE] (35%) ZFc)7 - Ehl el & 1 E (L EaiEns B
15~ 16 ~ 17 57 18% Z bk FE= FEEblg - W LL 17% 1F B3 HRH - ARGEEa 113 43 A2 6 H#ET » FZEHAY
EHEERFR R R ~ ) - BERE LU [FEREAESERN TR HFEFE XN EMNEHAE - TFEE
VEMEMININE - BEER SR SRS 5% - Bo)y RERER TR -

¥ 16 TETEA (PR 30.63 + 4.64 kg ~ UL FEL 116.75 £ 36.00 K FHIHE 7R 1.50 £ 0.63 fa ) fhE
FLEEWIT T R 4 41 AENEEEEAE - 4 4 TEEE - SEE S22 R oK - 4S5 HER
A 1 2O B 7 2 30 — 81 30 Z2 A #EFT - RIRHY 7 ¢ 00 Ui 8E - HERAREE 4 A6 B S AR B F R AR T -
FHSH EF 4030 BT 3 30 9L 0 DL 4 x 4 fir T 7kl - BElEe 21 H#ETT - BB GRIE 258
H - YEREE (B SIREEMEE ) - AERARS (AEE - AEOFE - IR - BREERYZE - 42
B AL RERE ) W AE RS THZY)E (dry matter, DM) ~ #HZE H'E (crude protein, CP) ~ H15t4
4 (neutral detergent fiber, NDF) 5z i /Je 484k (acid detergent fiber, ADF) & & - il 14 25 15 HEE4EN
ZEIEMEE > MRS EEWRE 4 EFEPHE 2 H > RRGEESESEEREHR > DASIEAL
N E SR HEFEAN - BREREEZEETRERZYR - (RN 20 CEIE P ARG It —Ae sy - SHEPEHY)4E
HZYVE EBEERHLR o FRRANERRIBUEN R 14 255 15 H B4 9 1 00 54 » #ETEHIFERE 2 H&
150 mL 1A 5 mL 50% Z B EE[; 1- EdE S » Rallses 16 255 17 HAEE BN 8 ¢ 00 S4H#E AT F 2
BRI S /e F iR R B H CECsrEE 8K - UWEER M2 28 FEIRIFE - DU SRR 1% ~ 4 E 20
PREME - HEHRKE - FF 2 HIEZ R ESRARIRER 20CERIEF » (2@ TR EHEERE - WikE
FERTET BIIbREDRIE % 2 MU Es » F R EEE SO R s S G IR

1L HIEHEHE
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(i) ETRRAHE © NEXEERSE 14 HE > OSBRSS 17 ~ 19 R 21 RIR%E 3 KEPRHEHK} » Jell -20Cirfy - BR4E
FIRLL 55 CHLRZ 48 /N - BVFHSHZPVE R - EIHEFREY 3 [HE2ER& R T S R LUR SRR 1 R
& 1 mm Wiley mill FEII{Z{k AOAC (2000) 53 & E4HAL ST ©
(i) PREE  FHEIHRSH AV R R E - HlBRES 17 2 21 REgi& 5 HEERE TMR G Kb H

o ST R OR R R AN A KR R Z R B N AREFTRE R B & R R e
BHHVRZVVE IR B E -

STERETEE

(iv) SBFLIERE © SUBRBIMART 2 HBSRERR AR L SR R AR, - (R LHIMEAE RS - PtBR2E 18
2 21 [ 4 DB RS 19 HE 21 % 3 B REGE L FFReEsam  na
FEEE TR - EHEERIIE TR 3 (AL BAFILES P TURR - S EBIS IR S SR
% (MilkScan™ FT', Foss, Denmark) 4947 —f7LHt 5> » EUEALASS - LB MBS - UIE% - LAER R

AFREEE -

* 1 AEEHEGE

B R A s AL A < BRI RRIC U7 S AR ST (% » B2k )

Table 1. Diet formulations and compositions for feeding experiments with different protein content fed to lactating cows or
goats (% of DM basis)

Ingredients CP 15 CP 16 CP 17 CP 18
(-2%) (-1%) (control) (+1%)
Corn silage 15.54 15.42 15.49 15.49
Bermudagrass grass 16.43 16.31 16.38 16.37
Alfalfa hay 14.19 14.09 14.15 14.15
Brewer grain, Wet 5.46 5.42 5.44 5.44
Wheat bran 4.79 4.76 4.78 4.78
Corn, ground 28.63 26.55 24.32 21.97
Soybean meal, 43% CP 4.70 7.24 8.68 10.30
Soybean oil 2.69 2.46 2.47 2.41
Fish meal, 60% CP 3.19 3.41 3.91 4.39
Salt 0.27 0.26 0.27 0.27
Limestone 1.18 1.17 1.18 1.34
Dicalcium phosphate 1.18 1.17 1.18 1.34
Sodium phosphate 1.45 1.44 1.45 1.45
Premix’ 0.30 0.30 0.30 0.30
Composition’, % of DM
CP, % 15.0 16.1 17.1 17.9
UIP, % of CP 35.0 35.0 35.0 35.0
NDF, % 33.1 33.1 332 333
ADF, % 17.6 17.7 17.9 18.0
Ca, % 1.2 1.2 1.3 1.4
P, % 0.6 0.6 0.7 0.7
Nel’, Mcal/kg 1.69 1.69 1.69 1.69

' Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. E, 70,000 IU; Vit. D, 1,600,000 IU; Fe, 50 g; Cu, 10 g; Zn,

40 ¢;1,0.5¢g; Se, 0.1 g; Co, 0.1 g.

> DM: dry matter; CP: crude protein; UIP: undegradable intake protein; NDF: neutral detergent fiber; ADF: acid detergent

fiber; Ca: calcium; P: phosphate; Nel: net energy for lactation.

* NEI value is calculated according to NRC (2021).

L S AR 2 5

VS

BT AHMEEHENRER > WM IPCC (2006) J57% - #BECWEZIREER ~ BRI TER > B
FREEFHL (MY / B/ 1) stEISH ERGIEE © KIRATl 2 e ERRAL - BEREH LS - o T E R E
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PRIEZHE Z 8L - RIS EERSY) (volatile solids, VS » RyA-BR AR 550°C MEZEHVAYE - THEER
LRV BLER R - FRPEREILEY) - YAV E K FTAEEEY) ) M REE B E £ 2 TS
{CEEEBHNE @ 5THE& B 4 4R SEREERE ( Z8thikEE /57 ) » CEEURIRAER -
() B5EERGEIERE (kg/ B0/ ) = (YEREEREI (M /55 / H ) x Ym + 100 X 365 ) + 55.65 ©
MJ : EHEEH (megajoule, MJ) » 1 FEELER BEH 1 4811 ER G 07 % E) 1 SR EFERVRER
Ym=6.5 (%) > $Fe BRIt 2 BETEAFHEA » #ETHEE EF IR FEHRESEE -
(i) FERFEGEFEHRE (kg/ B/ F ) = HERUAE (ke / 81/ F ) x BP8E -
1. &S EF = VS x 365 x [ EREAFGEEE R B, x 0.67 kg/m’ x T ( FEFREEIE Z4% el R T MCF +
100 x HPRFEIHZEEMS ) ] «
2. FEEEVEMEEGY) VS = [ 48AE x (1 - JEME2 = 100) + ( FRAE % x #8AE )] x [(1 - KT %) + 18.45] -
3. MPRECK L & B, = &5 IPCC (2006) 5 4 #5565 10 53R 10A-4 -
4. PR 2458 e A T MCF = #238 IPCC (2006) 25 4 55 10 F3R 10.17 #13% 10A-4 - fRAH 25C N2
L HEALE B (composting-intensive windrow) ~ /A8 577 (liquid) ~ 1 X FREFE (anaerobic digester) {4
R T (aerobic treatment) ©
5. BRI R LB MS (%) = RS & sl Bn P IR R A MR R ARG LL OIS R - DUBEY A
s ERUE EIR T HE R G HERCA LR R LR B Ry 5% FEtRINE RS R EE G Ry 62.71% ~ FEEEHE
Lol Ry 24.93% » W H R TGRS B R RS 3L 7.36% ©
(i) FERE(CEEEFIENE (kg N,O /58 /) = FEREHER (kg N,O / 55/ 4F ) + FAHE R HEHRT (kg N,O /5H/ 4F)
+ ISR R (kg NO /80 / ) » EIHHE ZHHRERH = EFHENE (kg N/ 5/ F ) x HEREU%E EF
(kg N,O-N/kg N) » {§E|E(Lii FREEFHEE (kg N,O-N/ §H / 4 ) » FELL 44/28 AR sk & bEn EAEFEIT
= (kgN,O/ 55/ ) - FIHE Z MESEHESIR LT 712
1. fAbEn ST BRI E = EUFEHERCRE Nex (kg N/ B/ 4 ) x HFREZEE L4 LB MS (%) x BERUHEL EF, x
44/28 -
(1) AFEHBICR Nex = HEHRHIUE (kg N/ B/ H ) x (1 - HEEBLLH! (%)) x 365 -
) HEHRHE = S0AE B (MI /58 / H ) + 18.45 x (CP% = 100 + 6.25) -
Q) HEEMELLG = [ 28 (kg/ 8/ H ) x (FLEHE % + 100) + 6.38] + { fGHEE (kg / H ) x [268 — (7.03 x 4=
EFEE(MI/ H )+ BB E (kg/ H)) + (1,000 x 6.25)]} -
(4) A RIFHE = 22.02 x (HEEE (kg) x BEHA(REL C x BFEEER 0.75 (kg) ) x HIEE 1.097 (kg / H ) » Hf &k
ZHEHRE C f5 0.8 -
2. fAban S EE IR = ST RN E (kg N/ 5/ 5 ) x PEi5%L EF, x 44/28 -
(1) TS IR R = EUFFEICE Nex (kg N /53 / 4 ) x ZEFREEH Z45ELEI MS (%) x (EPREH 24
LA NH; A1 NOx 25 HJLE ] FracGasMS (%) + 100) -
3. A/LEE SR MR = SR E BRI E (kg N/ BH /47 ) x FEUAEL EF, x 44/28 -
(1) EFER R = EUFEFRNCE Nex (kg N/ 53 / ) x BEFRERHE L6 ELBI MS (%) x ( EPREH 24
1L NH, Ff1 NOx &7 HYEE] FracleachMS (%) + 100) -
IV. &t ot
BT S BUE E R ER ] SAS E4LHEG (SAS, 2014) #ETT 04 » DAGARE R FR - [ — &R M5 (general
linear model procedure, GLM) #7875 5787 » B DI/ NEEE M 722 544 (Fisher’s least significant difference test, LSD)
TR RE I 22 LR AGERLL P < 0.05 RyiHE A5 /KAE -

wm R

L BEEFERHESESEERaE AR E
fREAAFIERE A E 2 BB A TR ERAR S ZEEBNR 2 KR 3 SRR > BEERETHESSE
W > AERZYYE R e ERHEERTE R R (49 20.19 — 20.65 kg/ BH /K ) > (HRREHGUHE QB ERAEERTT (H
3.16 kg / BH / REFEHNZE 3.63 kg /B / K ) (P < 0.05) - 21 HAVASaIHEREA R e E 0 E & DA
HPE] > SRR RS AR EARMEREEL > EHARABEER B EAEES > EAPHITL
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A5 (P = 0.0597) ~ FUKES (P = 0.0972) FAmASETZYIZE (P = 0.0609) & @ EZfaiati e n 8 &80 hnim £ 7t
B o BReE s IHE 0 E EET - FEFEFL PR E (Milk urea nitrogen, MUN) FYBIEHEST » fi 12.67 mg/dL F+ £ 14.44
mg/dL (P =0.0129) - KOS HAEAIFE 5 > T kg AR E RV EME (fk 113 48 3 H4r 2 S aakERHE S ER

SFEESHEAFER TG TS EEE ) - StREREHTZYEREE TEHWENECE - WAL ESRTE
B (RE] 1114 06 H 08 HAS 2 Al LR RS £ FURHE ALERU S G HE SRS B2 ) B AL E e
1 kg FLE (UEFHE ) BRI E85EE H AR » WEtEHIFRERE 2SS » 45 RBURIE KA
e EAE S EHN AL ERE N g2 R e -

1L [ReiEHE O E & S HERIH B LR &

R E O E S BEHNA S EERIREIR ZZENR 2 fBGERE R HREAEAENNERES
SFLRE R R R AL 2B B AHEL & - CP 15% 401 0.84 kg / T/ KB CP 18% 41 1.20 kg / 3/ K (P <
0.01) - FRIGIVEEFEHAV R E N EZ GRS I = HEH & - (B R EIAH R S 2 1 » SE(FE Py TR a4 5
B eGP SR A I R 2 5 - (REERAH LR T - 2B EBRAH LREEHED S
EREEMEE N (P<0.01) o BZYVEH LRI CP 15% 4H1Y 72.62% R[] CP 18% 4HAY 64.28% - ifitHE A A L
ZHIE 73.36% %] 66.90% o

1. PRI E QE 2 2R = RSP 2

fAlEE N E 2 BN FREINE Z AR 4 0 10855 B PR E R = RASHEROTH - (EHECRE R
ZHIBERAANT  WEC AR EFRA R ERR & B ESEETE - FLLIPCC ARG 1Y GWP BT TAEFE &k
H o GEREUR  (EAA LR E RV EUE | CP 15%4H (5,338 kg CO,e / 5/ 4F ) 82 CP 17% ( 5,556 kg CO,e / HH /)
= CP 18% 4H ( 5,515 kg CO,e / B8 / 4 ) 53 RIF/V T 218 (15,556 kg kg CO,e / §8 / 4F— 5,338 kg CO,e / §H / 4F ) Bl
177 kg CO,e / 58 / 4F (5,515 kg CO,e / TH / 4F-— 5,338 kg CO,e / §E / 4F ) » 495V 3.92 — 3.21% (218 kg CO,e/5,556
kg CO,e x 100% — 177 kg CO,e /5,515 kg CO,e x100%) » HaiHEi S pE B 72 S A MRS - AR
SLPR B B P B AR Y FR e Bl R L BRI B39 2803 N (CH, > P = 0.0048 ; N,O » P = 0.0272) - 1B/ T4
A BIBRHECE CP 17% 4H K CP 15% 40 0.56 kg CO,e ( 5,556 kg CO,e / 365 H /27.29 kg Wb HA. & ) & 0.54 kg
CO,e (5,338 kg CO,e /365 H /27.07 kg WhHALE ) -

& &

Barros et al. (2017) ShA -T2 B 648 CP AR =& 162 g/kg DM (16.2%) J5/V E h5 & 144 g/kg DM (14.4%)
B FEREZYERREE (24.2 81 23.8 kg) AUKNFLE (31.8 B 31.4 kg) FrEERES4ERT RS S HY/KAEE - [HIFE 2 131 g/kg
DM (13.1%) J 118 g/kg DM (11.8%) B » iR &8 N EALE EHAE T © Hynes e al. (2016) HFZ2 i 6dkE CP Hy 181 g/
kg DM (18.1%) [% % 141 g/kg DM (14.1%) 5 » FLAFVEZY/EERE & (20.7 kg) FIFEFLE (25.8 ke) WA ZEE(K > &£
TN{ar DA FALAAE 25 — 30 kg AR ALE T > 8RS CP & Efifa il &S e S SRR R R - I 4EFF R
WA EVERE - HINVE S MEYEAANE B TR AES » [HEEE CP 2B EAEREFEETiEA
RIEEHE CP MR T E NSRS BB EANERA > BedE 20 AMREERRE > S
FHVRE - NS S 09F RS (Hynes ef al., 2016; Barros et al., 2017) < Sinclair e al. (2014) #i57 5, » R
FUA R PHE R ERE S 14% (F25) aIghnEdHHe (N capture) 3 LUK D EAYBEL - Law et al. (2009) 5
TR CP G A RMEAER R » S8 RPEEIE CP BN FiE - BRI A PSR CP fFeake T iy a
&= EEEN CP MEMAHERAELE > RMEEREAREL » FEEIVFHRE (Castillo ef al. 2000) ;
Bach er al. (2005) tHFCEUNE S IR ZHMER R EREYIFIRNE - SR ERELAHEENEE - BRANRE
R 2R T EUR - 4R E NEEI - > RS EN IS S A niEiasd » o DN BB EHE
HEEE > THETHERESEEEERNENELT - HNMEANE S MAEYFIHARIVEIRSS - Bk e b
MREE HE R S e s iR A & BEESGY IR 2 a8 (REEE HIE (CP < 14%) & W 9 5 A%
EAELLAITHER SN ARCRIA » FEEN e S RERE O BWFIA - RERMEYE S AR T R &R a A E T
REFEK > FEE (B LIRS g aE 0 B B R R LB RILLR > SRR S SR E B L IER 500 v SEREnThK(E
&Y DRSS N E SR R E A AR o AR R OB AA-ETE T CP & &l R B4 S E
REeENEARE  HECPAMAEERSHNELENRENHER > 78 DIlNEER - GHEEERFI CP &
EAGHAFNEEEEENRERTE -
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Table 5. Effect of different dietary protein levels on the economic benefits of lactating cows

CP 15 CP 16 CP 17 CP 18

(-2%) (-1%) (control) (+1%)
Dry matter price of feed, NT$/kg 16.18 16.67 17.24 17.87
Daily feed cost per cow, NT$ 334 338 355 361
Milk price per kg, NT$/kg 32.37 32.37 32.37 32.56
Daily milk revenue, NT$ 876 845 883 907
Gross income after feed cost, NT$ 542 507 528 547
Gross income increases or decrease compared to the control group, % 2.57 -3.89 — 341
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Abstract

This study evaluated the effects of reducing dietary crude protein (CP) concentration in lactating Holstein cows on
production performance, nitrogen (N) excretion, and greenhouse gas (GHG) emissions. Sixteen cows with an average daily
milk yield of 30.63 kg were assigned to four groups based on milk yield and fed diets containing 15%, 16%, 17%, or 18%
CP. All diets were formulated to be isoenergetic (NE1 = 1.69 Mcal/kg) with fixed proportions of concentrate, forage, and
by-products (45:45:10). A 4 x 4 Latin square design was used, with each period lasting 21 days (14 days of adaptation and
7 days of data collection). Cows were group-housed and had ad libitum access to feed and water to compare the effects of
different diets on milk yield, milk composition, nitrogen excretion, and GHG emissions. The results showed that reducing
dietary CP concentration had no negative effects on dry matter intake or milk yield (P > 0.05). Milk yield for the 15%, 16%,
17%, and 18% CP groups was 27.07, 26.09, 27.29, and 27.87 kg/day, respectively. Lower CP diets significantly reduced milk
urea nitrogen concentration and fecal N excretion (P < 0.05). Based on the methodology of the Intergovernmental Panel on
Climate Change, total carbon emissions in the 15% CP group (5,338 kg CO2e/head/year) were lower than those in the 17%
(5,556 kg CO2e/head/year) and 18% (5,515 kg CO2e/head/year) groups, representing reductions of 218 and 177 kg CO2e/
head/year (approximately 3.92%—3.21%), although the differences were not statistically significant. However, methane (P
= (0.0048) and nitrous oxide (P = 0.0272) emissions from manure management were significantly reduced. In conclusion,
feeding lactating Holstein cows a diet containing 15% CP maintained milk yield while minimizing nitrogen losses in
feces and urine and reducing GHG emissions. Therefore, low-protein feeding strategies represent a practical approach for

environmental protection and sustainable dairy production.

Key words: Dairy cows, Methane, Carbon emissions.

(1) Contribution No. 2841 from Taiwan Livestock Research Institute (TLRI), Ministry of Agriculture (MOA).

(2) Livestock Management Division, MOA-TLRI, HsinHua,Tainan 71246, Taiwan, R. O. C.

(3) Animal Nutrition Division, MOA-TLRI, HsinHua,Tainan , 71246, Taiwan, R. O. C.

(4) Department of Animal Science and Technology, National Taiwan University, No. 50, Lane155, Sec. 3, Keelung Road, Taipei 106, Taiwan, R. O. C.
(5) Deputy Director General Office, MOA-TLRI, HsinHua, Tainan 71246, Taiwan, R. O. C.

(6) Corresponding author, E-mail: mpcheng@tlri.gov.tw.





