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ERGRTE . MRS B =Z 2 fema FL ot A7 RS
FE e AR 25O 170 SR IDORH T 4 S i it 1 R L o

Johnson%5[6]ff & T 7S ALAR (SFo) /REFHIAR, T
V2 TV A O bR R R . R S MR
SARSFAERFRICH), BRI ST H SR iR
FEASR U E R E . EiE, ZHEARE — 2 RR
PE, UBIEE AE A B i (A KRT R 2 A8 SF AR
RPN, AH R T ) R e AR S R RN B B
WA ZTCL7.8]. BRI, AT H B OFH
SFoRERFIAR 2 7 )5 2 B CH AR ;s @ PPl far B73H
WA A 18 FH AR IR S X CH AR M 52 OF A 2k
Yo ST AT Zh A AR R 2 F 5 4F & B CHL HE SR (1) Tl
TITTHE

2. ;ARE575E

AT 5 S 1E T [ XS BURB A 7R 3 B2 Aol & i A AE )
BT (AFBD IR HEAT R . B &9 E 1986
SEMAT B CREERRY ) B ESR, FR1S R4 /K B
U5 AFBIAG 3 o 75 /N AH L

2.1. 3. RIS TR R

K F A5 /R 37 88 AF B 723k 407 1 40 25 % 43 e 7E 5
AN GRIGTFNREE2), %363k, MR TF IR
(1) 4 08 K B AR 23 P AE R AR B0 A B 20 1) = AN A K
B (123K BA S0 B8 (5~10HE) . —
BIREER: (12~17TH® . JE&BHE (18~23A#). )5
SRR E N TR A2 42, 24 S i, 361,
36 AR 7E20 114 I SR FAHAE [ — 407 U 114 2
M SH16H=T7H29H), ZinFEEKZFEERE
B, WI02 5 50 1 BEAR L, R 2R A 363k AR TR
1042 201148 HISHAE10H 21D KBRS
AR X3R4y R 164419 1.6 hm?* (/g 56 1R A
FMATA RS, BAME IR AEREE B4 (6~11H )
VBN AR BRI NS LR — & REAR B EY S 5% REAR 1)
S TR RS MRS, K56 2% H JoT
BAEBIA RS 5S4 ERA A AR R R o

2.2. M A Eh ¥ B
TR A R T D D A R = R, AEWTE Y
B BARAFA0DNBEHLIC K [9]. B RIAEWIEHUIS BR 4R

TBCHCRT A AR MR e A . {8 Gardena Accu 6 5
FEHRBT T REEFEAR (Kressfil Kastner, Weiterstadt, fi
FE Do A AR IR A0 e R 5 v R AR AR 2 I P R 8 A
TH BB E 1. ARYEParkSE[10]fHE, HIEZAME
WL (NIRS) B e A AR A AU e 5 &, FI R
HIFEARY)40~50 mmi{C, &F, ARG HmE. BEI
T IR A SRR I R PR A 4E (NDF). BRI Bk 4T
4t (ADF). & (ND. Ko FUKEERBKALEY (WSC).
i Porter[ 11 R K 773, SAe (GE) HMEE A&
LA (Parr Instruments Co., Moline, Illinois, ZE[E).
1F St R M1 (Elementar Vario MAX CN; Elemen-
tar Analysensysteme GmbH, Hanau, #Z[E) i At 5
R iENE R ouER, FEHASERR 625 R B HEN
Jii (CP) &, MR¥ECushnahanflGordondtii& ¥ /7,
FFibertec M 10205 #4 2§ F1102 174 42 B 2 Il i NDF A1
ADF& & (Tecator AB, Hoganas, Fi#it) [12], 7EL)3H4m
550°C [IFREE T PRIGERE Al 10 b5 A3 K 53 2 &

B R AR AE TR EFE I KBTS R B (EziWeigh;
TruTest Ltd., Auckland, #vi*%), Fridd s T BhF L5
2 Psion T2 a1 % A%

2.3, & H e

%f JohnsonZ [ 6142 H ) SF o i 4 AR A 4m s o4 s
FH SR VPR A AR50 19 d Ji — A I 4R B Sk A= 1 H
KR [8]. IS 2, A58 LG 2+ 6 7 SFI17E
BEE B GLARE BTRMAR G, FIFGNE
CHKRZ . 4 Munoz4% [8]HIFIA, #Ew%. RAEAILEH]
BIEE UGB E B L LS B3k . TR E Rl
T SF BB TR S AR 7 B A 20 . 158 TR0
I62F, BB P SFIREBGE 3 5371 9 3.99~6.09 mg-d
f4.15 ~6.37 mg-d'. FHEZHEENY S5 )5 F Sk
EIPRFEA, /N RPN BT HERENLT L,
95— % M REA- A S 4 BEAE FH I 0 2.5 L) A6 A
25 7 AR L A I I SR L 1 900 mbar (1 mbar=100 Pa).
HIE A NE R — DK, HE KA1 mi)gk
SEIE/PV C/RE I I HURE B SR AT Ck/N D A AR I 3l i
o MR N B IIRE A 3 H % 40.25~0.35 mL min ™,
— & 1 BE A RS & BE AR IR AR R B 3 R N0.35~
0.45 mL-min"'. M4 MufiozZ [81HR I 1L, 24 h5#
EHARE, 7 KL500 mbarfIN,, SR )5 A 0
WA (GC) (Varian 3600 GC; Varian Inc., Palo Alto,



California, D il &M SHEAFH CHAMSF M & &
B — A ACE A SRS O (2 AT, R
WCERAE A, IR E R B T A 22 TR B SF M CH, 5 5. £E
TSR B CH R ISR I #8201 Le 45 25 fE 2t % o
ot HE TSR 28 T R B A 18 ) B e — A R i 24
FNIEESS i

24 THEBEE R A &

FMER & &+ 5 A Bk AR A I ME & &kl 1144
TR (DM) AR (kg-d"), HEHHMES EH
T LLAMR T 53T [10]. @ MESE N & 11 5 4 FF 75 22
(ME,) FIAEKFTFE (ME) FIMEL & B PR
WA TARIA T YR T 5 (ME) IME. ME, i Jiao%%[5]
BSLHI R EAR . BUE S AL AN S R
22 (AFRC) 57 FETHEIMAS[13]. MR AFRCS H
A KT R IR AEINE,, MI-d's 30 (1) JRIMEFIF 3 [,
Eq. (2) JA[iHE HME,[13].

. (1.15 x(4.1+0.0332 x LW — 0.000009 x sz))
e (1-0.1475x ALW)

Qe

kg=0.78><(ME/GE)+0.006 (2

Kb, LWHATEAE; ALWHHEE (kg-d"), B
A B - ] (1) 2 M B3 07 R A5 MERIGES) il
W IMEMGE S & (MJ'kg' DM),

PR FH RE B AR Z2 BT 7 MEFI 22 (0.133) J@id
X (3 M (4 THEIS, FF&AFRCHRIEBUE[13].

log E,=151.665—151.64exp(—0.0000576¢) 3

E, =0.025x W, x (E, x 0.0201exp(~0.00005761))  (4)

A, E NIRRT (MI-d") ; ENEBEETTA
(MDD 5 WR/NEWIEE[13]: IR R EL

2.5. gLt o

Kol o AR B g5 2504, RN R, 3
HAENMBIR R . XA ACBR UL, R ZER R, H
Fisher () f /N i 35 Z2 RAPAG A R AL B CHREG A1) TR
PHZE ST o 2R A% A1 A AT LR IR CHL HE & ATD MR Bl
TR EB G R, WA LRI RCHAEE it (CH,-E)
MGEFEN B EMESE N & Z B H)R &R, 58 AR56 2
A A LUK TBCH 1 # A A BE LSO o

3. RN R

3.0 R E FRME

2 TR DAIAEG 2 rh A= 1 BRI S A0 B (1 A 27 B2
ARG TP B 5T 5 B 52 R 22 0 A 3t L )
(IATE . 56 1A CP& B 160~235 g'kg ' DM, i3
2rP AR CPE B S TR T . el (R b i
W) MWSCEERIFIIME. S ME BoRME R T
562 (RS IIUREETD . H2, PN AE Y ADFFAINDF
TERMTFEZEAZ, W56 R MEIR T 5021

3.2, %V AA B FIR B 5 1) 5

2RI VR IR0 21 v M B R B s . ANt
Bk, PR ARS8 Hh 75 A AT A B 2 408 () 38 o i 3
(P <0.001) 56 1 =ANALBRL ARG AR 2T L,
TR 2 Ak B ZEL T 4 G B A SRS B T 2 R R (P <
0.001). PRI ITFHmT. SRR REIFEN &
B8 2 ARSI N B (P<0.001). (HZ R 2 —
LIRS & BRI E R R .

3.3, 50 s e R TSR (R R i
P3RS LA GUS 2 0 W e eSO Rt . A2l 1

RL BRI R

Mean SD  Minimum Maximum
Experiment 1
Dry matter (g-kg ™) 161  31.8 110 219
Ash (g'kg ' DM) 93 64 84 102
Gross energy (MJ-kg ' DM) 18.5 030 18.1 19.0
Crude protein (g-kg' DM) 179  27.0 160 235
Acid detergent fiber (g-kg” DM) 233 21.8 199 266
Neutral detergent fiber 490 38.8 417 544
(g'kg' DM)
Lipid (g'kg”' DM) 42 68 35 52
Water-soluble carbohydrates 169 262 139 213
(g'kg”’ DM)
Experiment 2
Dry matter (g-kg™) 145 22,0 112 215
Ash (g'kg ' DM) 108 19.7 81 137
Gross energy (MJ-kg ' DM) 18.5 030 18.0 19.0
Crude protein (g-kg™' DM) 207  36.7 151 249
Acid detergent fiber (g-kg” DM) 247 8.0 237 261
Neutral detergent fiber 492 269 454 549
(g'kg” DM)
Lipid (g-kg ' DM) 35 42 31 40
Water-soluble carbohydrates 117 342 60 162
(g'kg' DM)
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SRR B R (g d D, &
B AR B LN 2 (P <0.001). &AL
TR B e DM N &, B{CH,-Eff i GEEiME#E N & L
B BEHECE R R, — & BRI HERGE R = T
INEBERG &R (P <0.001). fEk620, CHHEK
B (gd) B SRR I3 n i 2k vE 3 n (P < 0.001),
Bt — S RS E & M ERIEARE . E&EF
1) HR ot 5 49 4 B 1) B ABLAIR T 53 44 (P < 0.001), /]y
A R BE ECE MESR N & CHL-ERT |5 EE I+ — %
BEARRI G & BEF (P <0.05),

3.4. CH, HR 5IE A E DUSCR B B 2 8] [ 2R &
I VARG 28R G 1 G T/ VAR B — B BB A

]2 BUE LAGRIE 2 rpRE AR S I X A T A R R B R R

w6 BEAE B 7T DR SRR B CH A HE R Sk & 1Ak
REEMBEERAEZHAXR. AHNRE (=72
(4 R ZH KA v — R A TR [ (5) ~ (8), #4]. K1
255 5 18 B 7 CH,-EF GEXR- £ & 2 [a) LA & CH i
EANEAREZ IR R I RR/EBIREE (P<0.00D),
R[4 V5 90.630~0.682, X L7 FE L ARG N1 kg
ISR, CH,HEERIN0.252 g-d "8iE 41 kg-d!
DM, CH,AHCENIN14.94 g-d'. R hFRAA
TAHEEN MI-d ' f)GEELME# N &, CH,-E£x7) 530
0.046 MJ-d 5% 0.075 MJ-d ',

PRI N (n=24) Fl— B B (n=24)
P AT AESTAIBII SR R BT IS RARTE R4 31
— ok, HA/NEEBAR (9O~ A2 HEHER

Heifer age group SE P
Calves (5-10 months) Yearlings (12-17 months) In-calf (18-23 months)

Experiment 1
Live weight (kg) 217 404° 514¢ 12.61 <0.001
Live weight gain (kg-d™) 1.05 1.11 0.99 0.064 0.445
DM intake (kg-d™) 5.37° 8.79" 10.21° 0.394 <0.001
GE intake (MJ-d™") 101°* 161° 186° 7.3 <0.001
ME intake (MJ-d™") 62° 99° 114 45 <0.001

Experiment 2
Live weight (kg) 246" 411° 520° 17.12 <0.001
Live weight gain (kg-d ") 0.82° 0.59° 0.38" 0.053 <0.001
DM intake (kg-d™") 5.34° 6.95 7.91° 0.370 <0.001
GE intake (MJ-d ) 100 127° 145° 6.8 <0.001
ME intake (MJ-d") 60° 77° 88" 4.1 <0.001

“*¢ indicate that values in the same row with different superscripts are significantly different (P < 0.05).

R3 RS IRREG 2 b BE AR AR RS XTI F e HE SO (1 520

Heifer age groups SE P
Calves (5-10 months) Yearlings (12—17 months) In-calf (18-23 months)

Experiment 1
CH, emissions (g-d™") 98* 189° 172° 5.6 <0.001
CH,/live weight (g-kg") 1.71° 2.10° 1.60° 0.054 <0.001
CH./DM intake (g-kg ") 18.5° 21.7° 17.1° 0.74 <0.001
CH,-E/GE intake (MJ-MJ ™) 0.055° 0.066" 0.052° 0.0022 <0.001
CH,-E/ME intake (MJ-MJ ") 0.089° 0.107° 0.084° 0.0037 <0.001

Experiment 2
CH, emissions (g-d™") 106 155° 169° 5.3 <0.001
CH,/live weight (g-kg *”) 1.72° 1.72° 1.56° 0.029 <0.001
CH,/DM intake (g-kg™") 19.9 22.8 21.8 0.81 0.052
CH,-E/GE intake (MJ-MJ ™) 0.059" 0.069" 0.066" 0.0025 0.016
CH,-E/ME intake (MJ-MJ ™) 0.098" 0.114° 0.109* 0.0041 0.025

a,b.

*>¢ indicate that values in the same row with different superscripts are significantly different (P < 0.05).
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Equations® R P Eq. No.
Using data from calves, yearling heifers, and in-calf heifers in both Experiments 1 and 2 (n = 72)
CH, = 0.252 (20 LW + 50.92 (¢ 66 0.682 <0.001 5
CH, = 14.94 , ,5, DM intake + 36.77 (;; o5 0.651 <0.001 6
CH,-E = 0.046 4y GE intake + 1.93 0.639 <0.001 7
CH,-E = 0.075 007y ME intake + 1.93 0.630 <0.001 8
Using data from calves only in both Experiments 1 and 2 (n = 24)
CH, = 0.340 (535 LW +23.23 (55, 0.910 <0.001 9
CH, =13.80 (, ;;, DM intake + 27.89 3, 0.780 <0.001 10
CH,-E = 0.041 (500, GE intake + 1.54 46, 0.783 <0.001 11
CH,-E = 0.066 (006) ME intake + 1.57 g 4, 0.743 <0.001 12
Using data from yearling heifers only in both Experiments 1 and 2 (n = 24)
CH, = 0.244 (355 LW + 72.61 (55 o5, 0.253 <0.001 13
CH, = 10.40 (, 457, DM intake + 89.51 5, 5, 0.579 <0.001 14
CH,-E = 0.032 ;) GE intake +4.94 | ;57 0.582 <0.001 15
CH,-E = 0.052 (,) ME intake +4.92 5, 0.585 <0.001 16

* Values in parentheses are the SE of the coefficients or constants; units are g-d"' for CH, (methane emissions), kg for LW (live weight), kg-d™' for DM in-

take, and MJ-d"' for CH,-E, GE, and ME intake.
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Gross energy intake (MJ-d-")
B 1. faf Bt gl S pE SN B 5 CHA RE Bt < [R]85

R T AL (5) ~ (8 THUR B IIR?, —
BB (13) ~ (16) IR RS T 47 Ab 3
S BB 3 /N R A B4 0 CHL I
5y, DM . GESEA R SAMER AR5 %
FARRE, HORIEX R,

4.191¢

4.1, BEA- R A 08 R0 Az BRSS9 B Joe HE I A 52
KB A SRR T R R 2 (IPCC) A HT
— SR R TR OV A 0 I 4 A 1 i Y o HE TR
[14,15]. MHAFEREMLZ, HiHEHFE S CH A E
A Z R CH AR MR L. B TEAS T, FHE
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B2, fp i @y s A B 5 CH HESCR: 2 8] 1) R &R

B BE P AR 1) CH HF RO R 2 o 9 [ b 2 1 ¥ CHL HE T
HI20%[16], FEEATF HARBE R PRSI T 5 R AR
WA FERS 2 A K I BE I CH PR 2 B, R #E
S CH, HE S ) T 77 72 /& 25T GERIDMAR A & (1)

H AL, #tHRAEESRIRTE R, K4 F
LB CH HERCE & AH S K, 5 FRR BRI FH 2 AH L 1)
CH,-E/GEX & & [I°F ¥ A MIPCCHEFZH 80.065[14].
EAWI T, A S8 L4 CH,-E/GER & & 173
Ab B HEAR 22 A1 9 0.052~0.069 . X B8 AE 55 I #5500 15
WA LW A B AR B3 [13,17), S54RI AE6~22 12 1)
AINBEAFIN s A E AR BRI (5] T H., ARSIk 1S
1) R I A 5% B4 -5 503 R R B S F o B8 5 R A 7 2040
FZETC L. B, JiaoZE[ 18] %+ 35 4 5w M2 A 7 30 4%
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R N2~8 kg DM-d ™ G Bl LEASHF U A H R,
CH,-E/GEX 8 MO0.0599%/>%0.053. Cavanagh%§[19]
MN698 75 Ph - s B ZE 9y A 453 (1) CH, /DMK £ B 1P 3
EoN18.2 g-kg !, WIKAEAW TG HIEARTEE (17.1~
22.8 g-kg ). Boland%:[20]& B A 24F 6 18 & AR 7F =
FRIR AR A M, ACH/DMR & & (19.3 g-kg ' vs.
211 g-kg ) #EA BERW, HTHME (202 gkg )
SR (203 g-kg) dEw BT, B, MiZEREE
FE 40T F SE il il CHLHEBCRE 1), BN UEHE 7R SF R
BER AR TR AE iR 28 . IX LR Z 5535 & P SF B
O R ARLENE T B XS . 1338 8 e HE IR AN B 32 44
Je N BRI BE AR [2 1], AT e HORE fhI & S 4 ) P I
B RS ARIE[22].

A FE ARG 1 I GEBR N & /N 31— 5 B
R G & B RPN . SRR ETE 2
DM, {HAILE— 5 BEA- 45 A4 K ) CH/DMER £ 52 Al
CH,-E/MEX &, H2XFZERRERE1ZREN.
JR S Th e AN R 2H 23 il 8 5 U8 B 1 S 1 e R
B FAERAES) & . B E AR ED 4 E %2 3 I CH,
HECR ) — 2% % . Johnson K A il Johnson D E[23]#%
N B BE B T I CH, AR iR, o M R R B &
S 3hR R N, 4k /> CH,-E/GER & .
Bannink®5 [ 2419\ A F CH, HE R AN 8 UL 3375 771
IR EEASTH AN R LR F 252, N 1% % R 2
B IR IR B PN A 15 v R R T T R ) T B DA R R
Rl RS b Al

AW T BT A A% TAE A 7k 4R
M, 4SBT AS [ A KB B W 2R i, i CHL HET
ERAANFEMN. XAKIERY, RIES) P07 A R AR,
J¥ s CH, HE St 2 9 A R 2 52 A, i 2 ) 4 % i
L, B TR H RTEAS R RIE . Boadi%[25]
FIGraingerd [17]#B M52 T AH 4 2 B2 (1 3040 W 1 5h )
B a2y FRLg) MCH =AENZES, HZW
IRAG H AR A2 A8 RIS . 75 B A0 A58 3k
411CH,-E/GEX B &2 EIPCCE H FIFRHEZ W[ 14],
7 35 [E HEAT A404 7k 17 37 I 4 4= 3R 56 (26175 B T 5 K
CH,-E/GEXE&TEHE (0.016~0.099), {HZE7EXMHLI
TAERE R [17HRIE, A 247 3k 7% [ 4 7 3 95 4= 1
fH°50.037~0.101. XLeH ¥zt — P58 T CH,-E/GER
WEAMEERWASR, FEBERPRNFEL A
H AR shPER A A KB B A BIRAS S FURYS X CH,
HEBCE 2 .

4.2. Wil B CH, HEicE

M H HIBE FE45 2 (0 B0 T BAF SR 22— R A IO T
BHEGF Gy MCH AR E BN . 5
HNZE R —8[27-29], A HHEE A CH,HKE 5DM
BNEKRBK, s ZE I T RERP[30]. H
RUFEE[31FIMIlls%E [32]F 8 7R 88\ 5 CH, HEBUE 1)
FHORAR A G N T WA= I F5000 75 R o 15 RIS (31138 H A
TR R I A S AN Y 7 B AR g CHL PR 4 B Pl K] 7 57
TANFETT R XA AR EE TR ML AR 3 1) CHL HETBCR 1Y
T, AR AR AR & R AR 555

AHEFUAT B 7 FR AR AL T AR R A KB B AN AR 0 (1)
WHLE T CH HEBCE I —Fp 5 . WA Bk UG, VoA
R CH H S 2 18] (261 o0 2R e T &3 1 kg 24
WA E, CHAHAFBE 0252 g-d'. ZhaoZ%[33]H & A
NG5 25 2E AR VR SO, 409 2 135 1 SR CHLHR TR 1Y)
KAREE.

I [E RN AL 52 2R 22 (1 far BT AE 45 2 B AR BEAR 1R 2R 100 H 1)
H A& 05 BUE 8 A Kk 2, NBEARIE R T XA H AR,
SN EAE 24 H W AR E £ 540~560 kg[34]. 1XAS
T H R B AR R 13.5~15 H IR [34]. ARFFIRMET
— PRI AR W A CH HETBGR W 77, %0772 FHZh W)
[ PR FAE e MR 3. IX 2 5 F DA CHL HF R
DMAIRE & P N & B 58 &, AR SCHRS I 7 A
FHBIAE S BT AT LU Sk FiUAl s s B 4 1 CHL HE TR
A BT B v B KA A R G CH 8GR T 5 1k
.

5. 4518

AT KRB, 24 FGER N & A o5 H i 2 0k il 4k
5 B AN BEAS (I CH,-EINF, B 30180 25 74 5 9 [l 40
i F0.052~0.066 MJ-MJ ', Ji5 B 2 15 FL v 1 4 A
F0.059~0.069 MJ-MJ ', iXEu4E B 5PICC[141HEFE 1)
0.065 MJ-MJ ' ZEARZ . Ayl FIEL S 5 W S B s
X FEPICC[ 14145 i [l 52 1 25 5 5 4E 15 4 1 CHLHE iR
B, SR EKRE. BUA EE AT DU SR L CH AR
B —RY R, H9bRCHHBCE B AR A 430, ]
NS 2 CH HEBCR AR AL 5 —Fh o7 ik .

Acknowledgements

The study was funded by the Department for Environ-



ment Food & Rural Affairs, the Scottish Government, the
Department of Agriculture and Rural Development for
Northern Ireland, and the Welsh Government, as part of the
UK'’s Agricultural GHG Research Platform initiative. The
authors thank the staff of the AFBI Hillsborough heifer unit
and the laboratory for their valuable inputs to the study.

Compliance with ethics guidelines

Steven J. Morrison, Judith McBride, Alan W. Gordon,
Alastair R. G. Wylie, and Tianhai Yan declare that they have
no conflict of interest or financial conflicts to disclose.

References

[1] European Environment Agency. EEA greenhouse gas—Data viewer [Internet].
Copenhagen: European Environment Agency. [updated 2016 Dec 6; cited
2017 Jan 20]. Available from: http://www.eea.europa.eu/data-and-maps/
data/data-viewers/greenhouse-gases-viewer.

[2] Food and Agriculture Organization. Greenhouse gas emissions from the dairy
sector—A life cycle assessment [Internet]. Copenhagen: Food and Agriculture
Organization. 2010 [cited 2017 Jan 20]. Available from: http://www.fao.org/
docrep/012/k7930e/k7930e00.pdf.

[3] Ellis JL, Kebreab E, Odongo NE, McBride BW, Okine EK, France ]. Prediction of
methane production from dairy and beef cattle. ] Dairy Sci 2007;90(7):3456-
66.

[4] Yan T, Mayne CS, Gordon FG, Porter MG, Agnew RE, Patterson DC, et al.
Mitigation of enteric methane emissions through improving efficiency
of energy utilization and productivity in lactating dairy cows. J Dairy Sci
2010;93(6):2630-8.

[5] Jiao HP, Yan T, Wills DA, Carson AF, McDowell DA. Development of pre-
diction models for quantification of total methane emission from enteric
fermentation of young Holstein cattle at various ages. Agric Ecosyst Environ
2014;183:160-6.

[6] Johnson K, Huyler M, Westberg H, Lamb B, Zimmerman P. Measurement of
methane emissions from ruminant livestock using a SF; tracer technique. En-
viron Sci Technol 1994;28:359-62.

[7] Grainger C, Clarke T, McGinn SM, Auldist M], Beauchemin KA, Hannah MC, et
al. Methane emissions from dairy cows measured using the sulfur hexafluo-
ride (SFg) tracer and chamber techniques. ] Dairy Sci 2007;90(6):2755-66.

[8] Muiioz C, Yan T, Wills DA, Murray S, Gordon AW. Comparison of the sulfur
hexafluoride tracer and respiration chamber techniques for estimating meth-
ane emissions and correction for rectum methane output from dairy cows. J
Dairy Sci 2012;95(6):3139-48.

[9] Dale AJ, Mayne CS, Laidlaw AS, Ferris CP. Effect of altering the grazing interval
on growth and utilization of grass herbage and performance of dairy cows
under rotational grazing. Grass Forage Sci 2008;63(2):257-69.

[10] Park RS, Agnew RE, Gordon FJ, Steen RWJ. The use of near infrared reflectance
spectroscopy (NIRS) on undried samples of grass silage to predict chemical
composition and digestibility parameters. Anim Feed Sci Technol 1998;72(1-
2):155-67.

[11] Porter MG. Comparison of sample preparation methods for the determina-
tion of the gross energy concentration of fresh silage. Anim Feed Sci Technol
1992;37(3-4):207-8.

[12] Cushnahan A, Gordon FG. The effects of grass preservation on intake, ap-
parent digestibility and rumen degradation characteristics. Anim Sci ]
1995;60(3):429-38.

[13] Agricultural and Food Research Council. Energy and protein requirements of

ruminants. Report. Wallingford: CAB International; 1993.

[14] Eggleston HS, Buendia L, Miwa K, Ngara T, Tanabe K, editors. IPCC guidelines
for national greenhouse gas inventories. Copenhagen: Intergovernmental
Panel on Climate Change (IPCC); 2006.

[15] Baggott SL, Cardenas L, Downes M, Garnett E, Jackson J, Li Y, et al. Greenhouse
gas inventories for England, Scotland, Wales and Northern Ireland: 1990-
2004. Report. Didcot: AEA Technology plc.; 2006 Nov. Report No.: AEAT/ENV/
R/2318.

[16] Crompton LA, Mills JA, Kliam KE, Reynolds CK. Effects of feeding milled rape-
seed on methane emission and milk fatty acid composition in lactating dairy
cows. Adv Anim Biosci 2011;2:75.

[17] Yan T, Agnew RE, Gordon FJ, Porter MG. Prediction of methane energy out-
put in dairy and beef cattle offered grass silage-based diets. Livest Prod Sci
2000;64(2-3):253-63.

[18] Jiao HP, Dale AJ, Carson AF, Murray S, Gordon AW, Ferris CP. Effect of concen-
trate feed level on methane emissions from grazing dairy cows. ] Dairy Sci
2014;97(11):7043-53.

[19] Cavanagh A, McNaughton L, Clark H, Greaves C, Gowan JM, Pinares-Patino
C, et al. Methane emissions from grazing Jersey x Friesian dairy cows in mid
lactation. Aust J Exp Agric 2008;48(2):230-3.

[20] Boland TM, Quinlan C, Pierce KM, Lynch MB, Kenny DA, Kelly AK, et al. The
effect of pasture pregrazing herbage mass on methane emissions, rumi-
nal fermentation, and average daily gain of grazing beef heifers. ] Anim Sci
2013;91(8):3867-74.

[21] Deighton MH, Williams SRO, Lassey KR, Hannah MC, Boland TM, Eckard RJ,
et al. Temperature, but not submersion or orientation, influences the rate of
sulphur hexafluoride release from permeation tubes used for estimation of
ruminant methane emissions. Anim Feed Sci Technol 2014;194:71-80.

[22] Williams SRO, Moate PJ, Hannah MC, Ribaux BE, Wales W], Eckard R]. Back-
ground matters with the SFg tracer method for estimating enteric methane
emissions from dairy cows: A critical evaluation of the SF; procedure. Anim
Feed Sci Technol 2011;170(3-4):265-76.

[23] Johnson KA, Johnson DE. Methane emissions from cattle. ] Anim Sci
1995;73(8): 2483-92.

[24] Bannink A, van Schijndel MW, Dijkstra ]. A model of enteric fermentation in
dairy cows to estimate methane emission for the Dutch National Inventory
Report using the IPCC Tier 3 approach. Anim Feed Sci Technol 2011;166-
7:603-18.

[25] Boadi DA, Wittenberg KM, Kennedy AD. Validation of the sulphur hexafluo-
ride (SFg) tracer gas technique for measurement of methane and carbon diox-
ide production by cattle. Can ] Anim Sci 2002;82(2):125-31.

[26] Moe PW, Tyrell HF. Methane production in dairy cows. ] Dairy Sci
1979;62(10): 1583-6.

[27] Blaxter KL, Clapperton JL. Prediction of the amount of methane produced by
ruminants. Br ] Nutr 1965;19(4):511-22.

[28] McCaughey WP, Wittenberg K, Corrigan D. Methane production by steers on
pasture. Can J Anim Sci 1997;77(3):519-24.

[29] Hart K], Martin PG, Foley PA, Kenny DA, Boland M. Effect of sward dry matter
digestibility on methane production, ruminal fermentation, and microbial
populations of zero-grazed beef cattle. ] Anim Sci 2009;87(10):3342-50.

[30] Johnson DE, Ward GM, Ramsey JJ. Livestock methane: Current emissions and
mitigation potential. In: Kornegay ET, editor Nutrient management of food
animals to enhance and protect the environment. New York: CRC Press Inc.;
1996. p. 219-33.

[31] Yan T, Mayne CS, Porter MG. Effects of dietary and animal factors on methane
production in dairy cows offered grass silage-based diets. In: Proceedings of
the 2nd International Conference on Greenhouse Gases and Animimal Agri-
culture; 2005 Sep 20-24; Zurich, Switzerland. Amsterdam: Elsevier; 2006. p.
131-4.

[32] Mills JA, Kebreab E, Yates CM, Crompton LA, Cammell SB, Dhanoa MS, et al.
Alternative approaches to predicting methane emissions from dairy cows. J
Anim Sci 2003;81(12):3141-50.

[33] Zhao YG, O’Connell NE, Yan T. Prediction of enteric methane emissions from
sheep offered fresh perennial ryegrass (Lolium perenne) using data measured
in indirect open-circuit respiration chambers. ] Anim Sci 2016;94(6):2425-
35.

[34] Carson AF, Dawson LER, McCoy MA, Kilpatrick DJ, Gordon FJ. Effects of rearing
regime on body size, reproductive performance and milk production during
the first lactation in high genetic merit dairy herd replacements. Anim Sci
2002;74(3):553-65.



