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Enteric methane emissions and mitigation strategies in ruminants

ZHANG Xiu—min, WANG Rong, MA Zhi—-yuan, WANG Min", TAN Zhi-liang

(Key Laboratory for Agro—Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Science,
Changsha 410125, China)

Abstract: Enteric methane emissions from ruminants is an important source of greenhouse gas production. Reducing enteric methane emis-
sions from ruminants helps to alleviate global greenhouse effect and improve livestock feed efficiency. This study will review the latest re-
searches of enteric methane emissions, and includes enteric methane emissions in China, mechanism of ruminal methanogenesis, the nutri-
tional factors that affect methanogenesis, and strategies for methane inhibition. At present, enteric methane emissions exceed 10 Tg in Chi-
na, which accounting for more than 15% of global enteric methane emissions. The enteric methane is mainly produced in the rumen and
hindgut, and the methane from rumen accounts for more than 80% of enteric methane production. The carbon dioxide reduction is the major

pathway of ruminal methanogenesis, which uses abundant hydrogen and carbon dioxide to produce methane. Hydrogen can also be used to
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produce volatile fatty acids and microbial proteins which can be utilized by the livestock. The key to reducing methane emissions is to pro-

mote the hydrogen utilization in the rumen and prevent hydrogen utilization from methanogenesis. Nutritional mitigation strategies include
optimizing diet composition, improving feed quality, increasing rumen passage rate, adding hydrogen sinks and methane inhibitors. Most nu-
tritional strategies have less than 40% reduction of enteric methane emissions, except the newly developed inhibitor, 3-NOP, which can re-
duce methane emissions by up to 80%. However, the industrial application of some strategies is also affected by other factors, such as addi-
tive residues, antibiotics prohibition, food safety, production prices, and consumer preferences. Farm management and genetic selection are
also important strategies to reduce the methane emissions, and can reduce the methane emissions by 57% in terms of g-kg™ milk during the
recent 100 years. Further studies can be focused on genetic selection of low—emission breeds, the combined effects of different nutritional

strategies, the economic benefits and sustainability of methane emissions reduction, livestock growth performance and health, food safety,

and customer preferences and other aspects.

Keywords : methane emission; rumen fermentation; hydrogen; nutritional regulation; methanogen
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Table 1 Major groups of methanogens and pathways of methanogenesis in the rumen
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Table 2 Major strategies of methane mitigation

JEHETT %€ Mitigation schemes H k45l Dietary strategies K E ) Animal types  IEHERUR Reduction/% 275 3CHlik Reference
R ARR SN ks LALE 14 [62]
ks SES 26 [62]
B Rt EES 6 [62]
B AR 5T HIEAT R Lk 20 [65]
TR AUR R LS 21 [67]
GRHACR R R EES 50 [68]
= T I HAE-ARE R A WA R kS 9 [72]
Bma ik 4 14 [73]
FE AR B ik H4 20~40 [47]
FR e 00 i 551 g LIRS 10~25 [46]
SRR - 64 [76]
PR 4 18 [74]
Tk Wy 11 [75]
B S IIES 15 [52]
TR LAEE 16.5 [78]
MR ER Wy 15 [32]
MR ER LGS 18 [79]
MR ER EiES 34 [80]
MR ER 1 12 [81]
MR ER 1 10 [82]
3-NOP UL 25~32 [57]
3-NOP LAEE 24 [83]
3-NOP ES 60 [84]
3-NOP SES 80 [85]
3-NOP EiES 21~25 [86]
TIREM & LALE 7~9 [87]
TIREM &R LS 27 [88]
LA RS 27~30 [90]
LN IIES 28 [89]
e LUES 26 [14]
e g ESNIIES 12~46 [14]

4.1.3 BSHFRIE I L T
4.1.3.1 HARBImAG

fia] H AR H s fin v i A2 A 1 7 0 F B ik
AR H R BB 2 5% sk, B beHEn & Al
W 189%™, WA HAR HR IS AN 1.38% 1Y E oK, FBE
HERCER > 1197, 35010 5.7% F9 I FRAFIN , B Be HEL
AT 649%™, 1A U A R I, H R
1 3% 4 F K AT A H e HE A D8/ 159%°7 . H AR
Jg 5 BN 19 4 A e HE i i 29 5.6% , 4 H F
TH I S 0 & 2R 19%~3% , AT 52 B H e 3k HE 10%~25%
TR ATk 40% . T3 Ak, BE IR HERCR I8 25 52 g ok
T5FN i I i 2 8 3 PR R (A5 ) il i 43 9

i A W7 R 0 1 A6 e 5 2 R A 1R ) b R0 ) T
RERIF (5238 AR M) FRREAS B 5 i Y
DEMERR IS5 o BRI R 2558 W 5 38 R ik, i
117 5 S FRBE R HE RO (19 22 55 o A R P s g T
SR T VA R 5 VS IR A2 1) R R i 3
T 19% 2308 R £ B AR (1.51+£0.40) ke 7R 7
CEAF KES5) 1 H R HOLIR D738 19 SR B &
FEAIK (0.90+£0.52) kg™ i o i 2 ok the 2 5% Wi FE 5 i
HERCR 0 g R R (C12 A1 C14) X 8 R dUh
— BT, AN AR D7 R AT DA ok A A A S
W SE 2. DR, AN TR) R 7 158 2E B 1) T Bl L 4% 1
ot LA i B8 T3 A7 A6 22 5%, 18 AN [R] AU HERICR ™,
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4.1.3.2 HARBS AL 551

il PR e W 38 o b R % B o T 79 5 1 ke 1 ] Y
Pt A B, SRR E DL ELCHE IR B S ) R e il R
Van Zijderveld S 7EH5 4 H A INO (21 g- kg™
DM) , U HEC R I 16.5% . Wang 252 EW 28 H O
FERIINO:(14.6 g-kg™' DM) , e HERCR D80 15%
Lee 5577 R4 H AR HAS I NOS (25 g- kg™ DM) , H %
HEBCE I 18% . Li SO =F H AR ST NO5 (8.8
g-kg” BW), BEHE A& 070 34% . Arif 5 7E 1L
H O P48 NO3 (22 g- kg™ DM) , HY 4 HE ik 2 vk 20>
12%; Zhang 2525 B NO3 (4.7 g-kg™) AL FR 1 7K F
FEAFARIME L2 B e HECR DA 24 10% .. 5341, TR il
PR R A Ak R P A R A IV A i b ELAT b R
FAS 50 AT B4 3 ML AAC S B, 2 T B o 2 7 5
PR )3z B, H i RRER PRI 4 K & Bk ik
WS 10%~35%(F2) .

3-NOP S 11 2 2% vl iF il 1) f 3 R e 400 il 61
VAR AT B T R A AR P AU A T2 96 1 . Hidstov
LT A H O HP A8 I 3-NOP (40,60, 80 mg - kg™
DM), H e HE &80 25%~32% . Van Wesemael ™'{E
WA HR AP 3-NOP(1.6 g-d ™'+ k), ke HEjl it
U/ 24% ., Romero—Perez ZEE7E P A4~ H AR RSl 3-
NOP(2 g-d™"), e HE B LIk /024 60% . Vyas SFI7E
AW A A H AT 3-NOP (200 mg-kg™' DM) , H
ot HE B Ve 20 3k 80% . Martinez—Fernandez ZE/E 47
EHRB AP 3-NOP(100 mg-d™'=3k™") , ke HE ik &=
W 21%~25% ., X EEWFFR 45 R K, 3-NOP J&—Ff
A5 A 850 B e LR FR o vl HE R 7R A 209%0~80%
(F2) , WHFHCR Z B & Fh2S . H ML A ) it
G, 3-NOPZESNY) ™ i b i 5k B3 0 75 24k
SEAEGY , HL e A [ U WEAT A5 B 58 A, H T
HHhig 1z
4133 BfEHE

TERE DA 22— AU 2R R IR b
B, 980 H e HETC , A6 ek v B R R T2 . Odongo
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PR e HE R R D 79%0~9% . A4 HAR R IR N AE
2 (33 mg- kg™ DM) AJ D fefi B e Hl il 9 /b 279%™
Puchala ZE™7E 111 3 H AR S IS RE H K (22 mg- ke
DM) , & BH R e HE il B0 20 28% . (H, R S s
YIAEAEXT B8 1 2 A0 1, H R B SR Tl e
PRI U A B . Guan 257 P AR (0K A R0 w R
BEELAR SIS 33 mg- kg DM BERETH 2, & P04 LI

KR R B PR 2F 223050 T IR 4 TR D9 %) B Joe HE e o2 ik
D 27% , JE BB > 77% , 6 JR T B A e HE 2 SR 9
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A-FER I FE U6 2 A P Y e HE i s 30% , J R B
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FLRE A R 1 H BEHERR hy 09%~30% , K1 {1 FH 5 R
RSO IR (2 2) . Ak, BEFE BUM X H R
oA 2B B — 2 W RORBERE I R AT RECIATE
oA =N

4.1.3.4 HAbED)

R A AR = A REA ) Y e A B, L5 A4
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A I A R
4.2 HAigHER B

3 A 1 =X BB AR AR 0 e 1A R i HE
S o RO TR B i T R R I ek
BEHER . HZ, QSR a3, B e HE R 234
e, B2 2440 A BRI R BN i 5 A e R 42
R AR R A B RE I HE S 21 229, R AR E
T 6 T A T it 19 A i B e T )
FEFE, DILEMX 6], i LA ok, 4
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HI T 57%, — AN WA FL N ARSI 100 kg 70
i, 7 (>13 000 kg) K™ (<7000 ke) W48 5 T 50
ot FLH e HE R 23 b 3.19% R 7.3% . 534, I
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