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Abstract

Methane, a gas produced during the digestion process of ruminants, is a greenhouse
gas that contributes to global warming and also represents energy loss. Therefore, all
countries worldwide, including the United States and Europe, are trying to reduce the
amount of methane gas generated. There are many research papers and excellent
review papers in this regard. However, this review specifically aims to provide some
insights on methane measurement methods and consider ways to reduce greenhouse
gases under current domestic conditions. Enteric methane from ruminants is mainly
measured using a respiration chamber and the GreenFeed system and can also be
measured using an laser methane detector and sulfur hexafluoride (SFs) tracer technique.
Research priority needs to be focused on measuring the current level of methane
produced more accurately from Korea's perspective, and financial support and research
are imperative for this purpose. In terms of mitigation strategies, it is important to adopt
and apply various processes proposed by developed countries, still equally, we also
actively make efforts to research and support processes that can be implemented in
domestic conditions, such as the use of agricultural by-products, food by-products, and
home-grown forages in total mixed ration. Additionally, in addition to developing novel
additives or substances at a strategic level, if there are any overlooked traditional methods
in the livestock industry, such as improving nutrient use efficiency and increasing
productivity, then efforts must be placed to complement what is lacking and as a result,
those methods may be adopted in the ruminant agriculture relatively fast and easy.
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ASFA A9 22 t7] Fo 7EAE Qulsty 2AVRAE 2HAINH7] S 7k o) A+
FH 7p7tolof dol sl FHE S7MIA AF-LHIE op7|eeH1]. SARIIA 24171 H
= A7 HRH(CH,, BT R) T obitabE (N0, wir)olH, HE Fé—%oﬂfﬂh £35] A
A2E 59 HiEEe vgo] AV =i v WEEe] BHEfldle ot ndESe] A
ot o]5o] FH|5h= adtaao] osf HF Almrt Fal] IEE AA ZejErH2]. Al
U 7180l BafHHA WEsEo] UAYC R ol §E= Y Ak AdsH =,
o] oA ATt EHT3]. BHE9 W BAE Fie WS HBE T HEA g*ﬁl’\ﬂ
(methanogenic archaea)©] A}8-6}0] o]AISlErAE HEO 2 Adlely, 2 Htx5EO E
= HiEETH4].
]E} o] g3 1007 ALl RS o]AlslerA o] 28-308] 2 2AECH1]. A AA Hof
AR W% HI5E 59 Lol 41068 A5, 59 ot 5 5] Aqac] o]
ke AEE s ehreis), T Bl Slev 2004 715 %9 A e
G 59 2o RA AP 220 4 2ok £k WS w3l 025
9] A7 9096 olAolekL RTScHe) A AAHOE SAAR QU ATL
SRSl 2000674 Z1%90] SSE Sie e Sgsteles, Selte FoAE
2030 =7} 247 A5 AgS ] w2t 20239 3UFH Alm 52 7% 9 40 A
AR Ao 9 7]E2 AT & FHoM = WEEl AUl Ta BolA TAsk=
HE7kA0] S T SliolA JIPEJE AT 52 LS YO R Ly} 2] TRdt
A FoFs U9 BHoNA AAStIA St 2ATEA AZHY] F=AQ] BAL g WS
£90] “Net-Zero®] FHE FAI5k= A= o|sfe 4= 9lon ofuf Rioflx L5t opitahd
2(N,0)= A Zopol| A WA sh= et 2A7IAC|AT 2 FA A= AUl FavrgolA
Hgshe me7tAR RSt HRhS ZATEA, ©A0] Y} o] wet 4% weksto] A
G371 2 gtk of&d, HEEEY] A TR oA A= HEvtAS HEste] B2,
Holt Fdo] v EAISHELR[7-9] ¥HE21Ql U-8= AFstal =] 2730l Hl5of =2stalat
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Hi=S=9 U Ys o
M (respiration chamber)
TF A =Y ouA diAE Brel] Hs A AREeH, B8-S Alol(Rk, &
£, $89 249 AT S Aueld 71719 424 2 gyl kot 1 nHmoz
gote WHoltH10]. TE== Y oA 474 717 AT 4 qloH, Juida
A Y= Weke =4o] 7H53F whole chamber?t 5-20] WejQ} & HEO
EHe] EFL B3 Hj&ets &, AUda Hg TAST 240] 753t hood chamber®
TR, QA7 e ZHS 9o A8E A R whole chamber AHSHSITH7).
FHH=YTFE & 1=, #5542 7ta 4712 49, oF AHE 8 Hg
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of 2% 7F5e BBY 4 AR 4 UrH2) e ARY B, 47, Azl W)
U2 oieh B Wek L AR M B 5 U 9 B4H SRl eEe
24T 4 908 24417 ol A&27o] sy W] ste] QwstE AWE 4 Yt
[11]. E3 55 A2 248 259 9D vk PP do] ASL vlS Hetstol v
oF, 2+9-90) A ZkzF 7.2%, 4.75%, 4.3%F LFERGTH12-14].

GreenFeed system

GreenFeed system- AIEE AlTste] 5Eo] Ao AASIAY Ee HWEXR|of HX|3
GreenFeedo] Aol eE X ol1l RFID(radio-frequency identification)E o]-85t0] T&ES 4
& 5 E 2F A HEEHe 378 oAt ST fESAE skl of ¥ ARE
A FIete 35wt EE-’] I8 CH.2t CO, HiEFS AF2Aor SAUT15]. =& Y |
WPE o ZL 717 B g2 £ 552 FUEHBY ¢ oY 50| GreenFeedo] ALRE
AFs7l #18 HEE 7171 £z 4ole wiwt 40] 7hssitt. wEbA 5&0] GreenFeedo]
A5l Ao wat #Heke fer dhygko] 24E 4 9joug ATl wek Wy 248
1o 8o feeding cycleo] LASIOloF SHoi[9], BB B, A Aol, 4T, 418, 2
HF9%F, GreenFeed 2L FE5H7] Yol AHRH+= AR $57 5°] GreenFeedE ©]-83t 1
WE 2] GaFe vIALs)

rm OHI

Laser methane detector(LMD)

M FEHS o7 o, xRz HolAe &4 =W Hgo] £ uHo] Fo]
A F(AQN) S Feotal, FEEO|A B FlolA Wo] FlolA g &0 AlE & &
ojAdel o] &Aoo Yt A9 WUk (ppm-m)Z AAHETH16]). LMD(laser methane
detector)i= Frrl/do] Hestal, thE &4 YHSET HEo] AFsIh E3, F=0] &7, Al
A3, B B 55 @ U ST 4 JoH OE e 4 PR HEA S4S
A= Aol ot Aol W2 Tl 9laL, Aol 54 A] LMDe| AeHe v 5=

AES, A5, 719 5ol et 7120] G2 W] o] LMDE 274 A folsfof gt

=

ach ox
_0|_‘

E

[16]. Kang et al.[1 H Aol A= LMDY] protocols AHHL, he-5 YO R A& T E
i T ARE Fojole] HEhs SARS W, Aed ol wE vg T AolE
HET 5 9l%len, Kobayash1 et al[18]9] AFoA= 55 Aot LMDE Hu e o 53
g et S8 AAHAE St g APES LMDE AR viet dAE 34 7t
5L AASHAT

Sulfur hexafluoride(SFs)
SFe= & €AE SH2E 6719 EFd dA7F FZHAE o] F1L Slof HgAdo] Hi&
=ol b 2458, €2y, dEYo}, 4 5)Ed= t&%ﬂﬂ %= HEA ZIAloIt. B 5
NME ppt] == EA] 7] Hizol ol EAES o185t tracer® AREETH19]. ¥I55
EYYF AFollA= Zimmerman([20]0] O3] A% AFEHAOH FATHAE HESE 29 o
£ S3IAM = AREEE WoltH21]. SFy tracer?] ¥ A U= SFO| HEE= o8
Stof, W] oA 54et v R TEEE SFe} es X3 & Wy SFO| a2 &
goto] W EgFE AARRTH22].
S A AFE] e FAlA 559 feS A5t fiEo] AA A S 24
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Table 1. Summary of selected methane mitigation studies conducted in Korea

Ingredient Mitigation strategy Measuring technique Methane production References
Feeding level In vivo (respiration chamber) Increase [42]
Forage:concentrate ratio In vivo (LMD, respiration chamber) Mixed response [17,39]
Feed ingredients In vitro, In vivo (respiration chamber) Feed ingredients specific [41,43]
Feed approach Forage processing In vitro Decrease [44]
Feeding system In vivo (respiration chamber) Mixed response [26,29]
Fat or fatty acids In vivo (LMD, GreenFeed system) Decrease [36,45]
Crude protein In vivo (LMD) Decrease [46]
Halogenated compounds In vitro Decrease [47-49]
Nitrate In vitro Decrease [50,51]
Seaweed In vitro Mixed response [37,38,52]
Direct=fed microbial In vitro Mixed response [63-55]
Plant extracts In vitro, In vivo (LMD) Mixed response [2,56-60]
Feed additives Organic acids In vitro, In vivo (respiration chamber) Mixed response [2,61]
approach Minerals (clay, trace) In vitro, In vivo (GreenFeed system) Mixed response [62,63]
Glycerol In vitro Decrease [64]
Cordyceps militaris In vitro Decrease [65]
Spent coffee ground In vitro No response [66]
Enzyme In vitro Mixed response [67]
Detoxified sulfur In vitro Mixed response [68]

LMD, laser methane detector.
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20204 715 S 27k MAESo] oJstel elo] AAISHe Hlge] 3.2%01, 5] Hof
% AULET AR vl 22%0]tHel. St ARONE 2030 F7h LA A%
ABS s A S4Q) P e LA QS vhelsior sl Al due
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Azrol A& e] mjefof e a9t FAIEAL stEjEte, 7 o] Haskil, 1 9O
At o]& A&3A 25| FAH R F ool Slrt. ¥ SeuetolA &5 &
AH Zopoll A Hshe gaAd Bjtele Atetddo] &7 istoior & ARFEo] 3lof oot
o] gl REZ nEstAL ot oA AROIAM L ARl HEsEolA TSk HEvt
&g ATV et L) TR AYste] BI|StER £djo] wEh EEs]E Qith

HE S W chest U WSS Dss
203090l FEFIA S BES AW, SR WYF] BHAA BA Ff H4

o] ojuet Ago] Al HEstA AAStoloF & ATt Atk =& Y AF7IHlA
4] B MEEEoA sk 2AVRA WAYFS HArstqlt oot 40| 2ATRA WAy
FZ F7H2A7IA QMR o] SEE ] =2 dH#ste $AIR A 6], T1H® -5t
a1, flolA FARRE HEeE o] RAZRA AZH(EE T4 A7), H Uolrh @4 S| HAA
A4S 477} Baste

& 50, 5 B, TS AATHA 715 Aoll AF7] B7F 43 Al, 2019
" IPCC(Intergovernmental Panel on Climate Change)ollA] A|Qtet <=2] &, A7F T4 64 kg2
gt HiE AleE AEote] A7 TS HASISITH24]. o] WiEASE IPCC 7| 232
2 vs3 Aut 959 34 2% 22 Y A Ad=EY SAHAE 7IRoE ARt
Arz gAY, dAsto] o] A9 A& vl Bt Ao s AXAE, Ty, /5
& A Al @R AR 7L B3] B3] AE SFARRE 80%-90% o Holske AN
WS 285t lom, ojnf whE9] AskabgolA AshE HE7kAs TS e 959
ALY B Ara TFo] dHAoR 2 AARE Folste AR R vasto] WgrkA
Aol Aol7h e Ao ® A3 AA Seol et al[25]9] AFoA= Bt oF 600 kg2 2471
49 HE37] S U oR 2ARS FFAR(ZE)Y HlE] 1090082 Fofst3S
&A= 43.6 = 50.9 kg/CHy/head/year2 WEFF O, Lee et al.[26]9] AFoAE= Hat
°F 500 kgo] 287 €T H|KF7] -5 hFOE FigH[E&0] 15852 FololqlS | WiEAS
£ 57.6 = 61.2 kg/CHy/head/year2 UERGTE 0|3t A A= IPCCOlA A|A|gH vehuy
SATED AA] oA B EE o] HghlEFo] W2 THeAS HojEt T1Eal o]
Al7100l, o] et Al A o ST vievkA W] B3 AT il iAo
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2 A o ER HRRY] ARF W9 Alold] wE wgk viE Ao 4T oS A3
o= wdo] Q3 Ao7 AZt=E)
3, BlS%7] /E99] AFLE 700 kg olFLE ol2f%t AT 7SS TF FHol YA
17 ARl QATEA HiEERS 25t A E3 B o 41 gt} webd d4) Had
HR13,15]0] et 71e2] Heht FRolA Hoh A ST 4 s sl /EETH[17]
Z 9 Ao 2A7R/—RA/HETEA TS SHD 5 U 7/'101“1 ojfRt AIE HF
O

>~

2 A7 welo] tiet AT Bk @AM $YT 4 UL Ao AR 53, A3
A TSk A A5 1] e BHHoR e sta, WAl et
NS A @ AHAA B e JEH AHAAS A0 AFsed o=
71449 B8o] gt A7 Aol S Past.
SAZIE 2N TARE 0183 MOUUEAR 018 Hist

A} 2 92 9 A7 293 RARC) AP £9sHe F0) @A) 1ol ik
W AERAEY AR S folof k. GIA olu] TiFe] SAAET AR
o] 4§ AR ol 853 GOt old5] 1 ABHL ol Bt 15 FAe] Hlstel
uhe: REG Agolch. 3], SR 5 ARG EA50] AVEAE LA A 35 5] B
oA 2l 47 ShaE BAlEk At 20159 71% SRR F WS 9304 B
O, 78 FARS WA, AWAY, BEYY, MY 5O Upton BARE A8H1

9 AT AEFAYE 217} 103.8F E, 59.14 Eo|th27]. £35] wlFo] 5836H Eo&
QA APAkFe] 63%E At QITH27]. s sARRARES] CO, 5 A B HFo]
AA ] 55.7%F AA|skAL oH o]= FARES o] 8O EH olilstetA 75 TS At

ok e

=W -G AufgALRE (total mixed ration, TMR) 3 4+ 20229 7|& 1827]40]H, A7t
TMR $F33-L2 20219 7]& 2,232F0]t}28]. Bharanidharan et al.[29]= SO A HFAL=E
o RAIRE £ Folfls YErt TMRE Fo8E o wet WA=l 17% J= £A4 Uehst
ol Huskith 18y SEuThe iRl AARdRES Ul &5l oy silkE
Y Al gaBiETo] EoH30] Sl BAtE SARE/AFTAEY SYE sAREY] ke
S AR 989 YRE TMRE ARsH Hoiy, 493 ¢ gas AT & S 20=
oetE B3, AA R0 ARSI S s AERS 2ARRTES Folstile W(@aAE)S}
4% 9AE TMRS 25 diAste] goistie Wl BAES B4 23 %4710 TMRS
wolgt & PP o g FFARS 2AERS Folshs 2o] AAlgol 7 w2 Aos YERSe
[31] 3g BiH= 7]@AES] TMRS 45 24 A AL FAAIZ Ali% AIAFSERATE.
TR} Lee et al.[32]9] A= Ty BARE Eﬂ*o FASHAIE A2g 1A 9 opf FAb

=2 TMRZ A X3 T 0%, 10%, 20%(Fed basis) 502 /\]'E-»] A tjA|sto] 11097
5t W A% 2 body condition scoreo]] 52421 ]'017} gle oA 7]& AtRof BAREAL
22 28% TMRO| A7 A7} 7hestehal Hasith. A 3o ofstd =ujoflA 3

==

& AT F FATAZS TMR 928 Bqst] 3ol & ZAF 59 A4 SAtAe &,
A WY, SA7kA AR EE AANS AT BES w9 SRol, o] HEo] B3t A7}
Bag Ao WoEch FABEY olJet TMRY F2% 92Ql 2ARY] A4 A% S

ol

ol SiolA At 2ARE WHEEE Aol o8 ok AT ofyzt 5 &oF
SATIE Ao 710 & g Ao= BWAHETH33].

1o

https://doi.org/10.5187/ait.2024.11.2.93



Kim and Kim

https://doi.org/10.5187/ait.2024.11.2.93

247IA Mg HEre| st

) 2409 AL THste] LATIAS Sl 14 sHe Ao chiSHE 7R Bt ook
Table 19] Whehid vlo} gol, AL B4 oM, 242 Aol H7bsto] dgvhac) why
FE £0|1% oF= AFE0] U ALE k. 8|25, 3-nitroxypropanol(3-NOP), nitrate 5-0]
o] A ERIN B WerAE BEoR Fol1, 3-NOPE 7kel A
5 AR T Ushi 02 924 Ik £9L EH s Tt Aol
NG S WS Aoz TR, FHAAE ol2F ATFo] H&olof e s,
1 9jo%, 7]&9] W 5 olv] Al WSS S&otAY Hetto] RAVIAE Eole A
= A48 & 4 o

s =0, Am W LBF A A7 o HEfolA dste HegvtAv Eolete
AT HAI[34,35]= SA0IA 2Ft A o= /e ARG AlRole B
A 5 A Aol jHo Hlsf JriF o g HIHstER o071 T astA|Rhof ol 5§
st e A4d 4 g, 22 dTollde $4471 BolAl A 100 g/kg DM7HA]
o f Aol ¥F glo] WighS Ashs Ao HuEo36]. sixFw= -2 9
RIS, /\}‘Qa in vitro Yr39] FAAANA AFaNE HFCH37,38]. FAZA] Szl A
= g 2R attE BUIRt =22 fle ACE HIHJAR S in vire HY
el '-'_fﬂ in vivo A% ﬂ:rlgl Az Aol BlFolE o oM AZaW} e ACE 7]
ok oA AFT AAE 2AES FAFRS] Fof vl iE HErtAs HAAFY 2ol
B oAM= —;?— t& HlEo] w255 vgh T T o] FAsIAoH(17], daclMe Azt
A7 JeERR] = £[39] thopsiA] B E ) QlojA o]& AslelA 2A3d 44 d%
o Mol 5% A0 AR, ZAZE EUT A 71 T U4 WEEES 234
A 5 WAol= 2ATIAE EUTE BA1[40]9t FAoA AR YR (alfalfa, tall fescue, rice
straw, corn silage)o] e} ok WA Fjol7} LERT BI[41]7} 9lon 2 WAl A8
RS, 5o FUIH BT TARE BLAE 5 A7E Fotol nAHE BT 92
Aolth ol SelH A7 v GO}, 85 Hot AEslote] TEATE Folo] LARAS
HE oz A7 vhast @9 EF029 Aol BaY A0 AR AR T @
&9 % SAUERQS DR IO T AR A ST AN 56 $4075E

F 908 gyoR B ATE 2EUS(9), ARolrE2), 24T Aall, B 2o
[2 ]Oﬂ T2 Hg T RgTto] BrhElo] QT o] Y 2AVIA AES A HEEES Y
o= @ A4AY W AT A7 LAT Aol

L =

r°1'

48

FA1Y Rolol A WS, 53] WEEEY A el skt LUNAE FoluA
e o1 AT 349 U A 3 SR A, F2U el o

7] stolol Ttk el LUZEA MAFE A&, FEH
4% & 953 A9 AGHY AR D elo] BaF, ol N ez ) 24

o W A7 Aol WY A0 BLHATh A2 BA ALl HA] gL A7} ol

YR3uE olo] that Lot ANstelekE 5ol U BUSS Wk BN A5

£ AES0] o s ojsolAof sml, 1 oo WA} o HEANS BEY 5 s
1 i3

B}
_Il~>'
)
r [¢]
re,

79} ol 9Iat A|go] Wagk Aoz AZE 2z, WAl o2 Zo|
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