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ABSTRACT

The objective of this study was to evaluate effects of feeding methods on in vitro ruminal fermentation, total gas and methane
production in Hanwoo steers. Six Hanwoo steers fitted with rumen cannula (430 + 21 kg of body weight) were randomly assigned
to one of three feeding systems: 1) feeding forage 1 hour after concentrate, 2) feeding concentrate 1 hour after forage, 3) feeding
mixed ration. Rumen fluid sampled from each animals was incubated 24 hours with maize or timothy substrates in in vifro. Ruminal
pH was increased in feeding method 2 or maize substrate than that of other methods or timothy substrate (P < 0.001). The production
of total volatile fatty acid, acetate, propionate, butyrate, and valerate were increased when steers fed diets using feeding method 1 or
rumen fluid was incubated with maize substrate (P < 0.001). Increased production of total gas and methane was observed in feeding
method 1 and maize substrate compared to those of other methods or timothy substrate (P < 0.001). Due to the inconsistent results
between ruminal fermentation and gas production in this study, further research is required to estimate effects of feeding method on
enteric fermentation and gas production in in vivo.

(Key words: Total mixed ration, Separate feeding, Enteric fermentation, Methane emission, Hanwoo)

I. M2 Ueh ARol§ae ke ZHoHE Fasi:

9 dae hEe vEds e A AR e 9

A 10097F A28k Qlsf At 3 27} AR53o]l
w2} (IPCC, 2014), IPCC (Intergovernmental Panel on Climate
Change)= QII] &so] 7|5Hslo] mlAl= JFS B7kolaL
=7H] i3S vlshy] ffsfl sl Qirt High (CHy)2 W5
7I=9] Auidag AgE0] 37] Fo= HiEE, Ah2dst
of t]xl= F@ol olitsietao] 218fof DRttt (IPCC, 2014). E
S TS0 B9 AR AFIRE ouRI 2-12%7F Higtolld
A2 £A45= AoF B¥E H QJo] (Johnson and Johnson,
1995), HE7150] ofgt HgAt Aate 2471 A58 of

a1 Qltk RARES] &5 (Waghorn et al., 2002; Archimede et
al., 2011) & =2 (Boadi and Wittenberg, 2002; Pinares-Patino
et al,, 2003), A= W 5FALE HE (Agle et al., 2010) 5 A
HERPY Aol izt A7 o] FolFit) E3t WISl Al
AEA 22531 QY (Beauchemin and McGinn, 2006; Bayat
et al., 2018; Garcia et al., 2020), 3|ZF (Roque et al., 2019),
nitrate (Van Zijderveld et al., 2011; Granja-Salcedo et al.,
2019) 5= H7FobH wgk 7haof axpARl Zos Hrs|y Q)
T} SEARE AA] s71ollA 7 wlE Al fA] HEE 5 e
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o] 2 &= %= TR RARE 7t Fofoke A duiaAr
H (TMR: Total mixed ration)2} F-e}Fo] HF4lo] et =]
o= Gao]] #et At wHgh Agolrt.

Holter et al. (1977)°]] W2, TMR g9 E= EelgolE= H]
F27] SAER] 24R9-9] HgolvAjol| RS mIRA] Aokt
Bharanidharan et al. (2018a)2 SAERQ] AA2-04] TMR F<
Hrh 2ot 99 g WS 20.3 Liday FHAARITL
BHsiel oL, FofAle] W Alo|7} gtk A} EQF Hars
H} QJt} (Lee et al., 2016; Bharanidharan et al., 2018b). SFARE
Al Fofablo] i} 11-R5?0 -] wgk Ao A= o
P oA Hare B Qick

wEba] 2 A= TR AN EobEe] B welee] I
2 AES AR W, TS diE ARl S5et HE
Al 221 slofa] wiE=9] e/t & 7RA E e ] 1]

A GFE in viro B $I8) SIS AT ML
che} Ukt 1) $H9- A At ol Fefel et v
9] Sgo] WstskaL, 2) Wep et giolol] 2} T B4k
29 8450} ZALRYQ ERAE 722 Slo] vkt vt
9] W Aol the 2uke By Fol

I. M= 3 9

1. SAEZ Al

2 ATEe AgEistY FEATELEYYsY) 521 ot
2Tt} (SIS NIAS20181289). FA|EZOE 275
=SR] w9 et AleE AXRE- ok (Bt
A 430 + 21 kg)S A8319TE RALE 1.2 kg (H4 0.6 kg

=

Table 1. Ingredients and chemical composition of experimental diets

Ingredient composition

% of Dry matter

Roughage
Rice straw 12.50
Timothy 12.50
Concentrate
Maize 30.49
Corn gluten feed 15.56
Wheat gluten 10.01
Soybean meal 7.37
Rapeseed meal 3.12
Coconut kernel meal 3.11
Palm kernel meal 3.11
Limestone 1.33
Salt 0.35
Sodium hydrogen carbonate 0.35
Vitamin & mineral mixture' 0.20
Chemical  composition Concentrate Roughage
Dry matter (DM), % 87.63 91.41
Crude protein, % of DM 18.37 6.85
Ether extract, % of DM 2.78 1.05
Neutral detergent fiber, % of DM 21.65 59.07
Acid detergent fiber, % of DM 9.49 38.42
Crude ash, % of DM 8.25 9.12
Gross energy, kcal/g 3.78 3.80

! Provided the following nutrients per kg of complete diet: vitamin A, 2,650,000 IU; vitamin D3, 530,000 IU; vitamin E, 1,050 IU; nicotinic
acid, 10,000 mg; iron, 13,200 mg; manganese, 4,400 mg; zinc, 4,400 mg; copper, 2,200 mg; iodine, 440 mg; cobalt, 440 mg.

- 120 -



Feeding Methods for CH4 Reduction

+ E2A] 0.6 kg)} 5FAE 3.0 kg SEFOll F+ ® (9:00 2
18:00) U0l Hoi5}9al (As-fed basis), A|TARRS] AR
© Table 13} 20, B} ol RS A% 7R 59 A5 4
HES Sl ASUAL A2 Folipe] et o] A
AL 1) SRS 361 1R 28 50,0 i
el 10 545 50 3) st 2 4 29
o] (TMR). 3x3 duphcated gz o2 HAlsle] AYE o
Yatlom, Holaus 5| Rt wAE ARSI 2 period
= 219 %t SRR, AR 9 s 287] 209} BE
AH 192 =AU

2. HIENH xHF H in vitro HIYS

Wglole. ABAIR 4G 219 0 ARF] 1AKE o]
SAIECERE QoIS AHF F 4339 cheese cloth= ofxr}
Sjof ALRQIRHE AAGKL ZA] CO, gas7} 3418 o] o} 4
A Qutsiolt

Hl0lon} W75t McDougall buffer (Table 2)2 1 : 2 H]%

2 Z3%t & 39CE 71E wHsPEA CO, gasE R|&EF07 5
st E7IERE RRIetIEE Cyclotec 1093 meal (FOSS,
Suzhou, China)E ©]-83}o] 1 mm 7|2 st 255 (M:
maize)} EJRA] (T: timothy)E 7|4 & o83I31oH, 7]49]

Qs ARE Table 33} ek, 71 5 90] s R 24
2|7} &A= o] F7ISAIRFEE TR (RDA, 2018)9] 5-3-At
7 RIS sl Ak WIS 71 05 gol Soig)
= 125 mL serum bottleo]] 50 mL¥ B35 3 39T HjJ7]of|A
24Xt BRE HiFSISIH:. In vitro BRFATLE i 71 27HA]
(M 2 Tl A FoRgA 37K (1, 2, B 3E EQE 2 % 3
factorial arrangement® ZISY3}ck M1, M2, M3, T1, T2, T3.
7+ Al 53] viE Saisli o, AE o= 7} serum bottle
oI5}

3. =2 in vitro ZeMdAr BM

24A17F wligko] B & 100 mL glass syringe (top syringe
compound, TRUTH, India)Z 0|-83}a] 7lAS ZHc 23w
TIAE AFE upf (99~119, 18 mm)E WEsle] 3715 A
3t 2=Z0)E X|ofdl (85 mm x 135 mm, 99, 200 mL)o] A
o} GC (gas chromatograph; NL/450 GC, Bruker, USA)Z £
2519t 71A ZF F serum bottleS: 7ES)Al pH meter
(pinnacle pH meter M540. Corning, NY, USA)E o]-&35}o] uj
oJole] pHig Zslick. g A} ol A B4
2 95 HiQRAS: 50 mL tubeo] E35lo] 2,600 x g, 4TOIA

2023t 9 Rt & ASde 2elekith

Table 2. Composition of McDogall's buffer solution for the in vitro gas production

Items g/L of distilled water
NaHCO; 9.80
NaHPO,-12H,0 9.30
NaCl 0.47
KClI 0.57
CaCl, anhydrous 0.04
MgCl, anhydrous 0.06
Table 3. Chemical composition of substrates for incubation of ruminal fluid
Chemical  composition Maize' Timothy
Dry matter (DM), % 85.57 91.80
Crude protein, % of DM 8.46 7.68
Ether extract, % of DM 4.00 2.42
Neutral detergent fiber, % of DM 2.35 64.44
Acid detergent fiber, % of DM 0.01 40.55
Crude ash, % of DM - 5.82
Gross energy, kcal/g - 4.09

' Book-value from Korean feeding standards for Hanwoo (RDA, 2018)
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Table 4. Effects of feeding method on /in vitro ruminal pH, volatile fatty acids and NHs—N production for 24 hour incubation

tem! Treatment® P-value
cm
Ml M2 M3 Tl T2 T3 SEM’  Feeding  Substrate Interaction®

pH 6.22° 646 625° 671 691" 676" 0.02 <0.001 <0.001 0.479
Total VFA, mM  156.44% 114.63% 14534% 122.67° 82.96° 11045° 292 <0.001 <0.001 0.955
Acetate, mM 7207 5477%  66.62% 5970 4249  53.68° 1.4 <0.001 <0.001 0.989
Propionate, mM  26.10*  17.97° 25.62* 20.57° 12.64° 1745  0.52 <0.001 <0.001 0.990
Butyrate, mM  21.51*  13.16°  19.20* 1521® 778 1256  0.53 <0.001 <0.001 0.793
Valerate, mM 2.03* 1.05*  2.06" 1.93* 1.04° 1.83* 0.07 <0.001 0.347 0.750
A:P ratio 277 275 260° 3324 3360 3.20% 0.04 0.116 <0.001 0.934
NH;-N, mg/L ~ 210.29° 110.07° 134.21¢ 275.81* 200.35® 198.79®  6.60 <0.001 <0.001 0.496

AD Means with a common superscript letter in the same row are significantly different (P < 0.05).

Total VFA = total volatile fatty acids; A:P ratio = acetate:propionate ratio; NH3-N = ammonia nitrogen.

2 MI = maize substrate (M) incubated with rumen fluid of steers fed forage 1 hour after concentrate (diet 1); M2 = M incubated with rumen
fluid of steers fed concentrate 1 hour after forage (diet 2); M3 = M incubated with rumen fluid of steers fed mixed ration (diet 3); Tl =
timothy substrate (T) incubated with rumen fluid of steers fed diet 1; T2 = T incubated with rumen fluid of steers fed diet 2; T3 = T incubated

with rumen fluid of steers fed diet 3.
3 Standard error of the mean.
* Interaction of feeding and substrate.

S AR PSS Erwin et al. (1961)2] S $-83lo]
SISk HIoOle AR T S 4B 5 mLIt 50%
metaphosphoric acid (Wako, Japan) 500 pLE 15 mL tubeo]] £55}
1 vortexsto] £4 Z71A] -80To] s B S 24
7 4o B3t T, mRPAIEE]] (Cyrol T30MR, Labogene,
Korea)S 0}8310] 14,000 x g, 4TolA] 1087} 941 Refslgick
AREN | mLS Folo] 2-ethyl butyrate 100 mLE 2718t & GC
(gas chromatograph; 6890N, Agilent Technologies, USA) 48
FrEgel] E5slo] BAeIn: B4 A%t BEE A volatile
fatty acid standard solution (Catalog number. 46975-U;
Sigma-Aldrich, St. Louis, USA)& ©]-&3}itt.

AEotEf “842] 2412 Chaney and Marbach (1962)2] "
583197 ZARIGIH: HidHS YHEERE F A2 g5 5 mLyt
25% metaphosphoric acid 500 yL-E- 15 mL tubeo]] E55}37 vortex
101 24 Z7HA] 0C0] $ Bsiiet 24 Al RS A2elM
5] B3IAIZL - 14,000 x g, 4TI SEXT L E2sto]
JShe AUk A5, dEYol EE8 (25, 50, 100, 200
400 ppm), PN SFGE 22 3719 Alide] 20 A E5RE
3 phenol color reagent (Phenol 50 g/L2} sodium nitroferricyanide
0.25 g/L)?} alkali-hypochlorite reagent (sodium hydroxide 25 g/L.
2} 4-6% sodium hypochlorite 16.8 mL/LYE 2} 1 mL d7}olo]
I SPBES 37C oA 1581 Wsigict. &3]
uhilo] Bt & S5 8 mLE& F7Fskal UV spectrophotometer

(Catalog number. 168-1150; Bio-Rad Laboratories, Inc, California,

I

o, ?N' of

fowE

USAYE 0183107 630 o] Fs SA8iac A1 1 Q]
ofef 0] Fleke Qb jo} 3gole] bz} Hlwslol el
it
et

4, EAEM

(L |

B oqlofq dLe nE ZAyl= SAS ZE T (version 9.4,
SAS Institute Inc., Cary, NC, USA)9] general linear model
(GLM) procedureE 0}-85}0] AHEAZ AAISIGITE A2]of| 2
S}t H4#7t B] W= Duncan’s multiple range testS 0]-&3] 2435}

%Ik P < 005014 fofstehn Beslect

AL

I 23 % 2%

2 e = RER1 gRpollM EkEe] B wElee] 3
HE AlRS A3 W, SE7159] i ARl S552t g
A 270 slofA] BE9] SR/ S 7hA E wE AR
O FFS in viroZ B7I5E7| sl SR IH A F4
TEZ ol w9 et 2R - AXMSelA 37HA] 1
Ho g AlEE Fol3al, o AFRE AHS 27H] 78S AR
Slof 24A17F HlRFsIRIT

AE Foleset 718 240 T in vitro W59 R
< Table 4°] UERAITE 91N pHE= 6.22-6.912 UERFLO
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Feeding: P < 0.0001
a Substrate: P < 0.0001
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Fig. 1. Effects of feeding method on /n vitro total gas production. Rumen fluids
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were sampled from Hanwoo steers fed forage 1 hour after concentrate
(1), concentrate 1 hour after forage (2), or mixed ration (3), and incubated
with maize (M) or timothy (T) substrates for 24 hour (n = 5). Values are
presented as means * SEM. Means with a common superscript letter
are significantly different, P { 0.05.

Feeding: P < 0.0001
Substrate: P < 0.0001
Feeding x Substrate: P=0.776
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Fig. 2. Effects of feeding method on /n vitro methane gas production. Rumen fluids

were sampled from Hanwoo steers fed forage 1 hour after concentrate
(1), concentrate 1 hour after forage (2), or mixed ration (3), and incubated
with maize (M) or timothy (T) substrates for 24 hour (n = 5). Values are
presented as means + SEM. Means with a common superscript letter
are significantly different, P { 0.05.

o, 2% 7F -39 Alolg Bolrh M Mz M3ZF 7R W < 0.001). EJA] 71Fo] S55HTE 22 pHE UERY ‘11 (P
2 pHE HYon (622 © 6.25), 1% M2 (646), TITF T3 < 0.001), Alg Fojdk4] 27} k2 Fojua] jejLhct =0
S7181] T2 (6.91)0lM 718 B9t (P B UERITH (P < 0.001). FoIEl= AlRS] &

(6.71 ¥ 6.76) <=0
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Jej 5] wa} TRt o] WA cAANES] Liehde]
0 FFARE] o HERS] pHE Wi o2 U
Z] QJt} (Lana et al., 1998; Agle et al., 2010; Hook et al.,
2011). wepA] £ Atofla] S 71 A7t BlHA] 71 A
gt B2 pHE BRI A2 0|9 YAJok= Axfa Heltk A
& FoliA]o] mE REE9] pH Bl tifshAl Harsar Qick
Li et al. (2003) 3E¢- AARoA £2lF0] = TMR 595
3 o] ¥E=9] pHOJl Zjo|7} QIRithal H 153 O, Kim et al.
2003y EEFo] A9 @2 pHE HIgE v Qi
Limousin AAoA AR 43 & 5948, 554K 43
T AR, TMRE| A 7HA] ®PA 02 AlmE Fofslale o Wi
2] pHOll ®Jo]7} ATt (Liu et al., 2016). Bharanidharan et al.
018y SAERRl AHSL] BFAE MY H5S WA}
7] 1) Belol Aeirol 2AR ol 408 ¥ BIANRE F
ofiork, TMR Aj2l79} Blsiol W] pHo] ol 2ol
Qokch Al FolAlo] W9] phio] v]Ake Jggol thelike
o ge A7 o] Bag Aoz uekE,

Z 3&A APAE (Total VFA: total volatile fatty acid),
acetate, butyrate A= H|SS5E BAA g Hch A2+
M1} M30] 7Fg =& 9k& UERICH, oF T1, M2, T3 =2
2 7ha3l0] T2olA] 7 LR 2k B9tk (P < 0.001). Total
VFA, acetate, butyrateol|A] AlE FoJib2] 10] 7F) w2 $1&
R, AR FofA] 2004 7 Rt} (P < 0.001). EIF &
T A BEAl AR 2 =5 H (P <
0.001). In vitro Y& & propionate = M1 (26.1 mM)Z}
M3 (25.62 mM)oJIA] 7F 3290, o] T1 (20.57 mM) > M2
(17.97 mM) 2 T3 (17.45 mM) > T2 (12.64 mM) =02 7hh
FEE (P < 0.001). A Fo2] 2= Folid] 13} 3HTh 132
propionate ¥ HPOH (P < 0.001), S A2Z|5LollA Bl
HA] A2 FET} =& propionate 55 BT} (P < 0.001). ¥t
Z2N Y valerate SR M3, M1, TI1, T3 A=+ (2.06, 2.03,
1.93, 1.83 mM)7F M29} T2 A2l (1.05 2 1.04 mM)ECH =
et (P < 0.001), A o4l 2 W) 1 % 33} ulLslo]
X0 valerate SRS HYT (P < 0.001), 7]&of| 9Jgt k= 1}
B Sl (P = 0347),

HEERlolA A== VFAE 5FAE Foi& o AdE,
pH2} F (Negative)2] AHTAE 7HIth webA 2 AtoflA=
7+ VFA 353} Total VFAE pHet ¥iiEl= Z23E Eoch
Van Kessel and Russell (1996)2 pH7} TS HEQNS A7)
918l Holstein ZAofA] £AKR = 5FAERS 22 S0l
W10l 2|3 A}, 29 = Total VFA, propionate, butyrate=
SFAR Tol7ol 271t ol 1 7ol S5 714 A
27 BlRA] 718 AR VFAS H Eol A4kt et

QAXJ3I}. Lascano and Heinrichs (2009)= Holstein dairy heifer
oA ZAIES} ETAE HIES-S 80:20, 60:40, 40:60 A 7IX=
Lol Al S Fo3t A, 40:60 ARE Fofdt ZgolA o
£ At fojHos WS acetate B3 BTkl Bl
Fict. o AF W9 acetater= 44 HI= Qls A== A
og dA flou, # AFoHe S 71 Aol
acetate”} T o] A/J=3Act. ¥E=9] npdEe] oJ3t Rt
AR RARROA AT oR i, 2 Aol ARE-
Rt 24A 7 HiiFA O] SERE FARR RS S| E2 Al
71019471 wize] of2et durt Uehd o= S50 Alm &
ofbAlo] wE HEE9] VFA Aol disf Eargt A3 A5l
QAE, Yok Axke BuE)R] ¢l 9ick (Bargo et al., 2002;
Li et al, 2003; Schroeder et al., 2003; Liu et al., 2016;
Bharanidharan et al., 2018a). ¥ Jo]|A ¥gG & VFA AJAISF
< FoA] 2 <3 < 1 0= FZRI o2 pH S7k
HfEls A, 59/ goPt 7P & 9 nikl AR
Sy Rsi=g

Al 7HA] A oA 244 HE & HEE9Io] AP
ratio (acetate:propionate ratio)o] %S ©|X|R] YTt (P =
0.116). EHA] Ahe S5 AtEn fojHos &2
AP ratioE EITH (P < 0.001). 5FAE HoJ=2 I3 ZE &
= HEQJollA] propionates T AJAFoILl, o= AP ratiocs &
&t} (Lascano and Heinrichs, 2009; Agle et al., 2010). W24
2 A S AERolA W AP ratioE HRIE A0E
oHECh Li et al. (2003)3 Liu et al. (2016)2 Eajgoi=ct
TMR 2] Alo] B W2 AP ratioS VERdtky Hugich &2
Aol Fofihalo] AP ratiod]] AR FoRME UERA] ¢k
VYA, A7 Hare A3} BISSSHA] TMR A2RolA AP
ratio?] A4 A HHch

Aot AA (NH;-N) TR T1 A2t (275.81 mg/L)°]|
A 7P =9kom, M3 (134.21 mg/L) D M2 (110.07 mg/L)olA
7P W3Iet (P < 0.001). AR FofibA] 10] 11 9] AeFEET
NH;-N A7} 9k (P < 0.001), EJRA] A7} L5
ATET & NH:-NZ HQIHh (P < 0.001). ¥H5=9] NH:-N
A A= AFRE T o] vEEe] i HEE]ote] Ay
S &3 A=, Wa e=51E (Fermentable carbohydrates)2]
7k W9 W Yol BdS ARG (Hristov et al,
2005; Agle et al., 2010). T2 25 712 ARESE A2
Al B ¥ NH-N 237t 42 Zo2 wehdrt. Kim et al
(2003)T} Li et al. (2003)2 TMRES 2ojgt AE0A|4 Eaj=
ARRE B2 AEET B 2 NH-N7F S E QA H g
9k Liu et al. (2016} TMR F9177} 2318 W& NH:-NE =
Pt H gt Al FoigEe] T NH-N g ik
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Al golealel 71 2700 W in vitro W9 R & F
7k HAERES: Figure 10 UERAQICE & 7RA AR M
M3 (117.0 2 1140 mL) FTolA 7K =9row, o]% M2
(103.5 mL) > T1 (84.0 mL) > T3 (72.0 mL) > T2 (62.0 mL)
220 AT (P < 0.001). A FoMA] 114] & 712 23
o] 7P IR, ofF FoIH 3, FolH 2 0= etk
(P < 0.001). EZF S5 7|Ho] HHA| 7|FHG B H2 7k
Z AYARHCE (P < 0.001). 24A7Y in vitro E8 & HElZlA T
&= Figure 20] YeRASITE wgt A A2+t M1 (123.2
mM)oflA 7H A TSI F 7R AR Hisst v
o= Z4sto] AP T2 (33.6 mM)A 7S Wit (P <
0.001). ARE o] 104 HigrpA WAego] 7P =4 &7
ST, FolA] 29 304 HISSHA AR (P < 0.001). &
7iA AR} WRIA| R S5 AEjollA] BlRA] Bk w2
gt AgEo] S ]Ik

Theodorou et al. (1994)2} Beuvink et al. (1992)2 in vitro
W9 Wik Al 7S AR Y7 Bl ARG 5=
U= AHE F SholH, A& A3kES THIF R YeRl= A
231 SF31aL, Sallam et al. (20072 7FAME B71ok= A
Wl Bl Qjoie] AskEelslel Zute] s 2
82 4 QI BBk SFAE ol g propionate?)
7k Mo AFE4Ho] He 4 o2 STHIAA Ak
o= vgt S AAAZIY (Grobner et al., 1982; Irmgard,
1996; Van Kessel and Russell, 1996; Lana et al., 1998). T3t
Williams et al. (2019)= Hgt A34Jo] acetate@} butyrate@}= H|
#lslal, propionate@t= FHEHES AIEFTE = AtollA v
9] Total VFA, acetate, propionate, butyrate A5 HF 2
= 710N B =81 B 7R e et AR R S5
= 71 olA] &Skt wEbA VRA A/} iR, ElRA| 7]
AHct iAo g wE S 71E o Wart A WS S
7HIZl A o= AZFETE TMR g9 E= Eeigolo] o Hgt
wRAIERe. X2ttt sk YAY (Holter et al., 1977; Lee et
al., 2016; Bharanidharan et al., 2018b), TMR Hoj7ollA =4
ZA=]Ac} (Bharanidharan et al., 2018a). Bharanidharan et al.
(2018a)= Holstein AA>-2] AefAS 7] fJsf AR Ho
408 & FFAEES Fofet Eelgoiet TMR Hoi7E Blwst
T TMR g9 =2 wgt PAFS Barsigi=t, ol= 79
A 2ol YA =24 Zjolg Bl & A AT}t YX[Fict
HE71E0] AR R Q1 wigt A3 RS9 pHe} H]Hsk=
Aoz AA QIt; (Van Kessel and and Russell, 1996;
Hiinerberg et al., 2015). SFR|TF & ATLof|A AlE Fofik4] 27}

o

¢

120 52 pHo W VFA 43S BRSols B7sk v
NP 7afick o= ol1A] 3t 714le] ofgt Ao} wpt
A2 in vitro WERe B4 AloIA] ARz Ak Az
5k We9] o] Ofgh veh WAl JRR] 7 2 Kol o]
7] dgo] £ qipolAe] AL ANSLE Qg R Ty
5t EAfic Al elialo] we WAlel nlXl e
75p7] Sl Bek grRie] 472 B9 vl ARt o Be 4
2] Z4jo] Wad Zow ok

3H9- AR Al A A CoTAkR Fol 1ARE T 24t
2 Fol, 24k Fol 1ARE F 5941 Fol, TMR ooz
AR o] T AR N0 944 9 Al Z1dst
24ARE BIOREE AT, BFAEE WA Foivk Al FehgAlnt
Sl 7J0IA] L pH, & VFA, & HRIZRA WAlRe]
BEHI} WSO e AP AT 2u8iE o]
SHe RA7K: ASER ol 7199 Amelgag Skke
ZwolE Faske, Az Folualo] weh wio] mlx): o
Yol thet 222 7] et 2ot el Fee) A7t
1% Row At

V. @ ¢F

=

2 A7e T 1759 OA 1) SR Fo F AL
g 39, 2) AR 39 & 55A/E 39, 3) TMR g919] &
Al 7HA] FEiS] Abmgolrt BEE] R, S 7k E we
Aol w|R= FIFE in vitroZ VL] ol FH=RACE AL
= Fo] FHio et ¥i5=9] go] s Ao THES ALY
1, &5 (M} HEAD (TS 71AE sto] B9 24A17F
in vitro ¥i%E ST WA Al AR F 6712 -
Atk M1, M2, M3, T1, T2, T3. B8] pHE= AlR Foff
2] 204 B2 AR AL (P < 0.001), EJEA] 7]EoA
S 7IAEY B30T (P < 0.001). G AL (VFA;
volatile fatty acid) RAFIES (Total VFA, acetate, propionate,
butyrate, valerate)> AR FofHFA] 104 71 =3k Fofiia]
2014 71 Rekom (P < 0.001), S 71EofA B o] A4k
F3JTh (P < 0.001). WM W acetate:propionate H|S-2 AlE
FolAle] WE A= QIO (P = 0.116), EJHA] 7]Ho] &
o 71EEY § %2 3 UERIH (P < 0.001). Lol
A4 (NH-N)= AR goih4] 1914 o2 AetEct =9kom
(P < 0.001), B|RA] 7]&oflA &2 215 HAIH (P < 0.001).
T 7kA W W7 S Al FodA] 1914 7 =31
(P < 0.001), S=p5= 7] &of|A & o] A= (P < 0.001).
HgkS: ojilsletao] 208 ool ARl RTE 2= Ao
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= IHA AL vETIse] AFRt ouA|e) &z AREsial 3
o] A g TS Acke A2 vk F8%t ARl
S Qe HETISOIM Almge] WhAe] wE wieh A A
ofef gt 482 ¥7] HshMe Eot oAl FHIS A5t
e Zlog AR

VI. REFERENCES

Agle, M., Hristov, A.N., Zaman, S., Schneider, C., Ndegwa, P.M. and
Vaddella, V.K. 2010. Effect of dietary concentrate on rumen
fermentation, digestibility, and nitrogen losses in dairy cows.
Journal of Dairy Science. 93:4211-4222.

Archimeéde, H., Eugéne, M., Marie Magdeleine, C., Bovala, M,
Martin, C., Morgavi, D.P., Lecomte, P. and Doreau, M. 2011.
Comparison of methane production between C3 and C4 grasses
and legumes. Animal Feed Science and Technology.
166-167:59-64.

Bargo, F., Muller, L.D., Varga, G.A., Delahoy, J.E. and Cassidy, T.W.
2002. Ruminal digestion and fermentation of high-producing dairy
cows with three different feeding systems combining pasture and

total mixed rations. Journal of Dairy Science. 85:2964-2973.
Bayat, A.R., Tapio, 1., Vilkki, J., Shingfield, K.J. and Leskinen, H.

2018. Plant oil supplements reduce methane emissions and
improve milk fatty acid composition in dairy cows fed grass
silage-based diets without affecting milk yield. Journal of Dairy
Science. 101:1136-1151.

Beauchemin, K.A. and McGinn, S.M. 2006. Methane emissions from
beef cattle: Effects of rumaric acid, essential oil, and canola oil.
Journal of Animal Science. 84:1489-1496.

Beuvink, J.M.W., Spoelstra, S.F. and Hogendorp, R.J. 1992. An
automated method for measuring time-course of gas production of
feedstuffs incubated with buffered rumen fluid. Netherlands
Journal of Agricultural Science. 40(4):401-407.

Bharanidharan, R., Arokiyaraj, S., Kim, E.B., Lee, C.H., Woo, Y.W.,
Na, Y., Kim, D. and Kim, K.H. 2018. Ruminal methane

emissions, metabolic, and microbial profile of Holstein steers fed

forage and concentrate, separately or as a total mixed ration. PLoS
ONE. 13(8):20202446.

Bharanidharan, R., Woo, Y.W., Lee, C.H., Na, Y., Kim, D.H. and Kim,
K.H. 2018. Effect of feeding method on methane production per
dry matter intake in Holstein steers. Journal of the Korean Society
of Grassland and Forage Science. 38(4):260-265.

Boadi, D.A. and Wittenberg, K.M. 2002. Methane production from
dairy and beef heifers fed forages differing in nutrient density
using the sulphur hexafluoride (SF6) tracer gas technique.
Canadian Journal of Animal Science. 82:201-206.

Chaney, A.L. and Marbach, E.P. 1962. Modified reagents for

determination of urea and ammonia. Clinical Chemistry. 8:130.

Erwin, E., Marco, G. and Emery, E. 1961. Volatile fatty acid analyses
of blood and rumen fluid by gas chromatography. Journal of Dairy
Science. 44(9):1768-1771.

Garcia, F., Colombatto, D., Alejandra Brunetti, M., José¢ Martinez, M.,
Valeria Moreno, M., Carolina Scorcione Turcato, M., Lucini, E.,
Frossasco, G. and Martinez Ferrer, J. 2020. The reduction of
methane production in the in vitro ruminal fermentation of
different substrates is linked with the chemical composition of the
essential oil. Animals. 10(5):786.

Granja-Salcedo, Y.T., Fernandes, RM., Araujo, R.C., Kishi, L.T.,
Berchielli, T.T., Resende, F.D., Berndt, A. and Siqueira, G.R.
2019. Long-term encapsulated nitrate supplementation modulates
rumen microbial diversity and rumen fermentation to reduce
methane emission in grazing steers. Frontiers in Microbiology.
10:614.

Grobner, M.A., Johnson, D.E., Goodall, S.R. and Benz, D.A. 1982.
Sarsaponin effects on in vitro continuous flow fermentation of a

high grain diet. Journal of Animal Science. 33:64-66.
Holter, J.B., Urban, W.E., Hayes, HH. and Davis, J.A. 1977.

Utilization of diet components fed blended or separately to

lactating cows. Journal of Dairy Science. 60:1288-1293.

Hook, S.E., Steele, M.A., Northwood, K.S., Wright, A.G. and
McBride, B.W. 2011. Impact of high-concentrate feeding and low
ruminal pH on methanogens and protozoa in the rumen of dairy
cows. Microbial Ecology. 62:94-105.

Hristov, ANN., Ropp, J.K., Grandeen, K.L., Abedi, S., Etter, R.P.,
Melgar, A. and Foley, A.E. 2005. Effect of carbohydrate source on
ammonia utilization in lactating dairy cows. Journal of Animal
Science. 83:408-421.

Hiinerberg, M., McGinn, S.M., Beauchemin, K.A., Entz, T., Okine,
E.K., Harstad, O.M. and McAllister, T.A. 2015. Impact of ruminal

pH on enteric methane emissions. Journal of Animal Science.
93(4):1760-6.

- 126 -



Feeding Methods for CH4 Reduction

IPCC. 2014. Intergovernmental panel on climate change (IPCC)
climate change 2014: Impacts, adaptation, and vulnerability.

Cambridge University Press, New York.

Irmgard, 1. 1996. The rumen and hindgut as source of ruminant

methanogenesis. Environmental Monitoring Assessment. 42:57-72.

Johnson, K.A. and Johnson, D.E. 1995. Methane emissions from cattle.
Journal of Animal Science. 73:2483-2492.

Kim, K.H., Kim, K.S., Lee, S.C., Oh, Y.G., Chung, C.S. and Kim, K.J.
2003. Effects of total mixed rations on ruminal characteristics,
digestibility and beef production of Hanwoo steers. Journal of
Animal Science and Technology. 45(3):387-396.

Lana, R.P., Russell, J.B. and Van Amburgh, M.E. 1998. The role of
pH in regulating ruminal methane and ammonia production.
Journal of Animal Science. 76:2190-2196.

Lascano, G.J. and Heinrichs, A.J. 2009. Rumen fermentation pattern of
dairy heifers fed restricted amounts of low, medium, and high
concentrate diets without and with yeast culture. Livestock
Science. 124:48-57.

Lee, Y., Bharanidharana, R., Park, J., Jang, S.S., Yeo, .M., Kim, W.Y.
and Kim, K.H. 2016. Comparison of methane production of
Holstein steers fed forage and concentrates separately or as a
TMR. Journal of the Korean Society of Grassland and Forage
Science. 36(2):104-108.

Li, D.Y., Lee, S.S., Choi, N.J,, Lee, S.Y., Sung, H.G., Ko, J.Y., Yun,
S.G. and Ha, J.K. 2003. Effects of feeding system on rumen
fermentation parameters and nutrient digestibility in Holstein

of Animal Science.

steers.  Asian-Australasian  Journal

16(10):1482-1486.

Liu, Y.F., Sun, F.F.,, Wan, F.C., Zhao, H.B., Liu, X M., You, W.,
Cheng, H.J., Liu, G.F., Tan, X.W. and Song, E.L. 2016. Effects
of three feeding systems on production performance, rumen
fermentation and rumen digesta particle structure of beef cattle.

Asian-Australasian Journal of Animal Science. 29(5):659-665.
Pinares-Patifio, C.S., Baumont, R. and Martin, C. 2003. Methane

emissions by Charolais cows grazing a monospecific pasture of
timothy at four stages of maturity. Canadian Journal of Animal
Science. 83(4):769-777.

RDA. 2018. Korean feeding standards for Hanwoo.
Roque, B.M., Salwen, J.K., Kinley, R. and Kebreab, E. 2019. Inclusion

of Asparagopsis armata in lactating dairy cows’ diet reduces
enteric methane emission by over 50 percent. Journal of Cleaner
Production. 234:132-138.

Sallam, S.M.A., Nasser, M.E.A., El-Waziry, A.M., Bueno, 1.C.S. and
Abdalla, A.L. 2007. Use of an in vitro rumen gas production
technique to evaluate some ruminant feedstuffs. Journal of
Applied Sciences Research. 3(1):34-41.

Schroeder, G.F., Delahoy, J.E., Vidaurreta, 1., Bargo, F., Gagliostro,
G.A. and Muller, L.D. 2003. Milk fatty acid composition of cows
fed a total mixed ration or pasture plus concentrates replacing corn
with fat. Journal of Dairy Science. 86:3237-32438.

Theodorou, M.K., Williams, B.A., Dhanoa, M.S., McAllan, A.B. and
France, J. 1994. A simple gas production method using a pressure
transducer to determine the fermentation kinetics of ruminant
feeds. Animal Feed Science and Technology. 48(3-4):185-197.

Van Kessel, J.A.S. and Russell, J.B. 1996. The effect of pH on ruminal
methanogenesis. FEMS Microbiology Ecology. 20(4):205-210.

Van Zijderveld, S.M., Gerrits, W.J.J., Dijkstra, J., Newbold, J.R.,
Hulshof, R.B.A. and Perdok, H.B. 2011. Persistency of methane
mitigation by dietary nitrate supplementation in dairy cows.
Journal of Dairy Science. 94:4028-4038.

Waghorn, G.C., Tavendale, M.H. and Woodfield, D.R. 2002.
Methanogenesis from forages fed to sheep. Proceedings of the
New Zealand Grassland Association. 64:167-171.

Williams, S.R.O., Hannah, M.C., Jacobs, J.L., Wales, W.J. and Moate,
P.J. 2019. Volatile fatty acids in ruminal fluid can be used to
predict methane yield of dairy cows. Animals. 9(12):1006.

(Received : April 23, 2021 | Revised : June 9, 2021 | Accepted : June
18, 2021)

- 127 -



