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ABSTRACT

This study was conducted to investigate the effects of grain sources on the ruminal methane production in Hanwoo steers. Six

Hanwoo steers (BW =
concentrate,

614.4 + 8.3 kg) were fed, on a DM basis (TDN 6.91 kg), 10% rice straw and 90% barley or corn based
respectively, according to Korean Feeding Standards (Hanwoo). Each period lasted 18 days including a 14-day

adaptation and a 4-day measuring period. The steers were in the ventilated hood-type respiration chamber system (one cattle per
chamber) during each measuring period to measure heat and methane production for 1 day. Nutrient intake and digestibility were

not affected by steer fed grain sources.

Methane concentration was not affected by steer fed either barley or corn-based

concentrate, respectively (0.022% vs. 0.025%). Methane production was greater by steers fed corn than those fed barley (119.3

g/day vs.

139.4 g/day). This result indicated that methane emission factor by maintenance energy requirement for the late fattening

Hanwoo fed corn was higher than the steers fed barley (43.6 kg/head/year) vs. corn (50.9 kg/head/year). Methane conversion rate
(Ym) was 0.04 Ym and 0.05 Ym for barley and corn, respectively.
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Table 2. Chemical composition of experimental diets

Table 1. Formulas Composition of experimental diets

Barley based Corn based
diet diet

%, as fed basis

Items

Ingredient composition

Concentrate (%)

Corn - 50.40
Barley 55.80 -
Soybean hull 20.70 9.90
Wheat bran - 10.80
Corn gluten feed 8.60 11.20
Soybean meal - 5.60
Corn gluten meal 2.70 -
Avatec Mix " 0.60 0.60
Vitamin mix " 1.60 1.60
Rice straw 10.00 10.00
Total 100 100
Total digestible nutrient * 71.71 71.77
Crude protein” 13.33 12.71

U Avatec mix provided following nutrients per kg of diet -
Lasalocid sodium: 150 g, calcuim carbonate: 410 g.

" Vitamin and mineral provided following nutrients per kg of diet :
vitamin A: 2,650,000 IU; vitamin D3: 530,000 IU; vitamin E:
1,050 IU; B.H.T: 10,000 mg; Fe: 13,200 mg; Mn: 4,400 mg; Zn:
4,400 mg.

> 9 Calculated values.

(1) ==8H Recovery test

Recovery Ag& v o] T WVl (25, 99.995%)=
AlZHE 1.0~1.5L (B AE72vhys 2859 10A12F & dg}
25 Z43Ith (Williams &, 2007). 2t AW F Recovery (%)
3= Table 49} 2t

Chemical composition Concentrates barley-based Concentrates corn-based Rice straw
Dry matter, % DM 89.21 88.77 89.50
Crude protein, % DM 18.16 17.78 5.99
Crude ash, % DM 3.55 5.17 12.72
Neutral detergent fiber, % DM 46.17 26.40 69.64
Acid detergent fiber, % DM 18.89 12.33 54.58
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Fig. 1. Schematic diagram of the ventilated hood-type
respiration chamber system. The black arrows
indicate the direction of air flow through the
system. A, Metabolic cage; B, Feed trough, B’,
Hood-type chamber; C, Water trough; D, Flow
meter and diaphragm pump; E, System sample
pump; F, Carbon dioxide sensor; G, Oxygen
sensor; H, Methane sensor; |, Data collecting
computer; J, Sample gas stream tube (J
0.2cm); K, Main gas stream pipe (d 5.5cm); L,
Loose-fitting collar; M, Dehumidifier; N, Air filter
cage.

Table 3. Principal components of the ventilated hood-
type respiration chamber system

Quantity Description Manufacturer

1 CI-Bus serial interface Columbus instruments”

1 Carbon dioxide sensor Columbus instruments

1 Oxygen sensor Columbus instruments

1 Methane sensor Horiba Ltd ?
1 System sample pump  Columbus instruments
1 Expansion interface Columbus instruments

Y Columbus Instruments, 950 N. Hague Ave., Columbus, Ohio
43204, UAS.

? Horiba Ltd, 2, Miyanohigashi-cho, Kisshoin, Minami-ku, Kyoto
601-8510, Japan.

Recovery (%) = Liter chamber output / Liter methane
released x 100

(2) ==HH Calibration

Table 4. Results of methane recovery check in the
ventilated hood-type respiration chamber system

Methane Methane Recovery, %
Released, L Recovered, L
Chamber 1 10.00 9.92 99.2
Chamber 2 10.00 10.63 100.6
Chamber 3 10.00 10.12 100.1
Chamber 4 10.00 10.00 100.0

Calibration 0~21% 24~ A2~ (Columbus Instruments, Ohio,
USA), 0~0.75% ©]2+8}ekA A2 (Columbus Instruments, Ohio,
USA), 0~430 ppm & A2 (Horiba Ltd, Kyoto, JAPAN)E 3%
T ERIEE o)&sto] AAlstdd

(3) MIEVA £F

meblEAlT s A ek e =Y Saaetd 7t
Zuabddg s &8 (Hood type)el wmIE7k~ Al (Horiba
Ltd, Kyoto, JAPAN)Z o] &3to] 19 557k 274, 19 F24)9
AtolE=  ukEsl9ty.  WEbH 344 (Methane  conversion  rate,
Ym)e AF S FAUA FoA deddez AskE oA vl&
< YeRdT) (Table 8).
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Z 3} 9l jpE
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7keE dASA EEslen vavts HE A 99.7~100%E
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Table 5. Effect of different grain sources on nutrient intakes of Hanwoo steers in late fattening phase

Grain source

1Y)

Items Barley Comn SEM? P - values
Body weight, kg 613.9 614.8 8.758 0.966
Intake, g/day

Dry matter 8398.9 8306.2 32.194 0.091

Crude protein 1484.9" 1441.5° 6.848 <.0001

Ether extract 165.1° 243.0° 12.284 <.0001

Crude fiber 919.4° 906.0° 3.892 0.042

Crude ash 366.1° 484.4° 18.701 <.0001

Nitrogen free extract 7303.3° 6969.6" 58.067 <.0001

Organic matter 8032.8" 7821.8° 42.885 0.002

Neutral detergent fiber 4112.0° 2552.0° 245.579 <.0001

Acid detergent fiber 1881.0° 1358.0° 82.392 <.0001
" Barley and Corn-based diets : TDN intake : 6.91 kg/day.

? Standard error of means.

® Means with different superscripts within the same row are significantly different (p<0.05).
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Table 6. Effect of different grain feeds on nutrient digestibility of experimental diets in late fattening Hanwoo

steers
Items Grain source” SEM ? P - values
Barley Corn
Digestibility, %
Dry matter 77.0 774 0.823 0.845
Crude protein 73.9 773 0.910 0.090
Ether extract 754 84.0 2.317 0.179
Crude fiber 522 58.2 1.895 0.050
Crude ash 223 38.0 3.701 0.957
Nitrogen free extract 86.8 86.9 0.613 0.865
Organic matter 79.5 79.9 0.757 0.865
Neutral detergent fiber 72.7° 55.9° 2.987 0.002
Acid detergent fiber 62.3" 42.8 4.146 0.002
D Barley and Corn-based diets : TDN intake : 6.91 kg/day.

? Standard error of means.

® Means with different superscripts within the same row are significantly different (p<0.05).
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Fig. 2. Postprandial changes of methane concentration
in the rumen of Hanwoo steers fed barley
based or corn based diets.
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Az S 9GS v wgk Aol EoET(Van Kessel

and Russell, 1996). o]Ao] H1¥ AFEdAE He] 959 A}
= woldl ofsf vk oy A7} 6.5~12%01 3L
(Hashizume 5, 1968; Whitelaw 5, 1984), Al& & S44E5
80% °]3F(Beauchemin and McGinn, 2005)2] Aol =
B7be] ot oluA] &4 M 24%E S5 AT 54
25 9ol o gk dko] wigith §1o] AEo] HolFe=
vebdA o] AJoli= AR ] ZiAoly 2% 5 TAAEY
HH9] E3 ARk (passage rate)®] ztol7h 53] Abmo] Ash&a
HE ko geke mAThaL St (Yang &, 1997). ¥ A
AM 4 9F9 TFAE Fo oA A AR (p=0.32),
SRR (p=0.09)9F WEZE~ AR (p=0.09)0] HE|TET =
A4S 2k

2~
&4

o

rlo

4. tf| Etuf ZH 5 (Methane emission factor) &H&E

He S54 979 FRARE Folgl AEd vw wiEA
T Table 76 VERARICE Wlgt olEA5E ey S5 9F
o FE:ALR Fol Al 77t 43.6 (kg/Head/Year) 50.9 (kg/
Head/Year)Z AFEESITE IPCC (2006)°14= oo} A99] &
A& 450kg)t WEE(400kg) A ZAZe] wiIEATE 59
(kg/Head/Year)9} 48 (kg/Head/Year)Z £ AlgF9] A|Fo]
100~150kg A% o] Uglo® Eatal wighlEAS7E fAksH
A dergth olele] S FE7E 7I9E SolEgh A9
T8 5T vg wEAFE AW 447 121 kg (kg/Head/
Year), A% 800kgte 447 81 (kg/Head/Year)©| 1t (IPCC,
2006). 7o) Auidgol] ost w7hag] wiet wiEEA wet AT
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Table 7. Effect of different grain sources on oxygen consumption and emissions of carbon dioxide and methane

of Hanwoo steers in late fattening phase

- 1
Grain source "

Item Barley Comn SEM? P - value
Oxygen
L/ day 3581.3 3808.8 133.446 0.311
kg / day 3.6 3.8 0.133 0.315
Carbon dioxide
L/ day 4931.6 5686.9 287.505 0.085
kg / day 4.9 5.7 0.287 0.085
Methane
g / day 119.3 139.4 7.059 0.095
kg/ head /year 43.6 50.9 2.577 0.095
D Barley and Corn-based diets : TDN intake : 6.91 kg/day.
? Standard error of means.
(Lee 5, 2003)o1M 2tzH Hl&7] @99 HgblEAsE 507 Aol wehA] Aolg Holwdl Axlw Hg wjEwe] 150.7

(kg/Head/Year)Z 2 72 43.6 (kg/Head/Year)Z 50.9 (kg/
Head/Year)®] Z3olA S 959 sAIE wolio= 79
XSt o] Ade wWiEAT AEel o83 u57]e AbRd
231 (Digestible energy, %)% MEFd8AG 5 Wb SA
Au7F NRe S AA SRR FAHE deR 258 4 9
=, B A7 A A, Jolabae & 92 A HlE Sl 9
A Akme] AshE 76.8%9F HEHASHAF 0.056 (Ym)E ©] &
(2003)9] =7hAg] gk wiEEA A A wSr] g9

o)
=
[e)]

=

<)

vEIEAS o) ol 88 ARe] AsHE 74.5%9} e
0.04(Ym)®l A& gol FABIAI S54 97 FFALE o]

FANE 4R deEAsE Ao dAe: A%e ug. o
A AEIEASE A A, QREAY, A% 87, ARl &
43 ARAWAS 5 BE 209 A8a] AEHRE Aol
o185 845 HEIA A8sloRint Ten MEATE U
FHE AT HATH AIEAT Sol A9 L PR AY B
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Table 8. Effects of different grain sources on methane
steers of late fattening phase

=

GWP (Global warming potential)
& SATIAE wiEShs A ok 2e
7159 A Aol =7] wito|t) (Leng, 1991; EPA, 1999). 1
guR B Age u&7] ¢ deEAs Adks o] 5 (2003)
o] 5479 okAlol 1|92] IPCC (2006) ANE Zuck B} §
AFSHAl AAEE AR Thge ARk 231014 g wiEAl ARS
FAge] Wehi|EA50) 2] A Solof T Aoltk

T 0=

(g/animal/day)Z 7HEE/d=2] 959 (g/animal/day)9} & 2}o]
Hol&d| ol Mxdss

A 2dE A E

=

=

5. of| et 2tH == (Methane conversion rate) &H&

Hl57] 9o v S5 959 AR golo] w we
W& A7E Table 8ol YERNSITE Helu §55 959 5FAE
g wolslds W Follux] AFE-E dAAF F 0.289 Mcal/det
0.290 Mcal/d¥ AHPx Wetez &AdE ouAE drlE 2

production and methane conversion rate in Hanwoo

Grain source

Items SEM" P - value
Barley Corn

Gross energy intake (Mcal/day) 359 355 0.122 0.108

Methane production (g/day) 119.3 139.4 7.460 0.320

Methane energy (Mcal/day) 1.5 1.8 0.098 0.201

Methane conversion rate (Ym)z) 0.04 0.05 0.209 0.282

D Standard error of means.

?Ym : methane conversion rate, per cent of gross energy in feed converted to methane.
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Table 9. Effects of different grain sources on energy loss by methane in Hanwoo steers of late fattening phase

Grain source

Items SEM P - value
Barley Corn
Intake" 289.4 289.7 2.742 0.852
Energy loss”
Methane 12.2(4.2)” 14.9(5.1) 0.786 0.075

2 Values represents as keal/BW"”.
% Values in parenthesis represent percentage of energy loss rate.

0.012 Mcal/d9} 0.015 Mcal/dZ oAl zke]7} YeA] eksk
ok 919 vghuEe] A7s nEoE ArEd WA sE B
2l 99 FIAE Fo FolM 4% (0.04 Ym)olRL, 55 9

FEARR FY FlA 5% (0.05 Ym)E YERTh oA &
& S5 B 959 BFAE wo] Al B} =3tk ot

& whErlEe] Al dhge] Qs A E e 2~12%71
A7 ouA9 £48 7FLth (Johnson, 2000). ©]d A2
o ofsh B 959 AlRE Folsls u WEbzks Ao
2 Q3 oux] &4 W7 6.5~12%0]%1 3L (Hashizume 5,
1968; Whitelaw 5, 1984), 80% S ALRE FoJ3F AtolA

T oouA] £A M7t 24%E BuEQdth B dTolA By
S5 5] TFAEE Tl W ezt Al ot of

U7 &4 HEE 42~5.1%5 2 x}o|E Holx| okgith thA|A o
Z W71 WEks Ao R Qe oux] &4 R AR
EE= TR TR Fol & A debke A3 go] dolA)=
g AR=d A9 AA Gt 6% Froli FFAR 9F9 AR
ol AAME 4%E 25 9 W %S BT (Lassey 5,
1997).

e o

2 A7 AA 9 v 7Rt By S 950 5 R
ABE AT SAF 0.7kg/Holl BRI TDNF 6.9 kg Fofsiad
& A e AAEE wertaE Ssker 1 540
Stk By S wolgte] e AFHE Aot gisled 9
Faod AFE2 Beo S PR Aol siA xa
Ao wFALR Folav 2ENAE, 24, THTELE, 7718,
Neutral detergent fiber®} Acid detergent fiber®] AF#o] <]
Ao Aol R (p<0.05), AL} 2IE HHFS S5
T AT TR HolE FelHeR E90T(p<0.05). 74
Fod 2582 By S5 A5 TR Fo] 7 BF 3
=, 2, 2, 23% 28kelM Aol7t gidlont 24,
Neutral detergent fiber®} Acid detergent fiber Zx3}-&2 Hel 9]
T FFAR wol TolA oA E3th(p<0.05). THF7FA
AR S5 A5 FFARE wolds Wit Ak ARF

6.4% (p=0.32), olitsietis} wiebIAd S 27 15.4% (p=0.09)

o
e}

S} 16.8% (p=0.09) =& 4
U S A5 SRR 5 Al 43.6 (kg/Head/Year) 7}
50.9 (kg/Head/Year)= AF=E0ITh dlebdslee weloh S
AT FFARE FoAsdE W FUA AALE 474 359
Mcal/d9} 35.5 Mcal/d® AFH AL vlgtos 49 oly#)= 122
Mcal/d$} 14.9 Mcal/dZ HWE LA A 23k WEeEbdgA4E B
2l 959 FFALE Fo] FollA] 4%(0.04 Ym)olal, &5 9
T FFAE Fol oA 5%(0.05 Ym)E YERTE webA 9
o Avhk= vt a9 ARk Ao g Aeet AYoR I
F Fabtore] 247k AZE 913 A 2 vehiEAlS A
970 Hd 71xA8R 249 5 dg AR ek
(Aot mel, S5, Hwh
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