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ABSTRACT

Methane production during anaerobic fermentation in the rumen represents an energy loss to the host animal and induces
emissions of greenhouse gases in the environment. Our study focused on comparison in methane production from growing Korean
native steers fed different grain sources. Six Hanwoo steers (BW =180.6+3.1 kg) were fed, on a DM basis (TDN 2.80 kg), 40%
timothy and 60% barley concentrate (Barley) or corn concentrate (Corn), respectively, based on the Korean Feeding Standards.
Each period lasted 18 days including a 14-day adaptation and a 4-day measuring times. The steers were in the head hood
chamber system (one cattle per chamber) during each measuring time to measure heat and methane production per day. Different
grain sources did not affect digestibilities of dry matter, crude protein, crude fiber, crude fat, NDF, ADF and nitrogen-free extract.
The mean methane concentrations per day were 202.0 and 177.1 ppm for Barley and Corn, respectively. Methane emission
averaged 86.8 and 77.7 g/day for Barley and Corn, respectively. Methane emission factor by maintenance energy requirement for
the growing steers fed barley based concentrate was higher than the steers fed corn based concentrate (Barley vs. Corn, 31.7 kg
CH, head ' yr 'vs. 284 kg CH4 head ! yr "). Thus, methane conversion rate was 0.065 (6.5%) and 0.055 (5.5%) for Barley and
Corn, respectively.
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Table 1. Ingredient composition of experimental diets

Items Barley-based diet Corn-based diet

%, as fed basis

Ingredient composition

Timothy 39.56 39.56
Corn - 31.55
Barley 35.70 -

Corn gluten feed 1591 12.26
Rapeseed meal 7.03 14.57
Limestone 1.32 1.57
Salt 0.22 0.23
Vitamin and mineral " 0.26 0.26

Total 100 100

TDN” (%) 71.82 71.42
CP? (%) 13.91 14.63
ME? (kcal/kg) 2,276 2213

" 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.

? Total digestible nutrient.

? Crude protein.

9 Calculated ME values.

Table 2. Chemical composition of experimental feed

Chemical Barley-based Corn-based .
o Timothy

composition concentrates  concentrates

Dry matter, % 86.12 87.30 92.09
Crude protein, % 17.40 18.23 9.44
Crude ash, % 8.19 8.51 6.99
NDF", % 28.10 26.24 67.59
ADF?, % 535 7.58 40.84

D Neutral detergent fiber.
' Acid detergent fiber.

SET Regulator dial (Kofloc, Japan)2 ©o]-&3to] Aj7bgd 1.0~
L5L (35 vieVkhE S50l 10AF 5 Hekss S48
9t (Williams 5, 2007).

Recovery (%) =Liter chamber output/Liter methane released
x 100
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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; I, Date 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.
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OHIO, USA), 0~0.75% °]?Fa}eta Al (Columbus Instruments,
OHIO, USA), 0~430ppm & Al (Horiba Ltd, Kyoto,
JAPAN)E i EY71~E o]8ato] calibrations AASIST

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

Description Manufacturer

Quantity
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, OH
43204, UAS.

? Horiba Ltd, 2, Miyanohigashi-cho, Kisshoin, Minami-ku, Kyoto
601-8510, Japan.
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Table 4. Results of methane recovery check in the
ventilated hood-type respiration chamber system

Methane Methane Recovery,
Released, Liter Recovered, Liter %
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
2. ARMFEE A 2stE

HEjol S5 959 FFARE Fold ARAHATH 23S
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Table 5. Effect of different grain feeds on nutrient intake of dry matter, crude protein, crude fiber, crude ash
and nitrogen free extract in growing Hanwoo steers

Grain feeds”

Ttems" SEM® P value”
Barley Corn
Body weight (kg) 183.3 178.0 9.424 0.944
Intake (g/day)
DM 3924.6° 3880.9° 6.581 <.0001
CP 517.9° 542.0° 3.639 <.0001
EE 7.7 106.2° 5.194 <.0001
CF 679.2° 725.9° 7.040 <.0001
CA 250.3° 270.5° 7.027 <.0001
NFE 2715.5° 2481.8° 35.254 <.0001
NDF 1841.7° 1773.9° 10.218 <.0001
ADF 823.5" 872.7" 7427 <.0001

) DM: dry matter; CP: crude protein; EE: ether extract; CF: crude fiber; CA: crude ash; NFE: nitrogen free extract.
? Barley and Corn-based feed : TDN intake 2.80 kg/day.

? Standard error of means.

? The effect of grain source.

® Means with different superscripts within the same row are significantly different (P<0.05).

Table 6. Effect of different grain feeds on nutrient digestibility of experimental diets in growing Hanwoo steers

Grain feeds?

Items " SEM? P value*
Barley Corn
DM 72.91 70.88 0.815 0.206
CP 67.97 69.62 0.981 0.426
EE 70.35 79.29 2.843 0.126
CF 60.82 59.96 1.561 0.760
CA 32.74 38.57 3.331 0.373
NFE 82.44 80.04 1.968 0.507
NDF 64.51 59.62 1.704 0.161
ADF 54.34 49.02 2.022 0.191

) DM: dry matter; CP: crude protein; EE: ether extract; CF: crude fiber; CA: crude ash; NFE: nitrogen free extractr; NDF: Neutral
detergent fiber; ADF: Acid detergent fiber.

? Barley and Corn-based feed : TDN intake 2.80 kg/day.

Standard error of means.

The effect of grain source.

77} Table 59 60 UeQITh woldh Helel 844 9159 & 89 AT oJaiA &dhdo] deprith & Afelxe FAMR
ofgh AldAlRE AF AAE I AF AT B ATelA o wFARRY] wo HE&I Folgo] Py HEeh S5 Y
3.92kg, 5 AYTE 388kgl® REAETL foHow A FAME AFZAE Zo|7} 9lout DM, CF, NFE, NDF
A ] WOTHP<0.05). A& AT oinl 29d, 22, 2 9F ADF &sf&ellA] Fo]AQl Afol= YR ekttt DM 414
A 23R AREE ST AgTdA FoAoR ARl = % T CP AFHE HES Byt S5 wolT 13.29F 13.9%
OFTH(P<0.05). &gt UubH o AEHFFS T/PF w59 FEoE vETh £899 A 19 oA Alse] Astel W
THEEE Fol7] wito] Ashgo] volx|: Ugle] Hil FoAb & Hod Ho|r] fEME HE Fo CP FHE 11% 2 1
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Table 7. Effect of different grain feeds on energy balance of growing Hanwoo steers

Grain feeds”

Items SEM? P value’
Barley Corn
Energy Intake, kcal/BW 7 337.6 3372 4201 0.955
Energy losses, kcal/BW 7
Feces 89.4(26.5)" 99.7(29.6) 3.701 0.178
Urine 9.5 (2.8) 7.9(2.3) 0.991 0.526
Methane 22.0 (6.5) 20.5(6.1) 1.078 0.508
Heat production 109.4(32.4) 114.8(34.0) 5.664 0.497
Energy balance 107.3 943 5.932 0.331

" Barley and Corn-based feed : TDN intake 2.80 kg/day.

? Standard error of means.

? The effect of grain source.

» Values in parenthesis represent percentage of intake energy.
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Table 8. Effect of different grain feeds on energy intake and efficiency of energy utilization in growing Hanwoo

steers
Grain feeds ” 5 s
Items SEM? P value”
Barley Corn
Digested energy, kcal/BW *” 248.20 237.40 4.100 0.208
Metabolizable energy, kcal/BW *7 216.70 209.10 5.058 0.486
DE/GE ¥ 1.43 137 0.019 0.137
ME/GE ” 0.64 0.62 0.012 0.479
ME/DE © 0.87 0.88 0.007 0.575

Barley and Corn-based feed : TDN intake 2.80 kg/day.
Standard error of means.

The effect of grain source.

Digestible energy/gross energy.

Metabolizable energy/gross energy.

Metabolizable energy/digestible energy.

2

3

4

5

6

Table 9. Relationships between oxygen consumption, carbon dioxide and methane emissions from Hanwoo fed
barley-based or corn-based diet during feeding period

Grain

feeds"

Item Barley Cormn SEM? P value”
Oxygen, g / day 1889.5° 1676.4° 56.674 0.024
, kg / day 1.9° 1.7° 0.056 0.025
Carbon dioxide, g / day 2710.9° 2228.4° 95.799 0.005
, kg / day 2.7 2.2° 0.096 0.005
Methane, g / day 86.8 77.7 4.076 0.197
, kg/ head ' yr ' 31.7 28.4 1.488 0.197

D Barley and Corn-based feed : TDN intake 2.80 kg/day.
? Standard error of means.
? The effect of grain source.

® Means with different superscripts within the same row are significantly different (P<0.05).
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AW (Feed intake time) PM (Feed intkae time)

Fig. 2. Changes in daily methane concentration in the
rumen of Hanwoo fed barley-based or corn-
based diet during feeding period.
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Methane Emission Factor, kg head-1yr-!

Barely-hased Corn-based

Fig. 3. Changes in methane emission factor in the
rumen of Hanwoo fed barley-based or corn-
based diet during feeding period.
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Table 10. Effects of different grain feeds on methane production and methane conversion rate in growing
Hanwoo steers fed barley-based or corn-based diet during feeding period

Grain feeds

Items Barley Comn SEM” P value”
GE intake (Mcal/d) 16.9" 16.4° 0.104 <.0001
Methane production (g/d) 86.8 77.7 4.075 0.197
Methane energy (Mcal/d) 1.1 0.9 0.047 0.174
Methane conversion rate (Ym) 0.065 0.055 0.002 0.507

D Barley and Corn-based feed : TDN intake 2.80 kg/day.
? Standard error of means.
? The effect of grain source.

® Means with different superscripts within the same row are significantly different (P<0.05).

Aol Aol SIAIRE 0.06~0.07%2] &2 H9lola, A= F5
A EZEA Y] feedlot HAOE 0.03%7F A48T 1 W] AxE

0.06%= AHEEHEE k3 Itk (IPCC, 2001).

(@) (] 5
Ll il
B ATE A e §47] J1el A7 melsk S5 95
o FFAEE Folsle] BT Hgkag 2SR 1 B4
of Itk TAl Absas Heleh s

7 EFAE 60%¢) ElE
Al Ax 40% HlER F9sklal TDN #a2 71.4%, CPE
14.6% ©]3ith. A3 Korean Feeding Standard for Hanwoo
(2007)°ll wheh 242h A9 AR 0.7 kg/ Yol 223 Z42ke] TDN
ZF 2.80kg?] TAAEE HHAT & JTE Sl tripled 2x2

T o=
Latin square design®2 3t} Alg 2 34 3717 F

1495} - 3 ks 2470 492 So] Qe et
FE4 o)X G4slo] 5 Fet 24l

- i

B A% 2y AgTelA 39ke, %## g7 3.8kg
o2 HIAHF} %wmi Aol =9TH(P<0.05). B9t

S5 917 A Folge Wl RSl B4 net SR
G w0 B AT % AsEol et A9t DM,

CF, NFE, NDF¢} ADF 4:3&9] Aol= §ioith Hejel S5
FAT AHUAE drbAllE 3 FoluA AH 2 247 337.6
keal/BW' ¢} 3372 keal/BW'0]3lt}. & AFHoUA] 5 RHow
E49 uAE B 26.5%9 ST 29.6% T, kR
EAE dUAE By 2.8%9 S5F 2.3% oItk A
gt FAFE Bt S5 FolTt A7 32.4%9 34.0% ©I3)

P

th BEo S AFel mE diAME (ME/GE) 2 0.64
(ME/GE), 55 0.62 (ME/GE) ©|ltl. &7kl 23] wA)s]
SIAEE FoId

T AR, oatsletae) WEtdAEe HEl9F
= W AR AR 1.89kg/day, olitsterAs} g AR 271
kg/day$t 86.8 g/day©]il, S 959 FFAEE wods W
o] Abh AW 1.68kg/day, olitsieRAset vwigh QTS 2.23

kg/day 9} 777g/day ojFt}. KA E BT FFALRe}
STFAT TFARE Folals ]
HE] 9] %@A}‘Er oSS
77} 19.2%9} 8.2% =gkth. weh
9 im}& #o] Al 31.7 CHy head ' yr '# 284kg CHy
head ' yr '& UERTh WebasSE 43g Abrel] gigk oy
A #2450l HElE HE FoToA 65%(0065 Ym)
HoJ A 5.5% (0.055 Ym) o2 LERT]

2 A7 FE4 AHE o &ate] FoJataet ol ouA] Ao
7F AFEAI7IE ko oA wlEEE HErkaE St v
EAFe} MRASATE oSste] 57F 247k gD A4
of 2 E#e] Qltt.
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