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Effects of Whole Grain Barley Cracked Feed on the Eating Behavior of

Hanwoo Steers During

Finish Fattening Period

Sang Moo Lee* and Yu Rak Choi
Department of Animal Science, Kyung-Pook National University

ABSTRACT

This study was carried out to investigate the effect of dietary supplementation of whole grain barley cracked feed on eating
behaviors of Hanwoo steers during finish fattening period. Thirty Hanwoo steers (28 months old) were assigned to five dietary

treatments: control (C: normal concentrate as a basal diet), and

four feeding groups [T1: 10% addition of whole grain barley

cracked (WGBC) feed, T2: 20% addition of WGBC, T3: 30% addition of WGBC and T4: 40% WGBC during the finish fattening

period, respectively]. The results of eating behaviors for 48

hours are summarized as follows: Total intake (roughage +

concentrate) was higher in the order of T4 >T1>C> T3> T2 (P<0.05). Eating time was higher in the order of T4>T3>C>TI1
> T2 (P<0.01). Ruminating time was higher in the order of T4>T1>C>T3>T2 (P<0.05). But resting time was higher in the
order of T2>TI1>C>T3>T4. The chewing time including eating and ruminating time was higher in the order of T4>T3 > C
> T1 > T2 (P<0.01). Number of bolus, number of total chews, number of chews/bolus and feed value index were highest in T4
(P<0.05). Ruminating time per bolus was highest in C, and T3 was the lowest (P<0.05) as compared to others. Number of bolus

per minute was highest in T3, and C is the lowest (P<0.05). Eating rate and chewing efficiency were

highest in T2 (P<0.01,

0.05), but ruminating efficiency was higher in T1 than others. The group behavior was higher in the order of resting(78.5%) >
ruminating(11.4%) > eating(10.1%). The stand resting of group behavior was higher in the order of T3 > C > T2 > T1 > T4.
(Key words : Hanwoo, Eating behavior, Group behavior, Whole grain barley)

M

i

AW EE AEER, ,
of wet vhgFshAl vERd lﬂr W7l A AT AR
ek AFRAFE B R A8 ARE e ARSlE 5o
FEE] AgtAed ARl GFgS nE W vk ofel AR
Za)-3t814 A4S UehlE Am7 dob(o] 5, 2004a). 3 2
AbES] wo] HIEE ARRY] AAARE WEAIT JFS wAH
(Gill %5, 1969; Castle %5, 1979), o= Efle] Fulo] F&S 1|

A Hele] eSS A/ WIAIT (Bartley, 1976). WH-3
T T AR AFHE AR vk Rk opEt HF S AEA

TFEE o RA a4y Q4SS £ S, T nAE
o] Ea Hgo] go] IEE EHAS FT/MTE TS
(Reid %, 1962; Pond %5, 1984). 181l o] %5 (2008)] Aed|
A 49 wigAbRe] YAEE A wAlsAE Hot olst

@, 4

oI A o PV

WEEE 3 AREE 3

L

17]. 1:]_21;]__,
1990). de Visser?} de Groot(198 )%
2 HYE oldshd Hey AR
T4 &3E A=
aro.

e}

wr}

2

] T} (McAllister

oA 5 FEL
n] A& A—Ixh,} A
717] el

PN
= %—r—r T

:Z-o]] (Nordin}

7] W9 pHE
AT waEe, QA
m &g 93 ““}—3-7“

FdE
W

* Corresponding author : Sang Moo Lee, Department of Animal Science, Kyung-pook National University, Sangju. 742-711

82-54-530-1224, E-mail:smlee0103@knu.ac.kr

, Korea. Tel:

~149-



Lee and Choi ; Eating Behavior of Whole Grain Barley in Hanwoo Steers

Campling, 1976; Cone 5, 1989) Hu Fojzke HlaEo] 2 JHolak T2, WIdALE 70% + BhHeEl 24 AR 30% A
BIFE MA= oz Atk weA 2 s 9 aEs A A4 eIk T3) B AR 60% + TR w4 ALE 40% A
*POH Bo| AHEHE FHE w4 AR (AE+LE) A7F worh & fAA F(elE : TA)R § SHEE ARSI SAES 2 A
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Az ol A FFARE AR Agon, F

1. AlEoizE 2 NE ok 8A, AH 641739 19 23] Felakgck. oju) 24}

55 WA FoJsta BsrRgY dusE T widAlEe
B S04 2008 SYHE 2008 1097 o] FoIsiyth
SAEZE AR 24 R ARE 9% § Adgs A
o =]

A
e AR, 4. ANEAR ME Y g
2. SAIE HE (1) ZAFRO| YUty =
ANAAER AT 2AERS] SRl me UHHAES Table 390

AGIAA BAIZNES] A Alss S4381%e o Adde A B v} o] WAS Snalere] 13.80%, ZuhulAo] 323%
Table 1o YERASITE(ZE 2T nich 287043 67F). 2A Az} 29 A Wy wRdeogon AzEE Hi 15¢em
Table 1. Body weight of Hanwoo steer I eI,

Item C Tl T2 T3 T4 (2) STARO HUME

IBW 690.9 694.6 660.8 662.8 678.9 FAALRS] ¥

HH 279 JUAEE Table 49 vehdon,
IBW : Initial body weight. AR ] GRS Table 59 UeERAITE oW Hele 29

(AR ¢3S xFet T4 e YAEE 2~3mm
3. A4 =G, zai A e o] 10.85%¢°]M, TDNO]

(1) A&7 A2

A8T A= Table 29k 2ol S5 9159 Al HEF7AE (3) STALE HiEH|
22 W§37] 7R Bk AGAA A7 gzl CHE 7] EFAEE NIAF HIS $7) A4 AREEA B3 Table
Fo= 3o, wlFRIE 90% + FHE] B AR 10% A 6914 B S (flake BH)E 44.15% ARgSte] oludAzE B
TFolsk T1T), WIZALE 80% + ZHE B4 ALR 20% ArAl  4ashge] &9 3, WS 3.5%2 W@ggozA 37] v nf

Table 2. Experimental design

Item C T1 T2 T3 T4
Con.” 100% 90% 80% 70% 60%
Con. WGBC” 0% 10% 20% 30% 40%
™M free free free free free
R (DMs)) Rou.” rice straw rice straw rice straw rice straw rice straw
ou.
M lkg/head 1kg/head lkg/head lkg/head 1kg/head

Con.”: Concentrate, WGBC”: whole grain barley cracked feed, FM”: feeding method, Rou.”: roughage, DM”: Dry matter.

Table 3. The chemical composition of rice straw (DM base %)

Item Moisture cpY EE? CcF cA? NFE” NDF

Rice straw 13.82 3.23 2.12 34.75 11.85 34.23 68.7
5)

D crude protein, ? ether extract, 3 crude fiber,  crude ash, non free extract.
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Table 4. The chemical composition of ground barley

Table 6. The ingredient compositions of formula feed

feed (DM base) (DM base)
Item Ingredient composition (%) Item Ingredient composition(%)
Dry matter 88.91 Corn grain 44.15
Moisture 11.09 wheat grain 10.00
Crude protein 9.92 Wheat flour 1.60
Crude fat 1.61 Wheat bran 11.50
Crude fiber 9.12 Corn gluten feed 6.00
Crude ash 7.31 Tapioca pellet 3.00
Nitrogen free extract 72.04 Cane molasses 450
Neutral detergent fiber 16.9 Coconut meal 7.30
Calcium 0.49 Palm meal 4.50
Phosphorus 1.05 W.hOIe. cottons.eed 350
Total digestible nutrients 70.15 Vl.t AmitL premix 0.05
Mineral premix 0.05
Table 5. The chemical composition of formula feed (DM~ Others 3.85
base) Total 100.00
ltem Ingredient composition (%)~ zApge 2 Fdd 2Ahad 309S AUsi] AABTS 19
Dry mater 87.24 24 24 P 0 s BASN, ol ANDEE 48
Moisture 1291 ARE B9 AEA 0% Qb #Ete] Plotting papercl] 715313
Crude protein 10.85 o, PE (A7 HE o= AN s
Crude fat 3.27
Crude fiber 423 (1) AEAd 32
Crude ash 5.25 AT Fold Almst 42 deate] dolz Tagion,
Nitrogen free extract 63.49 ZHFe thed oA Aty Fo] Ad FAGY =A%
Calcium 0.73
Phosphorus 0.35 (2) AHAE
Sodium 0.35 2 NS A, B S FAA, A, EandEe B A
Potassium 0.65 717t B Heto V)5 wAs ANz AN g
Magnesium 0.20 AHE et algen, Al 7EXA|4E (Feed value index:
Neutral detergent fiber 24.15 FVDE A2 A% & AZaztoz Auksloeh 4s, ves 2
Acid detergent fiber 7.51 Age 2zt A% ANTS AL MR, Ao
Total digestible nutrients 72.67 o] it
e =ol7] A% Wtez wighrh FAEIY Al odlyA 7. SAH Xzl
Wk e 2 a9 opre Aoz At

N3 FEAL 47 0.05%% ZEH2ste] e
g ® ARSI

5. Atekztz|

2o AP Bolel A HANES Hdm, FFAES 24

=
B AEEE § U] AAstel HAAR AR ARR:
270 084 B 25 064191 77k 13] 4 dglon] H7kee] v
=52 A AFAES Siolth

Aol dojx BE AFEC] FARAS Statistical Analysis
System (SAS release ver 9.1, 2002)2] General Linear Model
procedureE ©]-83t TAHTA S AAleta, AHThel ol
Duncan's multiple range test (Duncan, 1955)% o]-&3}] 5%¢%
1% oM A48k

Z3p 9 A

Il

1. S22 24 Atz FI7F 2047t Aol o[x|l= A

N

QA PE A A SRy 2 AR (PR SRE) F9

=151~



Lee and Choi ; Eating Behavior of Whole Grain Barley in Hanwoo Steers

Table 7. Effects of whole grain barley cracked feed on voluntary intake

. Treatments

Feed intake (DM base) C T1 — T3 Ta
Concentrate (kg) 8.12 + 0.20" 748 + 0.10" 5.93 + 0.30° 547 + 0.20° 532 + 0.20°
Ground barley (kg) - 0.83 + 0.10° 1.48 + 0.10° 2.34 + 0.30° 3.54 + 0.30"
Rice straw (kg) 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00 1.00 = 0.00 1.00 + 0.00
Total (kg) 9.12 + 0.20° 931 + 0.10® 841 + 030" 8.81 + 0.30° 9.86 + 0.30°
Relative index (%) 100.0 102.1 92.2 96.6 108.1
Intake of NDF (kg/day) 2.63 + 0.05 2.65 + 0.04 2.37 + 0.09 2.41 £ 010 2.56 + 0.09

ab,c

AB.C

C : Concentrate 100%,
T1 : Concentrate 90% + Ground barley 10%,
T3 : Concentrate 70% + Ground barley 30%,

wol| W A2 TS Table 704 B ule} o] CE HigMAIE
8.12kg7 HA 1kgs At F 9.12kg, TITFE W=
748kg+EHE T4 0.83kg + HA 1kg=9.31kg, T27+ Hl
SR 593kg+ FHe] B3 1.48kg+H 4 1kg=84lkg T3

= WISt 547kg+ SRE] B4 234kg+ ¥ A 1kg= 8.81
kg, T4TE WIEAE 532kg+ S8 &4 3.54kg+H3A lkg
= 9.86kgS AATA & A& AT dAA 7H Eol 4A
gk T4 Al TIFE o4 Aol HolA] @A T2 9
T3 794 Aols VeIt (P<0.05). CT-E 100%= & 4
g AAES BE TITE 102.1%, T275 922%, T37E
96.6%, T47+ 108.1% A2latAtt. CTHoll Hlsto] T2 ¥ T3+

e AN TI 2 T4TE w2 ANEFE Btk Kato F
(1989)7 A 5 (2001)2 Abs Ao] AT A9 ARAAET} &

N
=

o

owl AL Aol ZlshhE el HWA] T1 2 27+
S AS HYAW T2 2 T3 238 "olxe AEgs

Aok T2 9 T370lA tha "olxl ¢l nj&wr]ol 2870Y 1]

Means within row with different superscripts are significantly different (P<0.05).
Means within row with different superscripts are significantly different (P<0.01).

T2 : Concentrate 80% + Ground barley 20%,
T4 : Concentrate 60% + Ground barley 40%.
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2 71 v T2 1125807 7P u et
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T
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Table 8. Effects of whole grain barley cracked feed on chewing and resting behavior

Items Treatments
C Tl T2 T3 T4

Eating time (min./day) 1523 + 2.0° 1486 + 18.7° 1125 + 62° 1625 + 45° 2005 + 10.0*

Concentrate 75.1 + 2.5 774 + 4.1% 612 + 10.4° 91.1 + 6.0  108.8 + 13.8

Roughage 77.2 + 4.5% 712 + 5.4 513 + 42 714 £ 1.6 91.7 + 23.8
Ruminating time (min./day) 177.1 £ 1.1° 1786 + 2.8°  163.8 + 11.3° 1689 + 44°  192.0 + 4.7°

Standing 56.5 = 6.3™ 473 + 177 309 + 12.9 36.4 + 19.0 40.7 + 28.5

Lying 1206 + 53 1313 = 149 1329 + 1.6 1325 + 233 1513 + 332
Resting time (min./day) 1,110.0 = 31.3™ 1,112.8 + 156 1,163.9 + 31.8 1,108.6 + 32.2 1,047.5 + 100.3
Chewing time (min./day) 3289 + 3.6° 3272 + 159% 2763 + 17.5 3314 + 0.1° 3925 + 148"

ab,c

AB,C
C: Concentrate 100%,

T1 : Concentrate 90% + Ground barley 10%,
T3 : Concentrate 70% + Ground barley 30%,

Means within row with different superscripts are significantly different (P<0.05)
Means within row with different superscripts are significantly different (P<0.01)

T2 : Concentrate 80% + Ground barley 20%,
T4 : Concentrate 60% + Ground barley 40%
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ol Hlste] =tk Aol HQlo® Azt FFAIRS] AAA|
He T4 > T3 > Tl > C > T2+ £ YERITH(P<0.05). |
A APAAEE T4 > C > T3 > Tl >T2F £02 YEPIAW
A5 AP Fo49] Aol HolA] gl F WAl 9

A Aol 7K =9 T4 1925802 7P =9keH 7t
A ARl By T2 1638802 71 WAl yeRt
(P<0.05). & (2009)> HA&H AA 3% 9]5L7] 664~ 679 kg
397} FFALE 105kg+ WA 1.1 kgS A3 Azl dA)7ko]
168.3%, 53AIE 9.0kg+ Tall fescue 1.4kg AA ol 198
o] WREEARES vERTaL Basklth d 5 (1997)2 AR

ok WS 50:500.% slo] 2423 kg 3% AFY 2%S ol 24
I} HEEARO] 355,74 olithal HalslGit) o] HilE iR
B BRI A ZALESL FFALE g wE} JERA]
Zto] 27 EeAe Ao® Ytk B9 Luginbuhl 5 (1989)
7} Beauchemin (1989)> Al52] NDF o] F71gol] uwpe} vt
FANE TR Basgih uRdE T MA RS g
AR A FE 30.9~56.5%9] WIS HAL, FHA HEshe
ATEE 120.6~151.329] H91E WeERIATE s Azt 904
aoli= e ekotth 1Y 3% 5 FA85S ATt f<

A Aol AAAR T27h A vehbsd] oeler A A
Ao WAL 9 A A thE ol Bste] Fokr] wliol
otk F AR AAHEEEAID S T4 1Y 5 3925802 7}
A ok wbA T2 e 2763807 7MY #e ARS yehitt
(P<0.01). olzfgt A= T47 AN} wATko] ZS17]
wjitot). ol o] FrE B AR 40% H7b Foltelde
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Table 9% Sxe] 2 Abs H7F Fof7h wigdsel ne 4
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g AR H7RA B A dEigth 53] BRE B AR
AF o] 7H4 Bk T4ATFlME 190.970& 7H8 A el
(P<0.05). & ARFE iz vste] x| 2 Abs H7F |

&) S7F 5 = deuth 2 AY Z2s T AT
6,570.4~9,129.43] A%=Ql Aol Hlgt] 7 F(1994) AL}

FRAR S-S 65:35% Bl 4 AT 1.8% ARE Hol #
W EA (RE1) dd ZolE 3,9 3 15em® A7t Hold 2
I b Al AF3|E7E 15457~18,1749 o]Qttal Basle] R
ARl 2 oatol2 Btk et o] 5(2004b) 9500 +
30kg)lAl EFAIE 90% AR 10%E Foldh A3 12,7799
Asigdrta Buslgieh olfdh e e ARAl AlF, M
7IRY, AlRaoF@E, ARt A71, o 23] ofste] W
37} Row AZEtH(Welch 5 1979; Wi 2 &HA,
1976). A3 dEAE B CPF 68222 7 Ao
T3+ 55.7%% 7P & Jepdth A7z Boks o C7
of Hlgt] Exg H7/F ¢TI, T2, T3 2 T4T 25 &2 vk
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o 22 A et
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Table 9. Effects of whole grain barley cracked feed on ruminating behavior

Items Treatments
C Tl T2 T3 T4
No. of bolus 155.9 + 7.6° 1763 + 2.0™  169.4 + 6.5 181.9 + 4.0® 190.9 + 13.6"
No. of total chews 6,570.4+288.8°  7,466.2+77.4°°  7,559.9+529.7  8430.1+166.2"  9,129.4+1,039.7°
Ruminating time/bolus (sec.) 68.2 + 3.0° 60.8 = 0.2% 58.0 + 4.2° 55.7 + 0.2° 603 + 2.8%
No. of chews/bolus 422 + 02" 424 + 0.1° 44.6 + 1.4% 46.4 + 0.1 47.8 + 2.1°
Bolus/min. 0.89 + 0.04° 0.99 + 0.01®°  1.04 + 0.09°  1.08 = 0.01° 0.99 + 0.05®
FVI (min./kg, DM) 36.1 + 0.4* 35.1 + 1.7° 329 + 2.1° 37.6 = 0.1° 39.8 + 1.6°

ab,c
FVI : feed value index (Chewing time/intake of feed 1kg),

T1 : Concentrate 90% + Ground barley 10%,
T3 : Concentrate 70% + Ground barley 30%,

Means within row with different superscripts are significantly different (P<0.05)

C : Concentrate 100%,

T2 : Concentrate 80% + Ground barley 20%,
T4 : Concentrate 60% + Ground barley 40%.
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7t 20{7F MAlg, gFEeE

Table 102 sx2] &3 A= H7F Fo7F A&, Va4, X1
Aagel MAE P UEE AoR2A AAES HA oz
T1, T2, T3 2 T477} 242 3,593.4, 3,760.1, 4,485.3, 3,253.3,
2951284 T1 ¥ T27E tx+ Hod E9touy T3 9 T4+
27 Bk U yeRdh(P<0.01). HEE80lAE 3,080.6~
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of M= T2 > T1 > C > T3 > T4 02 =7 YeERIT
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T AolE HolA| ¥ A0 YERTh

ofdel Azt HIEF7] wighAtRe] THe B4 AR 10%, 20%,
30% R 40%E b HAlFeRA WEARE A, AR Y
FVIAIZL 948 A A5 HolA GAARE sl & Al
7b 8 ARE oluy, 238 10% 2 40% A7HE A, i
AZE, A, AR, A gl ol FR7E Tl Hlste] =g
HAE WE & w39 7] HSA] AR AY RO 40%

Table 10. Effect of whole grain barley cracked feed on eating rate, ruminating efficiency and chewing efficiency

It Treatments
ems C T1 T T3 T4
Eating ratc! 3,593.4 3,760.1 4,4853 3.253.3 2,951.2
ahng rate + 46.7°%C +477.7° +241.9" + 892°C +148.6°
Ruminating cfficiency® 3,089.4 3,127.3 3,080.6 3,129.7 3,081.3
umnating eticiency + 184" + 495 +213.0 + 812 + 76.4
Chewing cfficiency” 1,663.6 1,707.3 1,826.3 1,595.1 1,507.2
cwing ctiiciency + 182" + 83.1% +117.2° + 04 + 57.1°

ab,c

AB,C

D Voluntary intake (gDM/day)/ Eating time (hour/day)

? Voluntary intake (gDM/day)/Ruminating time (hour/day)
? Voluntary intake (gDM/day)/Chewing time (hour/day)
C : Concentrate 100%,

Means within row with different superscripts are significantly different (P<0.05)
Means within row with different superscripts are significantly different (P<0.01)

T1 : Concentrate 90% + Ground barley 10%, T2 : Concentrate 80% + Ground barley 20%,
T3 : Concentrate 70% + Ground barley 30%, T4 : Concentrate 60% + Ground barley 40%
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Table 11. The behaviour of Hanwoo group during 24 hrs

T
i

o8

Ruminating

Resting

Eating

Standing

Lying

Standing

Lying

Concentrate
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43
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To.
(&)

9.9

38.5

100

To
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11.4

78.5

10.1

100

h' : head To® : Total.

7 Fwolstoe 2 Fele gl AR YEk

R 2 ARE o FEdR S AP (CEARF, T
10% A7k T2: 20%, T3: 30%, T4: 40% F7HE Fi, HS%
71 SR b2 AR T 6, F 30F $A) HelTER a4
woleh F 48AIZF ot W & 1 AnE aokd e 2t
% A F(EFAB+FALE)S T4(9.96kg) > T1(9.42kg) > C
(9.22kg) > T3(891kg) > T2(8.51kg) o7 =7 Yehit
(P<0.05). AXAZHE T4 > T3 > C > Tl > T27 wolgen
(P<0.01), ¥FEAIZHE T4 > T1 > C > T3 > T27 o2 YE
Wk (P<0.05). 12} FAAIZRS wEEAIZEY RHE T2 > T1 >

C > T3 > T4 22 YERTH(P<0.01). A7} WA
&gk AZ A7 T4(392.5 min) > T3 (3314 min) > C
(329.4 min) > T1 (327.2 min) > T2 (276.3 min.) +=2& LFERs:
tH(P<0.01). AFF, F AR, A AL, AlRZRAE 2t
7t 190.97H, 9,129.43], 47.83], 39.4 ({/kg) & T477} 7V
A Helster (P<0.01). A2 WEEARRS C7F 7P Al T3 T
7F 7V S e e (P<0.05), w3 A T3 7MY w1

Z)
=
=

S B e
C77h 7V S JebdT (P<0.05). A4 &2k A2 E&2 T2
A 7 E=RATHP<0.01, 0.05), TFE&ME T 7MY &
otk 1Ela o AEelAE F2(78.5%) > HHEH(11.4%) > A4
10.1%)woz, & 5 T A F42 T3 > C > T2 >T1 >
T4 T &0 =7 vehith

—155-



Lee and Choi

AL AL
2 A7 20081 A cmeal g HAs AR T 8
A8 ARGl elste] 1 AR ofe] FAP=RYLE
ol 8 = ¢

Bartley, E. E. 1976. Bovine saliva: production and function of
buffers in ruminant physiology and metabolism. Church and
Dwight Co., Inc., New York.

Beauchemin, K. A. and Buchanan, S. 1989. Effects of dietary neutral
fiber concentration and supplementary long hay on chewing
activities and milk production of dairy cows.
72:2288.

Castle, M. E., Retter, W. C. and Watson, J. N.

J. Dairy Sci.

1979. “Silage and
milk production: comparisons between three silages of different
chop lengths”. Grass Forage Science. 34:293-301.

Cone, J. W., Cline, T. W., Malestein, A. and Klooster, A. 1989.
Degradation of starch by incubation with rumen fluid. A
comparison of different starch sources. J. Sci. Food. Agric. 49:
173.

de Visser, H. and de Groot, A. M. 1980. The influence of the starch
and sugar content of concentration on feed intake, rumen
fermentation, production and composition of milk. In: Giesecke,
D., Dirksen, G., Stangassinger, M. Y.(Eds.), Proceedings of
disease farm animals, Munich, Germany. Fotodruck Frank OHG.
p 41.

Kato, K., Kajima, Y., Odashima, M., Lee, L. S., Nam, K. T., Chiga,
H. Y., Shoji, M. Otha and Sasaki, Y. 1989. feed passage and
digestibility in Japanese deer and sheep. Research report of
Kawatabi experimental station. 5:59-62.

Gill, S. S., Conrad, H. R. and Hibbs, J. W. 1969.
in vitro cellulose disappearance as a possible estimator of
digestible dry matter intake”. J. Dairy Sci. 52:1687-1690.

Ilan, D., Levy, D. and Holzer, Z.
intensively fed male calves as affected by allowance and type of
space. Anim. Prod. 19:147-155.

Luginbuhl, J. M., Pond, K. R., Burns, J. C. and Russ, J. C.

“Relative rate of

1973. Behavior patterns of

1989.
Eating and ruminating behavior of steers fed bermudagrass hay
at four levels. J. Anim. Sci. 67:3410.

McAllister, T. A., Cheng, K. J., Rode, L. M. and Forsberg, C. W.

1990. Digestion of barley, maize and wheat by selected species

; Eating Behavior of Whole Grain Barley in Hanwoo Steers

of ruminal bacteria. Appl. Environ. Microbiol. 56:3146.

Nordin, M. and Campling, R. C. 1976. Digestibility studies with
cows given whole and rolled cereal grains. Anim. Prod. 23:305.

Pond, K. R, Ellis, W. C. and Akin, D. E. 1984.
mastication and fragmentation. J. Anim. Sci. 58:1567.

Reid, C. S. W, Lyttleton, J. W. and Mangan, J. L. 1962. New
Zealand J. Agr. Res. 5:237.

SAS. 2002. SAS/STAT software for PC. Release 9.1, SAS Institute
Inc. Cary, NC, USA.

Welch, J. G., Smith, A. M. and Gibson, K. S. 1970. Rumination
time in four breeds of dairy cattle. J. Dairy Sci. 53(1):89-91.

IETERS, 9K . 1976, Wik fit8 2 -0 L0 o4 — b R AR

Ingestive

WA TE ez T BB EERTHIZEHRY. 10:14-20.

HEH, oA, 4EH°4 1994. gtRujo} A HEZe] A dolr} g9
o) A4 g oukspel] wjAE ek Skl 36(5):487-493.

A, AT, ol 1998, AR Ak 9 AR &9 WE Silage
FA7F @99 S48, ANEE 2 AAG HAE g arEatst
3]%]. 40(3):235-244.

o|gh2], oA, oAb, oA, oMY, oY, ST 2004a. “HA
7FEAE gAe] Folrt eheo] AlEAdF 3 W] w93
s A7 E] A, 46(1):49-54.

oA, oA, odtt, AAE, AT, oA, sl 2004b. ¢

EFAE

oF ZAkz o] Hlgo] -0 A2 gl kAl 2l njX|E g,
SFLEEY urfﬂi]x]. 46(1):56-60.

ol gl S8, Teby, 45, Ay, 2008, HARAL
Ho7b §471 @9 AT WA= 9 FHEAAIRTIA.
28(2):107-118.

o, Fdet, UfrA. 2009.
A zEEHE 998, p 231

AR, 2009. ZAFE Fo] EFH7 AM S99 bt

299,

A9 ARA, A6 H9) B @

MR g

a5

st ezl ARSI p 10412,
A, edit, WAE, F4T, W8], 29N, 2R, 244, o],
HY3, WA 2007, wele] AAEsTieh g Axg Hold o

3}, s Bl 718l E] %], 49(6):801-818.

, AGA, A, 2001 SAR %EA}EA *47} FEo| R
g F s EA)
QA3}8k8]%]. 43(5)727-734.
AW, ¥Rl o],
o] AR se] WA dE e JLF%W 39(4):

AL& AT A, &FA,

383-390.
(deak : 2010. 2. 1/ 8Y7E:2010. 4. 14 / A=LD=} 2 2010. 4. 15)

-156-



