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ABSTRACT

The present study was conducted to examine the effect of soybean silage as a crude protein supplement for corn silage in the diet
of Hanwoo steers. The first experiment was conducted to evaluate the effect of replacing corn silage with soybean silage at different
levels on rumen fermentation characteristics in vitro. Commercially-purchased corn silage was replaced with 0, 4, 8, or 12% of
soybean silage. Half gram of the substrate was added to 50 mL of buffer and rumen fluid from Hanwoo cows, and then incubated
at 39°C for 0, 3, 6, 12, 24, and 48 h. At 24 h, the pH of the control (corn silage only) was lower (p<0.05) than that of soybean-
supplemented silages, and the pH numerically increased along with increasing proportions of soybean silage. Other rumen parameters,
including gas production, ammonia nitrogen, and total volatile fatty acids, were variable. However, they tended to increase with
increasing proportions of soybean silage. In the second experiment, 60 Hanwoo steers were allocated to one of three dietary
treatments, namely, CON (concentrate with Italian ryegrass), CS (concentrate with corn silage), CS4% (concentrate with corn silage
and 4% of soybean silage). Animals were offered experimental diets for 110 days during the growing period and then finished with
typified beef diets that were commercially available to evaluate the effect of soybean silage on animal performance and meat quality.
With the soybean silage, the weight gain and feed efficiency of the animal were more significant than those of the other treatments
during the growing period (p<0.05). However, the dietary treatments had little effect on meat quality except for meat color. In
conclusion, corn silage mixed with soybean silage even at a lower level provided a greater ruminal environment and animal
performances, particularly with increased carcass weight and feed efficiency during growing period.
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I. M2 =3 5 7150°] adt 949 HiFES SaRT(Murphy and
Loerch, 1994; Krause et al., 1998). £3|, AR H524 AR
o) ZAIR YRR RO T, ofuix, siehl W welel 4 95 ZAIT A5 0] offs 58 44
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AlZItK(Plaizier et al., 2008). E3JE FARRS] AF= ¥
pHE YFsHA fAIskL AU m8E 3 FAAXITH
TR RARR AR RES A1 TS TEE 0% 5
TR A 8atke] olo] 7] upES] Plaizier et al. 2008)
20 5gAtE0] olueS Bo] Folsis Zlo] Zasit
(Suérez et al., 2007).

|737] AAIRERoIA FEel ZARS FE5] golohd, A
=59| AR} Rajo ofsto] A 1912} 4317] AA9] Wk 21
Al 4= QItKKim et al., 2007; Seol et al., 2011). &, 84370
A& A WIAA SISl 2 HISSE ] SRt 71z
A= THEo] A7 Hisolk A&2AR1 SAIE 710 4= ot
(Oka et al., 1999; Ahn et al., 2002; Kim et al., 2006). 2L}
Y AR vl sUl RARR F BES A RARE B
o], F4t 7oA 11 AREFo] Ao, fEjuiolA 48
H= 9] FAEEE 20154 1L,0S0HECE 2011 o]F YA3H
H1RS GAIBHL T RAES] SRS & ARG T4t 27K
e} Aakko] Z7ske ZAolckKim et al, 2021).

Al S THAS 7Hasldda AL 1919 AR
Hgolm AAILS] WA W St Fokh FHAE 95t
(Allen et al., 1995). 245= 32 AL R] FEIZ A2l
Folok=r] A S5k 7.3-8.5% (Bal et al., 2000; Marbun
ot al, 2020)2 FEEES] X, 4 U S 9T
R7%E 320N WS BEg Aol

S0l R} hie E3 2Ele) B Folo]
sroma So] wgE Qo] ZARE AT % 9o
(Carruthers et al., 2000; Kang et al., 2017). T3} o]t T}
A2 Tl Slgo] Eal AP 2 {9 ofe} 7128
SHIAA Fo] ZAlE E8o] 7S Martin et al., 1998; Prithiviraj
et al., 2000). Qu et al. (2013)2 24 AIAZR|Q} HE
(Lablab bean) AFAE]%]|2] TRbFo] A] S AFIRA|9} B
Slo] feteidat g o] S7tslal Aadkeo] AR QIHar
Hrsiglcy Ty selA tie= A9] A 4%l of&shy
Al 5 o83t AREA] e AR} T=iE A7t o
o nzs}

weh, B AT S Al AR ) SIS 9P
o= ARERIE 25 diAlste] Etgoid 3¢ v dasdy
A JUA 454&0] F7IH 84499 Aol 2 aE ndl
the 7HdS A7sted, in viro BE9] 4808 H HE S
AP, $497] AMRERolA Fo] & 4% 4 S8550l
0 A= FFe B7IshAL st

O. Iz & 8

1. &8 1. In vitro 59| Wg EM

) A=

BJAAES] S45(FE: Pioneer P3394, Pioneer Hybrid Co.,
USA) ARlele AR 5] Qbgol SiAlet ZAmast
oA e} o, HiFES: Choodu 1) AlLE|R = ZBHTfell
291 27 A¢olN T8 NS BAe TR NPK
= 30-30-40 kg/ha), UFLE Fej& A Zot0] ARESIATHSeo et
al,, 2019). °F 2 kg®] S T3l tie ARIEIAE 65°C 7=
7](Wiseven, Nof-155, Korea)ol|4] 34 B9 AXSH &, 8 g
Fe 401 1| mm W4 G2 2314 Z471(ZM 200,
Retch, Germany)& o|83lo] 24gt ¥ 7142 AMgalsick

ARTEA 7R 7RSS AR i AR
1} 7% % 22 71 0, 4, 8 @ 129 i) AMgslict
&7 o ARLEIRIE A7IHA] 82 CS, T18al o ARl
27] 4, 8 Y 12%H7ME 2 CS4%, CS8% H CS12%=
751 & 4719] S A

2) In vitro WI9] ¥tg Ay

NRole. ARt A Pl 214719 B
i 158 olgalo] AT BAF FolRRE HT
W98 STARE HolBIon Ak To] 2412 7, stomach
twbeS o}83j0] 5 2 LS AT, AL MR He
8710] ol VAR ol F C0.E FUsEA 4702 B
AzE AZYAE AASNL, othel MEAY 18 L wE
Estel AR 4710) Az clgste] RS A
ZH)E HEQlS McDougall’s artificial saliva (McDougall,
1948)2} 1:42 351519 in vitro WS st 514 wiQJae:
THISIIH

In vitro Y9 TaAISL Tilley and Terry (1963) =0l
w2} Z1gsitt 125 mL 8o 2t A2t wt 0.5 g9
AlaE AFet &, Al=rE g7 Eige] sl R 50 mL
£ #5ohl Fupiet dSulE 5= 2ol 39°C i IolA
0, 3, 6, 12, 24 B 48AZH HJSIGIH:. AFet HEE=9IHe] avE
ERI517] fsto] 7182 ARGSIA] %2 blankE SIS e
ARFE 7t 3R 2 S9ysiqith

il

3) A 2
AR Hjejo] Bt HRREe: Al T3S ZRSSI] 50 mL
REFAIE TR0 A1) ¥, A Z1] QI ofsh
sfee 219 ol lE Eow Zslelck 2% AR
g Tkl § O F RIS Tt sl
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A =4 5 cm X 10 em UYIE8(Nylon bag, ANKOM
Technology, USA, pore size 50 pm)°f| ¥joFH9] Y& 5%
$7 oIl ofstel Wlele] pHE Starter 2100(Ohaus,
made in USAYS ARgs1o] 2798151k viogolo] Aaldl ¥ it
ggEue 7kEst Bol g tiA AlEste] 105°C A%
(Wiseven, Nof-155, Korea)ol|A] 24X]7t AZ3}] desiceatoro]|
A 3087 Mt} RAE 24T T R4Sy mater
digestibility)S =45}t

QoA A0] §1ekS Chaney and Marbach (1962) Hlo]|
ofsto] BBttt HjoRle. AR (Labogene, 1730MR,
Korea)Z 1087 10,000 rpm & PAR5}0] AR50 20 pLoj
phenol color regent (Phenol 50 g, sodium nitroferricyanide
dehydrate 0.25 g/L) 1 mL%} alkali-hypochlorite reagent (NaOH
25 g, Sodium hypochlorite 16.8 mL/L) 1 mLE 33}5l0] 3057t
AF2olA IS WHgo] Bt Boke QIslE Fl(Ratiolab
cuvette, Germany, pore size 1.5 mL)o|| 74, E04TH
(Optizen pop, Korea)E ©]-85}9] 630 nm IO Z =513

3P AHRALS] BT Erwin et al. (1961) B o2 BAJS)
ot vjeklS  P4EE]7|(Labogene, 1730MR, Korea)=
10,000 rpm ©A] 1087 AR & J5H 1 mLet 25%
metaphosphoric acid (Wako, Japan) 0.2 mLE &35} 3057
oA ARSI A B Alas v eAEY]
(Labogene, 1730MR, Korea)Z 7] 10,000 rpmoi|A] 10527+
AlEgslo] AA5N 1 mLE 045 um (Rephile, RjN1345NH,
China) A[AAEEE o}-8510] okt &, 714 A 2nfE 1]
(gas chromatography, Bruker Inc, 450-GC, Germany)E- ©|-85}
o] BAslgitt. B4S o8t AL BR-Wax fame (BRS7503,
Germany), HEZ2N2 volatile fatty acid standard solution
(Sigma-Aldrich, 46975-U, USA)Z ARE51ITE Q1AIEQ} tiEH
(flame ionization detector)] 2T+= 250°C, QE9] 2r=
100°C AoIon, Wa, S T ofole] §e 7}
29 mL/min, 30 mL/min, 300 mL/minC & %5} EA513ct

2. M3 2. MBS 4% U 8IS

D) ARPRE 9 Al

ANEES o] 83k ARFIFL 20149 1297 20164 109
7 R el Tk AA0) B9 el & 2274zt
A NSk o] R B ABARY S4B A
USAS Folet 7IRHS S47] G779 TS X
110920149 12 30¥€~2015 4 202)0|3ic}. v|wAlg o]
T 52 A7) SRl ol 57ge) 2R AL T3 o
P BE 712 UM Bl

2) AgAlm, AdA 9 SAsE

AR 104 AL L5 AlRIE A9} i ARIEAIE Aot
A7 total mixed ration (TMR) 349 & ol5, TMR Hjg7|2}t
20 kg H|'d A|HE ol&sto] A2Asct SALR= i
AILERE EE 71 4% HlEe= E/dsto] AlEsioial, A
Al o] RAER] s FOISISIH: B ] 7Fs AR 107
07 Hsle] S AP St SRR Ao
sl sLotA ggstlor, 23 Haof ozt RufiE W6l
f1sh 0.2%2] Ca-propionates H7I5to] HiSIIT

SABES B AAE 87 LY k> ANNBEAS
253 kg+22.3) 6055 BAlGt] AUl Kol wht vix|eRsd
Oom, thEet AP 1, 28 Use T, 5 m x 10 m o] 49
7 5 s a7fe] 9oz WO AR ssich

A= Y 4 7A9E °F 54, & 23] Fofsilom
=2 A 29 sielnh 84971 s 9AkEE AY Al 3 ke
FoI5IaL, 28 FHH0E AF 5 T 0.5 kg¥ 5ol
Foflh AAER o83t RAE= tiEol o[g= el Fo]
T2t A(Italian ryegrass, Lolium multiflorum, L., CON), A7
19li= S ARJFRI(CS) 1Al A2 20k St
ST R(CS4%)E Folstltt. A FAEE Ago
SR, ol TS U FARE 20 kel Fo] T 12
RS Ao} ARl A8 FARE 952 Fololick
49 AR o] B2 7, A0 528 ghuste, A
FRAVM) 27t AT BE SUAT AR Folsict

3 2AE 9

Ao 13} 2014 ARBE AlR9] ZE(dry matter, DM), 77 1=
(organic matter, OM) ¥ ZHH8 & (crude protein, CP) $}IaF
< AOAC (1995)9] ¥Fo] whe} EAstlom, 2etde
Kjeldahl 3] FX](Tecator ™ digestor, Foss, Denmark)2}
Kjeldahl 8400 analyzer unit (FOSS, Denmark)&*]E o]-85}o]
EA5199t). Neutral detergent fiber (NDF)2} acid detergent
fiber(ADF) 3152 Van Soest et al. (1991)9] whHof| ulzt
ANKOM™ Fiber Analyzer (ANKOM technology, USA) &
A BAE olgsto] ARAR] Zlel==iRlo] wet EAI5H 0™
ZIR e B 92 AR HUIsIlth

4 AT AT L =S 23
AR AT APAES 20 kgt Fol T TR WP
TAele] hel ST, B4 BB AFS 20149 129 30
A 2% A5 A AFOR Slol ALz RE FR A
289 71408 o AR ol F 905 140 2tk 4
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o] TaE TARSES 24417 HAAR] & giag Al g 54t
Ao Lukelo] 1A ARA & w9l 54
£ AR WO WA B, SAEE A Kore
Institute for Animal Products Quality Evaluation (2014))9] =
AEEEIY AR7IE0) ot ¥ =4S, S AeiEE @
A, SAGFA) SAPACESE, AR, A, S, 2
U A TS W, A0S Skl E1L A=) £ 9
|53 et 7AE B2E AXIsh| Sl S35
AQG), BQ2) E C(13), SE552170), 1’4, 13), 2) &
3(17) o= gHitsto] AASkITh

3. S4=A

=
AR 13} 29] Ado] IR RS YRPIP R P (general
linear model)2] F-AHLX(analysis of variance)S So}] 74
e Sigion], A7) HlEe A o} BT 24
WIS Bojo] §91 Aol RueINlt) RE BAURE fo
IE 95%2 5=9¥5193.9, SPSS (IBM Corporation, 2015) L&

e olg3te] psilnt

I 2% % 23

1. MBAEO SptR A

A 10] ARESE S AR A9t i ARdE]A] TE3
o5 &8’ in virro ABALRE, 17|11 A7 2004 AARES-
oAl FoAgt SR, S5 ARLEIR], {4t SFAILEA]
9 ofetz|Qt glo] 120 S5 AJHE-Z Table 10f] LERAICE

= ALER ] AT TS 27.68%, 25 AlAR=
32.81%2 S5 ALEAY] AE TRgo| o Eth Xl
ol QolA iF AldERRE 18.14%, 255 ARl
8.52%= T+ AldEjR|9] iz Slego] oF 2ulf Wolth AHfa
(NDF ¥ ADF) 32 844 ARe|A] B} ti AldE]]9]
o] o wTE S ARdEA|o]] tiE ARERIE 4, 8 ¢
12% 02 7Rt 39 2y d5fo] Irloks A%
UERfiglon o] A8 T3t Sr1ekt) ol#fsh FitE,
53] 255 AldE|A|(Marbun et al,, 20209} i AMLEA|

(Vargas-Bello-Pérez et al., 2008)2] ZThld ke B9

Apazel At Zhe Ve

Table 1. Chemical composition of silages, hay and concentrates used in Experiments 1 and 2

Item" CS CS4%” CS8% CS12% Soybean silage
Experiment 1
DM (% as-fed) 32.81 32.60 32.40 32.19 27.68
OM (% DM) 95.64 95.47 95.30 95.13 91.42
CP (% DM) 8.52 8.90 9.29 9.67 18.14
NDF (% DM) 39.17 39.38 39.59 39.80 44.39
ADF (% DM) 22.18 22.65 23.11 23.58 33.84
pH 4.16 - - - 5.15
Lactate (% DM) 2.12 - - - 1.43
Experiment 2% Concentrates
Growing fal;:tzgi};lg fatlfglz?ng cs C84% r;tél:rzrsls
DM (% as-fed) 84.10 91.42 88.23 32.58 31.57 84.53
OM (% DM) 94.45 90.79 88.66 95.12 94.73 92.73
CP (% DM) 17.34 14.73 15.14 8.41 8.91 371
NDF (% DM) 28.59 26.04 32.85 3991 40.99 76.47
ADF (% DM) 14.99 12.41 16.69 23.33 22.64 50.11

DM = Dry matter, OM = Organic matter, CP = Crude protein, NDF = Neutral detergent fiber, ADF = Acid detergent fiber.

J(CS4% = Corn silage with 4% soybean silage, CS8% = Corn silage with 8% soybean silage, CS12% = Corn silage with 12% soybean silage.
ICorn silage (CS) and corn silage with 4% of soybean silage (CS4%) in Experiment 2 were from same origin of the Experiment 1 however,
sampled separately when these silages were repacked in a commercial TMR factory.
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2. MBS ARMIX0) T AtZ2IXIQ] HIPH

in vitro B15Q| Big AMA0| O|X|= gk

S AR T AATAE SR AN T o
S101g o}galol HeF Al, Hloale] pH: 6.65-6.94% Uehdeh
(Table 2). %}i WA & 3R 24AR10] S5 AILEIAE

7V et o] pHrt 7R Sgtomip<0.05), th At
2o Aiego] F7Hglol ek pHE £ A%E Hon
S99 Aol gIleh ol Az S AleiAle] v
W A, ghagle] Hjelo] S7Malol ek pHv} el A
UeERdtH= 2119} UX|SIIch Witzig et al., 2018).

i ARER] 7] e & 7Rl QlotA Bie 3AIRE
o=t ARLEIAZE 12% 71 A2tollA 16.67 mL=E 7F
B FRA7} HASIRLom(p<0.05), ok 6A171S, 24A12F Sk
o2 Aeje}l gzl Hjs) sAubEke] HRFTHp<0.05).
ok 48A710l= B 123 mL 45202 TLE AI3To)4 At
3RS Uehfoit). vk Ha S wHlst in vitro IR 7|1& F

TIAAERS. Al o] SFEEAS HroR= 7 X EE v
AFolA AREEIR O™ (Theodorou et al., 1994; Davies et al,
2000; Hall and Mertens, 2008), 12w} 7]49] 3lok4] AR}
FhrabgEe] AT ZeHIE TR e Te] ATkA

- Okolth= Bl TS WS HE QJti(Getachew et al., 2004).

Table 2. Effect of different levels of soybean silage with corn silage on rumen fermentation in vitro (Experiment 1)

Incubation time (h) Treatments Sig.
CS CS4% CS8% CS12%
pH
6.91° 6.93° 6.93° 6.94° *
6 6.91 6.92 6.93 6.93 NS
12 6.88 6.88 6.90 6.90 NS
24 6.77° 6.80° 6.80° 6.81° *
48 6.65 6.66 6.66 6.66 NS
Total gas production (mL)
3 15.0° 15.0° 15.7° 16.7° *
6 23.0° 237 247> 25.7° *
12 49.0 49.7 513 51.7 NS
24 85.3° 87.7° 89.3% 90.5° *
48 123.0 123.0 123.0 123.7 NS
Ammonia-N (mg/100 mL)
3 2.98 2.66 2.81 2.65 NS
6 2.43 2.30 2.52 2.42 NS
12 0.91 1.09 1.29 1.18 NS
24 1.46° 1.51%® 1.66° 1.91° *
48 10.35 10.76 11.64 11.62 NS
Dry matter digestibility (%)
3 33.90 31.37 31.75 33.03 NS
6 34.84° 30.63" 32.81% 30.41° *
12 37.44 40.39 38.62 4147 NS
24 56.14 55.02 55.46 57.73 NS
48 74.01 75.50 74.73 76.27 NS

CS = Com silage, CS4% = Corn silage with 4% soybean silage, CS8% = Corn silage with 8% soybean silage,

CS12% = Corn silage with 12% soybean silage.
SEM = standard error of the mean.
NS = not significant, * = p<0.05.

» b ¢ Means with different superscripts in the same row differ significantly (p<0.05).
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T ARleiAe) B3 vlgo] FHARE Tk

& ddod=
el B 48ARES ARt = AR S7Iske BES

Pl
Hok

Ur]ofel Hao] AR uljeF 2441710 T AFDE|R|<]
F7kro] S7Hel et oAl o™ (p<0.05) BT 48A1KToll=
ool otmuole} Ai w=rF 108 oV FTISIIC
Witzig et al. (2018)9] o] W2 L4 Al R|of| Thalz
s 7R AE0] tizxtol| Hlsto] ol Hae
ST =5kom, ko] SIRMl wet =A veEldth £
oM LE 244114 T AldEIR|] dldo] 3715
xtETh fEUole] AA0] WAl w2 AR Yrlth
Aol AdE Alg 5 Zphiido] BaEAY, $oke AA
= vPRSES] APE} Hafol] Sfsf WA¥ohH RE=9] Wol] AfAlek=
nPYEC] Ak Sl Wagh AA o RA] HiEQolof] Urgst
L7t A= ojof gt nETE TS 7Rt 4= St
(Grummer et al., 1984). Hoover (1986)+= Alm W ZEhlao]
AFS 6.0%= Aot} 11 odRl B, vPRIES] g SlaliAl
3.3 mg/dl, T12]3 FPA] ASE QA 8.0 mg/dlQ] 40|
A7golttal Harsielet. & dtollA 71AR ol 85 AR 2t
HE QFERE 6.0% oldella(Table 1), T AlAER]2] 7=
QIste] tmuolel Aol foJd F7Pt ik 2710 Uehd A
oF ddetaont, wiek 48417k AlQlelH, T AFolA
ol ole] A9 H7} Hoover (1986)2] X119} H]w5}o]
wigtom, Hiok 12ARMIA] A 7F §o14 Aol UehA|
ot

oj2igt A= A, uiF 27| T AR A= YolE
a7t W9 vgEo] ofsf ol 8=l HiEY AR AR
=, nPE Ao MRS SoH] (e R T ANE
Bkl oflgth =4, tiFg R T ARl A
A, BrHo] w2} AolskA, v e A A4S E(non-protein N)
o] 2451 Z7F51=d|(Buxton et al., 2003) L= EL5}71
12A1ZF ¥iI7HA] 71l e tyole] AAd] s=rt
T7IHA] G2 A ol 1T Hie} o] S ARdEA|9]
ZohalE] Skeo] Hoover (1986)2] X1} Bl slo] WA| 9130
T EohL vE A o lolks S0k YobA F
Lol Aart ol 8|9k 0= AlmE: 5 vYE il
A I S8 B3l BEoHA o] TR A o= wed
o} 3hH, 855 ARdRAo] tiF AlRJERIE HlEEE Ao}
of 2kF-90f TRt ARoA] i AFLE|A|9] Blgo] F7Kle]
o} 959 W dEYol ss S7FIOm(Ghizz et al,
2020), 23]8 A8k&-2 A5l 641K, p<0.05) 2 A9
Aol g dA|ol= AIHE HERASITE 6417 o] HE Hf
FAZINA i AL A d7F viRAIZE S0l wket A

0SS =2 S Hou Fo4 Aol= itk
5= ARl giF AIIRIRIE R diAsto] BieE
Al, in vitro RE9] W22 SIRVIARMAE A/ JTRE Table 30]
RGeS 124112k 481210 acetate HAIES: T Ap)
2R 12%37F7F 30.17 mM3} 52.17 mME T2 A2]7e}
iz vlsf] 7 =3kth(p<0.05). Acetate(12A7F, 48A17H 2k
propionate(12AXH 9 - FHPIARIAF AR 124K 484K
o AjeleiAle] ol B Wit AEss ke
AFS Yeiigl=dl, E3] A 12471 48417104 49.40
mM3} 8775 mME Ch2 Hel7et chETel sl 9k
(p<0.05). THE, 1241717} 48 7lol A245180] Golel 3
o7} Q3o =751 (Table 2) acetate, propionate 13l
total VFAS] A45280] 121491 Rol} Uiehhs A& 4si]
oleigt AAstgel SO S0 Floke Aol %)
v, ofefgt Aol PelO G AleIAle] Hrbrt 25182)
7ho] =2o] EUE A= Azt Kang et al. (2017 in
vitro 29ke YoM Sl i AR} og iRt
Zo] ek HxETt= £l S AARARNE FEsHAY
FoFos W2 Aokad WERIHAL HAISeit

H

o

3. M3 2. 9449 U B8 AR Z0PI FHMERL
4% 9 8 53U DR ¥

AANES Hoflet SA7I0-12718%)9] & AR o=
T, Ep AREA] 9 St ARIEIA] FolTolld 2zt
78.1, 1143 9 120.5 keolglom, Wi A=Ak 717} 0.7,
1.02 @ 1.08 kgO|ITHTable 4). THRTL} 245 AlJE]R] Fo]
ol HJsl Lt AldEA] o7t & SA L 99 5
Age] B EAH(p<0.05). 7471 ¢ AL AEAFFE dIET
S5 ARIER] 9 S5 thiE SRR A] FoltollA 2zt
6.87, 6.69 2 6.86 kg0 &2 A7}k 0221 o)/} @Il Ala
FEE 2T 10.16%%] BH S AlR)R], S5~
AFAEA] Fot77t 1525 B 15.73%E St ARIE|R] 9
AEEE0] 7P S Ao® YERTHp<0.05). ol¢} o]
/471014 S5t ARLEIA] ot SAIR E AleRE
o] RojHog 945t A Frhia HHeko] F7lof 7]9lE A
OF wtEr) tiF ARISAE 4% H7RE St 54t
LER|S] 2l Flgo] S AR HL HE 7IEoR
0.5% E=3%om ofgeiet 2ol 1eiAs) 2uf o =3ir](Table 1).
whebA] ARl EAWES AFDEIA] AR} HwA), $4]
Aoz Yol (tiz7e} HlwA]) 53710 et 2ehds o
TEACEHN Aol o] HAE A= ARE o= &4
7| FE] AR FoPT AR 7ol FE ke BEaks
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Table 3. Effect of different levels of soybean silage with corn silage on volatile fatty acids concentration (mM) in vitro

(Experiment 1)

Experimental diets

Incubation time (h) Sig.
CS CS4% CS8% CS12%
Acetate

3 17.66 18.65 18.10 17.93 NS

6 20.72 20.10 20.44 21.20 NS

12 27.83° 28.94° 28.78* 30.17° *

24 38.34 39.79 37.87 38.73 NS

48 47.11° 49.43% 49.46™ 52.17° *

Propionate

3 3.77 3.99 3.85 3.83 NS

6 523 5.00 5.04 5.30 NS

12 10.84° 11.79* 11.30° 12.35° *

24 17.68 18.00 17.05 17.00 NS

48 20.76 21.12 21.16 21.99 NS

Butyrate

3 3.48 3.64 3.53 3.52 NS

6 423 4.10 4.19 4.30 NS

12 5.75 5.94 5.83 6.04 NS

24 8.78 8.36 7.97 8.10 NS

48 10.26 10.30 10.04 10.49 NS

Total VFA

25.42 26.80 25.99 25.79 NS

6 30.74 29.74 30.24 31.44 NS

12 45.17° 47.48® 46.70° 49.40° *

24 66.15 67.55 64.21 65.26 NS

48 80.99° 83.78% 83.58% 87.75° *

A/P ratio (%)

3 4.69 4.68 4.70 4.68 NS

6 3.96 4.02 4.05 3.86 NS

12 2.57 2.46 2.55 245 NS

24 217 221% 2.20% 2.28° *

48 227 2.34° 2.34° 237° *

CS = Com silage, CS4% = Corn silage with 4% soybean silage, CS8% = Corn silage with 8% soybean silage,

CS12% = Corn silage with 12% soybean silage.
SEM = standard error of the mean.
NS = not significant, * = p<0.05.

» b ¢ Means with different superscripts in the same row differ significantly (p<0.05).
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Table 4. Effect of corn silage and soybean silage mixture on animal performances of Hanwoo steers (Experiment 2)

Experimental diets

Stage of growth Items Sig.
CON CS CS4%

Initial BW (kg) 250.9 253.8 255.8 NS

Final BW (kg) 329.0° 368.1° 376.3° *

BW gain (kg) 78.1° 114.3° 120.5° *

Experimental period Daily gain (kg/d) 0.70° 1.02° 1.08° *

(of growing period, .

9~12 month of age) DM intake (kg/d) 6.87 6.69 6.86 NS
Concentrate (kg/d) 3.25 3.19 3.36 NS

Forage (kg/d) 3.62 3.50 3.50 NS

Feed efficiency (%)" 10.16* 15.25° 15.73° *

Initial BW (kg) 329.0° 368.1° 376.3° *

Final BW (kg) 620.1 633.4 657.3 NS

DEarly fattening period BW gain (kg) 264.4° 239.4° 260.0° *
(13~24 month of age) Daily gain (kg/d) 0.74 0.68 0.74 NS
DM intake (kg/d) 10.42 10.39 10.47 NS

Feed efficiency (%) 7.27° 6.58" 7.15° *

Initial BW (kg) 620.1 633.4 657.3 NS

Final BW (kg) 741.2 747.5 769.4 NS

ate fattening period BW gain (kg) 112.1 114.6 121.1 NS
(25~30 month of age) Daily gain (kg/d) 0.56 0.57 0.61 NS
DM intake (kg/d) 9.44 9.44 9.47 NS

Feed efficiency (%) 16.35 16.88 17.42 NS

Initial BW (kg) 250.9 253.8 255.8 NS

Final BW (kg) 7412 747.5 769.4 NS

YOverall BW gain (kg) 490.4 494.8 515.5 NS

(9~30 month of age) Daily gain (kg/d) 0.74 0.74 0.78 NS
DM intake (kg/d) 8.97 8.85 8.92 NS

Feed efficiency (%) 8.27 8.46 8.74 NS

Con = control, CS = com silage, CS4% = corn silage with 4% soybean silage.

BW = body weight.
D Feed efficiency = Daily gain/DM intake x 100.

239 The beef rearing program was the same among treatments, and therefore dry matter intake of concentrate and forage was not separately presented.

SEM = standard error of the mean.
NS = not significant, * = p<0.05.

» b ¢ Means with different superscripts in the same row differ significantly (p<0.05).

- 68 -



Effect of Mixed Corn-Soybean Silage on Hanwoo Steers

o APYE EIh et Ao webEriKang et al,
2004; Kwon et al., 2005).

H837125-307h L)% B A87I10] AL mE ol
Frolde] UehA] gtoy, St SRS o
AT B2 AB] 282 ke FAL O Lpebgiek. 1]
RS Ui gigkort ol QAo 2AlE Folz 9Ist
S371°0 e SAPE vl 7H4] olojdl Aow Alm

-2 45ro] AFk= Kim et al. (2007)Q] A7} AR A7}
o, $/3710I9F EJHAIE ot o AMe-2] HlsAd
Folgh Alsiel Hlasle] 945 Ao Ve,

Table 501 WERH A8} o] ZALS = 605F 5 157+= O
2B, 15 S AR V1% 5 FeEo] 5 5858 w5
Rk 2Tt 2= ARIER] Bl et SRARR|A] &
of0] W AL 77} 426, 4387} 444 kg0 2 o1l Aol

ot

b
Ir

P

B I A < R T
i)
r

)
B or
filo

2 ekl gigtort i AelX] H7} Feipold X120,
2 2ok S L R BE AT oMl vt
e gigtom, EAEEIN STERES AG) : BQ) : C17)
o5 Ftsle] AN st et S5 A L 85
i Allel Fol e 217} 150, 158 2 18O ARl
A] ool A 48 B Kim et al. (01312 A
AIRES0IA] 5 abRe] ZEEIS & A8l AR oF 2%
Z71ote] Fofote W) RS TRt SFEeick
BB 2 AT SAREA, AP Beid W 4
So] darrt SaHoR e Anks vehiolck 8
FA0| A9 A, 227} B Aol thETe 845 A
2X] L et AU FolP 4E FHRl Holi
glovk o) AMES 172 TR v a7 @ ARTe
55,55 9 590% ST Al Fobol Py

Table 5. Effects of corn silage and soybean silage mixture on carcass characteristics of Hanwoo steers (Experiment 2)

Experimental diets

Items Sig.
CON CS CS4%
No. of heads 20 19 19
Marketing wt., kg 741 749 771 NS
Cold carcass wt., kg 426 438 444 NS
Yield traits"
Backfat thickness, mm 16.4 154 16.0 NS
Longissimus dorsi area, cm’ 88.4 90.8 94.6 NS
Yield index 60.8 63.1 62.6 NS
Yield grade 1.50 1.58 1.58 NS
A: B: C (head) 0:10:10 1:9:9 1:9:9 -
Quality traits?
Marbling score 55 5.5 59 NS
Meat color 4.8 4.9® 5.1° *
Fat color 3.0 3.1 32 NS
Texture 1.1 1.0 1.1 NS
Maturity 2.0 2.0 2.1 NS
Meat quality grade 3.60 3.63 3.74 NS
1™ 17 1: 2: 3 (head) 1:12:5:2 2:10:5:2 3:10:5:0:1 -

Con = control, CS = corn silage, CS4% = Comn silage with 4% soybean silage.

D Area was measured from Longissimus muscle taken at 13" rib and back fat thickness was also measured at 13" rib. Yield index were
calculated using the following equation: Yield index: 68.184 - (0.625 x back fat thickness (mm)) + (0.130 x Longissimus muscle area
(cm?) - (0.024 x dressed weight (kg)); yield grade (A = 3, B =2, C = 1).

? Grading range are 1 to 9 for marbling score with higher numbers for better quality (1 = devoid, 9 = the most abundant), meat color
(1 = bright, 7 = dark red); fat color (1 = white, 7 = yellowish), texture (1 = soft, 3 = firm), maturity (1 = youthful, 9 = mature), meat

quality grade (1" =5, 1"=4,1=3,2=2,3=1).
SEM = standard error of the mean.
NS = not significant, * = p<0.05.

» b ¢ Means with different superscripts in the same row differ significantly (p<0.05).
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