Journal of the Korean Society of Grassland and Forage Science 39(4): 281~291, 2019

https://doi.org/10.5333/KGFS.2019.39.4.281

Research Article

ISSN 2287-5824  (Print)
ISSN 2287-5832 (Online)

TMFe} B A= ] 2HYRO] HMIetRe] &8 R XS0 DIxl= Ee

Bpig7]se, QKA
SRS BT, e

X2

=2, E37I, LEAR

sk SR SEs

Comparison of Growth Performance, Carcass and Meat Characteristics
According to the Feeding Method of Concentrate and Total Mixed

Fermentation in Hanwoo Steers
Byung-Ki Park32, Jun-Sang Ahn'2, Jang-Geun Choi?, Eung-Gl Kwon' and Jong-Suh Shin?”

'Hanwoo Research Institute, National Institute of Animal Science, Pyeongchang 25340, Korea

College of Animal Life Sciences, Kangwon National University, Chuncheon 24341, Korea
*Nonghyup Feed Co. LTD., Seoul 05398, Korea

ABSTRACT

This study was carried out to investigate the effect of the feeding method of total mixed fermentation (TMF) and concentrate feed
on the growth performance, carcass and meat characteristics of late fattening Hanwoo steers. Twenty-four Hanwoo steers were used
in this study. The control group was fed with concentrate feed + rice straw from the growing to the late fattening period, while the
T1 group was fed with TMF from the growing to the early fattening period and concentrate feed + rice straw for the late fattening
period. The T2 group was fed with TMF from the growing to the late fattening period. The average daily gain (ADG) and feed
conversion ratio (FCR) were not different between the treatment and control group. Serum cholesterol and high density lipoprotein
(HDL) cholesterol concentrations were higher in the T2 groups than in the control group (p<0.05). The yield grade and quality grade
were not different between the treatment and control group. The lightness of longissimus muscle was higher in the T1 group than in
the control and T2 groups (p<0.05). Poly-unsaturated fatty acid (PUFA) of longissimus muscle was increased in the T2 groups than

in the control group. Therefore, the method of feeding TMF and concentrate feed could have a positive effect on the lightness and
fatty acid composition of longissimus muscle without affecting the growth and carcass grades of Hanwoo steers.
(Key words: Hanwoo steers, TMF, Longissimus muscle, Carcass characteristics)
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SRS HIS--9) Aol Al |497158 SSHAI7HEA] Hig
Ao} 2ARE olgske WAl F2 AFSEIT JIGAT, wH
558 402 E(total mixed ration, TMR) Fojof] whE
AERA} 4] ofldk(Nocek et al., 1985), ¥5=9] pHY] SFgSH(Kellems
et al., 1991), ZAE-HZ]TH Nocek et al., 1985) L UF=A|THKim
et al, 2012) S7F= HIS90] BAHY Pl =20] H= 2o
2 BUSEA TMRE TR 29 5710] vlgo] AHoz &
ZFEla1 QITK(Kim et al., 2007). 2fjoli= TMRO]| S-8niES HE:
shal HaIPdS A& Akl total mixed fermentation(TMF)O]|
gt A fol P 54 AL 71548 A E A
A ZAR9 o84 A 59 a7l HUEHA(Smid and

Hugenholtz, 2010) Thzt nES €835 TMF7} 7id=]o] A]
=T Qe 28y TMF Foi7F AAMIRR-S] 84971 9 84
7] Bt AR ol E2o] HANL BlSST] AlFEH
3 RSOl A= Y Pthe AR AT B
=7 ITKKim et al., 2003). Cho 5{2008)2 S47] ¥ H|S
710l vlsf] HlEF 7ol THATY] BEAA] 2R gt of
Y] g5 S7kEl=t], TMFE Foioh= 4% AEAdF%0l
FEEA| Zof olvA] £ @ido] IAEY] frial Burgh vt
AUt EZL TMF B34 FALE O] AR vt 9 RAKR
AA B} A F7ARE H[E&2 W] 2o SWA S
QIR oA FFo] F5T 4= Qlrk o] 22 FAIE shEsh]
sl E- - ASs7tolAE /3715 HISA7I7HA] TMF
£ Fojolal HlEF7]ol= TMFE} HiRtAlE S 23 Hof skAY
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2. MEM| U A
Ae] Wil S471RE H18B7I) disleet Hae

oIk &K Control), §/47|5¥ HIEA7|7H] TMFE &
ofgt & HSS 7ol HigAkESet HEE Fofohs AT
9 SA715E HIEF77HA] TMFE Fosk= A274(T2)2] 34
22 SIGith TMFo| ARgEl Al E¥IAT Wt 2ol 1t
2 A SFE AR oH, $497], vl 9 HlES7] TMF
o] ZAME HIEL 77t 23, 15 D 10%E AT

AARE = 93 & 454 72 SAK4 < 10 m)oflA] ARSSE
oItk TMFS} HigtAlEE 19 23)(2A 8:00 € 93 17:00) &
olslglon], o] Ao u]%xmﬁmb ARRAAE AIFEANRL
H S 7]0s 1.5~2.0kg(PE7]E) 202 AFHFIE A}
Atk TMF HigH], AJeALES] 3teHA é*é 2 CNCPS #4] 4
IH= Table 1, 2 9 33} Zc)

Table 1. Ingredient composition of Fermented TMR
Items Growing Early fattening Late fattening
(6~13month) (14~22month) (23~30month)

TMR base (concentrate) 25 30 35

Corn flake - 12 19

Corn gluten feed 10 7 -

Distiller dried grain solubles 6 - -

Wet brewers grain 30 30 30

Tall fescue straw 15 5 4

Rye grass straw 10 6

Molasses 5 5

Saccharomyces cerevisiae (liquid) 1

Total 100 100 100

Table 2. Chemical composition of experimental diets (%, DM basis)

Items Growing Early fattening Late fatteing
Concentrate TMF Concentrate TMF Concentrate TMF

Dry matter 89.82+0.15 62.1+0.05 89.01+1.05 62.5+0.89 89.49+0.85 63.1+0.75

Crude protein 15.76+0.25 15.3+0.32 14.67+0.75 14.4+0.13 13.25+0.23 12.68+0.41

Ether extract 3.68+0.61 2.42+0.54 4.05+0.27 3.04+0.63 4.25+0.71 3.17+0.12

Crude fiber 6.15+0.93 24.15+0.56 5.3240.45 20.80+0.78 4.23+0.23 15.85+1.09

Crude ash 7.28+0.33 8.05+0.25 7.15+0.15 7.84+0.37 7.18+0.77 6.5+£0.39

NDE" 25.9+0.41 48.31+0.62 23.73+0.72 41.6+0.80 20.32+0.97 38.03+0.48

ADF? 8.25+0.58 30.6+0.69 7.15+0.13 28.8+0.32 6.54+0.58 20.6+0.69

TDN? 72 71 74 72 76 75

Control: formula feeds for Hanwoo steer; TMF, fermented total mixed ration.
UNDF: Nuetral detergent fiber; ?ADF: Acid detergent fiber; *TDN: Total digestible nutrient
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Table 3. Carbohydrate and protein fractions of fermented TMR according to the growth stages

ftem Growing Early fattening Late fattening
Concentrate TMF Concentrate TMF Concentrate TMF
Starch (%, DM) 273 11.9 40.9 14.4 40.7 20.7
Sugar (%, DM) 52 3.0 5.0 8.2 5.0 9.2
NFC" (%, DM) 43.0 26.9 50.2 28.9 51.7 303
Lignin (%, DM) 3.7 6.00 33 6.0 3.1 5.3
SolP? (%, DM) 5.7 3.0 43 52 47 4.1
NDICP? (%, DM) 2.1 4.0 2.0 2.8 1.6 2.8
ADICP? (%, DM) 1.0 2.4 13 1.7 1.0 1.9
Carbohydrate fraction
CA® (%, CHO) 7.5 45 6.6 4.8 6.7 4.9
CB1? (%, CHO) 39.4 17.7 54.3 20.7 54.5 252
CB2” (%, CHO) 15.2 17.9 5.7 17.0 8.0 16.0
CB3Y (%, CHO) 25.0 38.6 22.8 37.0 20.9 34.8
cC” (%, CHO) 12.9 21.4 10.6 20.6 9.9 19.2
Protein fraction
PA'”+PB1'Y(%, CP) 40.6 25.4 453 30.2 46.7 35.8
PB2'? (%, CP) 44.7 554 40.6 52.6 40.2 47.7
PB3" (%, CP) 53 9.5 5.1 7.1 43 7.0
PC" (%, CP) 9.4 9.7 9.0 10.1 8.8 9.5

YNFC, non-fiber carbohydrate; ISOLP, soluble protein; SNDICP, neutral detergent insoluble protein; YADICP, acid detergent insoluble protein; SCA:
fast fermented; “CB: moderate fermented; "CB2: intermediately fermented; SCB3: slowly fermented; 9CC: unfermentable; '“PA: non-protein nitrogen;
"WPBI: rapidly degradable protein; ?PB2: intermediately degradable protein; '?PB3: intermediately degradable protein; “’PC: unavailable protein.

3. ZAEE Y

1) ARFASA
AEAIRRRS AR FIAZHeA 8:00) Mol A 3]
Zslo] 2ARE 5 Folgmtol XPOle gRlote] Azsioion, 4
AR A3 A © A l°ﬂ AFS 9T F AF
e R =&l A}E_R & ASHAET 495
A olgstol 4t

30}93\‘:]1

HI

Mg

2) YWPAE 9 cornell net carbohydrate and protein system
(CNCPS) £4

AlFAIEE Imm 7|2 B4st & 240 o]gslgior, I
HPAHEL AOAC (2005), neutral detergent fiber(NDF)2} acid
detergent fiber(ADF)+= Van Soest et al. (1991), Starch+= Hall
(2009), soluble protein(SolP)< Krishnamoorthy et al. (1982),
neutral detergent insoluble crude protein(NDICP) X acid detergent
insoluble crude protein(ADICP)+= Licitra et al. (1996) 12|31
247 BeolE 9 o FES ujgloR CNCPS RS
Fox et al. (2004)0] AJA|st HIHo] w=} 435193t

3) EoF % 1A
B0} A= A AN B B2 AEe] el BoNHE
10 mL vacutainer(BD vacutainer, Becton Dickinson, New Jersey,
USA)E Astgion, o]F gaiRal|(SANE ol8slo] 1250
x g ZANA 1587 DYBLAA YL Bejek T Golny
7](FDC-3500, Fuji, Tokyo, Japan)E ©]-&5lo] EA513Tt

4) =ASH
TAS] SEHEE £ WEA/NEAS, SAFA H i
s 9 WIAAGRAYE, S4, A, 2Ag
g Hem) S ATASFEHA7]E(Ministry of Agriculture, Food
and Rural Affairs, MAFRA 2017)°] w2} SAIESETAP}
wgstsich

T ANEAFE 2ASE ﬁixéo] Al P 1384 F
b 157 85 ApoloflA] oF 1 FIsto] et F
A2 Hikso] ot AFAR 24 5lt). 24 & 5°C 22l
Aol A, Ef 9 A RS AAT ty EARES #
A0, AL AIRE 1 cm FARZ 7153 & polyethylene

kg = A
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bag (LDPE, Cleanwrap zipper bag, Cleanwrap Co., Ltd., Seoul
Korea)ol| 2750} 4TolA 9 B2t HastHA] AAJslc.

5) =AY
B49] QUL AOAC (2005)9] el ufef 4, 2
W, 2R 0 23R Gk SASEoR, BAAHE

i

1=

& Nam 5(2001)] ol Fsto] &AsIT
pHE 541 10 g0l $F4 90 mLE 37Kt & homogenizer(PolyTron

PT-2500 E, Kinematica, Lucerne, Switzerland)2 w2 A7 pH

meter(Corning 445, Corning, New York, USA)Z =753t}

SA9] AL 243 FolchQ] ®FH(Folch et al., 1957)0] &
oto] gas chromatography (Shimadzu-17A, Shimadzu, Kyoto,
Japan) 2 AHMARS BASIQOM, HAES Weirbicki 5{(1957)
O] WHOZ filter paper YEHO Z =A5Qict.

7197ES 5412 9F 1 em SAIE 7185107 polyethylene bag(LDPE,
Cleanwrap zipper bag, Cleanwrap Co., Ltd., Seoul Korea)o] &
1 AlZE 75T oAk water bathollA] 4057t BFx|st & 71
A% FF AolE WMEEE EEoIGIH:

A2 texture analyzer(TAXT2i version 6.06, Stable Micro
Systems Co., Ltd., Surrey, England)& o]&s}o] Ad=& =3
olgoH, BEXZAL load cell 25 kg, pre-test speed 1.0 mmy/s, test
speed 1.0 mm/s, post-test speed 5.0 mmy/s, trigger type force
5 g0 AAsleirt

S = AAFA (Colormeter CR-300, Minolta Co., Osaka,
Japan) & o1:g3}0] E49] BHE 251900, B (lightness,
L*), 22 (redness, a*) L I (yellowness, b*)] AT} Fh&
HE 2gslo] WIS NS ol B2 Wume] 271
Y = 937, x = 03154 @ y = 03323 o|git}

TBARS(thiobarbituric acid reactive substance):= Sinnhuber
(1977)9] W] &5} UV-vis spectrophotometer(UV-mini-1240,
Shimadzu, Kyoto, Japan)E- 0]-85}%] 520nmoj|A SJ=E =4
3t & A& kg & MA(malonaldehyde)2] mgO 2 A&} 0,
VBN(volatile basic nitrogen)-> 3|3ty 7[e] A4 3leF 242
Conway (1950)2] ®H2 ¥gsto| Z4I53ict

4. SAX<=

£ AqtollA dojxl AIE2 SAS package(2004)F ©]-83t
BAEA 2 LSDE AATst] Ael719] Fp<0.05)2 2

oI Za+ 2 nE

TMF 9 vigiAtES] Fofiirgo] ANER-9] g5l 1A
£ YF2 Table 49 Atk AY SEAAIS-S A1t Bt 5=
Folglom, §47], HSA7] 9 HlS37| 59t dFSAE 2
AEAFHFE ARR Fofiiel TE Aol Aotk AlElT&
< A AIFAIRE B2t TRE Aol Hlsf T2004 =& A
HIRRE FoAQ1 Alol= gIgitk TMF= 7124 7RAlxdt AL
79| o84 F(Lee et al, 2002) = HHFS S7H7I= A
O HIEQloH, Kim 5(2003)2 TMFS| Fo{7} 5477
HSA7IA] 9] AGSA 7ol =] 2 4= AL si3ith
HHH, TMFQ] &5 goj= R4 80| 3715= HIS37]0
oA BT/ o] TE & 7] TiZoll(Cho et al., 2008), 5
Aol Fo82Q1 AAE 2T & Urkal BaE B Qo 2
Aol A= TMF & 8= o] Fofdo] o SA), A=A
FF @ AR Zol7t QI7] wiZol A% el dx|st
= A= YERA] eIt SERIRE HI%7]9]) QlofA] thR9]
AFSAFY ALRAF=O] Aats FFE Hof 7|17 |
MR Fofs v Aol R 9 1A & s
ZAo= E

TMF 9 HiA=e] Fofifo] ANRE-e] dF ti=d
B0 PRz P Table 52+ 2t Al 7HAIA] 5 BUN
9] FE= tiRTF W T2 BIs]| TItolA] R kS Ho
M, 8% GLU 5= AlY $2A] T29] Hls) tix+ H T+
A 2 %S BIANL SAE FoRlol= AR gtth
4% CHO F&w ti+ol Bl T & T2l S7hs)=
IS HJOH(p<0.05), FF HDLY w&= thxo] H|s|
Ti5 9 T2700l4 w8kom, iz 2 T27F {23l Zjol7}
AAUTHp<0.05). EF Ca, P L Mg == Al 7A] H S=A|
of A1t vt 52 FAISHIHE EF BUN sk W
AollA F=rEl dHYoPt 1A 84R H9E= Hxo] ot
2} gepr]7] dize] ehert AdFoks ARl Tl St 4
ol FFS HH=cH Chumpawadee et al., 2006). & HA-o] AT}
olA= AlEgo] AAC] T A2t BUN 5=9] Ui FF
o] Qiglal, Bl&A7| Bt YR TMF AlFAIA A =3
A T1 2 T2004 2o|7} Yepd Ho= & w|, BlS&47] 71
A AR AR EoIY el BUN w5kof A3k vzl
Ao WEr:. PF GLU sk AFRY] oUA] 3t 34
7} &9 (Holtenius and Holtenius, 1996), & HIEQo]A AY
/3%l propionate”} tolA] GLUE HgH=|o] BFOF o|gFrt
2 AtollA] TMF Fof+to] Bls] Hietilm Foi+9] 8% GLU
Tt =2 AFE Hoedl, ol HiAETE TMFO| BIS|
propionate A8/g7} Ao &2 i & HlHFAETSE o
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Table 4. Effects of feeding method of TMF and commercial concentration on growth performance of late fattening Hanwoo steers

Item Control T1 T2 SEM Pr)F
Growing

Initial body weight (kg) 168.1 163.3 167.5 431 0.90
Final body weight (kg) 314.1 306.0 304.1 5.92 0.76
ADG" (kg) 0.75 0.74 0.70 0.02 0.59
Intake (DM kg/steer/day)

Commercial concentrate 3.81 - -
Rice straw 2.94 - -
TMF? 6.80 6.71 - -
DYIR 6.75 6.80 6.71 - -
Feed conversion ratio 9.04 9.36 10.26 0.36 0.38

Early fattening

Initial body weight (kg) 314.1 306.0 304.1 5.92 0.76
Final body weight (kg) 573.3 564.6 569.5 9.16 0.93
ADG (kg) 0.82 0.82 0.78 0.02 0.92
Intake (DM kg/steer/day)

Commercial concentrate 8.01 - -
Rice straw 2.21 - -
Fermented TMR 9.72 9.65 - -
DMI 10.22 9.72 9.65 - -
Feed conversion ratio 12.48 11.94 12.62 0.22 0.49

Late fattening

Initial body weight (kg) 573.5 564.6 569.5 9.47 0.93
Final body weight (kg) 678.2 679.8 679.1 10.48 0.97
ADG (kg) 0.71 0.78 0.74 0.02 0.25
Intake (DM kg/steer/day)

Commercial concentrate 8.19 8.33 - -
Rice straw 0.80 0.80 - -
Fermented TMR 9.50 - -
DMI 8.99 9.13 9.50 - -
Feed conversion ratio 12.98 11.93 13.44 0.37 0.51

YADG, average daily gain; 2 TMF, total mixed fermentation; DMI, dry matter intake.
Control, commercial concentrate + rice straw from growing to late fattening; T1, TMF from growing to early fattening and commercial
concentrate + rice straw for the late fattening, T2, TMF from growing to late fattening.

ool ATjH o op] el Zog WekEh BF CHO 5 T 3 sk gk

L oAEe] ofulx) 4, A B W HFYO] v gebAe]  TME @ EjRbAbEe] Fofyie] AMROY EASA] vl
(Wheeler et al., 1987), HDL CHOS} Bl#]8jel A2 Bus] & GFS Table 63 2k wA1F, SASA, MAg2ens
T gk £ A7) AuolA] TI L T20] vle) HETY EF W RPASE ARt vis Solglon], RYEF A4E A
CHO 557} 748 91212 W:57] AZHHRTable 43 B 2RF Kol Hgirk TPAFEE TIF, T27 2 27 202
At Sl Ao BYER, W8] ARAHTe] F B B AL HYlor], TMF U uighEe] Foio] 94, =
T20)4 CHO % HDL 7} 71 370 Uehd J 2 @7 23 9 g4io] uxt gge Aotk $853 A%k g
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Table 5. Effects of feeding method of fermented TMR and commercial concentrate on blood metabolites concentrations
of late fattening Hanwoo steers

Item Control T1 T2 SEM Pr)F

TPV (g/dL) 6.08 6.04 6.16 0.05 0.67

GLU? (mg/dL) 60.19 59.00 66.00 1.85 0.35

CHO® (mg/dL) 105.56 85.13 114.38 5.39 0.14

Initial BUN? (mg/dL) 15.06™ 12.64° 17.36° 0.62 0.02
HDL® (mg/dL) 83.88 70.00 81.63 438 0.44

Ca® (mg/dL) 9.29 9.08 9.41 0.10 0.46

P (mg/dL) 5.89 6.53 5.80 0.19 0.3

Mg® (mg/dL) 2.38 2.28 228 0.04 0.39

TP (g/dL) 7.07 6.90 6.99 0.07 0.55

GLU (mg/dL) 64.19 69.38 60.57 4.26 0.77

CHO (mg/dL) 162.87° 201.63 208.29° 6.58 0.05

Final BUN (mg/dL) 17.37 18.13 18.76 0.36 0.30
HDL (mg/dL) 99.33° 109.88* 114.43° 222 0.01

Ca (mg/dL) 9.03 9.16 9.20 0.06 0.42

P (mg/dL) 7.33 7.44 737 0.08 0.86

Mg (mg/dL) 2.30 2.31 2.26 0.03 0.75

DTP, total protein; IGLU, glucose; 9CHO, cholesterol; “BUN, blood urea nitrogen; SHDL, high density lipoprotein; 9Ca, calcium; P, phosphorus;
®Mg, magnesium.

Control, commercial concentrate + rice straw from growing to late fattening; T1, TMF from growing to early fattening and commercial
concentrate + rice straw for the late fattening, T2, TMF from growing to late fattening.

Table 6. Effects of feeding method of fermented TMR and commercial concentrate on carcass characteristics of Hanwoo steers

Items Control T1 T2 SEM Pr)F
Yield traits"

Carcass weight (kg) 427.00 433.88 429.75 5.89 0.90
Rib eye area (cm?) 89.07 90.13 89.88 1.70 0.96
Back fat thickness (mm) 16.93 15.25 15.50 0.80 0.64
Yield index 62.16 63.18 62.82 0.61 0.78
Yield grade score 1.47 1.63 1.63 0.11 0.79
Yield grade (A:B:C) 13:20:67 0:63:37 0:63:37

Quality traits”

Marbling score 5.60 6.75 5.88 0.40 0.51
Meat color 3.00 3.00 2.88 0.03 0.24
Texture 1.07 1.25 1.00 0.10 0.39
Maturity 2.53 2.50 2.25 0.10 0.52
Quality grade score *' 3.47 425 3.63 0.20 0.27
Quality grade (1:17:1:2) 20:40:33:7 50:25:25:0 38:12:25:25

DArea was measured from longissimus muscle taken at 13th rib and back fat thickness was also measured at 13th rib; Yield index was
calculated using the following equation: 68.184 - (0.625 x back fat thickness (mm)) + (0.130 X rib eye area (cm2)) - (0.024 x dressed
weight amount (kg)); Carcass yield grades from C (low yield) to A (high yield).

YA grade = 3, B grade = 2, C grade = 1.
yGrading ranges are 1 to 9 for marbling score with higher numbers for better quality (1 = devoid, 9 = abundant); meat color (1 = bright
red, 7 = dark red); fat color (1 = creamy white, 7 = yellowish); texture (1 = soft, 3 = firm); quality grades from 3 (low quality) to 1++
(very high quality).

1™ grade = 5, 1" grade = 4, 1 grade = 3, 2 grade = 2, 3 grade = 1.

Control, commercial concentrate + rice straw from growing to late fattening; T1, TMF from growing to early fattening and commercial
concentrate + rice straw for the late fattening, T2, TMF from growing to late fattening.
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7 % T270] BJ3f TIo)A &2 dd2 Aot 471 8¢ 5

29 AR TRE SAPEAS AT g
2 MAAFIE AR HuE HE QItiKang et al., 2005; Kim

et al., 2007). BIE & ALollA FAAR] f2/82 |,
270] Wjg) AiFEolN SANEARE g whol] WY
o] WA et 9912 AEos 2k ofg Hgo]
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2, 2 A70lN izl ¥ls) TMFE &
YA 7| =8 AR 5ol AL 2437] =0t X3 7|7 A
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Aol FIFZ v|H AoZ wWrkHETHHwang, 2017). Delgerzul
Baatar S(2017)& 299 Zja 2R oZRe Befgt A%
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ol S S S A B R S
2 S Bod oz wikEch J=u Hig3 A A&z
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9 BARIEoE) 9] Su R0 R vkl Bl Al
W} g0l AstEl S g A0R Faur) MR % e
Aﬁ% Q9] HHaE 53] AYA== propionate (Mohammed et
., 2010)y= 7oA gluconeogenesis IS E3f glucoseZ H
Q—Q‘#(Tamguchl et al., 1995), Z&E L w43 ek=sHE0] 7]

3 Hepe) 2

Q1E TDN9| F7he TUAREE S7H17I= 08 HiEil
QItH(Chang et al., 2007). ©]Z A-~Chan et al., 2017)°]A %
TVR Foiol vjef Atz Bolve] SAERE At wl
Lol Blo] B 7o) ATE subnslET 9l Aow Wt
et weba] AXRE el S49715E HISA7|71A] TMF&
o}E Sl APAIE B3kE skl H]%—ﬁrﬂoﬂ% oA =

o] #& HigALR S HoIE 33l AYEAS =ol= o] At
A AoZ et

TMF % HiiRAR O] Fofifio] AARES-

TRl Y=

s =9 - 3t
Table 75 2k 5419 QoG
], ZA g 2317 9 FHAEE S A2
195k 541e] 22 glego] S71ele S W Feh
FAEE Ao0F HAEI QJOoH(Kelly et al., 1968;
Lee et al., 2004), Lee 5(2010)2 $k-9] —.%JLE;L | =852
T2 o] FAEHAL S, BF FHAEE T SUHIX
HJEQ B A BAVE A= AR HarEy %E}(Choi et

. 2008). 2 <i70] ATOIE A% Pl SAE H
. ST ST ol A sheed 54
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Table 7. Effects of feeding method of TMF and commercial concentrate on meat properties in longissimus muscle of

Hanwoo steers

Item Control T1 T2 SEM Pr)F
Dry matter (%) 68.14 67.35 68.42 0.35 0.43
Crude protein (%) 18.58 18.43 19.11 0.45 0.81
Ether extract (%) 12.83 14.01 12.35 0.39 0.17
Crude ash (%) 1.06 1.00 1.23 0.06 0.26
Cholesterol (mg/100g) 34.87 39.06 36.08 1.66 0.61
pH 5.60 5.47 5.58 0.03 0.15
WHC (%) " 43.51 43.55 43.07 1.10 0.98
Cooking loss (%) 29.35% 21.6° 30.48° 1.46 0.01
Shear force (kg) 6.67 6.33 6.12 0.30 0.81
L* (Lightness) 40.21° 44.39° 40.20° 0.76 0.02
a* (Redness) 12.79 14.01 12.86 0.41 0.40
b* (Yellowness) 4.81 5.30 4.63 0.18 0.28
¢* (Chroma) 13.67 14.98 13.67 0.44 0.37

DYWHC, water holding capacity.

Control, commercial concentrate + rice straw from growing to late fattening; T1, TMF from growing to early fattening and commercial
concentrate + rice straw for the late fattening, T2, TMF from growing to late fattening.
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Table 8. Effects of feeding method of TMF and commercial concentrate on TBARS and VBN contents in longissimus

muscle of Hanwoo steers

Item day Control Tl T2 SEM Pr)F
0 0.18 0.20 0.18 0.01 0.17
) 3 0.27 0.25 0.25 0.01 0.10

TBARS (mgMA/kg) "
6 0.39 0.41 0.38 0.01 0.94
9 0.61 0.64 0.58 0.01 0.20
0 591 6.17 6.15 0.06 0.17
2 3 8.85 8.81 8.98 0.06 0.43

VBN (mg%)

6 10.17 10.26 10.49 0.12 0.53
9 16.01 15.74 15.94 0.10 0.55

DTBARS, thiobarbituric acid reacting substance; 2VBN, volatile basic nitrogen.
Control, commercial concentrate + rice straw from growing to late fattening; T1, fermented TMR from growing to early fattening and
commercial concentrate + rice straw for the late fattening, T2, fermented TMR from growing to late fattening.

I(Lee, 2008) G419 A 9ol 2255 7HEH0l A4
(Breidenstein et al., 1968; Han et al., 1996)%+= A0 & H1E31
A & At] AijolM e ARt AR 9ol 7MY =
UE T19] 71E740] 7P RA HEhd oA dAtautet Y|t
ST SA] RS AT U T2Te] Hg) T %S AnE
HPAOH(p<0.05). THWAN=} w255 Bert S7HHE ©l
9] ATATE(Mitsumoto, 1995; Demos and Mandigo, 1996)
I X[, AN 9l AL o] AHoofw Tl 7HE &
2 2R YEPFAEL SAAR] Zol= gl

TMF % HieAES] Fofifo] AAIR:- 549 TBARS ¥
VBN H|X|= 3R Table 82} At} 5-419] TBARS g2 tf
Z 9 APt R APARIC] Eolgr s S AE H
A9t A7t 2ol QIict. VBN = TBARSS} HREZ A=
APd717to] Zutetol whet A=of] #AGle] S = e B
AHE FOJAR1 o= UERA] 21t Vatanserver -5(2000)= A%
gl Eo AR wWi2A dofdtial S1310H, Moon
(2012)2 TBARS 32 549 A% 7|71o] Aafjto] et 57}
ot stk 2 A7ETolAE 549 AR7zto] soldrE
W= A2tollA] TBARS &7t 571=]0] ofd Axtdzet 4|
Sk Ao weEw, At ZUAE 9 54 2AM &
F Alel7t 2317] wliZofl TBARS w=7} HISSSH Uehd Zo=
AlEeh Ao s Alago] AAVE 54 AR R el A
o] v|Xe= FFE F2 AR AR

TMF 9 viiRAbz o] FofifHo] AARE- 549 A4t 24
H3lof| t]X|= FFR2 Table 92} AT} Oleic acid H[E&2 &2
of] vl&} T20A] AAE= Aoz UeRdor(p<0.05), TMFS] 4
F| 7Rt dofEaE Aase 23S HYIH: Palmitic acid Bl&
2 iz HJaf T1 ¥ T200A4] =3k ™(p<0.02), heptadecanoic

]

ZHA 7P =A UERATH(p<0.01). cis-8,11,14-
eicosatrienoic acid 2 arachidonic acid®] B2 &1 9 TI
of Blsh T200A &2 2E ETHp<0.03). & ZSAHAL Ble
< izl Hisf T1 & T2004 S7Fee Ade HRl W] &
EXSAAL HlEE tiRTollA & S EHAARE AL
FoRtel= §I3dtt Oleic acid= gRollA] 7FE H2 HIES A4
SH= AHMAto|H(Oka et al., 2002), 29-9] XJH}ZZ]o|4 SCD
(Stearoyl-CoA Desaturase) G40 23t stearic acid (C18:0) &
palmitic acid (C16:0)2] 2 1-3{(Barton et al., 2009; Ohsaki et
al., 2009)= Bl AB/JEc. ESL SCD 249 {44 EES A
T 499 7Rt AoUA] AR FolE B9 571 AR K
&3 QJtH(Jeong et al., 2014). & A9 Aoz 8497|5
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Table 9. Effects of feeding method of fermented TMR and commercial concentrate on fatty acids composition in longissimus

muscle of Hanwoo steers

Item Control T1 T2 SEM Pr>F
C14:0 (Myristic acid, %) 2.45 2.86 2.79 0.08 0.12
Cl14:1 (Myristoleic, %) 0.84 0.98 1.19 0.08 0.19
C16:0 (Palmitic acid, %) 22.54° 25.9° 25.02° 0.50 0.02
Cl16:1 (Palmitoleic acid, %) 5.03 5.26 5.10 0.19 0.89
C17:0 (Heptadecanoic, %) 0.82° 0.59° 0.56° 0.04 0.01
C17:0 (cis-10-Heptadecenoic, %) 0.94* 0.63° 0.63° 0.04 0.01
C18:0 (Stearic acid) 10.15 9.94 10.04 0.31 0.97
C18:1tran-9 (Elaidic acid, %) 1.56 1.17 1.48 0.09 0.05
C18:1 (Oleic acid, %) 51.93 49.11% 4797 0.66 0.05
C18:2 (Linoleic acid, %) 2.86 2.52 3.49 0.21 0.13
C20:1n9 (cis-11-Eicosenoic, %) 0.19 0.21 0.25 0.02 0.43
C18:3n3 (e-Linolenic, %) 0.18 0.33 0.35 0.03 0.07
C20:3n3 (cis-8,11,14-Eicosatrienoic, %) 0.15° 0.15° 0.32° 0.03 0.01
C20:4 (Arachidonic, %) 0.36 0.35° 0.81° 0.09 0.03
SFAY 36.90 39.92 39.04 0.64 0.13
MUFA? 59.55 56.73 55.99 0.58 0.06
PUFA?Y 3.55 3.35 4.97 0.23 0.08
UFAY 63.10 60.71 61.59 0.64 0.13

USFA, saturated fatty acid; PMUFA, mono-unsaturated fatty acid; SPUFA, poly-unsaturated fatty acid; YUFA, unsaturated fatty acid.
Control, commercial concentrate + rice straw from growing to late fattening; T1, fermented TMR from growing to early fattening and
commercial concentrate + rice straw for the late fattening, T2, fermented TMR from growing to late fattening.

(e

AL
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=

Iv.
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