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SUMMARY

I. Title

Understanding mechanisms of de novo synthesis of cholesterol and development of
technologies to produce low cholesterol beef in Hanwoo steers

IT. Objectives and needs of the study

In Korea, Hanwoo industry is facing a critical situation ever since the beef market
and live beef cattle market were opened in 1992 and 2001, respectively. Furthermore,
agreement in FTA between United States signed in 2007 push it more difficult status.

Long-term feeding with castration at weanling is recommended to produce high
quality beef in Hanwoo currently. The biggest issue to produce high quality beef in
Hanwoo is the increase in marbling degree which inevitably cause excess accumulation of
fat in body. Cholesterol which might coincide with the excess fat in animal body fat is
a major cause for metabolic disease such as arteriosclerosis and high blood pressure and
consumers, therefore, concern about high fat beef is increasing. Thus, it is necessary to
develop some technologies to produce high quality beef with low cholesterol contents
which might considered as "healthy" beef in Hanwoo.

IMl. Contents and Results of the present research

1. Studies to determine relationship between marbling degree and cholesterol contents in
Hanwoo, Angus, and American Wagyu

Cholesterol contents in Hanwoo beef was increased from 42.76 mg/100g to 51.43
mg/100g as marbling degree according to Korean Standard increased from "1" to "8".
Cholesterol contents in Angus steers also incresed from 60.79 mg/100g in “Practically
Devoid" to 78.02 mg/100g in "Abundant". Angus showed higher cholesterol contents than
Hanwoo. Crossbred American Wagyu showed similar cholesterol contents with Angus
which was from 60.28 to 75.42 mg/100g. Such a breed specific difference in cholesterol
contents in logissimus muscle might be considered as a basic data to produce "healthier"
beef in Hanwoo than other beef cattle breed.



2. Studies on the mechanisms for de novo synthesis of cholesterol and screening of
plant resources to regulate cholesterol synthesis in Hanwoo

The results obtained by culturing intramuscular adipocytes isolated from Hanwoo
steers showed that oleic acid is the only major fatty acid which esterified with
cholesterol.

Changes in morphology, GPDH activities, triglyceride contents, and the expression of
ACAT genes by the addition of the extracts of pine needle, mugwort, persimmon leaves,
licorice, and cinnamon revealed that these plant extracts inhibits lipid accumulation in
bovine adipocytes.

3. Production of low cholesterol beef in Hanwoo

1) Production of low cholesterol beef in Hanwoo using plant resources

Feeding of powder of pine needle, mugwort, persimmon leaves, licorice, and
cinnamon powder did not changed cholesterol contents in logissimus muscle of Hanwoo
steers

2) Production of low cholesterol beef in Hanwoo by modifying fiber contents in the
diets

High level of ADF in the diet significantly decreased melting temperature of lipid
extracted from longissimus muscle of Hanwoo steers. Higher ratio of 1.14 in treatment
group than that of 1.09 in control group of unsaturated fatty acid to saturated fatty acid
might affected the melting temperature. High fiber level did not affected cholesterol
contents in Hanwoo steers. Saturated fatty acids showed positive(+) correlation while
unsaturated fatty acids showed negative(-) correlation with melting point. The relationship
of fatty acids and cholesterol showed vice versa.

3) Production of low cholesterol beef in Hanwoo by controlling protein levels in the
concentrates

Increase in the level of crude protein in concentrates did not affect melting point of
lipid extracted from logissimus muscle of Hanwoo whereas it significantly decreased
cholesterol contents. This results indicate that fiber and protein may affect melting point
and cholesterol via different biochemical pathways.

4) Production of low cholesterol beef in Hanwoo by addition of fatty acid calcium and



extruded soybean plus DDGS.

Feeding of fatty acid calcium and extruded soybean plus DDGS in the diet of
finishing Hanwoo steers for 90 days caused increase in marbling degree with no
statistical differences. They also dropped melting point and increased cholesterol contents
in longissimus muscle of Hanwoo steers.

IV. Future plan for application of the results obtained

1. The data obtained in the present study will be published in the near future.

2. Feeding program to increase unsaturated fatty acid composition will be recommended
to farmers.

3. New concepts bearing "healthy" beef for high quality beef will be defined.

4. New feeding program for Hanwoo steers will be produced in feed company.

5. The results may contribute increase in income for farmers raising Hanwoo beef cattle.
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Table 1. Relationship between fat contents in longissimus muscle and marbling degree
standard in Korea, Japan, and United States.

Marbling degree standard

0,
et % Korea” Japan? United States®
0-1 Practically devoid
2-3 Traces
3-4 1 Slight
4-5 Small
6-7 2 Modest
7-8 1 3
8-9 2 4 Moderate
9-10 3 5 Slightly abundant
11-12 4 6 Moderately abundant
12-15 5 7 Abundant
15-17 6 8
17-19 7 9
19-21 8 10
21-23 9 11
23- 12

Y Longissimus muscle between 13th thoracic vertebrae and 1st lumbar vertebrae.
2 Longissimus muscle between 6th and 7th thoracic vertebrae.
% Longissimus muscle between 12th and 13th thoracic vertebrae.
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Software Version : 6.3.1.0504 Date : 2/15/2007 6:01:26 PM
Sample Name : ¢1-137 Data Acquisition Time : 2/15/2007 1:07:12 PM
Instrument Name : Clarus 500 Channel A

Rack/Vial : 02 Operator : GC

Sample Amount : 1.000000 Dilution Factor : 1.000000

Cycle i

Result File : C\GC\Data\kimhea cholesteroN07-02-15 AOAC colesterol kimehea
sample-20070215-133720.rst
Sequence File : C:\GC\sequence\07-02-14 youngju colesterol 04-8-20070214-185034.seq

Fig. 1. A representative chromatogram for the analysis of cholesterol in longissimus
muscle of Hanwoo steers. (The peak at 17.05 min retention time was identified as
"Cholesterol" and the one at 21.72 min was identified as "Stigmasterol" used for
negative control)
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Table 3¢ v}eb mRe} o], 32.36 mg/100g*-El 75.42 mg/100g7FA WA E = 4w
g EXE YERST

Table 3. Cholesterol contents in Hanwoo steers sampled from local meat packer.

. Marbling Cholesterol, ] Marbling Cholesterol,
Animal 1D Animal 1D
degree mg/100g degree mg/100g
1 1 45.33 32 3 56.46
2 8 53.26 33 3 48.28
3 1 41.67 34 5 49.39
4 2 50.20 35 6 41.85
5 3 51.68 36 3 51.67
6 1 37.66 37 4 45.40
7 2 44.23 38 8 42.35
8 1 43.16 39 6 49.23
9 1 43.25 40 8 42.06
10 1 46.30 41 5 58.17
11 1 32.63 42 5 61.68
12 5 53.12 43 7 60.09
13 2 40.08 44 7 67.84
14 7 56.28 45 4 57.57
15 1 45.96 46 3 57.37
16 2 48.12 47 3 49.49
17 4 48.87 48 6 75.42
18 6 53.59 49 4 41.31
19 1 45.80 50 5 52.83
20 5 53.26 51 4 50.23
21 2 50.67 52 6 45.77
22 1 45.86 53 4 60.09
23 2 44,72 54 6 59.72
24 2 43.01 55 3 48.25
25 2 46.47 56 3 51.81
26 4 44.07 57 3 50.65
27 4 52.63 58 6 56.30
28 7 60.95 59 7 54.29
29 2 44.69 60 7 52.39
30 8 68.05 61 4 51.26
31 2 41.70 Mean + SE  3.92 + 0.28 50.42 + 0.98

_23_



2) -9 A= FHsH = dadA

&3 Table 39 A& A E=EZ thA] A8 2H Table 49 Zth
Table 4o vebd whep ZFo] g AAMY A SHAYEIF 1o A “g"= S}
Sholl wet FelzElE el 7 55 W 42.76 mg/100gel 4] 51.43 mg/100g.°. =
TS 4 AATh

Fig. 2= ¢ Table 32 thA] S ANE=E=E S
A=l FH2HE F9s Bt JEgehA A

y = 1.887x + 43.024(R? = 0.2957)

y = ZUl&HE 3, x = SWANE

2 =2 A#RAAE oYX TR = 0.2957) 9 AA Sl QojA A= 2
2 = A ARRAT g Aoz ek
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Table 4. Cholesterol contents depending on marbling degree in Hanwoo steers

Marbling degree Cholesterol, mg/100g Marbling degree Cholesterol, mg/100g
1 45.33 4 45.40
1 41.67 4 57.57
1 37.66 4 41.31
1 43.16 4 50.23
1 43.25 4 60.09
1 46.30 4 51.26
1 32.63 Mean + SE 50.16 + 2.04
1 45.96 5 53.12
1 45.80 5 53.26
1 45.86 5 49.39
Mean + SE 42,76 + 1.41 5 58.17
2 50.20 5 61.68
2 44.23 5 52.83
2 40.08 Mean + SE 54.74 + 1.47
2 48.12 6 53.59
2 50.67 6 41.85
2 44.72 6 49.23
2 43.01 6 75.42
2 46.47 6 45.77
2 44.69 6 59.72
2 41.70 6 56.30
Mean + SE 4539 + 1.10 Mean + SE 5455 + 4.18
3 51.68 7 56.28
3 56.46 7 60.95
3 48.28 7 60.09
3 51.67 7 67.84
3 57.37 7 54.29
3 49.49 7 52.39
3 48.25 Mean + SE 58.64 + 2.28
3 51.81 8 53.26
3 50.65 8 68.05
Mean + SE 51.74 + 1.08 8 42.35
4 48.87 8 42.06
4 44.07
Mean = SE 51.43 + 6.12
52.63
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Fig. 2. Cholesterol contents depending on marbling degree in longissimus

Hanwoo steers.
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Fig. 3. Relationship between marbling degree and cholesterol contents in longissimus

muscle of Hanwoo steers.
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2. 4A= B 390 SAUW FAUEHE S SHARES] ddaA

AR R P

Texas A & M g F<& 57 (McGregor Center, Waco, Texas, USA)oll A H| 53k
289 4670l st T4 AES AAS AT @, AE AHAE 9=

YA 455
FHEH AL AT G 919 1293 139 523 AfololA] a4

7hy A
we %, Sl

T WA= A3 Table 10014 9F o] ofge] “9bA"=
_EL H,

ur
o R4 1=

FolAl AAHE Al = =vl(Table 5), W AW = AWghae 29 o ﬂ7} 5
A &S AxR A7) wio b e WA =Sl practically devoide] 7 $-
SHFS 0-1%=M Ao Hetom Aol HA e AER v AW TS Ay

=

7(] v}

O

K

olgfgt AT} AA Tu #HAHTe BAE I R, slightly abundant
o]/el™  “Prime", modest ©]’Fe]™ “Choice", slight ©]’}o]™ “Good", practically
devoid A =" “Standard" A E°] £ #AAHES WA Hrh

Table 5. Marbling degree standard used in United States.

Marbling Degree

Practically Devoid
Traces
Slight
Small
Modest
Moderate
Slightly abundant
Moderately abundant
Abundant
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b 2A2HE FY 2
A FeolAe] B4 st 99 pHoE Badg

Table 62 YA~ AMF SWAREE Fd2HE FFS UdEbd Ao=zH, &
WA =7 7hd whe “Practically Devoid"e] 7% 60.79+4.52 mg/100g, - #|H=7}
7} =& “"Abundant"®] 7 $- 78.0243.52 mg/100S UtERUo], AL =7 Fhe
T5 FH2HE ol TS & ¢ A

L A AATY AF FF AAS HEe] dAHom FHzEE ol

& Ao AdHY, 53] 399 A, Table 40| vteb nvpe} o], AL diA

3

o
= T
F oo TRl “77e] Zu|~HE o] Wi 58.64+2.28 mg/100g< U}
, A=Y A SHAREZE 7 w2 “Practically Devoid" 7} 60.79+4.52
mg/100g<S YEbH O 24, &9 F5d f’—aﬂ*ﬁﬂi ol AFolE YA T
olg gt ZH|~HE T Aol Ut AEsE FHAE A AAYEES SR

3F
g5 Qe Fas A7 A%z wuwd.

Table 6. Cholesterol contents in longissimus muscle of Angus steers for each marbling

degree.

Marbling Degree Cholesterol, mg/100g

Practically Devoid 60.79 + 452

Traces 62.55 + 3.52

Slight 65.88 + 2.85

Small 68.54 £ 1.45

Modest 67.23 + 3.52

Moderate 68.85 £ 4.55

Slightly abundant 7322 + 2.73

Moderately abundant 75.66 + 2.44

Abundant 78.02 £ 3.52
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Fig. 4= A2 AAS SuWAd=e Zd s ke Jaa
Aoz, AAHoz FUANYEr} Zrte 52 Zy 2~y E slefo] 2713
e de=s &9 AAS-I A A 712717 99 A9 B
o](R=0.3424) Tt Ao} Ze2vHE Fgzte] FAAATL FFolA B 0E 3
Ag Ao g Vet

Relationship between marbling degree and cholesterol (Angus)

110 - - —

100 IR A, I —

]
=
|
|
|

=]

=1

y = 0,0318x + 54.268

Cholesterol contents, mg/100g tissue
2

&
R®=0.3424

Lk P ]
il |
A 4 !
|

a0 L A e

Eli] 400 500 600 700 800 900 1000
Marbling degree

Fig. 4. Relationship between marbling degree and cholesterol contents in longissimus
muscle of Angus steers.

Table 7& 372 AAMFY AW AL 2SS el AozH, Fa F31A
Wakel palmitic acid(C16:0)$} stearic acid(C18:0)7} Z+7z} 27.18 2 13.04% = #A| 3%
ow, F2 EX3A|HEQ palmitooleic acid(C16:1)<} oleic acid(C18:1)7} Z+Z} 4.513}
37.82% = AA|sto] G EF A YN A WAL Bl Eo] 1.035 LERH AT

olg] gk A= AAFY SAW ALY Hl&E& May 5(1993)°] T3 AR 9t
frAReE A5 YER AT
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Table 7. Fatty acid composition in longissimus muscle of Angus steers.

Fatty acids %
Cuso 3.51 + 0.14
Cia1 1.60 £ 0.20
Ciso 0.33 = 0.02
Cieo0 27.18 + 0.44
Cie1 451 = 054
Ciro 0.50 + 0.03
Ciso 13.04 = 1.52
Cisa 37.82 + 1.14
Cis2 2.03 = 0.13
Ciss 0.11 + 0.02
Ca200 0.42 + 0.03
Coo1 0.18 + 0.03
SFAY 44.24 + 1.87
UFA? 48.35 + 1.59
MUFA? 45.60 + 0.12
UFA : SFA 1.08 £ 0.08
MUFA : SFA 1.03 = 0.07

Y Saturated fatty acid
2 Unsaturated fatty acid
% Mono-unsaturated fatty acid

Table 8& FU3 Al7]9] Texas A & M thstol Al A}S-3F Crossbred Wagyu(3/4 =
7/8), =, Amerian Wagyu, AA$-¢] WA= F~dHE 3FFS velbd Aolt),

Wagyu AAl$-9 WA= dAd Zex~HE 32, “Practically Devoid'e] 7
$- 60.28 + 6.29 mg/100g, "Abundant"¢] 7%~ 75.42 + 3.32 mg/100g& ttEFO] A A
Howm Pz AA-o Hzed o, JA ¢ BHue 72 SUAYE e Z
e & ol =A YES:
Fig. 5= Wagyu ZAAl-¢-ollA WAt el Sd2HE e 4aaAE vl
2H, SWARE7E S71E 5 FUsHE gFe]l Trtske AFeldon,

o
HAZ AAE FUTHR’=0.2114).

2

i
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Table 8. Cholesterol contents in longissimus muscle of American Wagyu steers for each

marbling degree.

Marbling Degree

Cholesterol, mg/100g tissue

Practically devoid

Traces
Slight
Small

Modest

Moderate

Slightly abundant

Moderately abundant

Abundant

62.66
60.28
64.88
63.98
66.75
67.53
65.85
73.23

75.42

+ 235
*+ 6.29
+ 3.22
+ 2.23
+ 1.30
+ 537
+ 3.17
+ 1.35

+ 3.32

110

&) e 3 g

Cholesterol contents, mg/100g tissue

50

Relationship between marbiing degree and cholesterol (Wagyu)

g

300

400

500

y=0.0354x + 52.763

R =0.2114

600 700

Marbling degree

300

200

Fig. 5. Relationship between marbling degree and cholesterol contents in

muscle of American Wagyu steers.
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Table 9. Fatty acid composition in longissimus muscle of American Wagyu steers.

Al

T o i

Al

Table 9+= Crossbred Wagyu A A1-%- SAW A4k 248 e

¢

ol
(R

2 2

o

SFA Akl palmitates} stearate”} Z}Z} 2558 2 14.61%E A5} o
palmitooleic acid®} oleic acid7} 27} 4.493} 40.24% % A slo]

ES A ARe] v o] 1.10S YER AT

=)

Fatty acid %
Ciao 292 £ 0.14
Ciaa 151 + 0.17
Ciso 0.42 + 0.05
Cis0 2558 + 0.44
Ci61 449 + 0.53
Ci7o 0.55 + 0.04
Ciso 1461 + 2.73
Cis1 40.24 + 1.32
Cis:2 229 + 0.11
Cis: 0.18 + 0.04
Cao0 0.42 + 0.05
Ca01 0.29 + 0.04
SFAY 43.67 + 2.64
UFA? 51.89 + 1.74
MUFA? 47.87 + 0.13
UFA : SFA 1.17 = 0.09
MUFA : SFA 1.10 + 0.06

Y Saturated fatty acid
2 Unsaturated fatty acid
% Monounsaturated fatty acid

ol#gt A¥= May 5(1993)°] Wagyuel 79 MUFA/SFA7}F 1.17¢]ekal 1%k
Ao v E ta W FAE e oy, dAH R A A3E e
Ao Ay, 53] o EXsAAbe]wAl H ] sl e “Fu]vel B
o] dtta & oleic acide] 4$ FA 2 AAM$-o| H|5le] Crosshred Wagyuoll 4 =
< TS e
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A 2d  ZUzHE FHo gt
=

s 759 2 ZE 4

5 TAale 42C PBS &9 Yol FA Add4
SRt ARAR W SHoRRE AEAs WER e oy, 2 A9
A Bl wel AEES AT AEES VIRA R 10% FBSE T

7h 2 zEHE 39S A 714 AAE AL

W F<Q Az Ae 3 mle KRB buffer(pH 7.4), 5 mM sodium acetate, 5 mM
glucose, 10 mM HEPES 2 1 uCi[U-**C] fatty acyl Co-AS FH7}sle] 2417k &<t ek
shich wioko] Euw 3 mle] 5% trichloroacetic acidS 3 718ke] W3S F A A ZTh
AWAEZE 0154 M NaClz} Kreb-Henseleit bicarbonate buffer2 A& &, ZF2HE
< Folch 5(1957)¢] HWHo =z F&% o3, &viE E2 29 $ 10 ml scintillation
cocktail S 7} & WALA FUAhe A4S scintillation counterE o] &34 A3}
Aot At ZU2EHE daH 20 §9% “C-labeled fatty acyl Co-A2]l #& 2471
[10°70 ] A A E 2 Akt

v, Ay 9 3z

s

Wl
v
o,
=

Fig. 6= 3% AAG-2HE F23 HAEA

g vjelA 2els g sz 2
e S AP FREZ 2 A3 2

2 =l Ao gX, FY2dHEH Addsts At
< myristic acid(C14:0), palmitic acid(C18:0), 2 stearic acid(C18:0)= o}F&l A|WHAHS A7}~
oF& Control#} FAFSH 42529 ester 23S YERNI S, oleic acid(C18:1) 2 WA E9
27b A Uebd o2, oleic acid7t EHl~EHE ol 2HE AFE o] FaL = Ao FLF

Akl Aoz et

_33_



60000

50000 [

40000 |

30000 |

20000 |

Cholesterol ester, cpr

10000 ¢

0 =
Control C14:0 C16:0 C18:0 C18:1
Fatty acid

Fig. 6. Radioisotope activity from labeled fatty acids which esterified with cholesterol in cultured
intramuscular adipocytes isolated from Hanwoo steers. (unit; cpm)

ol & & 7”%3 Chen(2001)<>] “2EHE FTY SARESA w7y ETol gk review =
L= 1t AT ol flell A% A FEjE

) F5o] oleic acid$} ester 23S st Qltia wraEl npelw
| 2~8l &2 A A ester 23S Hthe AES dolA
S A g A S shofof

§ 53] “uboly “Fure] EElE olojA = g Fo S 9§
T AR R F7F BRb olle add xdYPe M & S WA= “oleic
acid"e] dES F7HA Ak &4, oleic acide FAHEI BUFE #AE AL &
SH Ao A A H ko], g9, B A2 2 Crosshred Wagyu
T A e} FH2EE bl AA = FAR H(+)Y A
F gtake] S7heh FakekA et

B 59 F5oe e Ayd vt Eol %Zﬂﬁ}fﬂ oleic
acid®loll TFE fatty acyl CoOAS o ~¢E

(o3
o
i‘
£ ¢
2L
o
i
o
)

o
s
ofl
(G
e
o
-
X

12 ester 42 A3 o18T F UL Aol
N e HASE AREA, GF B A7 9% AL o8 FaxuE §A oA
Hrhe 7} AAs FesuEe] unnA FHd o] @A A F AN
o 2 HTe Ueld] BA2HE BAS A2 5 Ab YAoR PEFE 2AZ AT
stk
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2. FUl=HE F

oft
BN

)
fto
do
&
i
(D)

u}

2,

AR R P

1) AAxze] 8 2 g

AT 2a70d s A5 5 AATY A1 FFoF A1 9F Abo] SAHE 5
em FAZ AFHI F 42TCTE F% 3 PBS(0.14M NaCl, 0.01M Na,HPO,, 2.68mM KClI,
1.76mM KH,PO4, pH 7.4) 200mlol 1% PS(Gibco BRL, USA)9} 0.1% Fungizone(Gibco
BRL, USA)S 250ml bottleel] 231 A= 43T Clean bencholl Al 42TE
A5t Al collagenase(Sigma, USA) 40mg, BSA(Sigma, USA) 1.6g, KRB buffer(4mi/g
tissue ; 0.77M NaCl, 0.77M KCI, 0.77M KHPO4, 0.77M MgSO, - 7TH,0, 0.77M
NaHCOs;, 0.275M CaCl, - 2H,0, 0.3M glucose) 40m¢{Z T4 collagenase digestion
buffers Zd71ste] Al dstdA A3 P Aggx2S A ASEI T Shaking water-bathol
907+ 42°C, 150rpm S = digestiondt TF5, 250um nylon mesholl of 3k 5= 42°C o] A
5EF AAAA FTFEE Aol wds XAl A (immature preadipocyte) 7} 9=
St FHAste] g Al 5iE7F 2,000pmezE PAEE S & AWHFMES
DMEM(Gibco BRL, USA), PS, Fungizone2.Z T4 washing mediac] 15m(%] 33
washingstith. 2 5 pellete] DMEM/F-12 medium(Gibco BRL, USA), 10%
FBS(HyClone®, USA), 1% PS¢} 0.1% Fungizoneo.= A% growth mediaZ 77}
T T-25 flask(25cm) el 5% CO,, 95% air, 37 CollA] cultures} 33t}

= A elA d ool Fg-o] AA wEd #Ed V2 ATE A
QS ¥ opyel, o SUALAES] A UA FA) dFS 1A
= 4% sdEEEE, gdte, 9, AW, e, Ve §)& e 9l
thool g A A5 wjA I A HZe tiFH e HAERFH ol 7}
A AYgEdE Ad = =AM, AF7HA AT el A

7 @eieA wst
AWAFEe] E3l= Oil-red 09 hematoxyline. 2 FAsto 2 A FE A =AY
2o EAE G F
=
T L

37t o 2 AA Eol vjAE A AF 3 10% neutral buffer formalin(30mM

>

O:
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NaH,PO, - H0, 54.6mM NaHPO,, 37-40% formalin)©. 2 1037t AWAEE 1A 2]
T, 22 B9 washingstd ok 28" A A Eo] 100% propylene glycerolS 287t
223 S, gA 2% Zo| washingdt $oll, 0.5% Oil-red O solution(Sigma, USA
; 05% Oil-red O in 100% propylene glycol)S ©o]&3|A oF& 3LoA 30&3H
washing, 60% propylene glycerol2 ©]-83l| A 133+ WE-S-A1Z1 %, Harris' haematoxylin<
ol-galA Mttt 1 F, 50% glycerolS wltho] Qd Hrwwwk xjglale] gAw
AAELE dAnF o2 A&

1) Glycerol-3-phosphate dehydrogenase(GPDH) &4 &=
GPDH+ glucoseZF-E TAAA WS dAdstE A
2 AAES] 3t dds Hﬂ AyshstA 2 x giolth
AAE 23t AY 149 F GPDH A4 =& 45t E3d =& Felsddn. ¥
A wjokE AHEA|E 2] mediaZ A A% 3 PBS buffer® 2 washingstich 2 &
homogenizing buffer(0.25M sucrose, 1mM NaEDTA - 2H,0, 5mM Tris-base, 1mM
dithiothreitol, pH 7.4)& 7} welld 50004 ¥ % rubber policemans ©]-8-3}e] cell
< scrapingdtAth. 53k cell suspensionS- sonifier(Sonics & Materials INC., USA)&
o] &3l 40 watts, 1053+ sonicationA] 71 %, 12,500g, 4ColAl 107+ LA 28+
. g5 A= 100x0E  triethanolamine- EDTA  premix(0.02M triethanolamine,
0.5mM NaEDTA - 2H,0, pH 7.5) 8m¢el 0.1mM (-mercaptoethanol, 0.176mM NADH,
ddH,O 4.8m¢o] &3%% assay buffer 800,02} 0.8mM dihydroxyacetone phosphate lithium
solution(substrate) ~ 100x0S  H7kste]  HE  volumeo] 1mlo] HEE  &lof
spectrophotometer(SHIMADZU, UV-1601, Japan) 340nmolAl F3d=5 =439
unite] €4 FAE=E 9 NADH 1.0 nmole] 4tstol] dldsuz 387ke] &3
o] W3lE =7 stth(Kozak?} Jensen, 1974). GPDH =7 Aol = 6-well platee} A&
oS 4T HHIE %3k, assay bufferi= spectrophotometers ©] &3l &
L5 FA4s7] 5 Aol Aol 7ol FAskth &AL protein assay kit
(Bio-rad, USA)E A}-&3}¢] dye binding methodZ =73} th(Lowry &, 1951).

e
2
_0|L
o
ol
B
i
x
e
r]I.
a2
o

E2E A

o rr

t}) Cholesterol &}

ol ¢hmyl AWAEZFH AHE F=(Folch &, 1957)3 &, Fy=HE 4t
3} AAYES 5 (Zubillaga 5, 1991; Park 5, 1985)3la Ez|H Fel~HE 48 ES
GC(gas chromatography)E Al-&3te] Zd~HE TFS A% FU2dHE 24
213 GC column 0.32mm 1.D.x30m lengthx0.33/m film thickness(Supelcowax 10
column)a A]-ilo]—uﬂ AS7 )+ BZ o3 74€7]E, AP BT F7] &x=
Z}7} 260-270°C, 280-300C = 3t} ¥b7|Al= dHFS AEst 52 1.6m/min=

sy, A2 FHHFL 0544 3sho cholesterol ¢3S =7 3k,
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Zh) A WAk 2

oZ:

A AE #2418 50ml screw tefron tubeol] B o] s X]WHAlEZ <} Folch solution
Methanol 20ml 2 standard® lauric acid 2mg Z}jﬂf& % overnightA] 21 %, 0.97%
saltbm) & F7H= F9iste] dAlEE At 1 %, Aozl 31598 methylations}o]

GC(gas chromatography) = %2 it}
") ACAT gene expression

@O AGAEZFE RNA F=
EGEE] ¥ HE I AEY oF 10%g RNAS ¥338t1 glon o]F 80~
85%7} #] H.<% RNA, 15~20% RNAZ} tRNA, 1~5%7} mRNAZ o]Fojx it} #x
% RNAY tRNAGS 9A3 Z7]9] 971 DS 7HA 2 7] wjitel A7|9%, 29
A&7 2 chromatographyell 9& <=3t sk 4= = vbde] mRNAE 27| %=
teFsta @S FR7F £ Eol A7l witel g T/ mRNAE
7F A ek ey 16“*@?4 mMRNAE= 3 Zekol| poly AE 7FA3L )
SRR RNA‘/‘r tRNAG o= 7H s 4 Ari(Sambrook &, 1989). =53t
2% RNAZ sl A FAAE cloningsltal A4 RS B v
fstrt w}a}/ﬂ A= %FA% RNAT dsDNAZ A= o] cDNA libraryE A3}
o] o] &% 1 o] 2RE Us= cDNA clones & ¥ 4= 2l th(Palmiter, 1987).

6-welle] A WA E7} 315 H RNASE F=3HAH. 6-welle] vjFd S nv]9]
RNAzol B(TEL-TEST Inc, USA)E 0.7ml F7}3le] Eol9s= e||o b PO R
tubeoll 53}, chloroformS 100u/m¢ & 7}sle] EE0] 41L& 3 iceo] 5&3F
S, 14,000rpm, 20min, 4°Coll Al 4] 2] 3ot

dAEEl o RNAZE = FAsdnt F8& d o Al tubeE &3 %
iso-propanol S A=Ay & v Hrista 7PHA EE Fl iced 1583 £
b 2 oz AAZ A pellets glgh 7 AT HS WL

75% ethanolS 500403 7}&Fal 12,000rpm, 8min, 4TColA QAR slo] AFZHS
H Wl T clean benchol Al pelletS 71 ZA]Zth. DEPC(Sigma, USA) water 30405
2ol tappingeZ £33k F spectrophotometer(SHIMADZU, UV-1601, Japan)E ©] &3

{0

I

0]

o] 260nmoll Al -3 = (Optical-Density)S =743ttt RNA =71 2<1xw RNAZF
degradation® A %=712 #<2137] 935te] RNA 1xge %2 EtBr2 d%¥ 1.2%
agarose gel= A7]95 AAs ¥ W33 band7} &< ¥ W RT-PCRS A A3t

@ Reverse Transcriptase-Polymerase Chain Reaction(RT-PCR)
RNA 2ug9l Oligo dT(Perkin-Elmer, USA)¢} DEPC-waterE 4791 RNA mixtureE 7
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E3 90T 10% 59 denaturationA] 1 ¥ &3 o] renaturatione] &= HE W
A 3Fsth. 10mM dNTP(Takara, Japan), 5X RT buffer, Ribonuclease inhibitor (MBI
Fermentas, USA)S} M-MLV Reverse Transcriptase(R-Tase ; Promega, USA)E 41| RT
mixtureE W= F, A4 107 EQF X AIZL F 42T A 1A ZE 95T ol A 154,
g oA 28 FoF X3 RNase H(MBI Permentas, USA)E Y1 37ColA 20%
St AT ozN cDNAE FA st

PrimerE PCR3lo] g8 A7l Fof] HA7|FF5S 3sHH ACAT gene primere
402bp(Sundvold 5, 1997)°14 PCR productsES <latdct. H3F B-actin primer=
PCR wk&o] At G491 Sl DNA z5he] thz72 o] 5w, 838bpel el
gddm =g e 21353 th(Ponte 5, 1984).

0.6uM primer2} 1x02] ¢cDNA producte] 0.2mM dNTP, 1.5mM MgClL,E *3g3 10X
buffer, lunit Tag DNA polymerase(TaKaRa, Japan)E =% 3}o] total volumeo] 50u(°]
HEE HidSHTE 7Sk PCR reactions THEIL 94TColl A 3E3F 1cycle, 94T
30%, 58C 30x%, 72T 1% ZHo=Z 32cycle, 72TC 7%2 Z7FA 22 1cycles PCR
machine(Biometra® T-Gradient, Germany)< o] 3}e] PCR¥WHS-S A7 th. PCR product

= EtBr2 A% 1.2% agarose gelol X H7|dsste] THAGALS skt 7t
band<2] darknessi= densitometer(VILBER LORMAT, France)E ©]-&3to =733t

—

=

i
Ny
%
s}
y

Ao duAg AdEs EUE F 579 84 956 diate] A %
ZH=HE oA &5l diste] AFsA

&9, &, 7, 7%, 2 AIE ethanolZ FE3 v, F5AS 5 AWA L] &
st A T ugdd HUEgo A, o5 AEEFEL FEHo] e TUIXYAEY
ZY 2 ZE o ~HE FA &4 ACAT 54 A waa xule] 36| |z
Fe A

7t FEEES T3 R AWMz HUbs & ANEEs 2 AUSH oA &
HE gy s B2 2y, s FEY ol &9, &, 9 e g%
TS FAT F AJATH(Fig. 7)
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Control

Persimmon leave Licorice ~ Cinnamon

Fig. 7. Morphological changes in intramuscular adipocytes isolated from Hanwoo steers
and cultured with extracts from pine needle, mugwort, persimmon leave, licorice, and

cinnamone. (200x)

ol5e] &l WE FAH HIHE Hd 4 FEEY vEE 9 42 v 1
why 2 pb 3 pb, 4 pl, 5 R SO AYAE FEHFE =
WA 10 A3E E3AA 2 Al Fde Oil-red 02 948t

R A FEEA T oEHoR AgAZATT YEES AT

KN

= b} p=3
=548 AlFH GDPH &Aool tizx+o] &) FHAstglon, v% oFEZqlo]l =<l
Hh 28 4w HE FREE ET (11.869 nmol/mg protein/min)el H] 3] A
27 o] 50% o]l GPDH 274 oAl &3tE ek
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Fig. 8. Effects of plant extracts on the activities of glycerol-3-phosphate dehydrogenase
(GPDH) in cultured intramuscular adipocytes isolated from Hanwoo steers.
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Fig. 9. Effects of plant extracts on triglyceride contents in cultured intramuscular
adipocytes isolated from Hanwoo steers.
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SH9- Ul A A -8l Al acyl-CoA:cholesterol acyltransferase(ACAT) 7 #ke] w1t
2 FEF 4 wE iAo FH7bska 1047F #3212 & 248 th(Fig. 10).
£ A x4 FAe L, HY FEES ACAT Fdate] 23S dAAS
A ZAEAHT gz AYEYEH F53 F59 ACAT fdae] Hds f9os
A S7HA7IE Ao ' e
1 2 3 4 5 1 2 3 4 5
Density

il HHH

Fig. 10. Effects of plant extracts on the expression of acyl-CoA:cholesterol
acyltransferase(ACAT) gene in cultured intramuscular adipocytes isolated from Hanwoo
steers. (1; Control, 2; Pine needle, 3; Persimmon leave, 4; Licorice, 5; Cinnamon)
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FEEd v vk =3 £99 70% acetone F
leucoanthocyane] &FaFo] 761 mg%= °F 459} o (7

e ol o5t
I o R = Row, Te &9 FH%  terpene, glucokin, rutin,
apigenic acid, tannin 5¢ ol AEo® <ldle] ndY, AAE, £33, YA
=, AAY o ol EAF A EH HE AAEEAFY d8E Fo] o]&H1

gvel dejo] AH AAste WA P 43 Taatel e thdy
4004 Z9] artemisiads 212 F 3000 Fo| $-gvhdte] AAEE Ao
Ao Al HaE AL 40F lelelth £e] 7] Aoy ARAEE
2 2 FFE o oy A A ZAol = Aor dEA e,
I F8 AE-& cineole, n-thujon, sesquiterpene, sesquiterpene alcohol, camper,
terpinene-4-ol, coumarin, capilin, borneol &ol2t= H a7t Atk 53] Qx| o gh
aEsh Yl HES 5 s87A dEe Am B o] Zav glon,
Ho gy, s Gt digk Bavh vk oFE oA ofgog 4
s, TN, 7F, FHAAAR FEFo] LA grh(F3std 5, 2006).

e o FE Ayt JHAeA de of&FHol gtom, HER Colo] o7 FF9
H R 3 771 2E Este], e, A8 T 250 v Aoz A &
th el EAlete gl A EXste @l sdeA dRE 99
2l leucoanthocyanidine] ™, o] <2]ell gallocatechin®} catechino] A3l Zrapdol =
u| 2kl catechino] ¥f¥o] ¢l AO® W 9t} Catechins: =3 gde

AFAZN 2 AA = gdo] ofyAvt %38 vhde] 5A4% A4S 5 Ado
Hake] 9ol gl iAo tiio] catechinso]w], Lol o]E2] 7|5 3t
AT7F Sl o] FolxaL vk Ao EAStE catechin FhEFe] #EF = gl
o}, 7e]  catechin¥}  epicatechin, epicatechin  gallate, epigallocatechin !

epigallocatechin gallate®] 3t&Foll #3s A7+ Ao flth(H A3t 5, 1994).

=
=
K3

Aol Qe W FTHL 379 59 TEA wWE F71E Bl T oA
o7 ZFrtstgon, FEIFFS 59 %0 79-81%E Ko|trt #HAad FEA wd
ke 59 Feah 69 Xol 155-225%% H IS UEW olF 79 FodE
T7ketH, 1oo]% oAl it FFE v A9l catechinse] S 59
Tl 12-27 mg% AEolH, 6¥ Tool 17-3d4mgwE Ha gFS dEpbda, 7t

<
RN
catechin<] S (+)-catechin, (-)-epigallocatechingallate, (-)-epigallocatechin,
(-)-epicatechingallate = 2 Soh(F A3} 5, 1994)
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o] tig A4S Jehd= 49 YUY B2 2AIZA ] F& AdE =

T s ¥ ooy, AxEgdez s EetodAY AWSAdA ']l e
Swo] drt oldl Oil-red O F2& &3 3 ul, 4 W, 5 pl FFol

SOl gl 7+ %%%oﬂ rﬂfﬁ AMEZSEE gz vlag 27 (Fig.

ELa AE =G0l va A UEe
HEL R ERE R ES }om»} S AESGS el
Cytotoxicity
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O3ul M 4ul O5ul

Fig. 11. Cytotoxicity of natural extracts on intramuscular adipocytes isolated from
Hanwoo steers determined by MTT assay.
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logissimus muscle of Hanwoo steers fed natural

in

contents

Table 10. Cholesterol

products during fattening period.

Treatments

Persimmon leave

Mugwort

Pine needle

Control

52.28 + 1.69

Cholesterol, mg/100g 52.42 + 1.45 53.65 + 2.33 51.71 + 1.89
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TFARRS A4 ADFeF NDF s e et S5 Fgste FuAtas Aatst
] o]%a}gm A &F71l = Alﬂr Fes Folasint. 2ARE §A7I5H HSF7

Table 11. Acid detergent fiber(ADF) contents in total ration used in the experiment.

Control Treatment

No. of Animals, head 15 15

Growing(6 ~13 months) 18.0 20.0
Fattening(14 ~22 months) 15.0 17.0
Finishing(23~30 months) 13.0 13.0

Table 12. Chemical composition of concentrates used for control group.

- Growing Fattening Finishing
Composition
- %, as fed basis -

Moisture 11.67 = 0.31 10.96 + 0.11 11.83 = 0.22
Crude protein 1442 + 0.38 14.15 = 0.17 13.69 *+ 0.36
Crude fat 350 £ 0.11 3.88 £ 0.10 3.89 £ 0.13
Crude fiber 571 £ 0.18 523 £ 0.20 591 = 0.55
Crude ash 741 = 0.38 6.42 = 0.09 4.65 + 0.14
NFE 57.29 £ 0.78 59.35 * 0.03 60.04 £ 0.71
Ca 1.02 £ 0.02 0.79 = 0.03 0.70 = 0.01
P 0.75 = 0.12 042 + 0.01 0.48 = 0.01
ADF 11.67 + 0.52 10.88 + 0.08 9.29 £ 0.24
NDF 19.64 = 0.51 20.68 + 0.32 16.13 = 0.43
TDN" 68 70 72

D" Calculated.
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Table 13. Chemical composition of concentrates used for treatment group.

» Growing Fattening Finishing
Composition
— %, as fed basis —
Moisture 11.67 + 0.31 11.75 + 0.42 11.83 + 0.22
Crude protein 14.42 + 0.38 14.75 £ 0.20 13.69 + 0.36
Crude fat 350 + 0.11 3.31 + 0.02 3.89 + 0.13
Crude fiber 571 £ 0.18 9.02 £ 0.05 591 £+ 0.55
Crude ash 741 = 0.38 459 + 0.11 465 £ 0.14
NFE 57.29 £ 0.78 56.58 + 0.04 60.04 + 0.71
Ca 1.02 + 0.02 0.90 + 0.02 0.70 £ 0.01
P 0.75 + 0.12 0.53 + 0.01 0.48 + 0.01
ADF 11.67 + 0.51 14.06 + 0.47 9.29 + 0.24
NDF 19.64 + 51 21.72 £ 0.43 16.13 + 0.43
TDNV 68 70 72
Y Calculated.

Table 14. Chemical composition of roughages used for both control and treatment group.

Timothy hay Tall fescue straw Alfalfa
Composition
- %, as fed basis -

Moisture 8.46 + 0.29 8.43 + 0.13 9.66 + 0.87
Crude protein 6.69 + 0.16 4,12 +0.37 16.74 £+ 0.57
Crude fat 245 + 0.13 1.65 + 0.07 201 + 0.31
Crude fiber 28.19 + 1.20 31.22 + 0.81 23.84 + 0.36
Crude ash 6.40 + 0.27 5.70 £ 0.22 11.16 + 0.93
NFE 47.83 + 0.68 53.39 + 0.47 37.45 + 047
Ca 0.39 + 0.01 0.26 + 0.01 1.88 = 0.05
P 0.36 + 0.01 0.24 + 0.01 0.27 £ 0.01
ADF 37.84 £ 0.44 39.40 £+ 0.30 31.46 = 1.22
NDF 63.41 + 0.17 67.35 + 1.64 41.36 + 0.92
TDNY 50.76 36.59 51.47

b Adapted from the Composition of Korean Feedstuffs(1988).

_47_



N

!

=3

BX

—
1o

Fol Afitol

G FA47d = Ao, 1 o

ﬁo
™
O
0

oz

FAEr v

o

Ee A
bl 23

pu
R

)

e
7l

Iox
=

Al

NDF

ul
=

A4 A7EA AR Fel ADF

o

e

% 7

]

[e)
=

To

)

it A

)

E=

=

Arszo] 44

]
—

sFlaL, =3 v &

S

5 o] ol
AA A st

)]
=

o]

NF

—

Al 7EA] 309

==
TE

3]
=

A4

(€]

4 7] 5=(2006) 0l whel 52

g Aol A 24

=

5) =A54

A

1=

(1957) ]

=N
()

o] Ao 2 3E Folch

Lepage<} Roy(1986)<]

o

oF

—_
1o

T
g
o

19

©

NDFA #

=

)
oA A2l

7&%

AT

H
S

A
axl

HSA ot

o
SAS pakage®] GLM, Z21W"(2002)¢0 ule} T-test 7

o2,

gas chromatography= =2

L

.

ko)

k-3
AR H Y AFRE T8, ADF AP 88

&
A dejd A

7) 29 =H
8) =44

methylation A] %1

gl

o

K

T
Y

=

o

=

[¢)

CHP> 0.7484).

A

[e2]

A A

(o3 ]

A1 7(730.7kg) 7 tHZF

-
L

}_
_48_

A% e

[¢}

-

.

Table 15
71 ANAIA



A 7ol M & Al 54?7} 555.9kg

oltr=
= 0 0

PN

A

©.7(P>0.8016),

Table 15. Effects of different ADF levels in the ration on performances of Hanwoo

steers.
Items Control” Treatment” Pr> [t]?
No. of Heads 15 15
Initial age, day(month) 234(7.8)+39.2" 237(7.9)+38.9 0.9575
Final age, day(month) 949(31.6)+13.0 952(31.7)+20.1 0.1918
Period, day 715(23.8) 715(23.8)
Body weight, kg/hd
Initial weight 174.7£40.2 174.83+30.3 0.1900
Final weight 721.4+25.7 730.73£8.5 0.7484
Total weight gain 546.8+16.6 555.90+29.7 0.8016
Daily gain 0.76+0.13 0.78+0.08 0.0580
Feed intake, kg/hd
Concentrate 4,980.4 4,541.7
Afalfa 221.7 60.0
Timothy hay 1,153.0
Tall fescue straw 1,369.1 526.4
Sub-total 1,590.8 1,739.5
Total 6,571.2 6,281.1
Feed conversion, kg/kg
Concentrate 9.11 8.17
Roughage 2.91 3.13
Total 12.02 11.30
Y ADF low group.
2 ADF high group.
9 Probability of the T test.
 Mean + standard error.
T F sFAERAATFE AFTIE 45417kg © 9*2 th, tiE= 4,980.4kg o=
Wz 7T7h 066%7k o Bol AASUT 1Yy ¥ F ZARAAFS dzre
1590.8kg %1 oL}, A9 T 1,7395kg ww} O xS A mnged, oE
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FA471M sFAIRE Agetal FHAXRAREE OF w3 432 A, w13 7
T T ARAHAFS HET7(6,571.2kg) 7t A1 F 7(6,281.1kg)oll Bkl 4.62% H= =
7 o

S Btk AARRTES U ET(12.02kg)7F Al T(11.30kg)E Tt B ES Ao
etk =g v SaAd FEATS AyRd gzt Agte wr**71(13 )=
Z+zF 307.1kg, 319.0kg, W5 71(2270 )= Z+2t 553.6kg, 577.8kg, HI5F71(3070 )= 24
721.4kg, 730.7kgS YEFURATE

SHS 717k A g 2w, AETY A5 A7 FERAR Fo2 T SA
Fap dFTAFo] o7t ¥ EL AIFS BHAT o)AL &4V th e TAH
S HQ tEzF7F S - S BAAAAES e ®E EFeta, HE EeAT
o] ztol= A7 AGEEH FAFY] F& FolA Hate AR AdETH

weba] DESANS A E S Ak FFol B FHXARE §9F
A5 e el g Fo AES HUF AT 5 1, ol AR AT
AA FFE 1A F US4 F U

FSAEAT A (2005) N A S 9 A8 AFGA 2 TR A w2, 13709

330.4kg, 22709 % 561.4kg, 307]L = 749.1kg o &2, MK A E FE A Fo) Wﬂr oF

e e 2
7+ Aol7k AT Shin 5(2002)0] B AMSe AR A ol theke] A7 A,
71 MARE AT FAD AT FAT AT A 2k ALAH D) 5491
ol 2-3u) A%, MSAsolE 20 A Brou, W&FEr lE A Aolr} §19
g3 wastel, B Age] Adsl fAEa

Table 16 ADFAFH S UElW Aoz 59 HFAEF9 ADFAFHA FA iz

= 528.4kglout AlE T 481.9kgE Al 9.65%7F U ki, HAMEAH %‘;Q A ¥
T-7F 662.6kg o= HETW T 8.77%7F U =of ANtdE AIE BT £ F AR
9 ADFAF &S AlET(18.22%)7F WET(17.30%) Rt tha =2 Aol
ADFL T8 9 7ol 2.08~2.06kgl = =}o]7} 13T,

N
¢

Table 17 NDFAHZHS Ued Aow T H3IAE59 NDFEHZS Wz
T7F 937.3kg vt Alel = 854.7kgE A 9.66%7F =i, T FAIEZF S NDFA
H#FE x17F 1,013.8kg ot A& = 1,1105kg= A 9.54%7F =9kt ey F
9 EF ALEF Y NDFAFH %S 1,951.1~1,965.2kg o2 &k F3koll 712 2ol 7} 1t
webA] F AR F9 NDFAEFH &2 A8 7(31.21%)7F tl&=7(29.71%) K. tt tha =&
AEFolA o, NDFe &A= & F-3tel Aol7h gldth

oldel 2 Agel A= & o, 39S G mE F AR ADFef
S

NDFA &S 477} Z+7 25.00~27.00%, 41.00~45.00%7% %, H S
17.00~19.00%, 30.00~25.00%74 %, H] 5371 Zhz} 13.00%, 23.00%4 =7} 443, H)
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Table 16. Effects of different ADF levels in the ration on ADF intake and

requirement during overall feeding period of Hanwoo steers.

=
oo T

off

ADF

Item Control” Treatment?
No.of heads 15 15
Period, days 715 715
ADF intake, kg/hd
Concentrate 528.4 481.9
Alfalfa 69.7 18.9
Tall fescue straw 539.4 207.4
Timothy hay 436.3
Sub-total 609.2 662.6
Total 1,137.6 1,144.5
Total ADF intake rate,% 17.30 18.22
ADF conversion, kg/kg
Concentrate 0.97 0.87
Roughage 1.11 1.19
Total 2.08 2.06
Y Low ADF group.
2 High ADF group.
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Table 17. Effects of different ADF levels in the ration on NDF intake and NDF
requirements during overall feeding period of Hanwoo steers.

Item Control" Treatment?
No. of heads 15 15
Period, days 715 715
NDF intake, kg/hd
Concentrate 937.3 854.7
Alfalfa 91.7 24.8
Tall fescue straw 922.1 354.6
Timothy hay 731.1
Sub-total 1013.8 11105
Total 1951.1 1965.2
Total NDF intake rate,% 29.71 31.21

NDF conversion, kg/kg

Concentrate 1.71 1.54
Roughage 1.85 2.00
Total 3.56 3.54

Y Low ADF group.
2 High ADF group.

2) =44 A

Table 182 X A|gof o] &3 A g9 =AGH FHATo|},
ZotAl 5 xTe AET7E 247 721.43kget 730.73kgel i, Al

aas
409.53kg, 411.09kg(F+t 410kg)elAth SHIFHY AS SALTFAE dEzTUL
17.53mm, A& 17F 14.23mmzEA A& E7F 23% A E7F A oA EA A Fo %)
T SLAARH(P>0.3020), FE3E] on7F = Ao FuEh ey s FH AT @A

A o A= 88.87~88.63cm’= &k FitelE zbolrb gtk SEAGFAA AFH UL
61.94% o1} x4 60.920]1Ath SHSHASH:L BSH2, CoH:3)o= 33}
Aou] A]FFE= 250, ERTE 26002 AFTF7F G MAE AFS By

_52_



Table 18. Effects of different ADF levels in the ration on carcass characteristics of
Hanwoo steers.

Items Control” Treatment? Pr>|t]?
No. of heads 15 15
Marketing wt, kg 721.4+25.7Y 730.73+8.5 0.7447
Chiled carcass wt, kg 409.5+£19.3 411.1+10.1 0.9464
Yield traits
Backfat thickness,mm 17.53+1.88 14.23+2.06 0.3020
Longissmus muscle area,cnf 88.87+2.85 88.63+1.70 0.9388
Yield index 60.92+2.23 61.94+1.09 0.7042
Yield grade® 2.60+0.33 2.5040.15 0.6197
Quality traits
Marbling score® 5.13+0.37 5.50+0.29 0.4791
Meat color” 5.00+0.00 5.00+0.00 1.0000
Fat color? 3.00+0.00 3.00+0.00 1.0000
Texture” 1.330.17 1.260.14 0.3930
Maturity™ 2.27+0.48 2.08+0.65 0.9673
Quality grade™ 0.88+0.61 0.66+0.38 0.4526

Y Low ADF group.
2 High ADF group.
% Probabilty of the T test.

* Meant standard error.

)
)
% converted to numeric: grade A = 1, B = 2, and C= 3.
)
)
)

® 9 = the most abundant, 1 = devoid.

9

7 =dark red, 1 = bright.

7 = yellowish, 1 = white.

9 3 = Coarse, 1 = fine.

99 = mature, 1 = youthful.

" converted to a numeric : grade 1" = 0.01, 1 = 01,1 =1, 2 = 2.

~

8
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B A AF DOAREE LWAR TR W AT 550, T
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(5.13)E.t} 7.21%7} ¢ =o} BAA FoxE oL (P>0.4791), AlE o] SHo] A
3 M| Ao = 5 ok &4, A2 o g3kl Zolzb fUAARE A2 Al

g (126) o2 tET(1.33)0] Blste] 52%7F FAHAL = SH 5 H(1++55:0.01
+55:01, 1551, 25H:2)02 ssled, Sd552 A7k 06601312t of

T 0882 FAARD FolA= YAoK (P>04526) T Abol® o] JfHE ZoR
o] AT}

Kang 5(2001)& AMEE FAete] 67/ FH 24MLR7HA] AR E 233,
335 2 403% H|& =2 BSAle] SWAMEE 403% HolTF P E=gittE B
¢}, Ahn 5(2002) S47]e FALRE 4% FToE FoF o wFHFT 9wA
(86.8 cm*) 2 S A FA1(9.0 mm) ¥ WAL EIL G Fojul g woh §AY gFol
A A=} :owi&ﬂ% AR FEAE FAATE JAJAR, A R Gt
HGEAAE WA, AT FAE A, SWNANEE FAANTE BiE
o, A A= %Xlﬂ&%ﬂ, 2 FUAE =T gzl vlste] BAXA Fo
A= A 2A JidE AsdE dede] dAskE Al aHd W
(1993)& zAlE F7ol w H

o .
HAs F9% A el 2l E, 248 4 §4

e rlo

2] ,
—cr(1994)—°— HHJJ o 9HAL FFARE JHE AA AAT AgTUr b =AU
Ebutthal aFgiTh 1?4 H] &40 S 2 Sl
upel gEfA Ak AL A A G 2) s HHE #dHo] i Ao d#A gt
(Crouse %, 1989). &wtx o g Al7|7to] A4 X9 (Harrison %, 1978), %
25 (Zinn %5, 1970b ; Campion %, 1975)%} 1% (Zinn %5, 1970b : Epley 5, 1968)
7} F7 stk gk vp o8 %, 2003). sHAIRF B S-S AAITE AL A
FE= g 2849 =AFEA AEARE VdEk] dEe 5 dow, 54
W FA e dRFEAL 03y EFdE 4% vk (Duckett 5, 1993; May 5,
1992; Van Koevering 5, 1995). wa}A H]& Ao o3 aHE AV A=
A =APAY] Ao HAAVE Fots
Fdo HdAdEE F44 A4S 7 A G=E
A7) = uS9 v SaAE A Sl wel
@'L‘T(1976)" R 5
(2003) = =A9] &
AqME ZAF F7ket A
k= Aol frasitta sk eH(Zinn 5, 1970b ; Field, 1971 ; Dolezal ‘=, 1982).
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3) =9 olgtetd 54 AW
=A 9] o)ty E4L Table 199] viERd wpe} )
THL 62.63~62.64%, TrM AL 19.60~19.23%, AW 16.58~16.66%, 3]E-S 0.83~
0.81%°. 24 A3kl Apol7h {Ilet. deke= AlFF7F 375090 et BT 397
2 &2 ta w2 Agoldla, stagtae vxet At 247 22.90~22.41%

olltt. dHtd oz HuHErtel X7t F45 AU, tEREe 55 o] ¥,
RIFEL 2575 9 S guste vl 2 AFoME oFte] sAE AHEgS B

pHE RE A TolA] 559~5600% H|a¢al, B0 A= 56.28 ~56.55% % 4]
Gzl Zol7F GlATh I S| o

Ly
[} pus a
AMES el aghe 22.33~21.28%0a, &M =S YERHE bRt 10.39~9.76

of W EA HgFzte] A zkol7} ST

/NEE 5-(1985), Savell 5(1986) Cameron 5(1994) W o] 5(2004)%5 <] A4}l wh

29 =29 o]gdtH Jie WA EFelud AN e 4539 Eye

AL dow, ZUAY FgFoly ZUWANEE SHATHo ST E AW I
S7vekal g asie, 2w e gaditE Ravh gloy, 2

>, rlo

Aol e A ztol 7t gl
o Al A UNE(1994)F CIE 7he] Lgte] &25+, WA=
A+ Aol 9, Fd5Fo] B2 AdA Eow, SAGTH w&
o] At 3ttt A S(1996)% 20, 22 2 24709 B &3 F$ A
o] Z7}3tel ule} 70.84%, 67.96% % 67.26%FE FEITFS 7FAE L
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El
B o7
T 9 Ao Folhdria Bustgrh 183 A4S S
Bl
.

H

2
N
NS
e =

[0 o

_ELEQ{_L k
oo ome o r|r

20704
SR

HU
i

&
G
KN
yE.
2
T

9]
R
2~

o

o
Ho fo o

o] Abafriel A S W, § 2F U E48F, AR, 1A
of me} 2o 53 S abaete] whE Aol g4 5

S = Aow I 9 ar(Lawrie, 1985), T3k &A1
% thH(Dugan 5, 1999).

718} olgtehy Sl dFE MAA &

Ly

o

rlo
>
>

_55_



Table 19. Effects of different ADF levels in the ration on physico-chemical characteristics

of carcasses of Hanwoo steers.

Items Control” Treatment? Pr>|t]|?
No. of carcasses 15 15
Moisture, % 62.63+0.54" 62.64+0.37 0.9808
Crude fat,% 16.58+0.78 16.66+0.95 0.9297
Crude protein, % 19.69+0.41 19.23+0.49 0.4142
Crude ash,% 0.83+0.02 0.81+0.09 0.3603
Shear force value 3.97+0.50 3.75+0.59 0.7011
Cooking loss,% 22.90+1.77 22.41+2.18 0.8415
WHC,% 56.28+1.44 56.55+1.52 0.9060
pH 5.59+0.02 5.60+0.03 0.7247
Hunter L% 39.90+0.19 40.46+0.61 0.0681

> 22.33+0.90 21.18+0.71 0.0620

b® 10.39+0.76 9.76+0.60 0.0561

1

) Low ADF group.
2 High ADF group.
% Probabilty of the T test.
“ Mean + standard error.
)

L = lightness, a = redness, b= yellowness.

Table 202 5419 A2 vl &S Uedl RozA, AWik A4 C18:1(Oleic
acid)o] 44.07~44.63%= 7} Wokil, L t o= C16:0(Palmitic acid)”} 30.00~
29.09%°] $1t}. C18:0(Stearic acid)+= 11.56~11.59%° 2 <k F3kol] X}o]7} A, o]
9]¢l C16:1(Palmitoleic acid)> 4.24~4.12%¢°] %131, C18:2(Linoleic acid)< 3.27 ~3.94%,
C20:0(Arachidonic acid) 2.90~2.74%% o™, A ¢ F3to] A<l ztol= Ul

PHIEF(1976)E E R399 7bd ol frE A WHAES Oleic acidZ A 34~45%=
A3k thS- o 2= Palmitic acid, Stearic acido]™ o©]E& A 7Fx] 9] A|wkato] A iﬂq
°F 80%E Aw=ohil 3dFal,  Song 5(2000)= AAMEF-o = AWsHE
Palmitic acid(Ciso), Stearic acid(Ciso) % Oleic acid(Cis1)7} 7F% Z& Bl &S 248k
I, 2 o2 Palmitoleic acid(Ciei), Myristic acid(Ciso) 2 Linoleic acid(Cis:)<l
e sttt Bast & Aol Ayel A dA ST

o %
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AA E3}A 92k (Saturated fatty acid, SFA)2 47.81~46.73% WIS oL, E¥314
Ak (Unsaturated fatty acid, UFA) 52.19~53.27%°] %1 th. X3k MUFA(Monounsaturated
fatty acid)™= A&7} 49.20%, T 48.79%°] %L, UFA/SFAR] &0 A= Al -7}
L1424 °FF =2 IS HATHP>0.8416).

Table 20. Effects of different ADF levels in the ration on fatty acid composition in
logissimus muscle of Hanwoo steers.

Fatty acid, % Control” Treatment? Pr>|t]?
C14:0 2.64 + 0.15 2.53 + 0.14 0.5813
Cc14:1 0.48 + 0.08 0.45 + 0.06 0.6953
C16:0 30.00 + 0.61 29.09 + 0.72 0.0659
C16:1 424 + 0.22 412 + 021 0.8104
C17:0 0.71 + 0.02 0.78 + 0.03 0.2110
C18:0 1156 + 0.49 1159 + 0.47 0.9498
c18:1 44.07 + 0.99 44.63 + 0.98 0.7970
C18:2 3.27 + 0.39 3.94 + 0.29 0.2339
C18:3 0.13 + 0.02 0.13 + 0.01 0.8149
C20:0 2.90 + 0.36 2.74 + 0.30 0.4421
SFAY 47.81 + 1.19 46.73 + 1.05 0.5793
MUFA® 48.79 + 1.17 49.20 + 1.06 0.9246
UFA” 52.19 + 1.19 53.27 + 1.05 0.4941
M/s? 1.02 + 0.05 1.05 + 0.04 0.6158
uss? 1.09 + 0.05 1.14 + 0.05 0.8416

Y Low ADF group.

2 High ADF group

R

Mean + standard error.

N o v

Unsaturated fatty acids.

©

)
)
)
)
)
)
)

9

Probability of the T test.

A 5(2003)& AAES-o hd 54

T= 24 204HC18:1), Ex A4 L
F2 g52HC18:2), THE s A Ak 2

Saturated fatty aCidS(C12;0+C14;o+Cls;o+Clg;o+C20;o)
Monounsaturated fatty acids(Cie1+Cis1+Ca20:1)

Monounsaturated fatty acids / Saturated fatty acid.
Unsaturated fatty acid / Saturated fatty acid.



EZ3} XAl Fo) 4 Oleic acidd]

A=
=
7 9e FEATIA Bxs ARAte] vES sk wigdta siglen 59
s
o

3 ) sk vl 9l o] &)l = Westerling 5 (1979)&
A5 HAA A3 Stearic acid, Palmitic acid 2 X3} x| WAke] vl &3 F(-)9 A
2 7}A M, Oleic acidet= A (+)9] A#AA 7 Advka At

o

4) AU 31 2 ZUzEHE &F

Table 212 A4 e zol7l A2 SHAM FE23 Ao g1

SAW =HlsEHE FFel vA= dEFE dER Aotk

Table 21. Effects of different ADF levels in the ration on melting point and cholesterol
contents in longissimus muscle of Hanwoo steers.

Iltems Control Treatment Pr> |t |
Melting point, C 27.08 = 0.29 24.65 + 0.30 0.0051
Cholesterol, mg/100g 55.36 + 1.02 55.20 =+ 1.70 0.9330

S AAS-Y AlRY ARA dEFS SN A 54 AW §d8 dAAE
Al(P<0.0051) A&tAI 71 &7 AT ol WAl 24 F Ex3 AWAake] vl &
o] Z7st9 eSS AAEHE A2 HAE3 Table 199 vreld A ubake]l oA 1

S =
ARl AGTI A RIS LahAgate] mgo
1009 Wil Ee Aol S Ayl §H 9FE vAka paH

[}
e Aol Al ARa B B AU FAsHE g 2 9
=

FE v A Fe Aow FAodr

Linder(1986)cll W= AbghS v E3 TE9 Aoy HAfa FHS FElEHE9
AHAE FEst7] Wize d5 2 AW FAHHE FU2dE FFE FaA7e &9
7b dga o, B Ao Ay ADFF 2 e AiAa ke ARd F
7he - AASo AU ZHUzHE FFd & FFo] flv Ao Ay, o
= AR TR, s EY 54 Fol ddoR Agesivta Azt



Table 22= &9 AAS-9] WAL= =AW S Hed Aoz2H, e A
e AW@JE}

Table 220 uw}l=
el SUkeh o 1o}><1 w-}—t—v}—t— A S G QAT ol YRk o R A]
Tt FrbetH Fds] AekEke]l FUhgtthE A F7hA e HaiehE gNkEE o R
A, 53 SWAWE “77o] A9 Aol Y A
T o370 A UERY 16.44% HTF @38 A EEo] u R
qaiAe F o FHA A o] dasAAR, e AN

o Wds] HES da7 = A= o

Table 22. Crude fat contents in logissimus muscle and marbling degree in Hanwoo steers
used in the experiment.

Marbling degree Crude fat Marbling degree Crude fat
3 10.31 Mean + SE 16.10 + 1.80
3 20.54 6 13.02
3 14.62 6 15.29
3 11.06 6 11.30
3 22.25 6 19.70
3 19.85 Mean + SE 14.83 + 0.91
Mean + SE 16.44 + 0.86 7 15.34
4 1351 7 12.83
4 16.83 Mean + SE 14.09 + 0.89
4 14.81 8 17.97
4 19.80 8 14.81
4 11.38 8 19.80
4 15.47 8 11.38
4 20.24 8 15.47
Mean + SE 16.01 + 0.46 8 20.24
5 18.56
Mean + SE 16.61 = 0.56
5 13.46
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oAl AFA AET AL, B AN FANN F2H A% 59
ZA4% otk &9 AMS 54 Awel §Hol B Ant Ao FolE 5 47
Mol B Aol mush: §4 ARt o &9 sl uel Aus §
AZAY AnE A8 N%E AL Az ARZ fost Bl @ F e Aol
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A3k Table 203} 219 AWAakat g3lo #3 ARE v oR XA
B g% dAE AHEIAN, 2 AT E vobrbA b Ak ¥
2 A% AadAE rHEFEoRA, I e ags Ak SEiA ojwd A
Wake] &S ook sk AE THELA An A4S A HAUh

Fig. 12+= 3% ZAAlS ALY A4 5 298ds
W palmitic acid(C16:0)¢t &% 3] Z##AE Hetd Aol

0l

35
30 s
*

- 25 - @A
£ Lrars
2 20 | A
g 15 | ¥=0.5617x +8.5651 y = 0.4455x + 13.607
3 | R? = 0.4043 R? = 0.2631
= 10

5

0

0 5 10 15 20 25 30 35 40
C16:0
o UET a4 AFF—UET--- AP

Fig. 12. Effects of different ADF levels in the ration on the relationship of palmitic
acid(C16:0) contents and melting point in longissimus muscle of Hanwoo steers.
—————— ; High ADF group.

Fig. 120 YERd wRel o], 9 AN T4 AW §HS HAfFa Fool
AAglol, A E3FA WAl palmitic acide} F(+)e] A#ABAE YERHAT. o]
&3 palmitic acid®] o FadAdAE A XAl AEe] el wheh Aol
AA AstEo] LHAERRE ARGS =74 T BN oy, A AA] X ofof A
7= EARALDY] Yjle] H7| % s}
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Fig. 13, 14, ¥ 15&= A5 A& F5& 2easls o 39 AA 52 A
palmitoleic acid(C16:1), stearic acid(C18:0), & oleic acid(C18:1)¢} & z}o] AaAHA =S
Z+zF vEbdl A o]t

Palmitoleic acid®} stearic acid= 54 Aol gl Fylgh J&FS v xA ko
, oleic acid2] “d-¢- palmitic acid<}+= HH‘HE T2 ()9 FHAA

, 5 oleic acid o] 3 <

§ LEE A v Fad e ul%_— AYa gk dwk o Hur oleic
acid 3r=Fol F7hstyl FwlE XA T LelA ,
A3 vEpd vk} o] Aol § S ASAIZ) o mA, A XA o]
YAl GAIZE Aol Fole Aol Fav) HA EFomM

.

oINS

& =2 5 RS e
35
L 4
30 M P S Ao ¢ h¢
- 25 A~ E A @
= L J * A & ; = ‘A‘. ~ - A
o
a 20
=4
= 15
S o | Yy=-2.2586x +33.863 y =0.045x +26.991
R? = 0.5958 R? = 0.0004
5
0
0 1 2 3 4 5 6
c16:1
e Ozt A AET YET - - - AR

Fig. 13. Effects of different ADF levels in the ration on the relationship of palmitoleic
acid(C16:1) contents and melting point in longissimus muscle of Hanwoo steers.

____; Low ADF group, ------ ; High ADF group.
oldel & HAW 7 AwWaEs §Hze] BAS Aes) Bu, ¢ uFg
S i E 549 AWt ZAF palmitic acide] HS ZHAA]7)3L oleic
acide] Fde Z7AZ F e AF ZEage] Awselol & Ao wuH
B ATAES FF, ol §HI ARAEe] wAd JFE vAE TR
A Aol A= AL AFE A 2 ogolt
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S 15 |
g 10 y =0.9883x +12.987 y =0.1058x + 25.918
R?=0.4799 R2=0.0112
5
0 |
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C18:0
ez A AYT HET - - - AT

Fig. 14. Effects of different ADF levels in the ration on the relationship of stearic
acid(C18:0) contents and melting point in longissimus muscle of Hanwoo steers.

— Low ADF group, ------; High ADF group.
35
30 vae®
4
£ 2 )
o
3 20 4
(=)
£ 15 |
2 gy | y=-0.4467x +44.398 y = -0.2946x +39.774
R? = 0.4453 R? = 02434
5
0
0 10 20 30 40 50 60
c18:1
| e ax? A AgF——uizt- - - AET

Fig. 15. Effects of different ADF levels in the ration on the relationship of oleic
acid(C18:1) contents and melting point in longissimus muscle of Hanwoo steers.
; Low ADF group, ------ ; High ADF group.
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Fig. 16, 17, 18, ¥ 19+ ¢t9-9 AU Ze 28 E =7} palmitic acid(C16:),
palmitoleic acid(C16:1), stearic acid(C18:0), & oleic acid(C18:1)¢] A##AZ zZ+7
Eb Aot

9 AW FUzdHEI} AU #AE AuEd, & A gakake]
ot= A8 t& Z3E et 5, 319 AS, TARAEIHE Ao AHs,
XA R Aus yetdieod, FdzEHE9 4-F, palmitic acidet
stearic acid2}= H-(-)2] S, palmitoleic acid®} oleic acidet= A (+)9] A#S e
RIFeA=

|
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2
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oy gt Ay, 2apd e AT WEF ZU~HED ester Z2FS e AWAEe
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7V 75 FEsEHE o] Fksthal ddEth

ol Aw7kAl g nEH AAS 9ete] Exst AWl 53] oleic acide] 3
= S7heted ok dvke Al e W] s At AowHA, FE e
o Aiks Qo] oy 7S T ALY Z2a9S JfEstolof s A awl
af Hofol o o AZtET 53] Hiv|E Av|ste AvAE 28 At A
A 22w a5 Jidel AY HodA Fv= A vt g AbdelA 1
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Fig. 16. Effects of different ADF levels in the ration on the relationship of palmitic
acid(C16:0) and cholesterol contents in longissimus muscle of Hanwoo steers.
____; Low ADF group, ------ ; High ADF group.
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Fig. 17. Effects of different ADF levels in the ration on the relationship of palmitoleic
acid(C16:1) and cholesterol contents in longissimus muscle of Hanwoo steers.

; Low ADF group,

—————— ; High ADF group.

70 o
> 60 ad *
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g 50 | ".A. A ‘
j=2]
E 40 |
2 30 |
z 50 I/ = -L7639x +75.855 y =-0.6799x + 63.406
° | R2=0.2087 R? = 0.1452
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C18:0
e gzt A AET HzT - - - YT

Fig. 18. Effects of different ADF levels in the ration on the relationship of
acid(C18:0) and cholesterol contents in longissimus muscle of Hanwoo steers.

_; Low ADF group,

------ ; High ADF group.
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Fig. 19. Effects of different ADF levels in the ration on the relationship of oleic
acid(C18:1) and cholesterol contents in longissimus muscle of Hanwoo steers.
; Low ADF group, ------ ; High ADF group.
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Fod A4S Akl
TDN A3 F 2789

7] 2] 3} 34

7}= SAS(2002)%5 Al 4] Packagee] GLM¥-2] wwo] ulz}
4 Als dHEFY AR 2
e T AFOoRE HEEo]

278, CPAAF
$ 71wl el Aol A

Table 23. Chemical composition of concentrates used for control group.

Composition - Concent.rates —
Growing Fattening Finishing
%, as fed basis
Moisture 11.88 + 0.18" 11.81 + 0.24 12.46 +0.17
Crude protein 15.31 £ 0.07 13.03 £ 0.16 12.29 £ 0.09
Crude fat 3.02 + 0.04 3.13 + 0.03 3.06 £ 0.04
Crude fiber 7.19 + 0.21 6.21 + 0.23 5.20 + 0.06
Crude ash 5.43 £+ 0.06 523 £ 0.16 5.56 = 0.05
NFE 57.17 + 0.10 60.19 + 0.16 61.43 + 0.23
Ca 0.97 + 0.03 0.87 + 0.03 0.69 + 0.02
P 0.50 £ 0.00 042 + 0.01 0.39 = 0.01
ADF 11.90 = 0.32 10.80 = 0.10 8.75 + 0.22
NDF 27.29 + 0.80 23.87 + 0.30 21.14 + 0.29
TDN" 68 70 72
Y Mean + standard error.
2 Calculated.
Table 24. Chemical composition of concentrates used for treatment group.
- Concentrates
Composition - : S
Growing Fattening Finishing
%, as fed basis
Moisture 12.04 + 0.25" 12.37 + 0.20 12.45 + 0.12
Crude protein 16.33+ 0.07 15.86 + 0.18 14.69 + 0.09
Crude fat 2.82 + 0.09 2.87 + 0.05 3.20 + 0.04
Crude fiber 8.15 + 0.23 7.56 + 0.08 454 + 0.13
Crude ash 6.23 + 0.13 6.14 + 0.07 4.89 + 0.08
NFE 54.43 + 0.52 55.20 + 0.38 60.23 + 0.17
Ca 1.07 + 0.04 0.92 + 0.01 0.68 + 0.01
P 0.58 + 0.01 0.54 + 0.01 0.49 + 0.01
ADF 12.40 + 0.13 11.34 + 0.45 6.93 + 0.35
NDF 27.98 + 0.21 25.71 + 1.08 19.46 + 0.16
TDN? 68 70 72

Y Mean + standard error.

2 Calculated.
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Table 25. Chemical composition of roughages used for both control and treatment group.

Roughages
Composition
Timothy hay Tall fescue straw
%, as fed basis

Moisture 8.07 + 1.07” 7.97 + 1.60
Crude protein 7.00 £ 1.31 5.10 £0.63
Crude fat 153 =+ 0.55 0.90 + 0.19
Crude fiber 33.97 + 219 35.97 +0.50
Crude ash 592 £ 1.33 557 £ 0.55
NFE 43.51 = 2.02 44.49 + 1.48
Ca 0.23 + 0.04 0.23 = 0.03
P 0.18 £+ 0.05 0.13 £+ 0.06
ADF 40.85 = 0.51 39.96 = 2.26
NDF 61.15 £ 0.07 61.11 + 1.19
TDN? 54.61 40.04

Y Mean + standard error.
2 Adapted from the Composition of Korean Feedstuffs(1988).
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AN T8 A AT dxzT9 A7 242 715.3kg3t 732.0kg o w4, Al T-7F
16.7kge]l © =R, A@MA F F FAFAANE ozt A@TeA Azt
577.1kg¥ 599.0kg o = A& ol A 21.9kge] o =4 HAoh 4T FAFE =7t
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At AS TFARY TR AFALFS 77 50723kg, AETL
5,148.9kgeloH, ZAIRAALFS =279 AP+t 47 79 1,377.5kg¥
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Z7e AlgT7E Zh7E 8799k 239 ¥ 8,607 231E zfolE Ho|A| ekkar, uwhElbA
F AR TEAA R 2T (11.18)%F A9 4(10.91)7F WISzl thEbykT)

Table 26. Effects of different protein levels in the concentrates on the performances of
Hanwoo steers during overall feeding period.

Items Control? Treatment? Pr> |t]?

No. of Heads 15 15
Initial age, day(month) 161.1(5.41)+28.14% 157.5(5.3)£27.80 0.9319
Final age, day(month) 943.1(30.6)+23.33 930.5(30.5)+23.33 0.9319
Period, day(month) 773 773

Body weight, kg/hd

Initial weight 138.2+22.37 133.0+£22.79 0.8786
Final weight 715.3+2.69 732.0£10.71 0.2042
Total weight gain 577.1+22.52 599.0+22.05 0.5248
Daily gain 0.75+0.03 0.77+0.03 0.6028
Feed intake, kg/hd
Concentrate 5,072.3 5,148.9
Tall fescue straw 576.5 572.7
Timothy hay 801.0 812.5

Total 6,449.8 6,534.1
Feed conversion kg/kg
Concentrate 8.79 8.60
Roughage 2.39 231

Total 11.18 10.91

)

Low CP group.

) High CP group.

9 Probability of the T test.
) Mean + standard error.

2

~

w3 2dd TS Bu(Table 27), 27+ F9 754.0kg, A3 771 882.1kge
2, AET7E 11% O wol dFASAT olYd Aol TIFAIRY Zuwd FFEAb
olo] o3 & Zog FIARZRY T uAFHFS dxzTe AFTFIE 7
7} 666.5kg¥  796.0kg o2 AlE oA 19.4%7F © WdTh AR RPE O] ok
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Table 27. Effects of different protein levels in the concentrates on crude protein intake of
Hanwoo steers during overall feeding period.

Item Control” Treatment”
No. of heads 15 15
Period, days 773 773
CP intake, kg/hd
Concentrate 666.5 796.0
Tall fescue straw 29.4 29.2
Timothy hay 56.1 56.9
sub-total 85.5 86.1
Total 754.0 882.1

CP conversion, kg/kg

Concentrate 1.15 1.33
Roughage 0.15 0.14
Total 1.30 1.47

Y Low CP group.
2 High CP group.

TDN 4] # = (Table 28)2 s FALEZ5E 4133k TDNo|] tjx=7} 3,573.8kg, A&
= 3585.7kgl.® zlo]E Holx gron AR EFE e TDNAHAZE iz
2 A G 7Y 747t 437.4kg B 443.7kgE AFol7t gldth ol & 7F AREEE A}
o] TDNo] F3o] Hda7] Wil Aez welrh =3 TDN 2783 53FAL
2 A RN E T AE TV 44 6,199 1.15 % 5.99¢ 1.12% M|z
&S Jed o, weA F TDNS T8 2771 7.34, A +7F 712 4
Fol & HEb A e kTh

ol 2 % (2004)°] AMES-o HSuAER HAGwE FFol] o K47
(16-15-14%), H|% 7] (15-14-13%), Hl5Z 7] (14-13-12%), H]5F7] (13-12-11%)= <
g HuA e dIFSAF D ARHAHAZFS AFRY 2dld FEo o5 o

o] vbehtA 2githn mud A7t usd Avgd

o
I
=
L=

oo
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Table 28. Effects of different protein levels in the concentrates on TDN intake of
Hanwoo steers during overall feeding period.

Item Control” Treatment?
No.of heads 15 15
Period, days 773 773

TDN intake, kg/hd

Concentrate 3,573.8 3,585.7
Tall fescue straw 230.8 229.3
Timothy hay 437.4 443.7

Total 4,242.1 4,258.8

TDN conversion, kg/kg

Concentrate 6.19 5.99
Roughage 1.15 1.12
Total 7.34 7.11

Y Low CP group.
2 High CP group.

= T 9
o FA7leE TAY 2 AR TFE] AAEE Aor Jeyg. i
= e ste ¥ we A4 R A7h Agsefor & Ao
o

S EA &3 A= Table 290 Ve vle} 2o
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Table 29. Effects of different protein levels in the concentrates on carcass characteristics
of Hanwoo steers.

Items Control” Treatment? pr>]t]?

No. of heads 15 15

Marketing wt.,kg 715.3+2.69" 732.0+10.71 0.2042
Chiled carcass wt. kg 411.9+7.66 419.9+7.54 0.4666
Yield traits:

Backfat thickness,mm 9.4+0.68 11.1+0.98 0.1577
Longissmus muscle area,cn’ 83.4+1.55 82.1+1.58 0.5517
Yield index 66.5+0.56 65.0+0.75 0.1335
Yield grade® 1.67+0.13 2.000.14 0.0853

Quality traits

Marbling score® 6.13+0.31 5.93+0.33 0.6607
Meat color” 4.67+0.13 4.47+0.13 0.2849
Fat color® 2.47+0.13 2.53+0.13 0.7263
Texture? 1.00+0.00 1.00+0.00 1.0000
Maturity™® 2.07+0.07 2.07+0.07 1.0000
Quality grade™ 0.39+0.12 0.33+0.11 0.7085

Y Low CP group.

) High CP group.

% Probabilty of the T test.

) Mean+ standard error.

) converted to numeric: grade A = 1, B = 2, and C= 3.
)

)

)

2

4
5

® 9 = the most abundant, 1 = devoid.

"7 =dark red, 1 = bright.
8 7 = yellowish, 1 = white.
9 3 = Coarse, 1 = fine.

9 9 = mature, 1 = youthful.

™ converted to a numeric : grade 1" = 0.01, 1" =01, 1 =1, 2 = 2.

ZFe NETe WA FS Zhzb 411.9kg 419.9kgo 2 Al E ol A 8kgol O

ST A AL SAWNTAE HEF7F 9.4mm, A7 11.ImmE A o) A
1.7mm7} o FAYon, wMAGZTaHA S e A7 242 834t 82.1cr
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Table 30. Effects of different protein levels in the concentrates on physicochemical
characteristics of Hanwoo steers.

Items Control” Treatment? Pr>|t]?
Moisture, % 64.5+0.66" 64.8+0.61 0.8081
Crude fat, % 14.9+0.90 14.5+0.83 0.7205
Crude protein,% 19.3+0.27 19.6+0.25 0.3996

Y Low CP group.

)

) Hig CP group.

) Probabilty of the T test.
) Mean =+ standard error.

2
3
4
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TAle] i, ZAW P zawld gk glZ7F 645, 149 2 19.3%, Al E e
64.8, 145 2 19.6%= & T3t o FEd zolE YEA &9kt

ZA9] olglstA RS SUANEE 2 SUAYNE £ $A5HY 2y &
A7 dow FAGTHO ES5E AW TS FUtstal FE ol HAsH,
el ke Fashe Zlo® 4 A drh(McBeeot Wiles, 1967; Kelly 5, 1968;,
Savell 5, 1986; Cameron 5, 1994; ©] 5, 2004).

oj¢} o] E AF9 o5 EAA FFAIRS Wl FFo ok Ao
7F JER A 2ud AE, B Age =A54(Table 28)0llA4 53], 2ulAWE 2 &
Aea #ol7F e wiE oz oA

Table 31. Effects of different protein levels in the concentrates on fatty acid composition
of logissimus muscle of Hanwoo steers.

) Control? Treatment? 5

0 )
Fatty acid, % 15 15 Pr>|t]
C14:0 3.49 + 0.15% 293 + 0.18 0.1783
Cl4:1 0.47 = 0.06 0.34 = 0.04 0.3718
C16:0 33.43 = 0.89 34.60 = 0.93 0.4793
Cil6:1 4,06 = 0.29 3.75 + 0.18 0.4229
C17:0 0.51 + 0.13 0.33 = 0.05 0.3478
C18:0 10.18 + 0.76 11.30 + 0.42 0.0901
C18:1 43.03 + 0.63 43.43 + 0.98 0.7845
C18:2 1.87 £ 0.49 1.49 + 0.28 0.5840
C18:3 0.02 = 0.01 0.03 = 0.00 0.3333
C20:0 2.78 £ 0.27 2.95 + 041 0.8725
SFAY 50.36 = 0.91 51.33 + 1.05 0.5708
UFAY 49.44 + 0.92 48.64 + 1.05 0.6366
MUFA” 4757 + 0.69 47.25 + 0.94 0.8067
u/s® 0.99 + 0.04 0.96 + 0.04 0.5970

1

) Low ADF group.

2 High ADF group

Probability of the T test.
Mean * standard error.
Saturated fatty acids(Ciz:o+Cua:0+Cis0+Cisio+Co00)
Monounsaturated fatty acids(Cie:1+Cig:1+Co0:1)
Unsaturated fatty acids.
Monounsaturated fatty acids / Saturated fatty acid.
Unsaturated fatty acid / Saturated fatty acid.
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Al 24 =49 B9(F 5, 2000), %5 (Zembayashi 5, 1995), A4 (Yoshimura
2} Namikawa, 1983), A& (Link 5 1970a, b), A}& (Westerliing®} Hedrick, 1979), H|5
713 &, 2003)0 wheh thE A, AWAE 2] WA= ¥R &2 A K
Az oA o Falsta Egk Agah 24 SASH JAME FE we A
ow d#A 1 YTHA 5, 2003).
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Table 32. Effects of different protein levels in the concentrates on melting point and
cholesterol contents in longissimus muscle of Hanwoo steers.

Items Control Treatment Pr>|t|
Melting point, C 27.60 = 0.97 27.70 £ 0.81 0.9457
Cholesterol, mg/100g 57.67 + 1.40 55.68 + 1.04 0.2648
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Table 33. Crude fat contents in logissimus muscle and marbling degree in Hanwoo steers
used in the experiment.

Marbling degree Crude fat Marbling degree Crude fat

4 13.31 6 11.95

4 16.54 6 12.42

4 18.22 6 11.59

4 18.09 6 12.85
Mean + SE 16.54 + 1.14 Mean + SE 13.13 + 0.66

5 12.04 7 19.01

5 10.84 7 10.36

5 13.80 7 16.19

5 16.63 7 13.66

5 13.53 7 21.14
Mean + SE 13.37 £ 0.97 7 10.15

6 13.88 Mean + SE 15.09 + 1.84

6 15.67 8 22.24

6 17.33 8 17.00

6 15.62 8 14.59

6 11.37 8 18.93

6 11.05

5 10.71 Mean + SE 18.19 + 1.62

Fig. 20, 21, 22, ¥ 232 F3Alad @A 35 2Esds o 3¢ AM 59
SAAA FE3 Aol §H I palmitic acid(C16:0), palmitoleic acid(C16:1), stearic
acid(C18:0), 2 oleic acid(C18:1) z}7 A ¥tAtzte] A#AAA S Yepd Zlojt,

TAW 2 Ak R ARAAE EAE 129, vE Table 32914 554
gl Bl £ 9YSgE ghdE 2 9Pl gAAw AY Agdne
SHo T3 JFS vAE Aoz dAckEh =, palmitic acide] Aol &7
A+)e AAE, oleic acid= ()9 A#S YEHAT
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Fig. 20. Effects of different protein levels in the concentrates on the relationship of
palmitic acid(C16:0) contents and melting point in longissimus muscle of Hanwoo

steers. ; Low protein group, ------ ; High protein group.
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Fig. 21. Effects of different protein levels in the concentrates on the relationship of
palmitoleic acid(C16:1) contents and melting point in longissimus muscle of

Hanwoo steers. ; Low protein group, ------ ; High protein group.
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Fig. 22. Effects of different protein levels in the concentrates on the relationship of
stearic acid(C18:0) contents and melting point in longissimus muscle of Hanwoo

steers. ______; Low protein group, ------ ; High protein group.
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Fig. 23. Effects of different protein levels in the concentrates on the relationship of oleic
acid(C18:1) contents and melting point in longissimus muscle of Hanwoo steers.
; Low protein group, ------ ; High protein group.
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Fig. 24. Effects of different protein levels in the concentrates on the relationship of
palmitic acid(C16:0) contents and cholesterol in longissimus muscle of Hanwoo

steers. ; Low protein group, ------ ; High protein group.
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Fig. 25. Effects of different protein levels in the concentrates on the relationship of
palmitoleic acid(C16:1) contents and cholesterol in longissimus muscle of

Hanwoo steers. ; Low protein group, ------ ; High protein group.
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Fig. 26. Effects of different protein levels in the concentrates on the relationship of
steraic acid(C18:0) contents and cholesterol in longissimus muscle of Hanwoo

steers. ; Low protein group, ------ ; High protein group.
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Fig. 27. Effects of different protein levels in the concentrates on the relationship of oleic
acid(C18:1) contents and cholesterol in longissimus muscle of Hanwoo steers.
; Low protein group, ------ ; High protein group.
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Table 34. Marbling degree, chemical composition, melting point, and cholesterol contents
in longissimus muscle of Hanwoo steers.

Items Control Treatment 1 Treatment 2
Marbling degree 6.17 £ 0.65 6.18 + 0.56 6.33 + 0.46
Moisture, % 63.60 + 1.33 64.04 + 1.24 63.33 +0.60
Crude protein, % 19.72 £ 0.30 20.01 + 0.40 19.51 £+ 0.30
Crude fat, % 1468 + 1.25 1451 + 157 15.64 + 0.86
Melting point, C 26.01 = 0.47 26.93 = 041 2475 £ 0.48
Cholesterol, mg/100g 50.62 + 1.59 54,93 + 2.63 55.67 + 2.41
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Table 35. Marbling degree and crude fat contents in longissimus muscle of Hanwoo steers.

Marbling degree Crude fat Marbling degree Crude fat
1 7.79 6 15.40
Mean + SE 7.79 + 0.00 Mean + SE 15.15 + 0.88
3 8.36 7 17.50
3 10.21 7 19.00
3 8.82 7 14.68

Mean + SE 9.13 + 0.56 7 11.65
4 8.95 7 16.14
4 14.29 7 16.17
4 9.31 Mean + SE 15.86 + 1.03
Mean + SE 10.85 + 1.72 8 15.84
5 10.49 8 19.00
5 10.19 8 30.10
5 13.08 8 15.54
5 7.38 8 16.87
5 7.56 8 19.95
Mean + SE 9.74+ 1.05 Mean + SE 19.55 + 2.23
6 14.88 9 19.13
6 13.13 9 23.20
6 15.63 9 25.84
6 14.74 9 18.19
6 13.16 9 15.95
6 12.21 9 18.70
6 14.33 9 20.68
6 22.36
6 15.70 Mean + SE 20.24 + 1.26
90
80 °
70 *
g 60 | e o3 #° .
:é? 50 | KD PR - M - * *
250 | - y oé027:1ix.021573.349
20
10
0
0 10 15 20 25 30 35 40
Crude fat, % Ansung

Fig. 28. Relationship between crude fat and cholesterol contents in longissimus muscle of

Hanwoo steers.
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Table 36. Fatty acid composition of longissimus muscle in Hanwoo steers.

Fatty acids Control Treatment 1 Treatment 2 P > [t
- 05 -

Cia0 2.95 + 0.18" 3.33 £ 0.20 3.21 £+ 0.24 0.3870
Cuan 0.28 + 0.11 0.46 + 0.10 0.37 + 0.13 0.4153
Ciso 0.30 + 0.06 0.90 £ 0.22 0.42 + 0.07 0.0133
Cis1 0.10 £ 0.01 0.11 + 0.01 0.12 + 0.02 0.2088
Ciso 31.94 = 0.62 31.07 £ 1.00 30.07 £ 0.97 0.4126
Cie1 4.07 £ 048 4.30 +0.48 498 + 0.24 0.3256
Curo 0.66 + 0.24 0.73 + 0.08 0.47 £+ 0.05 0.3221
Ci71 0.49 + 0.10 0.61 + 0.08 0.43 + 0.07 0.5669
Ciso 12.06 + 0.84 10.71 £ 0.75 10.63 + 0.47 0.1840
Cisa 43.09 = 1.22 4552 + 0.99 46.10 = 1.19 0.1374
Cis2 3.38 + 0.55 2.61 + 0.40 2.07 + 0.33 0.0142
Cis: 253 + 0.44 257 + 051 229 £ 0.25 0.7227
Ca00 1.83 = 0.57 0.69 + 0.26 0.61 + 0.37 0.0587
SFA? 49.39 + 1.46 46.48 + 1.36 4518 + 1.39 0.1087
UFAY 50.61 = 1.46 53.33 £ 1.36 54.82 + 1.39 0.1079
MUFA? 47.73 = 1.55 50.65 = 1.25 51.86 + 1.34 0.0971
PUFAY 2.96 + 0.42 3.09 + 0.02 195 + 0.35 0.5829
Ci1 : Cugo 0.37 + 0.06 0.45 + 0.06 0.49 + 0.04 0.3292
MUFA : SFA 0.99 + 0.06 1.11 + 0.05 1.17 = 0.06 0.0686

Y Mean + standard error

Saturated fatty aCidS(C12;0+C14;0+C15;0+C18;0+C20;o)
Unsaturated fatty acids.

Monounsaturated fatty acids(Cie:1+Cig:1+Co0:1)
Polyunsaturated fatty acids.

)
2)
3)
)
)

5
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Fig. 29, 30, 31, ¥ 32= Alsu] AgAal 248 9 d5 HIMA 3 AAMS &
AW palmitic  acid(C16:), palmitoleic acid(C16:1), stearic acid(C18:0), 2 oleic

acid(C18:1)¢} & d o] AHATAAE Yeld ZHozH, oful Atk B 4 A uhe
GAo & d3FL HAE AL oleic acid$l Ao = FoHT),

olgidt A=, A F AlPol = Elo] H uf glof, g AAf-9 SAY
Ve sz 8l A WAkl oleic acide] FEFo] =71E 42 AL Yozt

0- 0.393IX + 36.327

30 R? =0.1885 ™ -ﬂ-‘: -
20 m AN ‘-_._M:

¥0: 0.2205x + 33.773

Melting point

y =0.1135x + 22.401

'R?=10.0371 R?=0.0121
0 L
0 5 10 15 20 25 30 35 40
C16:0
¢ dET A AL = A" 2
o= === Al —_— A2

Fig. 29. Relationship of palmitic acid(C16:0) and melting point of fat extracted from
longissimus muscle of Hanwoo steers. ; Control, ... ; Treatment 1,
,,,,,, ; Treatment 2.

yZoO 5793X +27.059
K2 = 0.0863
L300 = o _ Aol m il S
20| m e L Ll
% =;0]1096x +27.496 y =0.5989x + 23.884
R2 =0.0011 R? =0.0741
0 ‘ ‘
0 1 2 3 4 5 6 7 8
C16:1
- E= A AETl AT
HET e AREL = — A2

Fig. 30. Relationship of palmitoleic acid(C16:1) and melting point of fat extracted from
longissimus muscle of Hanwoo steers. ; Control, ... ; Treatment 1,
,,,,,, ; Treatment 2.
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Va5 " .0427x +24.951
2 — A
30 R?=0.0011 A= - *
£ 25 ¢
= 2
215
ylg (J.0026x + 26.91 y =0.3023x +22.284
i R? = 9E-07 R?=0.0891
0
0 5 10 15 20
C18:0
I ES A AFYTL = NPT
gxEr - e ATl — — A2

Fig. 31. Relationship of steariic acid(C18:0) and melting point of fat extracted from

longissimus muscle of Hanwoo steers. _ ; Control, . ; Treatment 1,

,,,,,, ; Treatment 2.

40
y.=0[2194x + 14.505
35 R = 0.1144 . A
30 [~V - i o
- I
225 | e
S20 | — . ¢ans
£y L50[0846x +23.075 y =-0.131x +31.753
12 22 = 0.0043 R? =0.0298
0
0 10 20 30 40 50 60
Cc18:1
o T A AREL w AETl
Wzd - AEFL — — AT 2

Fig. 32. Relationship of oleic acid(C18:1) and melting point of fat extracted from
longissimus muscle of Hanwoo steers. _____ ; Control, ... ; Treatment 1,
,,,,,, ; Treatment 2.
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Fig. 33, 34, 35, ¥ 36> AlsuU AWal =4S Qs A7 H7HA, ¢ AAS-
SAW  palmitic acid(C16:0), palmitoleic acid(C16:1), stearic acid(C18:0), = oleic
acid(C18:1)¢} v & F&ztel FHdAE Yebd Aol

S SAU T8 AWt ZY2EHE R e SHs dRaAE g9
SATh 53] A T AP A Sl Aitel mE SUAHE F7F a8 BEX
3tA4kel oleic acide] F7F= SAW ZFuE2HE9 sty A+ A#HS e
Ao Al A Asd AWl A5 HUtE YA EZE F7hskaL, oleic

X
acid 5 VIR EARE] Hlgol Frsgo, o d Wast FA BelsHE

[e)
o] st AAAAE YEF A U
olelgt Aa=, g AAS AU AFaet didE FFY 2dE Qe Aus
AL A A oleic acid H]& 9 F7te FAHow Y 2HZ o] FrtE oo
Age S8 & A Ao=2Z4, SlAYE 2 A4k 24 Weh aga §4
3 ZeUsHE G 5 FFMoE A B ou, wSFs] % AT AR
A 9AE ZHp ol extruded soybean+DDGS®] 7= wi$- F3 Ao g dAdkd)
90
A
80
70 |
s A
%» o0 — M —::—: 7""','1"-:7;A
£ 50 r N
° A LR *
240 |- .
£30 f A
20 7y=0.9851x+24.389 y=-0.4367x + 64.566
R® = 0.0905 R® =0.0733
10
0
0 5 10 15 20 25 30 35 40
C160
o OIERT 4 AFEF1 NPF2 —— 2T - - - AT L — —AFF2

Fig. 33. Relationship of palmitic acid(C16:0) and cholesterol contents in longissimus
muscle of Hanwoo steers. __ ; Control, ... ... ; Treatment 1, ______ ;
Treatment 2.
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Cholestrol mg/100g

:g {2.9207x+ 42,642 a
20 |_R7=0317 . m
00 ¢ T ekt tas — e
* - — o
50 + « — o« A 0 T m-- A
nl —= * o 4
i% +-2.9228 + 69.847 v = 0.6707x + 48.222
2: 2 _
7o | R?=0095 R?= 0.0379
0
0 1 2 3 4 5 6 7 8
Ci16:1
o Uzt A AETEL o AgT2
WEF - - ABTL — —AET2

Fig. 34. Relationship of palmitoleic acid(C16:1) and cholesterol contents in longissimus

muscle of Hanwoo steers. __ ; Control, ... ... ; Treatment 1, ______
Treatment 2.
2\/8: 1.4321X + 71.662 []
| R2=0.1788
S 70t
S 60 | _.T.-9 .
g 50 ..j;-‘;#':%- ———
S 40 | . =
E 30 | [ ]
S 28 :7-0.7799x+62.74 y =0.0975x +49.414
O 1o | RE=0.0099 R2 =0.0038
0
0 5 10 15 20
C18:0
*  gx B AYl Al 2
o = === AEFl — —AEF2
Fig. 35. Relationship of stearic acid(C18:0) and cholesterol contents in longissimus

muscle of Hanwoo steers.
Treatment 2.

Control,
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28 y = -0.1929X + 64.443 'y
| R2=0.0128
70 |
60 | — — A A 9_-':-
2 50 ‘_Mi
§ 40 | a o
230 | A
5 o V=0.7575x +20.335 y =0.2165x +41.156
R2 = 0.0422 R? =0.0332
10
0
0 10 20 30 40 50 60
Cci18:1
- ES A NETL NET 2
EF - - - AEFl — — AgT2

Fig. 36. Relationship of oleic acid(C18:1) and cholesterol contents in longissimus muscle

of Hanwoo steers. ; Control, ... ; Treatment 1, ______ ; Treatment 2.
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Fig. 37. Pathways for the synthesis of mevalonate from acetyl-CoA.
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Fig. 38. Pathways for the synthesis of squalene from mevalonate.
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Fig. 39. Pathways for the synthesis of cholesterol from squalene. (The enzyme
responsible for the esterification cholesterol with fatty acid at carbon 3 is
acyl-CoA : cholesterol acyltransferase ; ACAT)
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