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SUMMARY

Section 1. Studies on factors for value added pig production.

Genetic markers of PRKAG3, Mspl—HFABP genotypes can be utilized to select
pigs with high marbling scores and tenderness of pork guality.

MC4R gene marker also can be utilized high daily gain and feed efficiency
traits. These 3 gene markers can be utilized for central test station and farm
test program along with existing selection indices in korea. Average live weight
for slaughtering pig is 111kg in 2008. The average market finisher weight has
been increased by 0.763kg annually during last 15 years.

To increase revenue of finishers, the marketing weight should be increased. it is
concluded that backfat thickness should be decreased by 2.7mm at 110kg live
weight to increase market weight up to 120kg without losing lean percent.

The important factors to increase lean percent of carcass weight are ham, loin,
boston butt and picnic shoulder in order. The number of back bone can be

indicator of length of belly of pigs.

Section 2. Prediction of intramuscular fat percentage in live swine using

real—time ultrasound.

The use of real—time ultrasound to estimate backfat thickness and loin muscle
area has been well documented in both swine and beef cattle. Currently, this
technology has needed estimated of IMF percentage in breeding stock. Accurate
and reliable estimates of IMF percentage in breeding stock are needed to
increase genetic improvement. Therefore, the objective of this study was to
develop a model to predict of intramuscular fat percentage and to develop a
model to predict belly quality in live swine.

The Pearson correlation and Spearman rank correlation between carcass

IMF (Intramuscular fat) and predicted IMF were 0.76, 0.82, respectively. The



Pearson correlation between carcass IMF and predicted IMF 0.75 in Berkshire,
0.78 in Duroc, 0.85 in Landrace, 0.91 in Yorkshire, 0.82 in Fi(Landrace X
Yorkshire), 0.92 in Commercial product(LXYXxD), respectively. The Spearman
rank correlation between carcass IMF and predicted IMF 0.79 in Berkshire, 0.78
in Duroc, 0.82 in Landrace, 0.93 in Yorkshire, 0.75 in Fi(Landrace X Yorkshire),
0.91 in Commercial product(LXYXD), respectively.

Regression of carcass IMF on predicted IMF showed y—intercepts that ranged
from —0.005 to 0.836, with regression coefficient from 0.815 to 0.993. Regression
coefficient and I—intercepts of carcass IMF on predicted IMF for Berkshire were
0.966, 0.257, respectively. Regression coefficient and I—intercepts of carcass IMF
on predicted IMF for Duroc were 0.815, 0.836, respectively. Regression coefficient
and I—intercepts of carcass IMF on predicted IMF for Landrace were 0.902,
0.202, respectively. Regression coefficient and y—intercepts of carcass IMF on
predicted IMF for Yorkshire were 0.993, —0.005, respectively.

Heritabilities estimates for pHasn, CIMFE, UIMF, Hunter L value, a value, b value,
cooking loss, tenderness were 0.74, 0.88, 0.85, 0.56, 0.66, 0.65, 0.38 and 0.61,
respectively.

The genetic correlation of CIMF, UIMF, Hunter L, a, b, cooking loss with pH at
24. were —0.15, —0.14, —0.45, —0.28 —0.42 and —0.17,respectively. The genetic
correlation of UIMF, Hunter L, a, b, cooking loss, tenderness with CIMF were
0.75, 0.27, 0.37, 0.48 0.03 and —0.23,respectively. The genetic correlation of Hunter
L, a, b, cooking loss, tenderness with UIMF were 0.24, 0.30, 0.41, 0.01 and
—0.04,respectively. The genetic correlation of Hunter L, a, b, and tenderness with
cooking loss were 0.23, 0.13, 0.15 and —0.04,respectively.

The multiple regression coefficient of carcass bellies on ultrasound bellies were
0.484 at IMFA(intermuscular fat area), 0.549 at BF(backfat), —0.226
BMA (boneless muscular area), 0.271 at SFA(skin fat area), respectively.

The result of this study indicate that estimation of intramuscular fat percentage
in the live pig using real time ultrasound is feasible. The ability to measure
intramuscular fat and belly quality in the live pig will allow identification of
superior breeding stocks and the use of intramuscular fat in selection program.

Future the model for prediction be tested across different breed stocks.



Section 3. Analysis of pork quality characteristics and develop of pork

quality assessment indicator

Analysis of pork quality characteristics and design of meat quality class:
In Korea, Berkshire, Duroc, high marbling Duroc, Yorkshire, Landrace, and LYD
pigs were investigated for design of meat quality class. Their sex and breed
characteristics were evaluated objectively and subjectively by various methods.
In addition, each parameters were analyzed by correlation analysis. Landrace and
Yorkshire with rapid postmortem metabolic rate have a lower water holding
capacity (WHC) compared to Berkshire and Duroc. Moreover, Berkshire, Duroc
and high marbling Duroc showed higher NPPC marbling and color scores than
other breeds. Comparing other breeds, LYD showed a lower live weight and
carcass weight, and also showed shorter body length. Loin eye area and loin
weight of LYD was small and light, but back—fat thickness was thicker than
other breeds. From the results of correlation analysis among live body traits,
carcass traits, and quality traits, live weight was positively related with live
body length, live body width, carcass weight, carcass length, and loin weight.
Specially, live body length had positive relationship with carcass length, and
pigs with longer live body length had more back bone numbers. Muscle pH at
24 h postmortem was a positively related to National Pork Producers Council
(NPPC) marbling and color scores, and crude fat content, and negatively related
to drip loss and cooking loss. NPPC marbling score had positive relationships
with NPPC color score and crude fat content, and had negative relationship with
lightness.

By various analysis, representative parameters were selected, and meat quality
indicators was established. In addition, meat quality indicator was validated
based on relationship and differences with distribution of pork quality. Meat
quality indicator was divided based on color NPPC (3.0—5.0), marbling (2.0—4.0)
scores, drip loss (less than 2.5%), pork which agree with criterions of previous
mentioned parameters entirely was designated as high quality pork (HQ pork),
or if not, designated as normal quality (NQ) pork. HQ pork showed a higher
quality than normal pork, especially had more stable metabolic rate, more

dark—reddish color, higher marbling, and lower drip loss. This indicated that the



established meat quality indicator have more significance compared to meat
quality distribution.

Application of meat quality index: Pork quality variation was investigated by
histochemical and metabolic characteristics of the porcine muscle. Muscles with
low glycogen and high lactate contents at 45 min postmortem showed rapid
metabolic rate during early postmortem. Muscles with high glycogen and lactate
contents at 45 min postmortem showed rapid metabolic rate during early
postmortem and also showed pale meat color, high drip loss, severe protein
denaturation. Muscles with low glycogen and lactate contents at 45 min
postmortem composed of higher percentage of muscle fiber type IIB and lower
percentage of type I compared to muscles with high glycogen and lactate
contents at 45 min postmortem. Thus, glycogen and lactate contents at the early
postmortem period are the parameters that can partially explain the variation of
postmortem metabolism and of meat quality, and muscle fiber composition has
effect on metabolite contents at the postmortem period. Various parameters from
different meat quality assessments were analyzed in statistics, and representative
parameters were selected to establish the meat quality index. Established meat
quality index was validated by correlation analysis with objective and subjective
meat quality traits. Pork loin quality index 1 showed significant difference
among meat quality groups divided by meat quality indicator. It indicated the
significance of pork loin quality index 1 against meat quality indicator.
Moreover, pork loin quality index 1 was significantly correlated with all meat
quality traits. This imply that pork loin quality index 1 has possibility for index
representing objective and subjective meat quality characteristics. Pork belly
quality indicator was established based on various parameters, including NPPC
color and marbling, muscle pHis min, filter—paper fluid uptake (FFU), fat layer
thickness, fat color and firmness, for pork belly quality assessment.

Objectivity of meat quality index for verification: We investigated meat
quality traits and sensory characteristics of pork loin and belly, respectively. The
differences also were analyzed by meat quality index. In pork loin, drip loss and
FFU were negatively related with meat color. The WHC was related with
sensory quality, including tenderness, juiciness, flavor intensity, off—flavor, mouth

coating, and amount of perceptible connective tissue. In according to meat



quality class, overall acceptability of different groups confirmed their meat
quality class. In addition, we invented pork belly quality index though selected
meat quality indicator. By pork belly quality index, several statistical results
were obtained. First, marbling score of pork loin was partly related with several
sensory characteristics of pork belly. In overall acceptability of pork belly, PQ
(prime quality), HQ, NQ, and AbQ (abnormal quality) groups of overall
acceptability were decreased in order of their quality class. These results may
explain that meat quality class were valid. Second, The pork belly quality index
1 was related with not only pork belly quality traits but also sensory
characteristics and pork loin quality index 1. Third, to verify the objectivity of
pork belly index for the possible application, the distribution of pork belly index
was analyzed in their fields. In consequence, The occurrence of NQ was the
highest frequency in their pig group (about 43%). The occurrence percentage of
HQ and AbQ class were 28% and 24%, respectively. The PQ class was only
5%. In finally, Berkshire of meat quality index 1 had been ranked highly in their
pig breeds. However, LYD of meat quality index 1 had showed the lowest score
in their pig breeds. Besides, the distribution of pork belly index 1 also exhibited
normal—distribution in their pig group. Base on these results, we conclued that
the objectivity meat quality index and pork quality index were confirmed by

their applications in the meat industry.

Section 4. Research for high yield and high quality pork

Because of demand for lean pork, world pork producers have bred and
processed to pigs to be leaner and less fat through the genetic selection and
nutritional management. However, South Korean customers have a preference in
fat contained pork which referred marbling and the decrease of fat contents in
pork caused rising incidence of abnormal pork such as PSE (pale, soft and
exudative). Abnormal pork could be characterized by poor color, highly water
loss, and soft meat. Moreover it causes separation of subcutaneous fat and
reduction of juiciness and flavor.

Increase of national income in Korea causes of increasing demand of high
quality pork, and this resulting in changing the korean pork standard for the

quality of pork.



Korean pork has been undervalued to make matter worse, the outbreak of
foot—and—mouth disease in 2000 dropped the international reliability of korean
pork. However, this crisis gave many researches in Korea to investigate many
researches about production system, slaughter system and deletion of abnormal
pork producing gene, etc. for improving standardization and safety of pork. In
recent years, the import of American beef and FTA contract with us arouse
peoples attention to the crisis of pork market, but the solution for differentiation
korean pork are disputed only and results are not exist yet except brand
marketing.

Brand marketing is only activated solution in korean pork market and many
industries has promoted their product which characterized with numerous
additives and specific raw materials. But many of these products are not proved
scientifically and brand marketing has failed to get consumers attention toward
domestic pork. In research of pork consuming chart, only 4.4% of consumers
choose their pork by pork brand but 25.4% of consumers choose their pork by
quality and it was followed by freshness and safety. These results demonstrated
that pork quality could be the main target for differentiation of Korean pork. In
case of pork market in Japan, high quality pork has been sold at high price and
has competitive market. In fact, in this market, marbling considered as major
factor for high quality pork and this shows the ways that we have to pursue
for pork quality.

Consequently, this experiment was conducted to provide pig manage system for
producing high marbled pork through evaluation of nutritional change in feed
and it's effects on growth of pig and intramuscular fat contents in pork.

The first experiment was conducted to evaluate the effect of dietary low
lysine and high energy density on the growth performance and nutrient
digestibility in weaning and growing pig, and further effect on growth
performance and pork quality of finishing pig. Treatments were 1) LE1: Basal
diet, NRC requirement; 2) LE2: ME—NRC req., 20% reduction of lysine than
NRC req.; 3) LE3; ME—10% over than NRC req., 4) LE4: ME—10% over than
NRC req., Lysine—80% than NRC req. during weaning and growing periods. And
all pigs were fed same diet which all nutrients were met or exceeded the
nutrient requirement of NRC(1998). Body weight and feed intake were recorded
in every phase and average daily gain, average daily feed intake(ADFI) and G:F



ratio were calculated. Blood samples were collected from the anterior vena cava
of each pig for measuring blood urea nitrogen (BUN) concentration when the
body weights were recorded. Metabolic trial was conducted to evaluate the
nutrient digestibility and nitrogen retention with total collection method in
weaning and growing periods, respectively After the growth trial pork, 4 pigs
per treatment were collected randomly and slaughtered. Pork samples were
collected from 8th and 9th rib on right side of carcass for meat quality analysis.
For the evaluation of fatty acid composition, longissimus muscle and belly
sample of weaning and growing pigs were collected by dissection. In the result
of the first experiment, LE3 and LE4 treatments which supplemented feed with
110% ME density showed significant higher G:F ratio than 100% ME density
treatments(P<0.05). In metabolic trial, LE and LE4 treatments showed lower
nitrogen retension than other treatments and this result can explain the reason
of lower growth performance of lower lysine group. During growing period, in
showed lower growth performance and BUN concentration were observed.
However, when pigs were fed the same diet, difference of growth performance
among treatments were disappeared at the end of experiment. This result could
explained with compensatory growth of finishing pigs. In pork quality analysis,
only CIE a value were improved in LE2 and LE3 treatments(P<0.01) and fat
contents, marbling score, water holding capacity and shear forces were not
showed significant difference. Consequently, growth in weaning and growing
periods were more affected by lysine level than energy density of feed and pork
quality were not improved enough if pigs fed feed with adequate nutrient in
finishing period.

The second experiment were conducted to evaluate the effect of lysine
limitation on growth performance, nutrient digestibility and meat quality in
growing, finishing pig. Treatments were 1) CON: basal diet, NRC(1998) req.; 2)
LDI1: reduced 10% dietary lysine level than basal diet; 3) LD2; reduced 20%
dietary lysine level than basal diet; 4) LD3: reduced 30% dietary lysine level
than basal diet. Body weight and feed intake were recorded in every phase and
ADG, ADFI and G:F ratio were calculated. Blood samples were collected from
the anterior vena cava of each pig for measuring blood urea nitrogen (BUN)
concentration when the body weights were recorded. Metabolic trial was

conducted to evaluate the nutrient digestibility and nitrogen retention with total



collection method in weaning and growing periods. After the growth
performance experiment, 4 pigs per treatment were selected randomly and
slaughtered for analysis of pork quality. Meat samples were collected from 8th
and 9th rib on right side of carcass for pork quality analysis. In the result of
the second experiment, CON and LD1 treatments showed significant higher ADG
and G:F ratio than other treatments in growing period(P<0.01). But lower
growth performance was observed in LD3 treatment during entire experimental
period (P<0.05) and BUN concentration of LD3 treatment at the end of finishing
period were the highest among treatments (P<0.05). Nutrient digestibility did not
changed by dietary treatments. In carcass and pork quality analysis, all the
lysine limitation treatments resulted in higher backfat thickness among
treatments, but significant difference were not observed. The LD1 treatment
showed the best pork quantity and quality based upon korea pork grade system.
Higher fat contents(P<0.05) and marbling score(P<0.10) were observed in LD2
and LD3 groups. Although significant difference was not observed, LD2 group
showed higher water holding capacity and shear force numerically. Saturated
fatty acid in pork was tended to increase by lysine limitation. Consequently,
supplementation of low lysine diet during growing and finishing periods could
improve marbling of pork efficiently. And lysine limitation over 10% could
restrict growth performance of pig but improve pork quality. However, reduce
30% lysine did not showed better pork quality than 20%, therefore reduction of
20% lysine could be recommended for produce high marbled pork.

The third experiment was conducted to evaluate the effect of supplementation
of low lysine and high energy density diet on the growth performance, nutrient
digestibility and meat quality in finishing pigs. Treatments were 1) CON: basal
diet, NRC(1998) req. 2) HLI1: increase 100kcal/kg ME density; reduce 15% of
lysine 3) LL1: increase 100kcal/kg ME density; reduce 30% of lysine and 4)
HL2: increase 200kcal/’kg ME density; reduce 15% of lysine;, 5) LL2: increase
100kcal/kg ME density; reduce 30% of lysine. Body weight and feed in take
were recorded in every phase and ADG, ADFI and G:F ratio were calculated.
Blood samples were collected from the anterior vena cava of each pig for
measuring blood urea nitrogen (BUN) concentration when the body weight was
recorded. Metabolic trial was conducted to evaluate the nutrient digestibility and

nitrogen retention with total collection method in weaning and growing periods.



After the growth performance experiment, 4 pigs per treatment were collected
randomly and slaughtered. Meat samples were collected from 8th and 9th rib on
right side of carcass for pork quality analysis. In the result of the second
experiment, LL1 and LL2 treatments which fed reduced 30% lysine diet showed
lower body weights, ADG and G:F ratio were observed in late finishing period
(P<0.01). Growth performance of growing pigs was more affected by dietary
lysine level than energy density. Protein digestibility of LL1 treatment was
significantly lower than other treatments. In the result of pork quality analysis,
fat contents and marbling score of longissimus muscle were improved in LL1,
HL?2 treatments and affected by lysine level as well as energy density. although
significant difference were not observed, LL1 and HL2 treatments tended to
improve in water holding capacity and shear force. Consequently, increase
100kcal/kg ME density with reduce 30% dietary lysine level and increase
200kcal/kg ME density with reduce 15% dietary lysine level are both effective
for producing high marbled pork. And at the aspect of growth performance,
increase 200kcal/kg ME density with reduce 15% dietary lysine level could be
recommended.

Finally, the change of lysine level and energy density are not recommended
during weaning period for increasing marbling and fat accumulation of pigs. And
overabundant energy with reduce over 30% of dietary lysine was beneficial
nither growth performance nor meat quality. Consequently, the present trials
demonstrated that 15—20% reduction of dietary lysine with additional 100kcal
ME/kg compared to NRC standard can be recommended for higher marbled
pork. Moreover manipulation of dietary lysine and energy for marbled pork was
efficient when treatment diets were fed to finishing pigs. Although the control
of lysine level and energy density in only finishing period showed effective
result in marbled pork, for producing more marbled pork, the low lysine level
and high energy density diet of growing feed could be considered to maximize

the improvement of pork quality.



CONTENTS

Preface ................................................................................................................................... 1
Summary n KO @AM rrrreeerererrer et 2
Summary in EnghSh ........................................................................................................ 16
Contents in EngllSh ......................................................................................................... 28
Contents 1N KOream «orroseeesresresresrrereeroiiiiiiiiiiiiiiiiiiiitiitiitiiiiesiesiontsiiiteioii. 28
Chapter 1. Introduction of the research s, 31
Section 1. The needs and aim Of the research s, 31
Section 2. The method and scopes of the research e J
Chapter 2. The internal and external research status e 41
Section 1. The internal research Statug orererereerrereresrrmeeee, 41
Section 2. The external research Statug soorreeeseeorreerrerermmreere, L0
Chapter 3 Experiments and results of the research s, 5H
Section 1. Studies on factors for value added pig production. == 45

Part 1. Variation of genetic marker for meat quality at different breeds
in SWine ....................................................................................................... 45
Part 2. Variation of genetic marker for growth traits at different breeds
in SWine ....................................................................................................... 65
Part 3. Studies on factors for value added pig production :eeeeeeeeeeeeeees D

Part 4. Analysis of economic factors for high yield and high quality



Part 5. Research of assessment criterion for pork bellis quality = 7]

Section 2. Prediction of intramuscular fat percentage in live swine
using real—time UIrasound « s wsesmeesmsimmssmismmsimssismnees 106
Part 1. Prediction of intramuscular fat percentage in live swine using
real_time ultrasound ............................................................................... 106
Part 2. Development a model at assessment of belly quality in live

SWine USng real_time ultrasound ...................................................... 144

Section 3. Analysis of pork quality characteristics and develop of

pork quality assessment indicator = essesssersssrsssrasanaseranens 153

Part 1 Materials and methOdS ........................................................................ 153

Part 2 ReSUlt and diSCUSSiOH .......................................................................... 154
Section 4. Research for high yield and high quality pork «::cessseeeeees 230

Part 1. Effect of dietary lysine level and energy density during weaning
and growing periods on the growth performance, nutrient
digestibility and pork quality of finishing pig «eeeeeeeeeemmeeeneeennnnn 230

Part 2. Effect of dietary lysine limitation on the growth performance,
nutrient digestibility, fatty acid composition and pork quality in
GrOWING —fINISRING ig wweeweeereesessesssssmsessnsssisiisissiisi s 253

Part 3. Effect of dietary lysine limitation and increase of energy density
on the growth performance, nutrient digestibility, fatty acid
composition and pork quality in finishing pig seeeeeeeeeeeeeeemneeeeen. 272

Part 4. Final: Research for high yield and high quality pork «eeeeeeeeeee 279



Chapter 4 The accomplishment and contribution of the research ««eeeeeeeeeeees 292

Chapter 5 Application Of these researches .............................................................. 29’7

Chapter 6 Research information collected during research progressing -« 01

Section 1. Development of high marbling duroc using real—time ultrasound

................................................................................................................... 301

SeCtiOH 2 Marbling Standard ............................................................................... 301
Section 3. Nutritional researches for marbling improvement in pig === 302
Section 4 NMR System for hpld analysis ....................................................... 303
Chapter ’7 References ..................................................................................................... 305



31
31
37
41
41
42
45
45
45
45
53
65
65
67
75
75
83
89
89
94
97

LT
: -
: P wm Poof i :
O R ﬂ ﬂ N - :
P : P : IO
o PrE i i @&
R : PORT =3 TS !
: : : : : at — o) : ™ Dol )
H : : : H HT —_ : < T : jo
P F sa i X4
oo : : = ~ X0 NS i
oz TR il N e TR
Y G I R B B
: N G T B e B
P ; /DG of B o= B 5
Poxo : dﬂ wﬁ NN | = I oo ﬂM ain
: : - : : X X
i o : ﬁemoovmmaﬂﬂﬁfﬁﬂﬁxlﬁ%xlﬁ
: : ~ : : ﬂﬂ_ —_ O,._ ﬂAI ﬂAI
. WO : | o N o o ~
: =K K ‘0 m_x ﬂ mer ZO ﬂ ‘IU_.I ‘m OL E#E ﬂ ﬁo 1__/l ﬁo
a =" B %ﬂma.umrywrﬁﬁohﬁo%ﬂmﬂﬂmﬂ
N & oo - TR o ow T ow XN UG Y
o F Gl I S P N o o o
2 = i Mg ¥R ® oW T
_ﬂ_wu MM Mﬁ A ,__:J.J m._.J - n_-w Mo zm mK Mo oF m X H Nz o ol o
22 "FY m e kT g®oAd oL
= L T T A = | = _, O — W Hp ~ ol o)
™~ J’ ™~ X U;A ﬁE X To H;I —_
N~ mw = T o= K L U S T U
d. o} N3 ﬂ ﬂ TH vaﬂ i ju— —_— —
: B i . oo LoME Ry X KX
Py ‘.%E ol xRy - w o= 3o T R T H Ho o T mH
T mem% g O & T % T oo I BN T B A R
fo; = = = = = = : = =
m-wm Y Evm e L XX N KX » = X X —~ N K X
of Bo B Hr = = =



98

A 5 4 A

98
100

:rL(ooLﬂ] O]E }_/\]_)

B

Z]T

0l
K

106

ruge]

X

_Zrl

7] A

Kol

e

A 1HE A

106
106
+106
125

o
st

=K
m

o
B

=K

144
144
144
-+ 151

gt
o

Tk
i

o
B

=K

153
153

=

4 B E=L- 10

3

o o
T4 ¥

Al 2% s A

154

154
202

o7

—_—

27

il
Him
=K

=
=

s

oo

g]

G+

B717)

el

or

2.

o

e

230

o7} A=

=il
=

Mo

gl
NR
AT

A 1A AR, §4719 AR ) Bl T oA 9

230

230
231
239

il
o

7K
i

o
B

mK

@Ak

A 2 A ol A

253

253
261

a1
o

Tk
i

o
B

mK



3} oA 9]

ki3

A 3 A Abs U gelale] A

272
272
273

—

Gt
o

7K
i

o
B

mK

279

292

297

301
301
301

Z]T_

Alr

Al 2 A

302
303

A3 A.

NMR system= ©]

Al 4 4.

+ 305

3

o
al 7

XE

A7 A



A7V $FaL

<] H

=

o

ofd HEn

vl 'A453 (leaner meat)' O 2 H}¥] o]

]

FE7h A spe.

=

pu

R

of 171 ghatx[ o] i
5=

AT ALY B4 % B8

7be e hAdE skem, Ao EFel o

H1#

Al 1A

AAH o=

1;1_2

2

Aol vhe of

ﬂﬂﬂﬂ%@ﬂ
—_ XN =™ ™
S S 3w
gooT]X.; T T
XTI m,_wz._,ﬂi
_ !
ﬂnwm}uﬂoﬂ_mﬂﬂr
I R -
G
ﬁrﬂﬁﬂ,%_ﬂﬂ&
T
5 Lmﬂ%ﬁ%%
X0 o o — o <
Woor s X ° T
koELNro;oiAuW
° \OIEO_J%H%
o o W o xH T
S E ST ex
ok .Wﬂolbrm@ﬂcm
ﬂmﬂPx%
AL R TR
g S R R G B
%Eﬂ% x°
e = W mﬂdl
ﬂwmﬂfm]ﬂﬂﬂ_ﬁlx
O#OESXUNO‘%O}
qo#b,ﬂ&uﬂwﬂ
o_a_o%_odroTaw
oo X9
oo LR g om <
Wo— B
R
Eaﬂ% o HﬁT
)\ o o
o} oF Nz
Gy Hd 5 .= o0 B
T N B E X g of

64.60
4.10
31.30
39.40
1.00
59.60

39

=9 N=(%)

}
26.90
42.40
30.70
43.00
26.00
31.00

29

H| 2} 7}
8.50
53.40

38.10
17.50
73.20

9.30

14

F(%)

8.50
15.80
22.40
14.20
27.20

42.00

o) Aerel e Ax g APy HEE

=2

=
—

H,

A A]
A A]

(F D =u) 207



AT == USDAS W= &
Hdow

of tjzgk
o H| A}

FE 2] A
Dol vhebd mhsh gro] S Al A

ks
“

ol &

RES

3k A

p=Nye}
==

Els

3

71 €

5]

=
=

-

-
it

ARem (

el

TR

el

X
HH

'
il

N

\=e]
=

2 YEh S v
2 Yest (

?_]_,

0|

DEJENEE!

-
It

o

Al

of =

K

o=

-
T

1] = o A

=t

L._W

(€]

5] ]

SC]:

7} ®o] gom 20004 A

3

A Al A A

M il
AT7F = o

=
=

b ool =l AAkA Aok =

ks
pid

ol &

B3 StobA Al = A

i

EL_-
-

o
o

el

b A%HAT I FHAA BAE

s #] o] AlEel o
HAA S A 0] Al & = A

-
T

1990 tj ol

Els

A 9

=

o]
p

|
ﬁp_

Hl FTAA

;OL

%12}

A
o

Bl
g

Hin

L ol of

ol 5o} 94 2L v}
S Al gelA T

=
)

a4

4oz 3}

Z

o

Aol AFE o] 1 AFAo]

wA ApEstE UiAl

A 2

e 713

3=

L %49 A

=3}

<>

|

AR A 9

ol dofste

L
=

ks
pid

e

el

sle] o=

2

(23 D)ol veEbd npe} o] FEatza ]9



[e]

e

s}7h anl Ak

Bl 11.3% %2 YEY o

19] 587F =l =5 A

1

o] Bl

‘%1-

=

=]

s}
-

3} o

0]
pal

A=

Fiz lom Qe

°©

Z}FA

=

=
EEEREIN

=

o] 58.1%
3

&l oF

|
5

s
?‘

=
T

A=l

ol

WO " O KOXR o o EHT
£

Hp B nT B - = % m R
zﬂw_m o o g AN
2 ITELBEENE L BW
S B W bo == X 0 T
N ﬂ;aﬁﬂ_o_oﬂw_w/wﬂﬂuﬂlﬂ
~ 0
o L% Mo wm Todr Mo w He T o
< ]Q%%%ﬂﬁ@mmﬁ
O thwkTuTeles
~— O‘WE_,:.U S _Mﬂ
¢ SpBEAEET
Fo4 e, WEE 2B
Toog o L e X B e m B
- %mwAMﬁﬁthﬂnﬁmﬂ
~ W L X
o Wﬂm&m%ﬂnﬂﬂoﬂmﬂkﬁy
W < o o XM J) _Ml f Th __MVT o
a RS B NS
i = s — T oo B T
1—..Al ﬁruﬂul%wmaoiﬂﬂluﬂul
T Eﬂ_/ AW_um_%oﬂomrﬂ.
0
=5 EﬂluP Moo ol
i ﬂ%aou]ou_wﬂl%ﬂmmﬂ
s W EFIaEAY R
m ﬂ%mﬁdﬁt%ﬂ%mﬂfr%
J ;
~ ?ﬂﬁz%%ﬂ%?
S P s R L= Lo
N =0 o ,xEAeLH_a
~ A N = G
zgfigtrisg
w or ~ B ) oF oM
W =" % W m o oo ®

3}

e
==

1910] B 71

T



7+ %= (marbling)

&

[e)
FS

TR

W)

F oA T A

ksl
pu

HA ot ol ¥

S

Eo] ¥

3}

Fol A}

Ko

1o

il

Fouksh gol Syl A

ksl
R

oM 4

ol
>

g gkt

bl ) ) AE o)

HEs

KeN
=

)

R

blo

o
HH
el

ol

o] YA

o v

=
=

2407 7}

Fel7h Am™ o]

=

sz

5010}
b 5ol

5]

S|
<

=
=

44 o]

i)

Held WA o

N
Nlo

ol
B
v,

oF

Jw
ela

) 2 A

3

<

Ar

7+ 48cmeo]t}. = A

3

RE—
— 3
— ¥

atr o]

10kg 234k

Holal glet.

A2

by

A

A% 13~17709]
7} 21,57 &

=
S

19~247Y, wpepa ] o

o HFHAE

A =7k AL

Kol
=

o

5%

oF 5% Solubd] 179 o

-
R

]

o R B

g
-

solvhar 1

2.5cm™

)

=
=

L R A A R I

=%

+
el
T

fuy

0]
=

70019} FIHHAE



i

il

2.5%°] E3}sit

L= [e)
'6‘/1\:]!'1_:

1.5%,

HA ®of ZH)At

SR ERE

0]
2R

A7F a7k 3ol o

=]
5

o Fujge wolg, 54

O

w

O =l &EA7E 7 st e a7k g

o]
o

—

X

il

stel 1 A

H
T

1o} webd @A) A

0

by P
247

)

o TAtRHFEH A7 AFET Yok HE i

=
54

AFgomA A9

Him

).

olsh 7tre] J) B el

!

)

ox

+

B

_Zrl

3

7\(___]

A %7} 2 Q8
= G717} 59% 2 S317](21.6%) 4327]1(18.5%)

of ljA = A

o
=

l

= =]
- ©

o
A 26%

0]
PR

o

2=
=

A2 67%,

A}
=

°] 20041 108,832%,

A7 Ako] 747} 64,484%, 78,1210

=4 2AE AT =

20053 160,609% o]gl o, o]
2 AAEZEFY 59.3%, 48.6%

ZFA]

=
=

mK



N

mK

Hjn
el

o

mK

£ ©

O zgst 7174

Hl
=

A Bt

3

[e)
24 54

o = )=
SHAEA 4

O E%9



Al 2 A adFNEe e 2 HY

L TEATR GX AR A% 29 BT o]g AT

O A 1453

Mur,._ gl —~ =
mo . ,mﬂ 0 0 ~
Wﬁ W o A
& 5 5 - g
0 0 sy
= i o Y 7
LQL Jﬂ
_IT ﬂm ,ﬂoﬂ =z = C.t
J@.L o) Oﬁ Z‘._O
T o T X =
® o s K
o R o o &I
)A
il Iy o TR
mﬁ B &ra O oy
B mo % > w o
~ —_— ~3 ﬂyMO
Hr ﬂm BK
T = X X XA
2 ~ T K [y
= b
T X 5 o X
—_ BN n= )
) 17F OL N ~N T
) SIS o NN
i EIN B
_ ol AR
M o T+ H o H oF X
M % o~ o0
B S 3 2
N S S
o e 5 it
i st e e
X X
N o]




D 2L YA E o

O A 18954

o TS xRAT
(i ™ o ., W T 2
e ) o o = o = 2 N
ALY -
< i T - = =0
P g w3 ﬂmge@w%ﬁ ErF
\A _ — ) C.f i ]»MU Oru .mu. m .z:l EO E.Tv " ;01_ W .
o o — N N < Uu 2 o ) clo o it
P oEQ S ETEES A
B + & 4w < ® oM X
O . E X A W o
olo HJ N m  Fo m@ %0 X o
= =0 X 1 = o =
~ IS —_— Alr 5 %O
Ly N = \ 1 ~ ™
o . o R OB =o N B < AF
| o X ook T X
= | ° 5 o 5 i g a M e -
~ e & = % oo T iy G
| T N ) o 2
o ma}@%% W Ly S
o 7 i ~ < W o dr = <
;i i X _zr| N o ﬂ_uvl ;lw_vl .Mx_l EW ,M N — %0
| ﬂ R AMMH Mw op Mo A Mu o A
) ) , — _z = H
a ) %_4 | 4R % __ﬂ Gl E o o e
el = P % X | | =y N 1 op A
~ M TR OX O _ BN
> o ~ W o = _ i
o f.ErT | B < —TFig
o oo o - ~ £ = M ome o EK
N oo + o HE —
o o Iy o o o
H o dp mo N do BT
B © ey ¥ = 3 R
S i T o Oru L
i ! 2 X K| O
T ™ ~ 2
w W S
03 b
: z
X
(ap]

- 38 —




CEFY &%
A5 E
ZREECEERE R

O A 28EFA

— ]r,._
oF " :wo A
m“ N O_E X E.H MM N 17r ol
e )
B or e m% = ® P B = or o
w il o = F X o %@ﬂﬂ of U
0 = —— T r
00 Hr mn_ T B 7 w N WL ® uﬁﬁ - R T ]
Ty HEY N © 7 Jo T =
1° BA o K o - oox X 9 X of =
= = om0 = o 5 W o N il NS
> . R T - T 3 T i
w« X 0 g FRC Y R g o= X I
Hpn — Lo ) KN
© % Miu&@m,gﬂgm_ﬂ o= o
do e L 5w ) v o B oo Qoo
= ’ K =3 ojo " XC & s W 7
B - -~ o N o <~ %o o
c LR T R T A TE
2 i ° 63 in oF I 1 oF
L o 5T G @ e T X
A B I e P o o " £ = 3
i v TR T el = Ao
o T I R s E_ %wﬂ o STR:)
o) <O of mﬂ_ 5 ~ ML = S - v B ujr
to N oo w m11iﬁo@ ﬂﬁl%
® N o ) R e B (- %d%mﬂ
. o o o B W < w ° ~ P o
| g % o oy o CL R B
o N Eé%%}% ﬂ@LmE;aw
=y e _ | TR S X go M0
N X i T
D S T %ﬂ%ﬂqw%
d:,._ . ﬁo A m = O
bR oom | R
% X o ﬂ% X oo | _
,._ 0| — )
= Rl TN
— = 0
3 B S mX T
T R0
" 2 S ACIS
0y %
o b 2
g S
—_ N
N
oo
—_
X
™

-39 —



. 7 2= T] 3
_‘5-1 L 9 hy2
AL &AL é 1_“'—70 "g)x‘l'g 9 ?l‘ }‘]'OJ:
& 9 xZ2 73
A

O Al 148FA

_ G g
" o s WE > :
IS °7 i B 50 T
B oo o Fo O WE > R
mm Mc mo ° e - ” mww :
N : :
ﬂoAJdﬂ LT 1 G+ * T o0 oy
Bo X w ~ oF w8 /ooy K
wooT \ L E2E
L7 . - : i o =o = Fh
oo g X 70 mM mﬁ ML . : wn
—_— = O :
ﬂ_1ﬂ HA_I m_x J_,M i Z.* \WE < NrD .._
: X : i JJ 3 off m,m =K gyl
pas = i ~ R ’ :
Q) T z o T oy
= o = < G < T =
In Oy = 5 "Es
) T ofp Sl 4 %0 m@ <
O \mi \_lf._.mD “% ]L 17r0 _fOO ~X
N = — ‘,AI et s Et .
o 0 I = <° = b ®
z . <8 o gl ) =3
gy =% f =
o 7 4K o s L x
_ e -~ 50 e
< = i Ay S -
o _ o pe B° " gl N
= B _ .
o HP o B - _ _
Tl ol
. w3 B
ﬂﬂ&dmﬁ mﬂux%% %Mm%q
N X ofr o ol P
L B B R G .
B © JoRe N ok - R :
: ol W R Wm 2
N 2
HT ) gl
H : 8
i b 2 :
1_L| (e}
N E# ;
: lannl
_nm M
)
< -
—_
N
[ap}




ak
=
o

1.
o] ol

s
a

701—

)

278 F7hAA,
A

5] o

=

pu—

T

°©
pud

1g]9] FTA AZELS Fd =59
stol] AFEo] vk

=
=

pzs

7he) o] gkt 3 20000 A 9

|
3

G

Ao Fejol ot

4737 =+

A A o=

o

T

(2002)=

=S

o

st PSE=S A4t A&

S

2

[e]
A—-FABP

@t 2002

o
R
[e]

= A Al A

=

371 g4 2

A7
ojton] el A

=
(2007)

[e)
E=1

-

=
Ql
I

0]
T

}

=

Sl Al E AnAbEe] aEd =5 o

=

DNA AAFZIHE o]

e

=

-
T

[e)

T

§_]_,

s

H 2 & =Ue 7|si
ZEEE

AlA =Y a7 3%
FRG A A B

o S7F

(2004)

Harskglon,

L
T

o

BR

—_
file)

,mo
Njo
]

6J‘_

Aokl o

o
HJ

ol

o]-&3

il A 2=+ =

3

2 9

%
157} o] 7oA ghom, 3

L.

hEs

g AP A o] BhlE =

[e)

T

(2004)

=S

o

o

)

A=A e AEe] u

SEEEDIRES

(2007)

x5

s

o

Ko
T

o, 7 5(2007)

ol

B
!
o
Wy

No

K

—_
file)

27

Hip

o

i

<

A A5 ek,

¢+

o

E
S

i

ol

5ol

}1\1_

H
T

Ak
=t

]

S o
) N

(2002)

stolth. 4 &

=

S5} B89 gabt na

&

fol g0 444 FAAAT

I<]



3|

%
=4

9]

=

1t

2

-

T

0]
T

1A o el

°©

o] AkgHel @i Ut}

Nlo

N
;O_l

=
)

<N
o

A 5(1995)9] gFolAalz} 9

—

AR H7beE A9l

ARA.

=
T

] ©l

o

o

!

el A o]

-
s

.?_

Al 2Ad =9 AT AF

ol

ey

:’L

il

o
=5

9] 9]

T

il

oA Br¥ ™ Vonada 5(2001)2

ol
>

=

=
T
=

Fol o

S vl sl 2™, Hodgson(1991) ¥} Castell

el

S

2

|8

=
=

‘\‘j_]..,__

o

3+ Tt Newcom(2000)
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} 0.58~0.89, —0.09~

‘Zé

gk mhE g 2s10f9] 3
Aol A

A3

=

7 A=
} 0.46~0.60, 0.55~0.56°2.2 o =3}9t}.
=] 2] A

ol A

0.58~0.89, —0.09~—-0.732.= =+
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3+t Newcom(2000)
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lysine AtR w95 Fsto] =59 SWAY dFs SIS ARTF FRE olF
L 9t} (Castell & Essen—Gustavssons,1994; Kerr &, 1995; Cisneros &,1996;
Blanchard 5,1999; Witte 5,2000; Donatos,2006;). Castell 5(1994)3} Kerr =
(1995)2 S73-m]57]o] wuldo] 53 ARE FEdoad SlAYETF P4
sAthar 3hlen D'Souza 5(1999) FA7|A Alm U] @A s 9%
of W} 15% #astAY HIER AE A S W G4 =7 Fokxloy, 995
ALl AARAAE, EATAE FolF <l ztel7b gllthaL

Gz Abmel QhojA Al 1 AIRE opmqto® gholAloly whuld o
= wold A o5EuMd ddase] Astm I3 offe] ofmiito] 3] A
Al o]-& = (Witte 5, 2000), &% lysine 1t# Aol A carnitines
st 25 FHst AWM BalE JAIdH(Mayes &, 1996).
Essen—Gustavsso 5 (1994), Castell 5(1994), Kerr 5(1995), Blanchard 5(2008)<]
Aol ok lysineo] AFAYFS HA HF= AN TS FolHew 3
A ZA Y Baz e, Czabo 5(2001)9] Aol &sA lysines AgHAIZ =
Ao 2l AESE BgEHo] SrhEglom EAe F AR SUMHA F
FeFo] AT =3 F3F A 5, 6571t lysineS A$ AFYFAIZ] Bidner 5 (2004)
I Witt 5(2000)9] A% 54 ©GH 2 (loin eye area)H F FFFo] Fo%4 2
= Ay, dmd B ALRTL oy = 94 S Beksta
e 712 el SWAE S4s5ks Aol 7 SHeith 7IE obv| iiks
5k U A HEe] 7t thgk At = Cisneros 5 (1996)2] A7F o A
EAE P8t leucines ALYl H78FSlS Wl acetyl—CoA<9} acetoacetate®] 3

&

93 ol§ Ba T R A

I

bl

oo
__>|‘I_'4‘
lo,
o
Ho
=
o
o

= 2| =il
b Ao® 4 A Qdrh. Blanchard 5 (1995)2 ey A] Ao Alg o] o7}

2|
THA RS oA om Ao SHo Ak ®E ST Balssl
Ch SHAIRE Jones 5 (1992)Aoll ofshd AA=rF vie- w2 744 SA4S 7R
HA O 2 AUA FFe] AFRE Folstol: AdEe SUkekA @kt =e] o
TEZ2 Sl A7Ee] s GFAQ WA A=A VR AnER AT A
HES BAstal gler, olol tis] A& A7) o] FojAaL glom sfe] A%



A 3E ARNY Y US P Zn

0 A 1ARSA : 23R A7 B AT 8ARA

o

A 14 HAEFTE SAEYE v ©E W

1. Ag 2 Y

(E 1) 34 A F5E 5

EF FE HI3IM dc=dolx2 834 F1FZFE  LYDHIRE A

Y
P

48 10 49 61 39 85 292

—r

1}. Genomic DNA F& AA
FA| =] 28 T RO FXHE G-hair spin kit(Intron BiotechnologyTM),
%7 5mgol G—DEX Ilc Cell Lysis buffer 600ulE # 7}t & homogenizerZ ©]
3le] homogenize Al7#A 65Ce] 10 WESA|ZIt}. o] 7]o] G—-DEX Ilc Protein PPT
buffer 200ulE # 7}t 3 vortexing 3o G4 587F #A] gt} 12,00rpmol A
5% dxEEe & 1.5ml 2R FH A A E%Fe] phenol:

chloroform: isoamylalcohol(25:24:1) &3NS 7}sFo] 2+ &3ksk & A2 A 1557k
H

(e}
E=1
&

ol
g
o
g}O 01—4

12,000rpm YA} ASAES A2 1.56ml FERA U T
isopropanolS il 103 A & 3 10237F 12,000rpm GA 223} 5 A5
e w2lal DNA pelletS F3le] 500ul 70% oﬂ%%% 7hek & Ao A 11t
12,000rpm A2ttt dsds HAlor AAGT F Foleso]l s I
g ArEzvk AxA70th 2] AAld DNAE TE bufferd] 93] &8st =
H) ¥ DNAENS NanoDrop ND—1000 spectrophotometer® 4 =S =43 &



A260/A280 1.8~2.0¢] DNA &HE=<S 50ng/ulz 3|43ste] PCR T%S 913 9
om AT,

t}. PCR—RFLP £4

(1). RYR1 A8 4

Primer Primer sequence perdtE A7) | AlFEA
Foward 5'-GGT CTC CGY GCT CTC GCA CTG—-3'

526bp Hhal
Reverse 5'-CCG CAC TGG AGT CTC TGA GTC-3'

Aol e A48 AAS 915kl A7) primerE o] &3te] PCRS Fa319)
= ol AL 50~100ng/ul®] 53 DNA, primer 2} 10pmol 0.5ul, 2.5mM
dNTP 5ul, 10x reaction buffer(10mM Tris—HCIl, pHS8.3, 50mM KCI, 1.5mM
MgCl2)2ul Taq polymerase 0.5ul o & W& 20ul® 3}o PCR system 9700(ABI
A& AFESE Y. PCR 2712 94Col A 533t denaturation 3 & 94Col Al 30%
denaturation, 60 CeolA 30%7%F annealing, 72°Col A4 30%%F extension= 35cycle I~
gt & mpgr o2 72C oA 51 HE extension S T FHARE 9
24L& Hhal A|@aALE o438 PCR-RFLPE 33153 W& AZAF w7
whet 37°Col A 3A13ke]d A sttt ddd @S g<lsty] skl 2% agarose
gelol A A71gso= glagint.

oo oX

(L ottt

M: 100bp size marker
NN: A+
nn: 24

Nn: X

(28 1) PCR Productdl] AFaiAeg F AR
(2). MC4R 3= #4



=
pol
b

Primer Primer sequence pcritE A7) | A

Foward 5'=GGT CTC CGY GCT CTC GCA CTG-=3'

452bp Taq I
Reverse 5'-CCG CAC TGG AGT CTC TGA GTC-3'

= & FAAE A4S fske] 47] primerE ©]-&38to] PCRe = 838}3l
t}, e 50~100ng/ul®l & DNA, primer ZF 10pmol 0.5ul, 2.5mM
dNTP 5ul, 10x reaction buffer(10mM Tris—HCIl, pHS8.3, 50mM KCIl, 1.5mM
MgCl2)2ul  Taq polymerase 0.5ul °] & Wksol 20ul® 3Fe] PCR system
9700(ABIAH) = AF&38F3ltl. PCR 2712 94 Col A 257t denaturation F § 94Col
Al 30% denaturation, 62ColA 30%7} annealing, 72CollA 30%%} extensions
35cycle F3)dt & mpxuto 2 72Co| A 787 HE extension HAL 8519}
T2 el A Taql A|lgtaAE ©]83F PCR-RFLPE $33q 1 WHS Az
Ab Aol whel 65 Coll A 3AI%Eol Y A sl ddd @S glstr] 93t
2% agarose gelolA A7|g 5o 2 A3}

ofk
oo oX

12

o

==

&3

M: 100bp size marker
11(mm): &f

12(Mm):

22(MM):

2

(238 2). PCR Productol] A|aALAT F A}

(3). H-FABP %128 &4

Primer Primer sequence pcrAtE F7] | Adlas

Foward 5'=ATTGCTTCGGTGTGTTTGAG—3'

850bp Msp I
Reverse 5'-=TCAGGAATGGGAGTTATTGG—-3'

g gk A 248S Akl 7] primerg ©]&38te] PCRS 353l
Z4L 50~100ng/ul®] 3 DNA, primer Z} 10pmol 0.5ul, 2.5mM
dNTP 5ul, 10x reaction buffer(10mM Tris—HCI, pHS8.3, 50mM KCIl, 1.5mM



MgCl2)2ul  Taq polymerase 0.5ul ©] & Wksol 20ul® 3Fe] PCR system
9700(ABIAF) & AR}t PCR %2312 94Col A 1047 denaturation ¥ & 94°C
o] 1 1% denaturation, 57CellA 157t annealing, 72CeolA 1E7F extensione
35cycle F3iet 3 mixjuto g 72°Col A 7837+ F extension FAS 3t
TG o] A4S Haelll9 Msp I Algta s o] &3 PCR-RFLPE S35l W
W2 A=A vl el whet 37 C e A 3’\]7}01%} Attt Aot dHS gelst
7] 98kl 2% agarose gelol| A 7] F o= 2k T)

M: 100bp size marker
33:
34:
44:

(¥ 3). PCR Productel Aaaxe F AR

(4). PRKAG3(RN) 4z ¥4

ro
fol
P>

Primer Primer sequence perabE A7) | Al

Foward | 5'-GGAGCAAATGTGCAGACAAG— 3

377bp BsaHT
Reverse | 5'-=CCCACGAAGCTCTGCTTCTT-3'

Rl tek FAd A4S fleke] 471 primers ©]-&3Fe] PCRe 33
o}, wksol AL 50~100ng/ul®l & DNA, primer ZF 10pmol 0.5ul, 2.5mM
dANTP 5ul, 10x reaction buffer(10mM Tris—HCIl, pH8.3, 50mM KCIl, 1.5mM
MgCl2)2ul  Taq polymerase 0.5ul °] & Wk$ol 20ul® 3Fe] PCR system
9700(ABI )& AF8-3FSlEE. PCR 2712 94 C ol A 433t denaturation §+ $ 94Co]
A 45% denaturation, 61Coll A 45%%F annealing, 72Co|A 187t extensions
35cycle F3)et 3 mixjuto g 72°Co A 7837+ F extension FAS 3Tt
Tl AL BsaHl AlgtaiE o] &3¢ PCR-RFLPE 3313l

ZAb v doll whet 37°Coll A 3AIZEeld A eskitt. ddd dH S gelstr] flst

[e]
o] 2% agarose geldlA 7|9 F5o 2 25T}

al Hhﬂ % ;q]



M: 100bp size marker
11:
12:
22:

(¥ 4). PCR Productell A|FEAAE F AR

(5). CAST §#=3 A

Primer | Primer sequence pcrAtE 37 | Algta s

Foward |5'—-GCGTGCTCATAAAGAAAAAGC— 3

1423bp Rsal
Reverse | 5'—TGCAGATACACCAGTAACAG-3'

of
oo oX

12

o

==

Uk & FAAE A4S fske] 47] primerE ©]-&38to] PCRe = 338}3l
= A& 50~100ng/ul®]l & DNA, primer ZF 10pmol 0.5ul, 2.5mM
dNTP 5ul, 10x reaction buffer(10mM Tris—HCIl, pH8.3, 50mM KCIl, 1.5mM
MgCl2)2ul  Taq polymerase 0.5ul °] & Wk$ol 20ul® 3Fe] PCR system
9700(ABI*H) & AFE3FSItE. PCR 2712 94 Coll A 5331 denaturation g+ § 94Col
Al 30% denaturation, 55Col A 40%7} annealing, 72CollA 50%%} extensions
35cycle 33t & mpxjuto 7 72°Co|A] 287t FHE extension IS G335t
Ao 2L Rsal AFELE |87 PCR-RFLPE a8t WL Ax
Ab Aol whel 37°Coll A 3AI%bol Y A st ddd @S glstr] 9135t
2% agarose geldlA] A7]|FFso 2 AT}

&3

M EE EF FF

—-— ) Nl

M: 100bp size marker
II(EE): 5% 529
12(EF):
22(FF):

(248 5). PCR Productell A|¢asaAd & AR



(6). HMGA1 328 4]

Primer | Primer sequence pcrAtE F7] | A as

Foward |5'—-AGAAGGAGCCCAGCGAAGT— 3

700bp Nael
Reverse | 5'—ACAGTGCTCACCCAATGGC—3'

gFZ Aol digk Ay 2GS 8t A7) primerg o]83ske] PCRS 3313l
o} wkg 2L 50~100ng/ul® 53 DNA, primer Z} 10pmol 0.5ul, 2.5mM

dNTP 5ul, 10x reaction buffer(10mM Tris—HCI, pHS8.3, 50mM KCIl, 1.5mM
MgCl2)2ul  Taq polymerase 0.5ul °] & #®k&o 20ul® 3}e] PCR system
9700(ABI*F) & AFE3FSIHE. PCR 2712 94CeollA] 537t denaturation g+ $ 94Co
/1 30% denaturation, 59Col A 45%7%}t annealing, 72Co 4 50%7t extension=
40cycle 33 & npxjwto g2 72Co|A 587F = extension HHL F3§39 ).
A o] AHE Nael Algtasg o] &3 PCR-RFLPE T35t W2 Alx
AL igrdell whep 37°Coell A 3A17kel Y A skl ddbel @S glsty] 915t
2% agarose gelolA H7]|d5o 2 A5}

M: 100bp size marker
11(TT):
12(TC):
22(CC):

(¥ 6). PCR Productdll A|gaAAZ F A

£
K
A
i
ol
Ho

AvpA FAAG BE §2392 W3

1AL 75 74 v E ol 8dte] §RIELS AT A 7P f-83 ol
£ Hole §2dd A4 w7l RNFAA EdWolgQl PRKAGS 44, 45
I Al BEE MC4R %@x}, nhEE e $EE FABP fFHA90 53
FABP ##7 & Mspl @429 F1x3e] ¥elg BTl PSS §2a= Wol

b slolM Aelstslet. 24 fdate] a4, 558, A4 SFE HEE obd



[0 RN(PRKAG3)FAXEE Nx=

PRKAG3 54232 11(1991/199 1), 12(1991/199V), 22(199V/199V)<] 3743
o FHY 2925 F 58F(64.0%)7}F 228 02 7 Bk 128 L 865(29.4%), 11
2 195(6.5%) ATt

(¥ 2) Z %Y PRKAG3 #3AAYE =5

FAZE
% A
11 12 22
B =4 3 2 5 10
= 3 20 25 48
A= go) ~ 3 11 35 49
83A 1 19 41 61
Fi(LY) 3 6 30 39
H] = (LYD) 6 28 51 85
i 19 86 187 299
(6.5) (29.4) (64.0)

(% 3) 2+ % HFABP(Msp 1 )H-3A¥dE F<

A
= Al
11 12 22
H =LA 3 1 6 10
S 18 17 13 48
Ao~ 5 3 41 49
Q3aA 3 3 52 58
Fi(LY) 6 5 27 38
H] &%= (LYD) 14 31 39 84
A 49 60 178 087
(17.0) (20.9) (62.0)




[J Msp—HFABP #7A134E Hlx

HFABPF A2 AWARS o] 5A17]E 7|5ol] #Hd FHAZ =H oA S
AuF vlg 3 AABAAC Aok Mspl 4% ZAvE HFABP +4A= 2709 59
Agdda 1749 old A 11, 12, 22807 FRAY. #HH 287F F 223 0]
1785(62.0%) = 7H& okar, 128 0] 605(20.9%), 118 0] 49(17.0%)Z AA Fc}.

[J MC4R #3A3dE v &

MCARFH 2= A=A E, dBSA%, SANFA 5 A3 dd dFs vA
= 3, WA R, AR, E#E—% 59 SHAFHNE IFS =
HaE 3 lth MC4R F4A8-2 AA(11), AG(12), GG(22)8 9] 37) €]
1275 (43.4%)% 714 29ka 1180] 1005

d

(X 4) ZE39 MC4R S3AYE T4

FAAY
EF F Al
11 12 22
B 34 1 3 6 10
= 18 22 8 48
A= g o) 2~ 9 12 28 49
834 31 28 2 61
F1(LY) 5 21 13 38
B E=(LYD) 36 41 8 85
- 100 127 65 299
(34.2) (43.4) (22.2)




2. 94742

3}

e

aZ

7}. RN(PRKAG3) 3R &424%

(1) AAF

RN(PRKAG3)4AF 1] 1991 Codon

4-°] RN(PRKAG3) #F##3 54

=0

EI_.‘I_.

o]

32 1991/1991, 1991/199V, 199V/199Ve] 37}4]

5o
Aol

(X 5) RN(PRKAG3) F#Agel| W& HA F

A6 A 5591 31

St

ezt A e

o o

=2

[e) [e)

A2 S
[e)
T

S|
ax

B3
S

1991/1991+

7<].°

Fo $2%Q Wm

1=

skt 1991 Wo]

. 1991/1991 4

A 2 1991/199V

IRzl
R 1991/1991 1991/199V 199V/199V
19 86 187

S A 16.17 16.71 16.98
H71(L) 42.99" 45.60° 46.08°
2 AT (a) 7.33 7.07 7.38
A= (b) 2.58 2.80 2.80
221 (Color) 3.84° 3.01° 2.86"
nhE 8 2 5.0 2.86 2.94° 2.74
=22 (%) 2.29 2.41 2.68
AF% (pH) 6.33 6.27 6.26
7+ (%) 21.85" 23.51" 24.60°
A 33.41° 37.79% 39.18%

* RN g7 o)Ak (P < 0.10).

(2) FF¥ RN(PRKAG3) fFHA 2443

(7h) MAMZF

W AMF2] 79 RN(PRKAG3) A #4127 9h7]= 1991/199 V -2k 7 199
V/199V SAzE o] =gk



(X 6) ¥]ZAF2 RN(PRKAG3) +3AZH §2F 2 vlu

FA2E
" % 1991/1991 1991/199V 199V/199V
3 2 5
SA A 17.96 19.50 17.42
7] (L) 41.43 48.81° 47.77°
2 A (a) 9.34% 6.87" 6.83"
A= (b) 2.82 2.69 3.35
4 (Color) 4.86° 2.50° 1.88°
n}lE2 4~ 570 3.04 2.50 2.58
=22 (%) 1.45 2.23 2.93
2% (pH) 6.40 6.15 6.16
V2 (%) 25.76 23.07 19.72
e 26.70 27.71 22.54
“ RN FA-AE7E f92F 9S(P < 0.10).
(W) 5%
RN(PRKAG3)FAA #2443} v7]&= 199V/199V FAAE o] =k}
(& 7) 7539 RN(PRKAG3) #AAEH S22 vn
AR
& % 1991/1991 1991/199V 199V/199V
3 20 25
A A 18.10 15.11 16.53
uk7] (L) 42.41° 45.39° 46.13°
A (a) 8.41 7.41 7.21
A= (b) 2.91 2.94 3.08
<A (Color) 4.09° 3.08" 2.75°
nh53 A~ 510 3.22 3.17 3.22
=2 (%) 2.81 2.14 2.41
A% (pH) 6.20 6.44 6.25
7+ = (%) 20.98 23.20 25.29
7 ke 30.89 30.94 34.95

# 0O RN AR Fol )

(th) A=dgol=F

3)S-(P < 0.10).

Aol 2o A9 RN(PRKAG3)+da #4243 Wr]= 199V/199V 243

o] =gy =g A= 199V/199 V-2 A7 199 1/199V 8- A28 o]

$3e),




(¥ 8) A=do]22] RN(PRKAG3) #3Ad 3 S2¥A vu

frAAE
3 1991/1991 1991/199V 199V/199V
3 11 35
oA A 19.95% 20.26* 16.09"
H71(L) 43.99" 46.14% 47.10°
A (a) 7.00 7.17 7.49
A= (b) 2.66 2.59 2.96
<A (Color) 3.53 2.99 2.82
HHE g 2~ 510 1.99 2.32 2.29
Y22 (%) 2.09% 1.96" 3.24°
A% (pH) 6.47 6.24 6.33
7+ (%) 20.96 26.15 25.13
et 25.63" 46.51° 43.71°
« RN ARG F93F JS(P < 0.10).

(2h) 83AMF

S AMF] 75 RN(PRKAG3) A2 A 23} 7] 1991/199 VR 2+ 2+ 199

=0}
3L AN .

V/199V A =}& o]

(£ 9) 8£3X4F° RN(PRKAG3) +3AZF S2FA vlu

frAA3
3 1991/199I 1991/199V 199V/199V
1 19 41
A 18.10 15.11 16.53
271(L) 42.41° 45.39° 46.13°
2 A (a) 8.41 7.41 7.21
A () 2.91 2.94 3.08
<2 (Color) 4.09? 3.08" 2.75"
nl53 510 3.22 3.17 3.22
=Yg2 (%) 2.81 2.14 2.41
2= (pH) 6.20 6.44 6.25
7FE (%) 20.98 23.20 25.29
Ak 30.89 30.94 34.95

o2k (P < 0.10).




(b Fi(H=gol=xaaM)H A
Ztazst A e 1991/1991 FAAF o] 45191, U] 1991/199 VA=t

@3 199V/199V A o] =9t

(£ 10) Fi(A=H o] A2x834)e RN(PRKAG3) 4AAY T 4234 v

A2y
E 35 1991/1991 1991/199V 199V/199V
3 6 30
SA A 18.00 17.00 19.30
w7 (L) 42.74° 47.30° 46.06°
A (a) 7.18 7.34 7.03
A= (b) 2.74 3.41 2.77
4 (Color) 4.01° 2.38" 2.87"
nh53 A~ 510 2.75 2.67 2.71
=22 (%) 2.11 3.82 3.06
2% (pH) 6.52 6.40 6.32
7V (%) 17.12° 23.63° 25.79
7 ek 31.17° 33.67" 42.02°

0 RN FAAHERE frelak g (P < 0.10).

(vh) B]S=(LYD)
3EZ ) v)S

FAARel Y St

o 750l fAG Aol A 7hAZI} ppEY 2ol 1991/199V

il

(¥ 11) H)S=9 RN(PRKAG3) #3A3 3 2% A v

A2y
E 3 1991/1991 1991/199V 199V/199V
6 28 51
AT 17.40 15.71 15.99
H71(L) 45.26 45.12 46.29
A (a) 6.10 6.89 7.66
A= (b) 2.30 2.33 2.52
<A (Color) 2.95% 3.29° 2.88°
n}E-8) 4 5 0] 3.12% 3.44° 3.06°
=22 (%) 1.69 1.76 2.09
2% (pH) 6.11 6.11 6.13
V2= (%) 27.02° 21.71° 22.59
e 46.35 45.57 40.36

D RN §HAEZE FoA AP < 0.10).



1}, Msp I —HFABP #3238 443

(1) AAF=2] Msp 1 —~HFABP #AA¥ 5%

(¥ 12) Msp I —HFABP #AAYol w& == AP A3}o] vl
IRzl
F % 11 12 22
49 60 178

A A 15.72 16.87% 17.23
W71(L) 44.61° 44.70° 46.35"
2 A= (a) 7.36% 6.67" 7.45°
A= (h) 2.68% 2.60" 2.88"
<4 (Color) 3.29 3.08° 2.85"
nhE e 2~ 510 2.85% 2.96° 2.75"
YR (%) 2.60° 2.16" 2.67°
2F= (pH) 6.26 6.24 6.28
7+ (%) 22.33" 23.42° 24.83
A 35.00" 35.84" 39.95

*: Msp I —HFABP §+d#87+ 2 (P < 0.10).

(2) ¥%'8 Mspl —~HFABP #3234 £423

(7h) HaMzF

—HFABPRAA #4243 Bl 2274493 12 144

Baols 1A el 7H8 3kt



(¥ 13) W32 Mspl —HFABP §AA3 37 2384 v

fr AR
F % 11 12 22
3 1 6
A 16.12 20.65 18.50
7] (L) 43.18" 43.53® 46.90°
A (a) 8.41 7.81 7.15
G (b) 3.18 2.30 3.13
54 (Color) 4.12° 3.65% 2.17°
n}E 3 22 570 3.31° 3.08% 2.33"
TR A(%) 1.75 1.96 2.71
2F= (pH) 6.35 6.28 6.16
7+ (%) 24.61 24.21 20.66
Aekd 23.89 32.68 23.98
« *P 1 Msp I ~HFABP fd2&7F #292F 91&(P < 0.10)
W) w5F
7559 A9 Mspl —HFABPHAA #4437 =92 79 2 ek
112 o] 744 $-53t3ltt.
(¥ 14) 7529 Mspl —~HFABP 337 §2¥4 vln
A2
T 11 12 22
18 17 13
A 15.06 16.57 16.68
H71(L) 44.82° 45.40% 46.81°
2 A= (a) 7.57 7.19 7.34
A () 3.20 2.83 3.00
<A (Color) 3.12 2.97 2.78
nlE-8 4 510 3.24 3.35 2.97
Y22 (%) 2.44% 1.88° 2.75°
2F% (pH) 6.26 6.31 6.44
7V (%) 21.91° 24.35% 26.80°
qay 27.07° 34.40° 39.08°

b Msp I —HFABP 3287+ 69 %)

9J&(P < 0.10).



(th) #H=gol 2%
Aego] 2o AL Mspl —HFABPHHA 2243 7fdzteke

& ESIARE FAA o)A AU

rlo
—
—
Y
D)

(X 15) #A=Fo]29 Mspl —HFABP §A3A8 7 S2A¥A v

A2y

E % 11 12 22

5 3 41
~?<1HP%7}1] 16.78 16.30 17.31
27](L) 46.53 45.50 46.83
X—*&—H_E(a) 7.40 6.84 7.42
A= (b) 2.83 2.51 2.89
A (Color) 2.82 2.64 2.91
o5 570 2.16 2.34 2.29
=22 (%) 2.72 2.40 2.95
A% (pH) 6.38 6.32 6.31
72 (%) 21.70 27.37 25.39
7 ke 35.59 41.50 44.38

> : Msp I —HFABP A&7 fo)xk 91&(P < 0.10).
(2) ﬂi*ﬂi
QM EY A Mspl —HFABPSHA BAA3 71d 7 2282213

-t AL, ?ﬁ a8e 125 AR o] 7P 94319

(¥ 16) £34F9] Mspl —HFABP §AA8 37 2384 v

AR

E % 11 12 22

3 3 52
~;<1 W77 12.93 21.56 19.72
27](L) 41.49° 45.97° 45.76°
Z‘M‘E(a) 8.64° 6.29° 7.67°
A= (b) 1.96 3.43 2.79
A (Color) 4.41° 2.30" 3.06°
nlE 5 2~ 510 2.59 2.04 2.45
=gz (%) 1.68 2.20 2.47
A% (pH) 6.28 6.29 6.32
7t (%) 20.48° 26.13% 26.33%
7 ke 52.26° 23.61° 46.03°

: Msp I —HFABP A 7F 592k 1&(P < 0.10).



(5h) Fi(@B=e o] 22x 2 2 4) 5]
g aol, A4 E B Adde 11 FA4Fe] SFHRAAN, SHRAE 12

FAAGe] S5t

(£ 17) Fi(A=EH o] 2x834)e Mspl —HFABP #3237 S238A v

A2y
E % 11 12 22
6 5 27
~?<1 W7 15.26 17.64 20.00
27](L) 45.10 46.19 46.19
X—*&—H_E(a) 7.70 6.34 7.07
A= (b) 3.17 2.94 2.80
A (Color) 3.35 2.74 2.79
nhE 5 2~ 510 3.01° 2.04° 277"
=g (%) 4.58% 2.57" 2.69°
A% (pH) 6.32 6.45 6.35
72 (%) 18.26° 23.50° 26.55°
7 ke 32.36" 36.37" 41.89°

> : Msp I —HFABP A&7 fo)xk 91&(P < 0.10).
(vh) H]S=(LYD)
3¥F wu) HSEe ASo] S nfEY Az a2 =EgE A= 12 &

AAgo) 74 e,

(X 18) H]S =9 Mspl —HFABP $AAY 3 S2¥A v

AR
E % 11 12 22
14 31 39
~?<1 W7 17.84 16.00 15.25
27](L) 45.67% 44.58° 46.89°
Z‘M‘E(a) 6.70 6.73 8.00
A= (b) 2.03" 2.24° 2.73%
A (Color) 2.96% 3.25¢ 2.89°
o5 570 2.90° 3.49° 3.07°
SHE(%) 1.72% 1.71° 2.23%
A% (pH) 6.16 6.07 6.14
7t (%) 24.48° 21.55° 22.72%
7 ke 45.07 40.97 43.16

: Msp I —HFABP A& fo2 (P < 0.10).




. MC4R F3AE #4231

(1) AR5 MC4R F3AY 54

[e] [e]
A=Y AdE 1175348 22771 o] 43 vH(E 19).
(X 19) MC4R ARG w2 =9 SAFZAA o] vl
AR
% 11 12 22
100 127 65

S 2 97 16.41° 16.34° 18.00°
971(L) 45.58 46.05 45.37
AT () 7.33 7.16 7.42
A= (h) 2.77 2.74 2.86
<A (Color) 3.00 2.89 3.09
npE-8 A~ 50 2.91 2.80 2.69
A2~ (%) 2.55 2.48 2.72
2% (pH) 6.25 6.26 6.29
VEAF (%) 23.77° 24.97% 23.17°
e 37.35° 41.56° 34.63"

* ¢ Msp I ~HFABP #3297k fro3k 91&(P < 0.10).

(2) T3 MC4R §AA £ 47

(7hH WaM=

HAMZFel A5 MCARFAA w42 vhgy oo EdRAs 117049

o] 7H& skl



(X 20) ¥3AF MCAR 487 SHFF v

frAA3
FF 11 12 22
1 3 6
A A 15.17 19.72 17.61
271(L) 41.70 26.25 45.67
2 A= (a) 7.44 7.05 7.89
AT (h) 2.61 2.90 3.22
52 (Color) 4.92 2.64 2.69
nlE-2 2 5 0] 4.33¢ 2.78" 2.39°
g2 (%) 1.09° 2.96° 2.25%
A5 (pH) 6.57 6.22 6.18
7FE (%) 22.21 19.51 23.55
Ak 18.19 25.18 25.75
* * 1 RN F82497E F2032F (P < 0.10).
W) w5F
TEE A9 MCARFAA #4243 =2 as 1174780 7H -3 aL
A= S 22/HdAF o] 7HE -3kt
(¥ 21) HF=F9 MC4AR FAANYY $2¥2 vn
frAA3
% 11 12 22
18 22 8
A A 15.76 16.11 16.54
971(L) 45.72 45.44 45.70
A (a) 7.10° 7.33° 8.07¢
A= (b) 2.81° 3.01° 3.47¢
52 (Color) 3.00 3.06 2.69
nlE8 8 50 3.17 3.26 3.10
Y2 (%) 1.66°¢ 2.30° 3.86°
2F= (pH) 6.30% 6.40° 6.21°
7VE (%) 24.70% 24.78° 21.31°
qay 35.33° 33.80° 26.07"
" RN f2E 3 fFrolak 5P < 0.10).



(th) A=go]=F

Aol A9 MCARFHAA B A =gz e dude 228dx 0] 7}

3 stk

(X 22) d=#o]=9 MCAR FAXETH 234 vl

FA2E
E 3 11 12 22
9 12 28
A A 16.60® 13.53° 18.87¢
H71(L) 47.52 47.38 46.25
A (g) 7.94° 6.93" 7.42%
A= (b) 3.05 2.81 2.83
<A1 (Color) 2.64% 2.62° 3.08°
npE2 4~ 570] 2.23 2.37 2.25
ez (%) 3.79° 2.89% 2.65°
25 (pH) 6.29 6.27 6.35
7+E (%) 24.80 25.67 25.03
7 ke 40.72° 50.50° 41.34°

« P 0 RN A28 7 frolxk 91S(P < 0.10).

AAEE 1240480 14 E.

(¥ 23) 83IAMZF9 MC4R FAAFT S2AFA v

AR

E % 11 12 22

31 28 2
SA A 18.21° 19.85% 28.00°
27](L) 45.63 45.38 46.05
A (7) 7.28° 8.03¢ 7.84%
A= (b) 2.87 2.67 2.43
<A1 (Color) 2.98 3.20 3.75
n}5-2 4~ 570 2.46 2.36 3.00
=22 (%) 2.68 2.13 1.82
A= (pH) 6.29 6.33 6.46
72 (%) 25.08 26.98 22.58
e 43.88 48.91 32.90

RN F412387F F-992F Ad=(P < 0.10).



("h) Fi(H=go]axa M) A

AagFe 11FA4Ye] 1Y Rekw, SYRaE 1250430] 1Y S5

7.

(£ 24) Fi(F=Ho]&=X834)9 MC4R FHAFF §2FA v

FA2E

3 11 12 22

5 21 13
A A 13.99 19.80 19.16
u7] (L) 45.42 46.15 46.01
A (g) 7.66 6.77 7.36
A= (b) 3.12% 2.63" 3.13°
<A1 (Color) 3.29 2.66 3.06
nh53 A~ 510 2.85 2.70 2.65
e Z (%) 4.89° 2.52° 3.47%
A% (pH) 6.15 6.35 6.42
7t (%) 21.03" 26.78° 23.14°
7 ke 35.53 43.03 36.67

« P 0 RN A28 7 frolxk 91S(P < 0.10).
3EZE wwl H]SES A9 §M3 ntEEAgolE 11940 /M Hta
B

(¥ 25) H]S-Z=9 MC4R AT 5232 v

AR
E % 11 12 22
36 41 8

SA A 15.93 15.71 17.80
271(L) 45.08° 46.59° 45.48®
A (q) 7.73 7.06 6.55
A= (b) 2.36 2.56 2.21
<A1 (Color) 3.17° 2.88° 3.10%
052 4 570 3.40? 3.09% 2.64°
=gz (%) 1.82 2.14 1.55
2% (pH) 6.14 6.10 6.15
72 (%) 21.82 23.12 23.34
ek 40.72 44,81 38.52

AP RN Fr A3t oAk 95(P < 0.10).



Al 2 A HA]

2 oA

(& 26) HIFF=RS A1FBL: FANEAES FFTE ARIE9 HIH} 2EH

=54 A

£ 4
] ;ﬂ] 174
S

%94

i
Jo
2
ﬂN_,
=)
A

A7 uAd me 44YA )z
do A4 2007 7€
FAAR ] W S

~2008 2974 AAE HAAHE 1,466

A Aol g Hlam

2}
5 = Aol L3A4
T 6035 3735% 4905
A7 (cm) 105.4940.59 107.104+0.82 105.324+0.63
AE5E (%) 57.24+1.69 57.61+1.74 57.97+1.51
AFZA = (g) 1,043.9£91.09 988.6+68.55 979.1+85.69
B TS (%) 2.26+0.15 2.3940.15 2.41+0.17
SA A (cm) 1.37+0.17 1.33+0.15 1.30+0.14

7k RYR1(PSS) H

RYR1(PSS)& NN
& 18%F(1.2%), nnt
ct.

4 =
AR 0] 1,4465(98.6%) 2 thi-&
A2 25(0.2%) Gt}

T =

FARG A 25

(¥ 27) PSS FAAF mE A9 AF5FHA} o] vl

131 N 54743

A7kl 2ol 7} §1A

AR
E % NN Nn nn
1,446 18 2
AT A F(g) 1,000.0 972.3 892.8
AR 8 T8(%) 2.36 2.40 2.49
AT (cm) 1.34 1.28 1.47
B5E(%) 57.57 56.82 58.10




1}, RN(PRKAG3) &4 =}

RN(PRKAG3) F34F<] 2 1991/19917 =}
&I dGFSAFL 199V/199V-AA o] 71 =k, 5
A2+

of 7H& #e14d Al skskt

(¥ 28) RN(PRKAG3) FAAY & A5y 4 v

oft
o
©
%
S
—r

A2
F % 1991/1991 1991/199V 199V/199V
980 403 73
A5E(%) 57.63" 57.46™ 57.21°
dFZAZ(g) 997.2" 1002.2%° 1022.0°
AR 8T8 (%) 2.37 2.36 2.34
FAEFA (em) 1.33° 1.35" 1.40°%

A% RN A2

92k JdS-(P < 0.10).

t}. MC4R &A=}k
MC4R A o] A9 128728 o] 6055(42.4%) 2 714 Bkt A=A 2o

11 fAAEe] 74 S50 22 fAA3e SAY FA HE Gk

(£ 29) MC4R FAAF] w2 = A9 AP A o] vl

fr AR
A5 11 12 22
590 605 233
A5E(%) 57.31 57.42 57.52
A= (g) 1,004.8" 989.3" 982.6°
ALE QT 8(%) 2.35" 2.37% 2.38°
SALFA (cm) 1.35" 1.34 1.32°

AP0 MCAR 283 F92 9= (P < 0.10).

2}, HFABP(Msp I &4) &A=}
HFABP(Msp I &4) F3Ae] 4% 22 323 0] 615F(43.0%) = 7 &3k
ey FAARE e b5 E AR ApolE Holx] gFodT) 22 FHAEH ] AH8E o)

7HY =9kal AR FA7F 7 ekt



(¥ 30) MspI —HFABP #AXAgd] @& X2 ASFAX}o] vz

FAAY
5 A 11 12 22
4395 375% 6155
AE5E(%) 57.16° 57.27" 57.97°
JF=a=(g) 1004.2° 1010.4° 990.4°
AEQTE (%) 2.36% 2.35" 2.378
S (ecm) 1.372 1.36% 1.30°
#0: Msp I ~HFABP #4237k 92k &P < 0.10).

ok HMGA 314
HMGA Fd#ke] 45 1143 0] 886%(60.5%) = 7H¢ Bokrh Atma &2

1
227 Aol 7MY kAL, SANFAE 127 dAg ol M gkskT

(¥ 31) HMGA ARG m& 25332 v

A2
AHSEA 11 12 22
886 508 70
A5E(%) 57.35 57.50 57.42
AFSAF(g) 998.0 991.3 982.0
AR 8T8 (%) 2.36" 2.38° 2.40°
S AL (cm) 1.35% 1.33" 1.36°

0 HMGA $R437 Fol3 &P < 0.10).

2. AREY FFE +34 viA & 452 v

7t wE5F

(1) RN(PRKAG3) &H=}k
RN(PRKAG3) FAA}2] 749 1991/199IF- A A& o] 2915(48.5%) = 717 Ekt},
AFTAZ= 199V/199Virdxg o] 7HE s9kal, SA8F7= 1991/19914 x4+

1 7 el Al eksk

O



(¥ 32) RN(PRKAG3) #AAFd ©&

A5Yd va

fr AR
534 1991/1991 1991/199V 199V/199V
291 247 62
A5E(%) 56.43 56.43 56.41
AdFEAH(g) 993.5" 993.5" 1,015.7°
ALE R 8(%) 2.35° 2.35% 2.32"
SAF7 (cm) 1.41° 1.43% 1.45°

 : RN(PRKAG3) FHdAE7 folat e (P < 0.10).

(2) MCAR FA=}
MCAR F7#8 <] 74

AT A5E2 12

FAAGo] 1 g Ao

(X 33) MC4R FAAF] w2 = A9 AP AAo] vl

1154#8 o] 2575, 12+
ARG 22/ ARGl A 2AE L
Ao 2 ZAE AT

A o] 272+

(42.4%) 7= ZA
, S AT 22

frAAE
A5 11 12 22
257 272 55
45E(%) 56.27" 56.62° 56.54"
dFAF(g) 1,001.8 988.9 986.7
AELTE(%) 2.34 2.35 2.35
SAHFA (cm) 1.42° 1.42% 1.38°

(3) HFABP(Msp I &4) 4=}

HFABP(MspI ad) ke 75}% 11 5438 o)
S AAET 22 §-A4=3

dFSAFS 1

= O
A o] ekok

1o

(50.0%) = 7}V &k

2
| =i, sAFAE 11F3dAE 9 12



(¥ 34) MspI —HFABP #AXAgd] @& X9 ASFAx}o] vz

fr AR
5EA 11 12 22
280 219 89
A5E(%) 56.43 56.33 56.52
AdFEAH(g) 98.8" 1005.1° 1002.4%
AELTE(%) 2.36 2.34 2.33
A7 (cm) 1.41° 1.41° 1.46°

A% 0 Msp I — HFABP 8433 §93F 915 (P < 0.10).

Ho

(4) HMGA A=}
HMGA G#xzte] A9 12843 o] 2795(46.3%)2 7F8 Byttt AlEQ
22 ARG o] 7 EAAT FAAJA F27F QAT SAYTFAE 11544

I 122 o] GRSk

(¥ 35) HMGA #3A3d w& 45F2 vu

frAAE
A5 11 12 22
259 279 64
A5E(%) 56.55 56.33 56.44
dFZAZF(g) 997.8 997.1 980.4
AELTE(%) 2.34 2.35 2.38
S AT (cm) 1.42° 1.42% 1.43°

“b: HMGA F2483F fo2k 9l&(P < 0.10).

L. FEFo|AF

(1) RYRL(PSS) 317
RYR1(PSS)& NN 478 0] 3705-(99.2%) 2 S AL Nn 4048 &

35 (0.8%) Tt AdBFSAFE NNFHAAF o] &8k A FAE AT



(¥ 36) PSS FAAF mE A9 AFFAA}o] vl

IRzl
¥ A NN Nn nn
370 3 -
A5E(%) 57.75 58.47 -
AT A HF(g) 1,000.5° 894.3" —
AR L T8(%) 1.32 1.20 —
SA T (cm) 2.36" 2.51° —

b PSS AR Fo2 de(P < 0.10).

(2) RN(PRKAG3) fd%

RN(PRKAG3) =&}l 73-9- 199V/199V--dx}ad o] 313F(84.8% )= 7Hg ©2

AE5E2 1991/199V+H-
& SFAATE SAA S FoxkeE STk

(X 37) RN(PRKAG3) HFAAYF @& 4534 v

ot

AApa o] 7 gk, SAMTFAE 1991/199V-d A o] 7}

AR
A&EA 1991/1991 1991/199V 199V/199V
5 51 313
B5E(%) 57.38" 58.16 57.70°
UGS AN (g) 1029.9 989.0 999.7
ALE 878 (%) 2.33 2.38 2.36
A (cm) 1.34 1.28 1.32

¢ RN(PRKAG3) FHdAE7 folat e (P < 0.10).

t}. MC4R 4=}
MC4R § x%x}%gq
ZAZE 1150480 7P B 2R

Aol A ZAA DA BAR frelabs gtk

, A 12

A 228K o] 1735F(47.8%) 2 7FE =4 ZAE A A

AR 224



(X 38) MC4R FAAF] w2 = A9 AP A} o] vl

IRzl

AH5EA 11 12 22

29 160 173
A5E(%) 57.42 57.78 57.84

AT A F(g) 1,008.3 1,003.5 992.2

AR S TE(%) 2.36 2.36 2.37
AT (cm) 1.36 1.31 1.31

" MCAR FAAR L frAk A& (P < 0.10).

2}. HFABP(Msp I &4) %1%}

e 226AA o

(¥ 39) MspI —HFABP #AAgd] @& X2 ASFAx}o] vl

HFABP(Mspl &%) §#=te] 29 2
|

W AL

Fg o] 2135(58.0%) = 7Hd Wk
TEE 11 FAaAEd 12

IRzl
AH5EA 11 12 22
75 79 213
A5E(%) 57.28" 57.23" 58.13
AT A HF(g) 1009.8* 1009.4* 990.8"
AR 8T8 (%) 2.34° 2.36° 2.38"
A7 (cm) 1.37 1.37 1.28
b HFABP(Msp I &) 54237 592k 2AS(P < 0.10).
mh, HMGA fd =}
HMGA f3lAkel A5 11 Akge] 27857(74.5%) = 7+ AFSAF2
22 Aol Mg E=okal, AR R TES 1152 12/ o] =tk



(¥ 40) HMGA #3A3d w& 45FZ vu

IRzl
A5 11 12 22
278 94 1
A5E(%) 57.53" 58.36" 57.72%
G A= (g) 1,002.0° 990.1" 1,141.8°
AR L T8(%) 2.36° 2.38° 2.05
AT (cm) 1.33 1.27 1.35

AP HMGA Fa AR frolak (P < 0.10),

o JeaxE

7F. RYR1(PSS) 4=}

RYRI1(PSS)2 NN @A o] 4755(96.9%) = thH-=

S 15%(3.1%) 9t}

T =

(¥ 41) PSS FAAF B AR 9 AFFAA}o| vl

AL, Nn F34

IRl
AH5EA NN Nn nn
475 15 —
A5E(%) 58.04 58.07 -
AT (g) 989.9 987.8 —~
AR 8T8 (%) 1.30 1.29 -
A7 (cm) 2.39 2.37 —

1 PSS FAARL KT AP < 0.10),

. RN(PRKAG3) Fx=}

RN(PRKAG3) FA=Fe] 749 199V/199VAAE o] 376F(77.2%) = 7 Attt

AR R TE2 1991/1991F- A A o] 718 =41 =AM ST



(¥ 42) RN(PRKAG3) AR ©&

A5Yd va

AR
A&EA 1991/1991 1991/199V 199V/199V
6 105 376
55 (%) 57.56 57.92 58.06
AF A Z(g) 973.9 1,002.9 986.7
AR 8T E(%) 2.55° 2.38" 2.39
A TFA (em) 1.37 1.31 1.29
" RN(PRKAG3) #2287 §22 &P < 0.10).
T} MC4R 3=}
MC4R FAA ] A5 118248 ] 3045(63.1%)= 7 =/ A= A A

¢}
BoTES 127‘-’%42}6301 7P =A 2ARE R AL, AR 1

SHAl 2ALE A

Ak EA 4]

(% 43 MC4R F3AF ©& siA ] F&5FAZ o] vl

FAAEe] b

IRzl
A&EA 11 12 22
304 173 5
A5E(%) 58.07 57.97 57.74
G2 (g) 997.5 975.6 968.7
AR 8T8 (%) 2.38" 2.41° 2.35"
SAHFA (cm) 1.30 1.29 1.36

2}. HFABP(Msp I &4) 4=
HFABP(Msp I &4) f-4#Fe] 49 22
AFZA e 1180280 713

AL A

AzFed o] 313F(6

AYFAE 2250749 e)

i
off Ho

o
= Qkal,

6.0%) = 7F¢ Bk},

7P ekl =



(¥ 44) MspI —HFABP #AAgd] @& X9 ASFAx}o] vz

IRzl
A5 11 12 22
84 77 313
A5E(%) 57.38" 58.11° 58.18"
AdFSAH(g) 1013.7° 993.7" 982.0°
APE 8 TE(%) 2.38 2.39 2.39
AT (cm) 1.36° 1.32b 1.27¢

“P: HFABP(Msp I £242) FHA3 o3k &P < 0.10).
ok, HMGA 44

HMGA 3429 29 11428 0o] 3495 (71.4%)%E 7F Bkt Alg8 488
129 AAE 3} 22 A A o] &=k},

(¥ 45) HMGA #3A3d w& 45F4 vu

IRl
A5 A 11 12 22
349 135 5
A5E(%) 57.99 58.15 58.09
G2 (g) 993.1 981.0 996.3
AR 8T8 (%) 2.38" 2.41° 2.39%
SAHFA (cm) 1.30 1.27 1.36

AP HMGA SRR go)x S (P < 0.10).

=



Al 3d aFI7EA] HA 890 T

1. 1877x =A 2382 AF

7t =EASEEHolE e 54

ARIPEA Y] HAE FEE] S A gAR A S 5 Qe A=A
Su7bA S SUsAE 7 A= 8219 el 2005 % A 1471 =wjA el
A TadgEe AuiAgE =A49 JHAAF 8RS FAsT. FAETIHEA
A AEg 2007 Fo] EATHI ArrE HelHE Evas Asta 47
S tolHE Mty BAEA T Ee vy EA o} g EA R LT

H BT o] &y HAF5E Wy EA 7t 985,403, BHFE A7 939,287,
&7 1,924,690F o}, B A T4 Ht BAFT 80.3£7.96Kg, Bt AT
A= 16.514.63mmSA 3L, B EAeFH5E 3.9(ASH=5, Bs3=4, C55=3, D5H
=2), H4 E=AG7E Kgd 3,751+556 U] ATHE 469). BREEA] 79 Ho =4
Fo 81.1+8.61Kg, B SALFAE 19.6+4.90mmA 3L, A EASTFHFE 3.8,

1
AD7H= Kgd 3,495+5139 0] Q0T 47).

)
=Y
H

(£ 46) YV =AFAE FFX 9 2EHAH(20059 A5 AT

8¢ & iy EFTH A2 ot
A (kg) 80.3 +7.96 51 119
A7 (mm) 16.5 +4.63 6 29
Al w AT 3.9 +1.06 2(D) 5(A)
A 57 /kg) 3,751 +556 2,000 5,340

(& 47) BHE=AFYAE FFX 9 2EHAH(20059 A5 AT

8¢ & iy EFTH A2 ot
=A% (kg) 81.1 +8.61 61 129
A7 (mm) 19.6 +4.90 8 31
Al w AT 3.8 +1.02 2(D) 5(A)
A 57 /kg) 3,495 +513 2,000 6,802




Y. EAFEE v&H 7t
A doeAe] i TS A BU dEA S AMEe] J4E 54
H 2ok TH(GE 48).5F, SEf A 9] AswH &2 39.62%, Bow Hl&2 30.37%,
&2 16.06%, Do vl &2 13.95%%1 4, wﬂ%ﬂ ASF HES 38.06%,
58 31.64%, C5F HEL 16.09%, DS HI&S 14.21% 9 2181 ¢
9 olAN oLt Wﬂi ASH Hd7MALE 3,7499 0% 9,
9 322904t
T;LH]EI'Jr HAE B dEiA e AA= A sud
w4 Dewol ot ApolE HATh =, FEiAS] ASH HIES 32.03%,
2 32.84%, Coa W& 21.31%, D55 v &2 13.82% %W W, AA|
H &2 36.45% % EIAS] Beaht 4% B%
HE2 10.16%= FE1#] 8] Dea it 3.5% sk

=
fifo
rlo

H

(@)

os)
Sl
ol (

]
]

H

A
N,
>
oy
zjl
N
N
)
rlio
B
—
o

&)
x

to

)
)
i
ol
N

N

By

S

(e

W

W=
fo o o ot
olr =

ol Mo ol
=

o &

rlo

w

—

©

©

@

o]

olr

|l

K
(@)
oy
zjl
=
m:lo
r o
o
}—‘
w
©
QQ

D.__

EH

thH(3E 49).
ok, gt A ] dEjR|ef AAlEe] Ht w@rbxlolE 20092 vhu A 9] 322
LH} Zpol 7k AT

(% 48) W9 =A T34 HE&d 714 24

4 ol A B C D A
T 248,213 190,229 100,614 87,389 626,445
o  ewAlE 39.62% 30.37% 16.06% 13.95% 100.0%
b HA 78.16 78.66 81.40 90.75 80.59
714 4,109 3,869 3,636 3,493 3,874
T 134,016 111,395 56,650 50,018 352,079
AA TuHlE 38.06% 31.64% 16.09% 14.21% 100.0%
HA 77.66 77.51 80.82 90.83 79.99
7} 3,749 3,588 3,368 3,152 3,552
I - - 1,324 5,555 6,879
.. ewHlE - - 19.25% 80.75% 100.0%
T A - - 77.85 80.81 80.24
724 — - 2,804 2,637 2,669
T 382,229 301,624 158,588 142,962 985,403
AA TaHE 38.79% 30.61% 16.09% 14.51% 100.0%
= HA 77.98 78.23 81.16 90.39 80.37
7} 3,983 3,765 3,533 3,341 3,751




(% 49) 99 =A T34 HE&d 714 24

44 al A B C D ZAA
T 169,341 173,573 112,647 73,055 528,616
o ewAlE 32.03% 32.84% 21.31% 13.82% 100.0%
b HA 85.40 81.30 77.62 76.36 81.14
7} 3,766 3,675 3,471 3,188 3,593
LSS 124,006 141,295 82,906 39,394 387,601
AA TuHlE 31.99% 36.45% 21.39% 10.16% 100.0%
A 85.16 81.22 77.91 75.66 81.21
7} 3,525 3,458 3,287 3,054 3,402
S - - 4,643 18,427 23,070
.. ewHlE - - 20.13% 79.87% 100.0%
T A - - 86.01 80.17 81.34
724 — - 2,894 2,788 2,809
A 293,347 314,868 200,196 130,876 939,287
AA TaHE 31.23% 33.52% 21.31% 13.93% 100.0%
HA 85.30 81.26 77.94 76.69 81.17
7} 3,664 3,577 3,382 3,092 3,495

o =ATEE AEFT v

B EAe] A9 ATHO AFHIES FEA L 64.9%, AAEe] 35.1%% 3L, BE
w2 45 dEA 63.1%, A= 36.9%A ) ol E BES C5H, DeFAME
ALl AL FMANA T FEA O] HES 2.5%00 THTHLH 7).

Gt A AsHe dFHES SEA T 57.7%, ﬂxﬂiol 42.3%%931, Bewo] 4
T SEIA 55.1%, AAE 44.9% T o2 g HlE&S Cew, DewolAe FAHA
A HAAEA T FEA e vES 0.7%C LA™ 8).



300

4n r2

250

200

150

4n
=+

100

50

200

4n 2k

160

140

120

100

4n
4>

80

60

40

20

248(64.9%) & 56.28% |

N A A 41.27%

190(63.1%) T 2.46%

Al 100%
| 134(35.1%) | | "

111(36.9%)
101(63.4%) 87(61.1%)
57(35.7%) 50(35.0%)
0(0%) 0(0%) 1(0.8%) 6(3.9%)
A B C D
£3
og oM O%
(ag 7) dyx=Ae T3E 9575 AE ¥ &
\
174(55.1)
169(57.7%) < 63.57%
. AA | 35.73%
141(44.9%) 2= 0.70%
124(42.3%) 113(56.3%) Al 100%
83(41.4%)  73(55.8%)
39(30.1%)
] I o 8(14.1%
0(0%) 0(0%) 5(2.5%)
A B C D

B OHAM O

(29 8) BH=AY $3E 287 4E HE




g AF7I7HNE A% HAEA 2 AT

(1) 24714 2% 891 &4

2005 137 A ¢

g gl wel &
=

,d
&
H
Y
©
co
Ol
S
(@)
w
—1r1
<
N
i
o,
i
oy
il
bt
2
ofN
oy
N
o
—r
N,

rflo 3

¥ w
&%*—1% T A% A b B gD s + &
| A 7pAWo)Y] 40.3%E AA YTt 1 tgow &
Hol= 8918 EA1F(10.0%), HH(9.5%), sAEF71(9.0%), &
] 143 A-E g A 939, 287T um °Jag, =

o

=
()
NS
IS
off My 1% o
X x o

l 6

AT dddE sHede 2 Og?‘fok% u]i]x] o]— m}, /Kg?\kx}ﬂ e &
£ a2l Aol el Exlga SAFA g4

olmz webA o] F 7 ale] mE 7hAe] WstE A AT

(2) =X AT W& 7149 ¥}

g ZelA|Fo] ZrlelE AS HolHA HI AL HolE EAFE YAY

X]i Atk 2005 =] A e oF 19 vhFo] vy EAF FAlo] WE =X dUtE
woohEl A 83.3Kg(AAl 122.5Kg), AA1E-80.8Kg(AA 118.9Kg), FEIA=

78. 5Kg(*§Xﬂ 115. 5Kg) Aol A Zkzt Kg 3,8469, 3,519¢, 2,681 Ha W=

HATH1H9, & 50).

(£ 50) 99| x=A] Kgd Had7te A EAF(20053 AFAHATFF

d 1714 EAF A
oF 3,846 83.2 122.4
A A 3,519 80.8 118.8
4 2,681 78.5 115.4




4,500
opy = —1.02x% + 169.91x — 3228.9
R? = 0.8884

4,000 e
B 300 T e
®
Ef y = —0.8548x% + 138.18x — 2064.9
N 3000 R® = 0.8545

2,600 [ /¥R

y = —0.2708x> + 42.524x + 1012.4
R%2=0.7716
2,000 —

50 53 656 59 62 65 68 71 74 77 80 83 86 89 92 95 98 101 104 107 110 113 116 119
XS (ka)

(28 9) 99 =AF & A8 =A Keg? @rhis

gt o] A dEAE TAF 81.6Kg(AA 107.2Kg), AA=E 75.5Kg( A A
= 80.5Kg(A A 103.2Kg) Al A4 ZhzF 3,547, 3,356, 2,811 9]
1)

(£ 51) BH=A Kg3 Hugdrke A48 =AF(2005d AFAHFF

8 =2 bg =AF AAZF
oF 3,547 83.6 107.2

AA 3,356 80.5 103.2
5 2,811 75.5 96.8




3,800

3,600 e T H
' 7 \Q y=-0.5057x° + 84.571x + 11.726
mm y R? = 0.8475
3,400 [/ —
HA B
3,200 fev .
=-0.2001x2 + 30.229x + 1669.4

~~ 2 —
23000 | R? = 0.8249
o
T 2,800 . A AL
N R o

2,600
y=-0.4417x% + 71.134x + 492,87
2 _
2400 | R? = 0.8529
2,200 \!
2,000 ‘

60 63 66 69 72 75 78 81 84 87 90 93 96 99 102 105 108 111 114 117 120 123 126 129
ZH & (kg)

(28 10) B9 =AF @& A8 =4 Kg¥ @7HHs

(3) =A FALFAN B 7149 ¥3

2005 o] " A o] SAPFAC] wE EAWIFE BW dElA= e
o] SAXHFEAZE 19.1mm, AAES 18.0mm, FEA+= 16.5mmolA Z+7zF =4 Kg

34,0549, 3,669%, 2,747 9] HudrME HATH(1HEE, 3#£49).

(£ 52) Y9 =A Kg3 Hugrte] A8 SAEFA(2005d ASARF)

4d = bg | AT
oF 4,054 19.1
A 3,669 18.0
S 2,747 16.5




4,500
y = —6.0508x2 + 231.61x + 1838.5
Cl R? = 0.9721

4,000 | R crats -:-‘:‘.;'.;’:.,

~ 3,500 AR
= KRS HA
of R N
T S y = —5.4574x% + 197.25x + 1887 \\
= ¢,:'_"' 2 = a4
N 3,000 '{//// R 0.9608 \
2,500 r l
N
y = —2.0557x2 + 68.001x + 2185.3
R? = 0.6903
2,000 ‘
0 5 10 15 20 25 30 35

SX|9EH (mm)

(24 11) 499 =A9 SAEFA & ¥ Kegd @73}

gulte o] SXWUEAY w2 TAWU/IE HE IERE S-S 7 21.2mm,
A =L 21.5mm, FEHA = 19.5mmoll A 2+ =4 Kg@d 3,711¢, 3,477¢, 2,860¥
o] Y AT (¥ 12, ¥ 53).

(% 53) FHEA KegB 197t 4E FALFA(2005d AFAHFF

4 714 SARFA
oF 3,711 21.2
A 3,477 21.5
S 2,860 19.5




3,900
oy =_4.3402:2 + 185.05x + 1743.4
R? = 0.9362

3,700 )

3,500
2 3,300 A N 5
# R HHl y = -3.7388)° + 161.06x + 1743.4 >
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A 0.968 3.08 0.0068 0.26756

s 0.192 1.93 0.0709 0.19275

ey 0.716 2.29 0.0351 0.14428

(2) A5&F 7 839 FaAx
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(& 66) TAES] kA= AuAddd AT vj& 2A 23

3y okz} T b-Eiy EFHA WHoH| (%)
AR
A FATPC 2331 24.8 5.55 29
AW (%)
7]-]:] H o
aul 7 BMA 2399 48.1 8.16 17
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R
. IMFA 2400 8.18 3.92 48
(cm?)
s 87 e A
S SFA 2396 24.1 6.88 28
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Pz;qx-lx]tﬂ—
e P2 2316 10.0 2.67 27

Shaw ¢} Rossetto(2003)+= o] 83t AT A S o] &l ofgfje} & H A W]

& A5 TS AASIH

B FATPC(%) = 13,689 + (0.484XIMFA) + (0.549xP2) -
(0.226XBMA) + (0.271 X SFA).
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b Sl S SFA 0.32
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S = [e)
- AZ YF ¥ 54 Jra 7
% *pH24h

(Kg) Lx(BE) a*(FAZ) b+(FAE) (%)

115.36 5.61 49.21 5.85 2.63 25.94
H3aA

+7.27 +0.16 +4.10 +1.44 +1.15 +3.33
cs 114.97 5.83 45.75 7.36 3.07 24.37
m +11.11  +0.12 +2.40 +1.02 +0.68 +4.91

111.61 5.74 46.97 7.56 2.93 26.31
Aol

+12.14  40.20 +2.90 +1.07 +0.85 +4.32

113.90 5.75 46.29 7.50 2.64 26.26
He3as

+15.17  +0.18 +2.38 +1.38 +7.77 +6.11

118.74 5.83 46.06 6.78 2.82 24.93
F1(LXY)

+9.06 +0.14 +2.53 +1.34 +0.76 +5.70

106.67 5.83 47.13 7.76 2.73 24.05
H)SE(LYD)

+7.89 +0.12 +2.69 +4.43 +0.92 +4.44
A4 114.91 5.68 48.57 6.22 2.68 25.53
= +8.21 +0.18 +3.97 +1.88 +1.09 +4.28
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A 75, F1, vE=(LYD)o] 7P $gtal, tao2 H=aA, sl theare
k.

Sl

CHELES SEPLEREPC RS EL ST

2% AF 44

% pH24h Zhess
Lx(BE)  ax(FAE) be(Ax) (P

X 5.61°+0.01 49.21°+0.15 5.85°+0.07 2.63°+0.04 25.94°+0.28
= 5.83"+£0.02 45.75°40.59 7.36"+0.27 3.07°+0.17 24.37°%0.65
A= g olx 5.74"+£0.03 46.97°+0.62 7.56°+0.28 2.93°+0.18 26.34°+0.69
R 5.75"40.03 46.29°+0.61 7.50°+0.28 2.64™+0.17 26.25°+0.68
F1(LXY) 5.83'+0.03 46.06°£0.68 6.78"°+0.31 2.82°+0.19 24.93*40.76
HSE(LYD) 5.83°40.02 47.14°+£0.51 7.76°£0.24 2.73"+0.15 24.05°+0.57

% PA) O AL EAH §o27 A&(p<0.05)

(¥ 4) A F549 $4849 J2AHIH FF4)

884 ZUAEE

1A% SHAE=

e TR0 (CIMF) (UIMF)
H A 36.68°40.30 2.40°+0.04 2.2340.02
5= 32.75%4+1.52 2.79°+0.15 2.40°+0.12
A= olx 44.60°+1.60 2.11°4+0.16 2.10°+0.13
oM 44.89°+1.58 2.23"4+0.16 2.25°40.13
F1(LXY) 37.79"41.77 2.13"4+0.18 2.17°40.14
H) % E(LYD) 41.22%41.33 2.73°+0.13 2.68°+0.11
w0 PEAZE O A BAA FeA7) A (p<0.05)
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(£ 8) W=D )T SAYZAE AR

e s Minota 719 A
5434 A%  ‘pHaw CIMF UIMF L ) " aw | 9
AF 0.27  0.33 0.1 =023 0.28 0.09 0.03 —034
pHaan 0.24 0.42  0.36  —012 —0.10 —-007 0.23 0.15
CIMF 0.35  0.51 0.85 =017 —0.03 —011 0.32 0.25
UIMF 0.10 0.35 0.82 -021  0.02 —023 0.52 0.48
L |-022 -019 -0.15 -0.15 0.04 0.75 0.02 -011
Minota a | 0.24 -0.14 -0.12 -0.07 0.03 0.40 0.24 —013
b | 0.13 =0.05 —0.07 —0.22 0.70  0.38 —-0.10 . —0.45
7tERE 0.16 0.28 0.44 057 —003 0.13 —006 0.56
Ay -0.26  0.13  0.25 0.50 —011 —017 —044 0.56

% Pearson correlations are upper right section and Spearman rank correlation are lower

loft section.

(R 9) HeaMFe] §AFJZE 4A=3H

#2%¥2 | AT ‘pHewm CIMF UIMF - e | A
L a b HEF H
AF 0.26  0.00 —0.16 —024 -031 0.06 0.07 —026
pHaan 0.34 0.06 0.03 —013 —013 -006 0.24 0.16
CIMF 0.03  0.13 0.91 0.25 0.24 024 0.22 0.14
UIMF -011  0.08  0.93 0.41 0.27 029 0.36 021
L |-014 -0.18 025 0.36 0.11  0.57 0.18  0.03
Minota a | —022 -0.07 0.35 0.34 0.06 0.36  0.29  0.36
b | 0.0l -0.12 021 029 052 0.34 0.42 —012
7tERE 0.12  0.34 0.21 030 0.11 0.34 0.41 0.18
AgE -023 0.24 010 0.15 0.05 020 -019 0.13

% Pearson correlations are upper right section and Spearman rank correlations are lower

loft section.
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)

T A ()] AR 2ARERLAL, S4, ddE s A(+)9] duaAE AR,

O:

(£ 11) ALuFF(LYD)9 S24FAE JA=LH

A% pHw CIMF UIMF Mi’;"ta b zi 2&

AF- 0.37  —0.06 0.00 —018 =006 —014 0.42  0.12

“pHasn 0.35 -0.11 -0.13 -019 -019 =-021 0.56 0.05

CIMF —-0.04  —0.10 0.92  0.02  0.26 0.13 —001 0.24

UIMF 0.04  —0.11 0.91 -0.03 0.28 0.06 0.03 0.34

L |-001 -0.12 -0.05 -0.08 —-0.04  0.67 0.03 0.16

Minota a | —-014 -0.34 0.33 041 —0.03 0.05 =007 0.11

b | —001 =014 0.02 -0.03 0.57 0.15 0.07  0.07

7tEE 0.44 0.50 0.03 0.07 0.08 —014 0.15 0.47
Ay 0.12 —0.03 0.30 0.41 0.14 0.44 0.03 0.42

% Pearson correlations are upper right section and Spearman rank correlations are lower

loft section.

A=ol X 2537|1A1E E83sto] S48 7114 nfEdAF0lE F8h UAWER A
slal7] 913k BdS F4317] ko] 3] H 4 (regression analysis)S AAISIAT. 7] A4 nf
YW (independent variable) = }8H4 IUIAIEE F4A 5 (dependent

SRR EEREEY

£
2

variable) %= 3}

@ T3

y = 0.949x +0.267

oA71M, x= 7IAA rkER A0, v 3 TUlAE
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2Hel A ZUAI Y (CIMF)

¥ = 0.949x + 0267

1 2 3 4 5 6 7 8 9
IAAE FUA L E(UIMP)

(Z¥ 13) 7148 A g = o 3383 FURgze] Wz}

@ HIMZF G<IARY

y = 0.966x +0.257

A7IA, xi= 7IAA v Aae], v hehE SWAE =

Fotd U A e (CIMF)

9

y = 0.966x + 0_257

1 2 3 4 5 6 7 8 9
2148 ZUIA Y EUIMP)

(2 14) 714" SRARE) T 35 2 REe] B

- 134 —




y = 0.8156x +0.836

7N, xi= 7IAA v Aol v e WA=

7

6 ¥ ="07815x + 07836

hofa LA S (CIMP)

1 2 3 4 5 6 7 8 9
2143 ZUA L (UIMF)

(2 15) 714" SRARE we 35 2y eEe] B

@ A= o|AFe] G ARY

y = 0.902x +0.202

71N, xi= 7IAA v Ao, vy e WA=

y = 0.902x + 0_202

Fotd U A Y (CIMF)

1 2 3 4 5 6 7 8 9
2143 ZUA L (UIMF)

@ tleIMFo] T3y
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y = 0.993x — 0.005

oA71M, x= 7IAA rkeR A, v 3y TR =

10

¥ = 0.993x - 0.005

L X 8- (CIMP)
[@p]

rd

1 2 3 4 5 6 7 8 9
IAAE FUA L E(UIMP)

(248 16) 71AH SWAEd wE 554 ZUAPES] W3}

(3 12)0l= HAaMTe SEF- g FH895 Hehigith S2EA 9 giiie] =

E
o] fddor AT

(& 12) ¥3MF9 §Z23FAd AF 734

Minota A=z
L a b 7

B

*pHzep | CIMF | UIMF

R

Heritability

(h7%) 0.74 0.88 0.85 0.56 0.66 0.65 0.38 0.61
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(F 13)el MaAZe] S2F 0] g FH99-2 LrEleh, A1S 24417 pHE V)3
B 54, S5HA L AA S, ARk R(-)e) JeRAE 1o, S o

|=]
WA E=(CIMF) = 71A14 WA =(UIME), viseRAabs aee] Ao JaaAE vet
AT PEEE A2 TR A (+) 9 BadAE BN, Al (o)) A
wHAE B3

(% 13) BaMF9 §23Ad Fd4a

4293 | ‘s CIMF  UMF Mn:m . zi 2 ;’

pHea —-0.15 —0.14 —0.45 -0.28 —0.42 —0.17 0.07

CIMF 0.75 0.27  0.37 048  0.03 -0.23

UIMF 0.24  0.30  0.41  0.01 —0.04

L 0.21 079 = 0.23  —0.13

Minota a 0.63 0.13  —0.01

b 0.15 —0.11

7te R —-0.04
Aad
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T8 67191 Mg} o] AdHor AEEE NS dASHA] ol 5 el &
A7E dAskaL ot & S, A A 17 =54 o 17%7F AE = vjsto]
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SHA,IMF @ 233A %A, SFA @ 9] 8hA
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&+
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Shaw ¢} Rossetto(2003)% o2 st AHAFAE o] &3lo] ofefj9} 22 FHAA W& o=
TS AT

FATPC(%) = 13,689 + (0.484<IMF) + (0.549xP2) — (0.226XBMA) + (0.271 X SFA).

o] FAE o]&sle xFI VAR SAHS AnES IHUH(UBMA), HHAWHA

(UIMF), s}atA9Pa 2 (USFA)S &-83sko] =43 4= o)
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4059 LS HAH(UBMA) = 253 7[AZ S43% 2559 W4 (UBMA) X 3.6363
@(UIMF) X 2.6252
A
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FATPC(%) = 13,689 + (1.271XUIMFA) + (0.549xP2) — (0.822XUBMA) + (0.961 <
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Table 1—1. Comparison of muscle pHzs 1, NPPC color, NPPC marbling, and

crude fat content of porcine Jongissimus dorsi muscles in different breeds,

and sex
NPPC Crude fat
Breed Sex Muscle pHs n NPPC color .
marbling content (%)

Male 5.73 2.82 2.03 2.11
Landrace Gilt 5.66 2.51 1.91 1.27
Mean 5.71° 2.71° 1.99¢ 1.75°
Male 5.74 2.94 2.35 1.58
Y orkshire Gilt 5.67 3.23 2.08 1.70
Mean 5.72™ 3.10° 2.26™ 1.69°
Male 5.92% 3.51 2.85 2.16
Berkshire Gilt 5.69 2.71 2.42 1.33
mean 5.82% 3.12° 2.67° 1.78
Male 5.83 3.71% 3.05 233
Duroc Gilt 5.83 4.60 2.94 3.04
Mean 5.83° 4.12° 3.00° 2.69°
Mal 5.83 3.61 3.33" 1.92*

High-Marbling 'a ¢
b Gilt 5.77 3.71 2.617 2.95"
uro¢ Mean 5,70% 3.72% 2.95° 2.41%
Male 5.73 191 2.35 1.63
F1 Gilt 5.78 3.637 2.44 1.77
Mean 5.76™ 3.07° 2.40™ 1.72°
Male 5.90 3.51 2.91 2.61
LYD Gilt 5.80 2.81 2.50 2.26
Mean 5.82% 3.00° 261° 236"

¥ Least-square means with different superscripts between sex are significantly different (P < 0.05).
¢ Least-square means with different superscripts between breed are significantly different (P <
0.05).

Abbreviations: NPPC, National Pork Producers Council; F1, Landrace x Yorkshire; LYD,

Landrace x Yorkshire X Duroc.
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Table 1—2. Comparison of meat quality measurements of porcine

longissimus dorsi muscle in different breeds and sex

Lightness  Redness  Yellowness Drip loss  Cooking Shear

Breed Sex o 2 %
@) @) ®) (%) loss (%) force (N)
Male 48.2 75 3.7 43" 20.8 27.2
Landrace  Gilt 44.8 73 2.7 2.8 23.0 26.4
Mean 46.6 7.5% 33 3.6° 21.6 26.9
Male 46.1 7.1 4.5 2.9 24.2 29.8
Yorkshire  Gilt 44.6 6.4 2.6' 2.5 235 24.6
Mean 45.1 6.8" 3.6 2.7° 23.1 272
Male 43.4* 8.1 3.0 2.1 19.5% 243
Berkshire  Gilt 47.7 73 3.0 2.9 26.0° 23.8
Mean 45.4 7.8° 3.1 2.5° 222 24.1
Male 44.6 73 3.2 1.8 19.6 24.2
Duroc Gilt 452 8.2 3.6 3.6" 215 24.0
Mean 44.9 7.8 3.4 2.7° 20.5 24.1
High-Mar Male 44.0 7.5" 3.2 1.9 23.0 30.8
bling Gilt 46.6 6.2" 3.0 2.8 24.2 273
Duroc Mean 45.4 6.8 3.0 2.4% 23.9 29.0
Male 47.9 5.0° 2.7 2.6 28.4 32.3"
F1 Gilt 45.6 7.0° 3.4 2.7 18.8" 26.5
Mean 46.4 6.3° 3.2 2.7° 20.9 28.4
Male 46.7 5.7 3.8 1.4 21.7 25.4
LYD Gilt 47.1 5.9 3.4 1.7 21.9 26.8
Mean 473 57° 35 1.7° 22.9 26.2

¥ Least-square means with different superscripts between sex are significantly different (P <
0.05).

““ Least-square means with different superscripts between breed are significantly different (P < 0.05).
Abbreviations: NPPC, National Pork Producers Council; F1, Landrace x Yorkshire; LYD,

Landrace x Yorkshire X Duroc.
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Cooking Lightness Redness Yellowness

sk
sk

-0.30
-0.26

-0.11

Drip loss
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seokok

* P < 0.05, *x P < 0.01, #=**= £ < 0.001.

Abbreviation: NPPC, National Pork Producers Council.
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Drip loss
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Table 1—3. Correlation coefficients (r) within meat quality measurements
loss

of porcine longissimus dorsi muscle
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Table 1—4. Comparison of live weight, body length, body width, carcass

length, and backbone numbers in different breeds and sex

Live Body Body Carcass
. . Backbone
Breed Sex weight length width length
number
(kg) (cm) (cm) (cm)

Male 123.0° 124.68 - 85.6 22.4
Landrace Gilt 118.8" 120.53 34.92 83.8 222

Mean 121.1° 122.66 34.91 84.7° 22.3%

Male 124.4% 121.07" - 84.7 21.8
Yorkshire Gilt 118.17 115.98" - 83.8 222

Mean 121.9° 118.72% - 84.3° 22.0"

Male 126.4 120.74 - 84.5 222
Berkshire Gilt 122.7 122.06 - 85.2 22.6

Mean 125.0° 121.55 - 84.9° 22.4%

Male 124.7% 118.03 34.92 83.7 22.1
Duroc Gilt 117.6' 119.39 34.85 83.0 22.4

Mean 118.7° 118.9* 34.83 83.4% 22.3%

Male 123.9° 118.77 35.28 81.4* 21.7
High-Marbling

Gilt 115.8" 118.31 35.46 82.5" 21.9
Duroc

Mean 118.5° 117.4° 35.37 81.9° 21.8°

Male 122.5% 119.83 35.58" 83.8 22.6
F1 Gilt 117.0 123.21 33.12° 85.2 22.5

Mean 122.1° 121.6® 33.90 84.8° 22.5°

Male 119.2 117.97 35.86 81.9 22.0
LYD Gilt 117.4 117.05 35.22 84.3 222

Mean 117.2° 113.9¢ 35.66 83.1° 22.1%°

¥ Least—square means with different superscripts between sex are significantly different
(P < 0.05). *° Least—square means with different superscripts between breed are
significantly different (2 < 0.05). Abbreviations: F1, Landrace X Yorkshire; LYD,

Landrace X Yorkshire X Duroc.
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Table 1—5. Comparison of carcass traits in different breeds and sex

Carcass  Carcass Back-fat  Belly  Loin-eye Loin

Breed Sex weight  percenta thickness  weight area weight
9 ge(%® (mm) (k)  (m)  (kg)
Male 79.4 65.8" 16.3 10.52 56.1 33
Landrace Gilt 86.6 68.2" 15.5 11.12 59.2 3.1
Mean 83.2 66.9% 15.8° 11.00 57.5% 3.2°
Male 84.8 65.2 15.6 10.11* 52.6 3.1
Yorkshire Gilt 89.4 68.5 16.0 11.81° 54.2 3.2
Mean  87.1 66.5" 15.4° 11.51 53.7% 3.0°
Male 77.8" 64.0° 15.2 11.07 61.1 3.0
Berkshire Gilt 93.6' 66.3 18.0 10.70 56.7 3.1
mean 85.7 64.8" 16.3° 11.31 59.1% 3.1
Male 77.9% 64.9% 15.7° 10.41 60.7 3.1
Duroc Gilt 85.0" 68.8" 19.5% 11.20 58.8 2.9
Mean 81.4 66.9% 17.6" 10.84 59.8% 3.0°
Male 78.1 65.4 12.8° 10.08* 60.9 3.0
High-Marbling
Duroc Gilt 78.6 70.1° 17.9" 11.85 61.9 2.9
Mean  78.4 67.9° 15.5° 10.72 61.3" 2.9°
Male 84.4 66.2 19.6 11.90* 59.1 3.0
F1 Gilt 78.6 69.3" 16.7 10.42 61.3 3.1
Mean  80.5 68.3" 17.7° 10.86 60.5" 3.1
Male 70.4 67.9 21.3 11.02 50.8 2.4
LYD Gilt 74.6 69.1 21.0 11.32 52.3 2.5
Mean  72.5 69.0° 21.7° 10.39 51.2° 2.5°

¥ Least—square means with different superscripts between sex are significantly different
(P < 0.05). *° Least—square means with different superscripts between breed are
significantly different (2 < 0.05). Abbreviations: F1, Landrace X Yorkshire; LYD,

Landrace X Yorkshire X Duroc.
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Table 1—6. Correlation coefficients

carcass traits

Carcass

Loin

back-fat Carcass Backbone Loin-eye

Body Carcass

width

Body

length

weight percentage

length  number area

weight thickness

023" -0.12

-0.03

0.16

ok

0.52

sk

0.39

ok

0.93

ok

0.63

skokok

0.65

Live weight

021 055" 0317 0.06 0.22 0.03

0.65

0.17

Body length

0.14 0.07 -0.08 -0.16 0.02

ok

0.34

ok

0.64

Body width

0.24

0.18

-0.02

0.17

ok

0.53

sk

0.51

Carcass
weight

ok

0.36

-0.03

-0.09

0.19

0.26

back-fat

thickness

0.07

0.18

0.03

ok

0.48

Carcass
length

0.05

0.11

0.10

Backbone
number

* P < 0.05, ¥ P < 0.01, **+ £ < 0.001.
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Table 1-7. Correlation coefficients (r) between meat  quality

measurements, live weight, and carcass traits

Drip Lightness Cooking Shear Fat NPPC NPPC
PHis min pH24 n FFU

loss (L*) loss force content color marbling

Live 022" 004 -007 014 -0.06 0.00 . 005 003 005
weight 0.27
Body

2015  -006 -0.01 000 -0.07  -0.17 019 003 008 -0.02
length
Body 2001 016 -0.09 021" -0.04 0.12 - W 001 014
width 0.31 0.30
Carcass 135 013 007 021" -002  -005 022 012 -005 -0.05
weight
Carcass 17 019 005 003 007 -006 -0.16 017 -010 -0.17
percentage
Carcass (o4 025" 017 014 -002  -010 023 009 -002 -037"
length
Backbone )1+ 100 015 0207 022" 003 000 004 -021" -0.03
number
;‘;f'eye 2005 -0.15 003 -0.14 -0.09 014 009 -0.19 006 -0.03
back-fat o 0c 001 003 014 016 -006 010 024" -0.19  -0.02
thickness

Level of significance: * P < 0.05, ** P < 0.01, =xx P < 0.001.
Abbreviations: FFU, filter—paper uptake; NPPC, National Pork Producers Council.
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Table 1—8. Metabolic traits in different temperature groups at

postmortem

45 min

Muscle temperature at 45 min postmortem

Level of
High Medium Low S
significant
(37.8 ~ 40.8 °C) (34.0 ~ 37.4 °C) 30.7 ~ 33.5 °C)
At 45 min postmortem
pH 6.27 + 0.17' 6.33 = 0.21 6.53 + 0.24 NS
Temperature (°C) 39.08" + 0.85 36.19° + 1.01 32.1° £ 1.22 Ak

At postmortem 24 h
pH 6.25" + 0.26 6.11° £ 0.19 6.22° + 0.10

Level of significance: NS = not significance, * 2 < 0.05, **x 2 < 0.001.

' Results are expressed mean £ SD.

47¢ Least—square means with different superscripts in the same row significantly differ

(P < 0.05).

Table 1—9. Metabolic traits of different pH groups at 45 min postmortem

Muscle pH at 45 min postmortem

Level of
High Medium Low significant
(6.38 ~ 6.78) (6.08 ~ 6.36) (5.44 ~ 6.06)

At 45 min postmortem
pH 6.52" + 0.10' 6.22° + 0.08 5.94° + 0.15 ok
Temperature (°C) 36.88 + 1.96 37.96 £ 1.76 38.02 + 1.30 NS
At postmortem 24 h
pH 6.24 + 0.27 6.18 £ 0.33 6.22 £ 0.24 NS

Level of significance: NS = not significance, #x* P < 0.001.

! Results are expressed mean £ SD

47¢ Least—square means with different superscripts in the same row significantly differ

(P < 0.05).
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5 He WEd

dry, normal, exudative Al ZF o2 FESTh, SA9] 9 =5 HIE A
o® olgHE Wik FEE olfsto |

A AW FA4S e pale Al 1502 REskivh o] 9 I’Fﬂfﬂ'goi =
4 15S Y= A9 pale, soft, exudative(PSE, 9% EH]%]), reddish—pink, soft,
exudative(RSE, 4%<2] PSE), reddish—pink, firm, non—exudative(RFN, ),

dark, firm, dry(DFD)Z Y= 4 A (Figure 1-1).

Pale, soft, and exudative (PSE): drip loss > 6.0%, L* > 50

Reddish—pink, soft, and exudative (RSE): drip loss > 6.0%, L* < 50
Reddish—pink, firm, and non—exudative (RFN): drip loss < 6.0%, Lx < 50
Dark, firm, and dry (DFD): drip loss < 2.0%, L* < 43

Figure 1—1. Representation of pork quality class. Desirable pork quality is shown
in the ham on A. It is reddish—pink, the muscle is firm and holds its shape and
has a normal amount of exudative (RFN). Undesirable pork quality is shown on
B and C. The ham on B is pale, soft, and exudative (PSE) and the ham on C
is dark, firm, and dry (DFD).
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Table 1—10. Comparison of the growth performance and carcass traits in

the different pork quality classes

Level of
PSE RSE RFN DFD . g
Significance

Live weight 1245 104.0 120.7 123.3 NS
(k)
Carcass weight 83.50 70.00 81.14 82.81 NS
(k)
Coaxcass percentage 67.03 67.39 67.25 67.13 NS
(%9
Back-fat thickness 19.50 14.50 17.12 17.00 NS
(mm)
Backbone . b b b

23.00 22.00 22.24 21.91 *
number
Loin weight a a b 3

3.23 3.23 2.94 3.20 *
(kg)
Loin-eye area 56.88 60.92 58.32 56.78 NS

(en’)

Level of significance: NS = not significant, * 2 < 0.05.

4> Means with different superscripts between a row are significantly different
(P < 0.05).

Abbreviations: PSE: pale, soft, and exudative; RSE: reddish—pink, soft, exudative;
RFN: reddish—pink, firm, non—exudative; DFD, dark, firm, and dry.
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Table 1—11. Comparison of the postmortem metabolic rate and meat

quality traits in the different pork quality classes

Level of
PSE RSE RFN DFD L
Significance
Postmortem metabolic rate
Muscle pHas min 6.02 6.26 6.34 6.44 NS
Muscle pHas 1 5.64° 577" 577" 5.88" *
Meat quality traits
Drip loss (%) 6.99" 597" 2.53° 1.58 ok
FFU (mg) 4520° 46.20° 30.58% 17.94° ok
Lightness (L) 51.09° 47.17° 46.40° 41.07° ok
Redness (@) 9.06" 7.72° 6.74° 7.71° ok
Yellowness (b) 497" 339" 337" 238" *
NPPC color 1.00° 2.00% 244 4.54° ok
NPPC marbling 3.00 2.00 2.56 2.82 NS
Cooking loss (%) 22.67° 2592 21.66" 17.86" ok
Shear force (N) 30.50 28.09 26.40 27.43 NS

Level of significance: NS = not significant, * 2 < 0.05, *x P < 0.01, **x P <
0.001.

47 Means with different superscripts between a row are significantly different (P
< 0.05).

Abbreviations: PSE: pale, soft, and exudative; RSE: reddish—pink, soft, exudative;
RFN: reddish—pink, firm, non—exudative; DFD, dark, firm, and dry; FFU:
filter—paper fluid uptake; NPPC, National Pork Producers Council.
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g% A&EEo % 2
< 1¥5d =5doldt =AlF 80-100 kg W], A& 50% °|, SAEY AW

= ’
sheko A%k 1.5%7F |ojoF skthar A ASF Tl TESE National Pork Producers
Council(NPPC, 1998)ell A% &4 =529 E4dd tia) AAsse=d, 1548 =5

o] 7%l He F4 SHIHORE NPPC 44, NPPC A4 %, <59 AT
X o
=

O

pH, 54, A 2 ofFHE IFHOo= siglon, 7k2te] 7|52 Table 1-123 %

Table 1—12. Meat quality targets in the porcine longissimus dorsi muscle

Atribute Target Comments
NPPC color 3.0 to 5.0 Utilizing a 6-point scale
NPPC marbling 2.0 to 4.0
Ultimate pH 5.6 to 5.9
Drip loss Not to exceed 2.5%
Flavor Robust pork flavor No off-flavors

Utilizing Waner-Bratzler shear force
Tendemess <71 (3.2 kg)

at 7 days

(National Pork Producers Council, 1998)

Al s =5 AR FAARE Ads] fE dddel A
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S normal quality pork(NQ pork)Ce @ AAstgct E Ado] RFNS = HQ
pork7} ZA = Ml &L 42.42% 2 JEFO ™, NQ porke] A9 57.58% 2 LFEFO
™ (Figure 1-3), 238w o|A] HQ pork7} *}A|&= v &L 33.73% = BA= 9t}
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quality
pork\42.42%)

Figure 1—3. Composition of high quality meat in groups -categorized by

color, National Pork Producers Council marbling, and drip loss.

HQ pork® 4% <59 AFUAL £=5 Yetds ARS%7] 2 HF pHOllA
ZFol & YERA 9kt Choi 5(2005)°] ©5tH PSES <] A}
Z¥7y 5.94, 5.45°] 01 RFN® pHE Z+7F 6.09, 5.61=2 4
EPWithar Bash =], 2 Ao o] HQ, NQ pork(5.79 vs. 5.76, respectively) ]
3% 4WHA <l RENe| Hlal 2 pHE WEll ARS-thAbZE QEAAQI Aoz ddd
o Begs Yede SEEAY ARAEFTYE 589 45-ol= HQ pork(2.20%,
26.82 mg, respectively)”7} NQ pork(2.80%, 33.80 mg, respectively)ol H|3}] W& 4=
22 Yeh =], dukA el RENS9 ok 3.5%, 44.7mg(respectively) Bt} S&
(Choi &, 2005)5 YERAT. oAk HQ pork %2 A5 HEHloH, 5
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= LR
W 8 53 vuss F2 45 Y ZleR ad
Aol A AT HQ porke] A-9-ol%= NQ porket
Wtk (Table 1-16).
AP d7AdE FIee] B R, HQ porks 4S9l RENe H|8jA]
o) o

T
Fo FES dUEEled, 53 A AY gAEEE A, &
7 @)

Table 1—13. Comparison of the postmortem metabolic rate and meat
quality traits in the different pork quality group in groups categorized by
color, NPPC marbling, and drip loss

High quality pork Normal quality pork Level of

(N = 28) (N = 38) significance
Postmortem metabolic rate
Muscle pHis min 6.33 6.35 NS
Muscle pHzs 1 5.79 5.76 NS
Meat quality traits
Drip loss (%) 2.20° 2.80° *ox
FFU (mg) 26.82° 33.80" *
Lightness (L) 44.56° 4757
Redness (a) 734" 6.38 *ox
Yellowness (b) 3.10 3.54 NS
NPPC color 327 1.92° Hohk
NPPC marbling 277 243° *
Cooking loss (%) 22.22 23.14 NS
Shear force (N) 27.31 25.87 NS

Level of significance: NS = not significant, * 2 < 0.05, ** P < 0.01, **x P <
0.001. *® Means with different superscripts between a row are significantly
different (7 < 0.05). Abbreviations: FFU, filter—paper fluid uptake; NPPC,

National Pork Producers Council.
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Table 1—14. Comparison of the meat quality index in the different pork

quality classes

el o
PSE RSE RFN DFD ~evel o
Significance
wat quality 77.59° 59.04b 72.21° 79.07° *
index

Level of significance: * 2 < 0.05. " Means with different superscripts between
a row are significantly different (£ < 0.05). Abbreviations: PSE: pale, soft, and
exudative; RSE: reddish—pink, soft, exudative; RFN: reddish—pink, firm,

non—exudative; DFD, dark, firm, and dry.

Table 1—15. Comparison of the meat quality index in the different pig

breeds
Land York Berks Duro HM Level of
. . F1 LYD L
race shire hire c Duroc Significance
Meat
quality 63565 66.45°  7591° 7943 7681"  69.82™ 75.41" *
index

Level of significance: * 2 < 0.05. " Means with different superscripts between
a row are significantly different (2 < 0.05). Abbreviations: HM Duroc, high

marbling Duroc; F1, Landrace X Yorkshire; LYD, Landrace X Yorkshire X Duroc.

Table 1—16. Comparison of the meat quality index in the different pork
quality group in groups categorized by color, NPPC marbling, and drip

loss
High quality Normal quality Level of
pork pork significance
Meat quality index 76.21° 70.34° *

Level of significance: * P < 0.01. @b Means with different superscripts between

a row are significantly different (2 < 0.05).
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2. 53 YHAFY 483 75
7. 2% ZH8A, gAY S4L 0|88 E4F Wol 29 B4
(1) AR5 thARAEE 9] Shekd s}

A A o] FFE FFo|tt o]gh HE gl A oy E A E] 7
7HA 8 tiAbAgS o] &3tk (Poso & Puolanne, 2005). 3 HAE= 5714 diAag
dor, FFiai(glucose) 7 ZAZE 714 diAbAES AW 37709 ATP
(adenosine triphosphate)& AJ4tshH, 459 E2]4 5ol A3 dojgd o,

%]

A e irshel 4ge Aol F

L] FRG A2t TFR AL

HAl= d714 At cw, 259 294 o] WmEA dojd o, F 5
SES AbATE TR o tlAl Ao A abA o]go] AFHAL HE- YA
RS 913 Atk o] th(Scheffler & Gerrard, 2007). 3 712 tAte] A9 &
2] 7720 (glycogen) &2 53-8 Ay eolAle] 28] o3 FFAA T EAVL F2
Hol F7H ARAS AXAA 3749 ATPE Aatsid HF AE=A il

(lactate)= AT AFE 2L dAS F3f o= Bafxa, ellA S22

Aoz At

s Tol dojubH] gk dolo 9 z2
of Ao Fgo] A&t ol @71F ARl o7k oy x| Ailo] o] FoX
ol o= A #AVA diatFAge]l doju HF AHER Aol FAE I, o] A4S

9l S5z HHEH(Poso &

z al
Puolanne, 2005). 532 oA Aike] 542 459 AEE AshA7]H, 4Ae
o] At AFY HEF S & dFgE 7 &

Gerrard, 2007).

AT HAE F dAET &
=

il 7]
A3} Zakol shak W3BlE Table 2—1, Figure 2—1°] YERIL

194 2ol 7} YEFST. Figure 2—18 HW, AF
T 45% FYIATFo] w2 IF(GH)S AMS 458 S 3aldso] W€ 1
FelZAZ o] =9TtH(1.49 vs. 0.59 mg/g, P < 0.001).
o

5 (LL)S AFS 458 Zakslaro] =& a5 (LH)el M



3 oo e FYIATHES YERITH0.84 vs. 1.24 mg/g, P < 0.05).
GH-LL 12 AFS 454 SE|3A§=e] 7 7] vebstth. AR 4538 ZAkehas
AME IF 7+ 793 o7 vElt. LHIFS LLIF R A5 458 ks
o] folF o7 =9kom(6.83 vs. 4.33 mg/g, P < 0.001), GL1E< GHIEH T}
U 22 A X5 YePAtH(5.87 vs. 5.29 mg/g,). GH-LL1HF 7H4 &
& AFZ 458 AAsEEES e dubd o g FyaAlshae W g9l o
4 8FS W=t (Fernandez®} Tornberg, 1991), 7L 8210 & = 3% (Monin &, 1987),
A& (Briskey &, 1959, 1960), == 7}%9 #H (Hambrecht &5, 2005; Perez &,
2002), 18] 9] 9% (Hambrecht &, 2005) Fo] Ath. weps] & AFolA=
de FFO HAE o] &R, =HEAN Fo AgE BT 2 s ®=3 7
CA9] e YA oA AFRE ANFH 5T

\I

Yla—Ajos 5(2007)9] Ao mpE2 W ALE7}2o] kg Fo= =FollA =8 =
|sheF 2}o]7} §lal, Neath 5(2007)2] AFAI}E AL 48A]7Fo] At & HE=Z
2olA 7 EF] 8@ AN A 2pol 7k glokar Sl oW A 3o

B AN 2449 BN FYaA 2ake] §o4 Aot gl Ao
s}, Kyla—Puhju 5(2004)9] 2@ ALF @712 dixte] oa) Zel %
Fol AubwA gastAw kel e Frhathn wastglth web A}

ol
o
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Fig. 2—1. Metabolite content at 45 min postmortem in groups categorized
by glycogen and lactate content measured at 45 min postmortem. Bar
indicates SE. Different letters on the bars denote significant differences
(P < 0.05). Abbreviations: GH, high glycogen content group; GL, low
glycogen content group; LH, high lactate content group; LL, low lactate

content group.
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Table 2—1. The content and change values of glycogen and lactate in groups categorized by glycogen (GC) and

lactate content (LC) measured at 45 min postmortem

GC High Low Level of significance
High Low High Low
LC GC LC GC X LC
N=17) (N = 19) (N = 19) (N = 18)
Glycogen content (mg/g)
: 1.20° 1.78° 0.48° 0.70" .
45 min postmortem (0.23)" (0.11) (0.11) (0.11) NS
0.24 0.30 0.24 0.27
24 h postmortem (0.06) (0.03) (0.03) (0.03) NS NS NS
b a C C
. 104 .24 .4 * k% *
Glycogen change value’ ((2)9262) (0‘1%) (%‘10) (%'131) NS
Lactate content (mg/g)
, 6.59° 3.98° 7.06° 4.67°
45 min postmortem (0.51) (0.24) (0.24) (0.25) T NS
842 8.09 8.07 7.64
24 h postmortem (0.44) (0.21) (0.21) (0.21) NS NS NS
3 1.83¢ 412° 1.01° 2.97°
Lactate change value (041) (0.20) (0.20) (0.20) NS

" Standard error of least—square means.
Level of significance: NS = not significance; T P < 0.1, * P < 0.05, = P < 0.001.
47¢ Least—square means with different superscripts in the same row significantly differ (2 < 0.05).

2 Glycogen change value = glycogen measured at 45 min — glycogen measured at 24 h postmortem.

® Lactate change value = lactate measured at 24 h - lactate measured at 45 min postmortem.
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Az THRE THHO) gor], THRE AVNHOR 9 [ [IA, [BE 7
‘(I—)I—

32 A=2 b2 gy 54S 7Y (Schiaffino &
Reggiani, 1994, 1996). &A% F8 [& <% £27F =9 37]4 A E4Jo)
Aot S8 ZASE ] v, vt AR 73 [IBE 455 S22 wEr g7

I
A WAL 5Ae] Astal elaAgEe] w9 A= #9 12 B9 &1H4 5
A& et (Karlsson, Klont & Fernandez, 1999; Schiaffino & Reggiani, 1996).
welA 7] TE 2AS 2L s 288 ARG} BEA tehte, o)
HF §42 1A F&FS FHRyu & Kim, 2005). 2 Ao AFE tiAE 3}

=
o8 2A8A E47ke ARAL B 98 2o AT 2] Fd g
=

MG 249 2FolE Figure 2—29F Table 2—2¢] YEWATH GHIES GLI1E9
n &l A 58 1IBe] WA (88.69 vs. 86.19%, P < 0.05)3 4 XA H]&(82.96 vs.

79.22%, P < 0.05)°] = (Figure 2—2). LLZE3 vugS o, LHIELS &3
1B WA (89.47 vs. 85.36%, P < 0.001)3} 4 ZAH])E&(83.74 vs. 78.44%, P <
0.01)0] =9k, WhHe] &3 19 WA(5.11 vs. 8.01%, P < 0.001)3} 4 ZAH&

(6.89 vs. 10.65%, P < 0.01)& <t} GH-LHIEL A% 43 19 H| o] 7134
viokar, 8 1B v &o] 7F4 =dth GH-LL1ES GL-LHZE| v} A5
o)

3 1IBL] WA (84.92 vs. 86.47%) 3 4= =AM & (78.42 vs. 79.98%)°] wkom, &
& 19] WA (8.47 vs. 6.12%)% 4 ZAH]E(10.98 vs. 7.77%) =4t
A FE [ AR 79 Bl vld nEZEole} vl FENIgEo
A g @4o] =th(Nemeth & Lowry, 1984). ®¥hHo| AL g2 g A(lactate
dehydrogenase), ¥FBAF 7]UolAl(pyruvate kinase)9F & &7)%4 g49 A4S o
o Ze]zAe] ke Yok Briand 5, 1981; Monin %, 1987; Talmant %, 1986). %3t
B oAFo AATE Choi 5(2006)0] wWaw ZAHF 3 1S AR U Fagmze
myosin heavy chain(MHC) % MHC 1& o] ¥3tsla, A+ +9 1IB+= MHC 2B
S ol gt ko, 023k MHCE AR W3l 2 &4 43S F= 7oz B
& i Bowker %, 2004; Depreux &, 2002; Eggert &, 2002). MHCS} AFS AR
o] A B4 Ay (Choi 5, 2007), MHC IIBE @z #y} Ko AAaAS 714

ol

i
o
g
2
o
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Fig. 2—2. Area percentages of muscle fiber types in groups categorized by
glycogen and lactate content measured at 45 min postmortem. Bar
indicates SE. Different letters on the bars denote significant differences
(P < 0.05). Abbreviations : GH, high gly cogen content group; GL, low
glycogen content group; LH, high lactate content group; LL, low lactate

content group.
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Table 2—2. Muscle fiber type composition in groups categorized by glycogen (GC) and lactate content (LC) measured

at 45 min postmortem

GC High Low Level of significance
LC High Low High Low GC LC GC X LC
Muscle fiber area composition (%)
4.10° 8.47° 6.12° 7.55%
Type 1 (1.25)* (0.59) (0.59) (0.61) NS f
3.43° 6.62%° 7.42° 6.66%° . .
Type LA (151) 0.71) (0.71) (0.73) NS
92.47° 84.92° 86.47° 85.79° . -,
Type IIB (1.78) (0.84) (0.84) (0.87)
Muscle fiber number composition (%)
6.01° 10.98° 7.77° 10.31° o
Type 1 (1.73) (0.82) (0.82) (0.84) NS NS
6.49° 10.60%° 12.25° 11.23%
Type LA (2.52) (1.19) (1.19) (1.22) f NS NS
87.51° 78.42° 79.98° 78.45° . e .
Type IIB (2.67) (1.26) (1.26) (1.29)

! Standard error of least—square means.
Level of significance: NS = not significance; T 2 < 0.1, * P < 0.05, *=x P < 0.01, =%+ P < 0.001.

47¢ Least—square means with different superscripts in the same row significantly differ (£ < 0.05).
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(3) tirpAts kel W AR 27] A= vl
F9] AFS- 453 pH(pH45 min) o R—value® 59| AL 27] tASEE 7}
T:T3H B 5 = 83 b o]tk (Honikel & Fischer, 1977; Sellier & Monin,
1994). 52 ARS 458 pHe AbF-tiAtel whe <5 AW g4ke] 2o =2 A3t
T pHE SATo=M AT £25 7Hed & 4 o™, R—valuex sto] ¥
A (hypoxanthine) ¥} o} d =4l (adenosine) 2] W &= A2 (s}o] XL /o}H| =
A) i, sel A4 Rl ok ATPS] efitE =M R-value #to] &5 AHF27]
ARG =7E Al D@ E Tkl At Ryuot Kim (2006)°] wam 259
pH45 min¥} R-valueE 7|22 AX AFSA £ X 15 (normal—glycolyzing
group; pH45 min > 5.8, R-value < 1.05)3 mE ASA} SE15F
(fast—glycolyzing group; pH45 min < 5.8, R—value > 1.05)2.% Y= 4 At}
GH-LLI1+¢] pH45 minS GH-LHIZLEF ) H]3] o8 o2 =Ur}(6.23 vs. 5.94, P
< 0.05). GL-LHZZ%3¥ GH-LHI1&FZF pH45 mine] o4 =}ol= §ith. GH-LL
I%3% GL-LLZ (47 0.90% 0.96)> GH-LHZ% ¥ GL-LHZ&F (27 1.173%
1.21)°l "3 R—valueZ} Fo]& o=z vk}
59 pH45 mina AMS- 45% ARy Fof AuAl, st Ao
PA

FHAAE 7RG T3 R—valuet= AR 458 ZbskERyl Ao AATRAE 7HAH
i=]

& AFUASES Bt aeu 27 2Yaagdel wuns i Pus
S SHe PYE AFWALES etk o4& 2HF 2O A
wAow Aol 71sa v

g B 4
[IB9] ZAH| &0 £ &8 ME ALY 27|gAEEE Helt
Henckel 5(2000)9 A& HWH ALE x7] Y| IASHHo] HS5= AFE7HA

o]3 9] pH (pH24 h)& ‘7/\}0}@3}. Van Laack®} Kauffman (1999)¢] ¢ 7o|A=
glycolytic potential(GP)O] E=O 52 pH24 h7} @ttt B A Ay ALS 458 2y
FAEF] = GH-LHIFY GH-LLIw ez AgsFo] v GL-LHI1wY%
GL—-LLZz5ol B8] pH24 h7} Fold oz WAl ey
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Table 2—3. Postmortem glycolytic rate in groups categorized by glycogen (GC) and lactate content (LC) measured at 45 min

postmortem
GC High Low Level of significance
LC High Low High Low GC LC GC X LC
Muscle bHae — 5.94° 6.23° 5.91° 5.99 + " NS
pHas min (0.12) (0.05) (0.05) (0.06)
543° 5.54° 5.62° 5.62°
Muscle pHzs n (0.06) (0.02) (0.03) (0.03) N> N>
2 0.51% 0.68° 0.33° 0.36° -
Muscle pH change value (0.13) (0.05) (0.06) (0.06) NS NS
1.17° 0.90° 1.21° 0.96"
R-value (0.06) (0.03) (0.03) (0.03) NS N>

' Standard error of least—square means.
Level of significance: NS = not significance; T 2 < 0.1, * P < 0.05, *=x P < 0.01, =%+ P < 0.001.
47¢ Least—square means with different superscripts in the same row significantly differ (27 < 0.05).

? Muscle pH change value = pH measured at 45 min — pH measured at 24 h postmortem.
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(4) grPits e & G

ALS- 453 Se] A7 2Rkl wE SAWolE Table 2—40] UEbth AR 45%
o e 287F AFol7h o, AFE 244 HiddE GH-LH2E9 27 74 =
ko1 (50.49, P < 0.05), GL—LL%2] 2|7} 7Hd $kekvh(46.19, P < 0.05). GH-LL=L
% GL-LHIZF2 AFE 244 WEoA fo)% ztol7h vrephtbA] gstot, SAw s3]
(color change value)dlA+= GH-LLZ5°] 7F #=9ka1, GL-LHZEF°] 7 St (9.56
vs. 5.27, P < 0.05). B58 A A= GH-LHIZF o] oA S5y} S50l 7}
& wS FAE Hol Edo] 7P "ol Blo® YERHTH A 78.45 mg¥ 6.63%).
a8y GH-LHIFS AL g gt 794 #ol7k yeuA gtk Ryust
Kim (2006), Warner 5(1997)¢] m=2H =529] §455 (quality class)< W29} S5
AFS 7o 2 s, ok 45w 7l ©shd GH-LH1E2 PSEoH, ol&
A9lg 155 ¥ RENOJUL

gy WAAHEE dolry] S8 did g E SAste] aFHE UEhSIh
GH-LH1%F¢] 94 &aee 7P 92 45 B3lom, GH-LL1FS 7HY 2
A2 yehdth 28y GL-LHIZEY GL-LLIERF o3 Atel:= ¢19ltl. Bendalld}
Wismer—Pedersen(1962)°] w23 PSES- S&E4gk0] war sk (pale) 418 714
TRl 519131, Briskey(1964) 9} Bowker 5(2000) PSES2] 8 A1 w2 ALS
AVEE wiolglal st E3F Bendall¥} Swatland (1988)2] Ao 2shH PSES2
TEA oA oR 2o FFATTS Holu, UME odF3l5o] Van Laackd}
Kauffman(1999)2] ol M%= PSESS FE|adl FA7Fsdat AR 244 dakelako)

ulg 30 ek Ryu $(2006) BE AFUASES Rl 24 BT

&
=
[e)

O

T2 Hole 8o Hlel foH oz ALE 458 FEzagEe] viu, Wi, S5 3
ok gl WA EE BHRltkal siqleh ol Adte ZE|EAd ke gk 1Al
A 24l os Ade] Thseitt E ATAT, AR 45% FE|IATEe] WHgts 4
Ako] ghgo] W 8-S Aol & L&l HlE] Td gt Fa1, WEel §5
EAo] Wit E o]y ek 2% FE|IAT Ak FeFo] e ol HlsiA A
S 53 19 g =3, 48 [IBY FAH|&o] weit)
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Table 2—4. Meat quality measurements in groups categorized by glycogen (GC) and lactate content (LC) measured at 45 min

postmortem

GC High Low Level of significance
LC High Low High Low GC LC GC X LC
Meat quality traits

[ at 45 min postmortem (1182)?1 ?0?'8598) ?028996) ?0%822) NS NS NS
Cadnpomeren B TE T EE e e
Color change value (AFE)? (91229;) (%?56;) (%257;) (%959;) ok NS NS
FFU (mg)’ B 85 et * " *
Drip loss (%) (61'i322 (‘(‘)153;; ‘(‘01563; %%ﬁ; i i NS
Protein solubility (mg/g)

Sarcoplasmic protein %gg)b Z113961)a 6(519563; lei'g)a T il *
Myofibrillar protein %%653; %2225; %leg)b 1(%172;;3 NS T NS
Total protein voo G ) NS NS

' Standard error of least—square means. Level of significance: NS = not significance; T P < 0.1, * P < 0.05, =+ P < 0.01, #xx P <
0.001.

47¢ Least—square means with different superscripts in the same row significantly differ (2 < 0.05).

% Color change value (AE")= JAL)? +(Aa")? +(Ab")> 3 FFU = filter—paper fluid uptake.
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Table 2—5. Simple Statistics of meat quality measurements

Standard

N Mean . Sum Minimum Maximum
deviation
Muscle pHas min 261 6.02 0.37 1572.0 5.31 6.93
Muscle pH24 261 5.74 0.16 1497.0 5.05 6.12
Lightness (L*) 261 47.92 3.47 12507 35.82 59.50
Drip loss (%) 261 4.22 2.50 1102.0 0.70 11.34
NPPC? color 261 2.65 0.71 690.40 1.00 5.50
NPPC marbling 261 2.12 0.76 553.80 1.00 4.30

4 National Pork Producers Council (NPPC, 1998)

Table 2-8& AR THWES tehd A%z F4Re] 4hom #4T
itk FAE AL dwhom Al FAR 2 2L Fu BAsEd Al
FRE AHMEE e MFEY Fo] F4E U 2 2 2E 4FL 2
OB AFAE ZH 3B AR R Aol thEy] fEe] YUY e
ste] AAMEE FHor o FRARHOL PN 53 § A B} AR T
2 ARE F d AL 2L 2] g,

Table 2—6. Correlation coefficients (r) between meat quality measurements

. NPPC
pH24h Lx* Drip loss NPPC color .
marbling
PHas min 0.43"" -0.55"" -0.627" 0.48"" 0.40""
pH24 h 033" 0.52"" 037" 0.40""
L 0.59™" -0.74™ 036"
Drip loss -0.58"" 047"
NPPC? color 046"

Level of significance: #xx P < (0.05.

# National Pork Producers Council (NPPC, 1998)
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Table 2—7. Eigenvalues of the correlation matrix

Eigenvalues Difference Proportion Cumulative
Principal component
1 3.462067 2.663366 0.5770 0.5770
2 0.798701 0.162717 0.1331 0.7101
3 0.635984 0.123043 0.1060 0.8161
4 0.512941 0.167112 0.0855 0.9016
5 0.345828 0.101349 0.0576 0.9593
6 0.244479 0.0407 1
Table 2—8. Eigenvectors of principal component in meat quality traits
principal component
1 2 3 4 5 6
PHa45 min 0.414298 -0.00223 -0.37379 0.702609 0.397487 0.192289
pH24 0.348528 0.657517 -0.35218 -0.51343 0.237987 -0.04384
L -0.431818 0.506591 0.034045 0.187457 -0.18393 0.697689
E)Q? -0.452943 -0.06381 0.190427 -0.12267 0.859764 0.016314
IC\LII(};C 0.435427 -0.40014 0.210828 -0.37912 0.086113 0.674312
NPPC. 0.354493 0.383213 0.808935 0.220931 0.070189 -0.13918
marbling
% National Pork Producers Council (NPPC, 1998)
oA A FAEE B3l AbEshe A7 AL S Table 2—99 YERATH
Ao 7|xste] FAAEEAS FAG Y] vt EAke] 1o] HEE iFEstd
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Table 2—9. principal component score calculation

Principal component 1

= 0.4143 X [(pHas min—6.02)/0.373] + 0.3485<[(pHas n—5.74)/0.162] — 0.4318 X [(L"—47.91)/3.466]
— 0.4529%<[(Drip loss—4.22)/2.50] + 0.4354x<[(NPPC color—2.65)/00.712] + 0.3544x[(NPPC

marbling —2.12)/0.76]

Principal component 2

= —  0.0022X[(pHis mn—6.02)/0.373] + 0.6575<[(pHas 1—5.74)/0.162] — 0.5065x<[(L"—
47.91)/3.466] — 0.0638<[(Drip loss—4.22)/2.50] — 0.4001<[(NPPC color—2.65)/0.712] + 0.3832x

[(NPPC marbling — 2.12)/0.76]

Principal component 3

= — 03738<[(pHas mn—6.02)/0.373] — 03521 X[(pHas 1n—5.74)/0.162] + 0.0340x[(L"—
47.91)/3.466] + 0.1904<[(Drip loss—4.22)/2.50] + 0.2108<[(NPPC color—2.65)/0.712] + 0.8089

[(NPPC marbling — 2.12)/0.76]

ARpEA Y] FYRRAYS Gwd] A% P TR ALE Amsse]
ARG FAGE DS Wolh Aol gukatrhi: FHol Qo] B ATl
A FAREANS EdE AR FAREAWE o]§3 LT (factor
score) & AHEFIO] §4 FrAAS woke] Esa itk AN wY F W
Fob QlAAtelel QulgAE wESE WAA AAE UsiE AL AR

—|—‘

Q1214 A (factor

e FATENAA T 3709 T4

(factor pattern)o]&bar

loading) ol 2} gt} A} s 2} A=A}
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o afghel Algol] naE e o7 7 4 9lom A¥E Table 2—109]
UERARATE Table 2-11& FAEEA ] 93] AbEd FHAZ 24 acloz 4H
3t 5 v AA MES oWty E8 Table 2—-12% F8%l0] A5 & A9t
9ol 7 HAZHEo] A8t HlFS et pH45 mino] 13.95%% 71F Sk

M 19.78% % NPPC vlE& o] 7} =4 EA45 A0

Table 2—10. Factor pattern by principal factor method

Factor 1 Factor 2 Factor 3
PHi5 min 0.77087 —0.002 —0.2981
pHas 1 0.64849 0.58762 —0.28086
L —0.80347 0.45274 0.02715
Drip loss —0.84277 —0.05702 0.15186
NPPC* color 0.81018 —0.3576 0.16813
NPPC marbling 0.65959 0.34248 0.64511

# National Pork Producers Council (NPPC, 1998)

Table 2—11. Variance explained by each factor (Total = 4.8968)

Factor 1 Factor 2 Factor 3

3.4621 0.7987 0.6360

Table 2—12. Final communality estimates (Total = 4.8968)

Color Marbling

H45 min H24 h L* Drip loss
P P P standard standard
0.6831 0.8447 0.8513 0.7366 0.8125 0.9685

(13.95%) (17.25%)  (17.38%) (15.04%) (16.59%) (19.78%)
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e Ae 483 Wl Table 2—-13014 A&
4 Nom AT Thg How A <
Vé?‘é T3k Q1A AR AE Table 2—14°] YERAT

Table 2-—13. Standardized scoring coefficients by principal axis factor

method

Factor 1 Factor 2 Factor 3
PHas min 0.2227 -0.0025 -0.4687
pPH24 0.1873 0.7357 -0.4416
A -0.2321 0.5668 0.0427
Drip loss -0.2434 -0.0714 0.2388
NPPC* color 0.2340 -0.4477 0.2644
NPPC marbling 0.1905 0.4288 1.0144

% National Pork Producers Council (NPPC, 1998)

0

fi= 0.2227z,, +0.1873z,, — 0.23212,; — 0.2334z,, + 0.2340z,, + 0.19052;
0

Jio=—- 0.0025z,;, + 0.73572,, + 0.56682; — 0.0714z;, — 0.4477z; + 0.42882;

0
Jis=- 0.4687z; — 0.44162,, + 0.0427,, +0.2388z,, + 0.26442,; + 1.0144z,

&, 7NN 2, = (x,—x,)/s, ©lth.

Index 1 = f]
Index 2 = f5
Index 3 = f3
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Table 2—14. Factor score by principal axis factor method

Dri NPPC NPPC
Pig pH45 pH24h  L» P ) f £ £
loss color marbling
1 6.01 5.76 4755 2.77 4.20 2.0 0.6645 -0.9621 0.2268
-0.054
2 5.99 5.64 5147 4.18 2.00 2.0 -0.6089 0.4775 g
3 5.9 5.73 4922 6.24 1.80 2.3 -0.5993 0.7544 0.3085
4 5.77 5.80 4937 6.34 3.00 3.0 -0.0461 0.7349 1.6718
5 5.62 5.64 46.29 4.23 3.00 2.2 -0.1089 -0.8846 0.9890
-0.109
257 6.54 6.01 4930 2.35 2.30 33 0.8947 2.3943 5
-0.231
258 6.47 5.92 42.50 1.56 3.30 2.8 1.4847 -0.0138 4
-0.588
259 6.61 5.83 4750 2.58 2.80 2.5 0.7905 0.5108 g
-1.745
260 6.67 5.82 4390 2.38 2.50 1.8 0.8014 -0.3243 .
261 6.68 5.85 4571 2.29 3.00 3.5 1.3198 0.7548 0.6274
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. At $74 BT ARAFRY Biske) dvy B

AT s Ajbte FE HUHASS ARH s34 S542 gkl dvd
TAE 8 SE HUHHTY A8A4Es HAETskalth 1xhd oA Ajbe AR R
+ A (reddish—firm—nonexudative, RFN)< ©]-8-3}o] A3t o, NPPC 54
(3.0 ~ 5.0), "H=H (2.0 ~ 4.0) B F5EL(2.5% olsh= 7€ o= sfo] BE &
Eo A AdXH FXE Ho|E= =52 high quality pork (HQ pork), 13X & =
<5 normal quality pork (NQ pork)o = AAIG T Aokts &2 =2 A FE o
okl 42 Agoke] ARAS £ s F4 AEE AFE HQ porkE Al
el BT S %@,3}511} stttk HQ porke] AlEste @8 FAbls A e A
A

13t S%ew 7Ies A8t %5 A 2Eol &8t HQ pork?! 74-%
premium quality (PQ) pork® &3t omn, 18] ¢o A9 HQ pork= AA3}
Aot gl oA AASE 2Fe] ETEHA F= IFS abnormal quality (AbQ)
porkC. 2 BEFsle] AA FAXF IFS 4 1502 HAAHETE Table 2—15¢] &
e FE AR 25 3 FE¥olE Yehdlen, Add F4 Asgel we 54 3

o FoA <l zolE YERHATH
o5 ARSUAL £ B g RIS UEllE ARV 2 HSF pHellA = L
& A FHE zolE vewt. WA 1Ed 2590 PQe HQ pork 1H9 AR
z7] pHE F w1 794 Zol& HehliA = FRFAT F 1% EF NQ pork,
AbQ pork 133 &g ZolE yERAH. HF pHlA = PQ 3 HQ porks NQ
o] ARl AfolE KA OW AbQ porke] pHE 5.660% 7H S

EERL &%xﬂ% 48 A b S 93

i

d

= PQ B HQ pork®] #1539 A5 1.47~-1.49% & HEhfjo] B ol
W A A E AT TS NPPC &4 Jgel M Sl LAt dashs
TS A o g FA 3469 FAE dehial gler NPPC mHE
Al At 2,709 52 $A5 Yehlo] & A7l A FAAR7} a5
A =SS et 788 e wddn

& ATl ARk S TRl digk AEd HSE fls) FEAE aEel

€ F4d A9 EEE Table 216 YeRAAT. AE &3 F7HA 5 19 25
= FALE O FEE AelE YEle] F2aE (P #3 U 58de A
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<& Anw E4HAT. AT PQSE HQ pork La3tell= Fd H7EAG] #9
2 ApolE Holx gkem, o= PQO HQ pork 7 Al HFew AS 442
2 ERY F §42 Az A% A =S AAEST] dEely, §3AFE F
A w70l 2/ 3 o] 53 1 =8 FTHEARE 59
Aoz A sk Aew BAHEAY. 8 At SERIAF 2, 3 2 FE AR
5 ZF el akels vERAl St

Table 2—15. Least square means of meat quality traits in different meat

quality classes

AbQ Level of
PQ pork  HQ pork NQ pork L
pork significance
_— 6.35° 6.37° 6.10° 5.77° s
Pri4s min (0.07)" (0.07) (0.03) (0.03)
H 5.87° 5.88" 5.75° 5.66° ers
pHiz¢ b (0.03) (0.03) (0.01) (0.02)
. 45.14° 44.46° 47.05° 50.53¢ s
(0.59) (0.62) (0.25) (0.29)
1.47° 1.49° 3.35° 6.68°
: 0 sksksk
Drip loss (%) (0.34) (0.36) (0.14) (0.17)
3.46° 3.50° 2.70° 2.18° ers
NPPC color (0.12) (0.13) (0.05) (0.06)
2.93% 2.70° 2.18° 1.73°
1 skskk
NPPC marbling (0.14) (0.15) (0.06) (0.07)

' Standard error of least—square means. Level of significance: ##* P < 0.001, *¢
Least—square means with different superscripts in the same row significantly
differ (P < 0.05). Abbreviations: PQ, premium quality; HQ, high quality; NQ,
normal quality; AbQ, abnormal quality; NPPC, National Pork Producers Council.
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Table 2—16. Least square means of meat quality index in different meat

quality classes

AbQ Level of
PQ pork HQ pork NQ pork L
pork significance
1.28" 1.29% 0.23° -0.91°¢
Index 1 (0.14) (0.15) (0.06) (0.07) o
0.17 -0.06 -0.07 0.07
Index 2 0.21) (0.22) (0.09) (0.10) NS
0.30 -0.05 -0.12 0.10
Index 3 021) (0.22) (0.09) (0.10) NS
' Standard error of least—square means. Level of significance: NS = not

significant, *** P < 0.001. * ° Least—square means with different superscripts in
the same row significantly differ (” < 0.05). Abbreviations: PQ, premium quality;
HQ, high quality; NQ, normal quality; AbQ, abnormal quality.
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Table 2—17. Correlation between sensory characteristics and meat quality index

Fresh meat
NPPCa Fresh meat Fresh meat Fresh meat
overall Index 1 Index 2 Index 3
marbling color appearance moisture
acceptability
NPPC color 047" 051" 032" -0.09 0.40"" 0.817" 036 017"
NPPC marbling 0.28"" 035" -0.14" 0417 0.66 034" 0.65
Fresh meat color’ 0.60" -0.07 0.79"" 0417 025 0.16
Fresh meat appearanceb -0.06 0.77"" 035" -0.11 021"
Fresh meat moisture’ 0.03 0.14" 0.10 -0.09
Fresh meat . . -
o 0.36 -0.13 0.32
overall acceptability
Index 1 0.00 0.00
Index 2 0.00

? National Pork Producers Council (NPPC, 1998).

® Evaluation with 5 point scale.
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vertebrae. Above section show /latissimus dorsi, cutaneous trunci and

longissimus dorsi muscle.



Table 2—17. Correlations between fat layer thickness between crude fat

content and fat composition®

Fat area' Fat area 1 Crude fat content
percentage

Fat layer

- 0.76™ 0.83"™ 0.93"™
thickness
Fat area' 0.89™ 0.66™"
Fat area

1 0.84

percentage

' Fat composition were calculated by image analysis from digital belly image.

Table 2—18. Pork belly quality index traits

Belly quality index traits Subject & scale

NPPC color standard

scale: 1 ~ 6

NPPC color

NPPC marbling standard

NPPC marbling le: 1~10
scale: 1~

Fat layer thickness between )

Point at 1/2 horizontal Latissimus Dorsi muscle cross
Latissimus Dorsi and Cutaneous )

section
Trunci muscle (mm)

Normal class (White & firm): 2 point
Fat color & firmness )
Abnormal class: 1 point

PHis min pH measured at 45 min postmortem
pH24 n pH measured at 24 h postmortem

Measure at center of Latissimus Dorsi muscle cross
FFU (mg)

section
Abbreviations: NPPC, National Pork Producers Council; FFU, filter—paper fluid

uptake.
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A &= EF NPPC A softness, initial tenderness, chewiness, rate of
breakdown, juiciness, off—flavor®} +914 F@aAA7F AAG. T3 F8] 5=
mouth coating, oA =2 flavor intensity, amount of perceptible connetive
tissue$t= o2 AaAaAAE HepldT 7P ES NPPC M43 794 F9
BABAAE YRS FRISEEFH AR ST SMETE, S Byl
2SS NPPC S22 7HA319 AL, softenss, initial tenderness, chewiness, rate of
breakdown< F7tste] Aw7F FHAsts o= yERwkth B3 juiciness, flavor
intensity, mouth coating< #F4, off—flavor, amount of perceptible connetive
tissuew S7Fehe A4S YERIT AEH R HE4ES YEdE 5o 3T
A EARET dvde] wdth

Table 3—2. Correlations between meat quality parameters and sensory

characteristics in porcine longissimus dorsi muscle

Lightness  Redness  Yellowness Drip Cooking
PHus min FFU

(L (@) " loss loss
NPPC color -0.03 035" 026" -0.13 04177 020" -0.20
NPPC marbling 0.10 -0.06 -0.07 -0.05 0.06 -0.07  -0.10
Softness -0.07 0.11 0.10 0.03 029" 0337 0.10
Initial tenderness -0.10 0.10 0.14 0.06 0297 038  0.10
Chewiness -0.13 0.14 0.10 0.05 0297 0407 0.09
R t f * Kk
ate o -0.11 0.14 0.04 0.06 022" 037 0.01
breakdown
Juiciness -0.01 0.04 0.07 -0.09 020" 0277 0.8
Flavor intensity -0.10 -0.11 -0.18" -0.25 -0.07 023 -0.13
Off-flavor -0.05 0.25 -0.08 0.14 032" 0307  0.13
Mouth coating -0.01 -0.07 -0.13 -0.07 0217 -014  -0.19
Amount of
perceptible -0.10 0.00 -0.09 -0.20" 0.16 035  -0.03

connective tissue

Abbreviations: NPPC, National Pork Producers Council; FFU, filter—paper fluid
uptake. Level of significance: © P < 0.05, ™ P < 0.01, ™ P < 0.001.
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Table 3—3. Least square means of sensory acceptabilities of Jongissimus

dorsi muscle in different meat quality classes

Level of
PQ pork HQ pork NQ pork AbQ pork = |
significance
2 5.98° 5.91° 5.77° 4.78° ers
Fresh meat color (0.19)" (0.09) (0.07) (0.09)
> 5.89° 5.75° 5.73° 5.18° ers
Fresh meat appearance (0.19) (0.09) (0.07) (0.09)
Fresh meat moisture’ 5.45° 5.56" 5.60" 5.88" *
(0.19) (0.09) (0.07) (0.09)
Fresh meat 5.93° 5.78% 5.57° 4.86° .
overall acceptabili‘[y2 (0.19) (0.09) (0.07) (0.09)

Level of significance: * P < 0.05, *x P < 0.01, *** P < 0.001. * ¢ Least square
means with different superscripts in the same row significantly differ (P <
0.05). Abbreviations: PQ, premium quality; HQ, high quality; NQ, normal quality;
AbQ, abnormal quality. ' Standard error of least—square means. * scale: 1= very
unacceptable; 9=very acceptable. % scale: 1= very dry; 9=very moist.
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Table 3—4. Simple Statistics of meat quality measurements

Standard
deviation

Minimum Maximum

Sum

Mean

0.62 260.00 1.00 4.00

3.29

80

NPPC color

1.07 182.00 1.00 5.00

2.30

80

NPPC marbling

8.42 3.12 665.10 1.50 19.40

80

Fat layer thickness

0.20 481.02 5.53 6.37

6.01

80

pH45 min

73.91 9012 7 363

112.65

80

FFU (mg)

1.88 0.33 150.00 1.00 2.00

80

Fat color & firmness

FFU, filter—paper fluid uptak; NPPC, National Pork Producers

Abbreviations:

Council.
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Table 3—5. Correlation coefficients (r) between meat quality measurements

NPPC Fat layer
NPPC color ) ) PHas min FFU
marbling thickness
NPPC
Marbling 0.06 0.11 0.01 0.11 0.06
Fat layer -
. 0.52 0.08 0.06 0.04
thickness
PHis min -0.23" 0.28 0.05
FFU -0.57 0.07
Fat color
& firmness 016

EEES

Level of significance: * P < 0.05, P < 0.001. Abbreviations: NPPC, National Pork

Producers Council; FFU, filter—paper fluid uptake.

Table 3—6. Eigenvalues of the correlation matrix

Eigenvalues Difference Proportion Cumulative

principal component

1 1.846184 0.439455 0.3077 0.3077
2 1.406729 0.39819 0.2345 0.5422
3 1.008539 0.084867 0.1681 0.7102
4 0.923672 0.481606 0.1539 0.8642
5 0.442067 0.069256 0.0737 0.9379
6 0.37281 0.0621 1
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Table 3—7. Eigenvectors of principal component in meat quality traits

Principal component
1 2 3 4 5 6

NPPC color 0.152864  0.162985 0.782539  0.564589  -0.07633  -0.11452

NPPC 0322206  0.619952  -0.30368 0.110272 0.407982  -0.49093
Marbling

Fat layer 0.533789  0.409183  -0.12442  -0.07163  -0.5585  0.46379
thickness

PHa5 min -0.5028 0431373 -0.09049 03018  0.316392  0.601442
FFU 0.570229  -0.3354  0.088202 -0.01264 0.621611  0.409883
Fat color -0.09957  0.350837 0.513776  -0.75677 0.171158  0.032138
& firmness

Abbreviations: NPPC, National Pork Producers Council; FFU, filter—paper fluid
uptake.
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TN A 3 37 o] TR aLfrake] Aol e eke] wo
A oA AEst o2 A A PHLS Table 3-89 LFEFISITE Table 3-9& 543

| & AFEd FHAR 24 ado® A9d ¢ e A4 HEs vtk ®
3t Table 3—10& FQ80lo] 8= AWst=y glo] 72 52 3ESo] 24| s+ H]
=S e, Fat color & firmness”7} 10.74% =% 7} wekom, NPPC wlE# o]
19.37% 7V =41 &4 HA

S l:t:l

Table 3—8. Factor pattern by principal factor method

Factor 1 Factor 2 Factor 3
NPPC color 0.2077 0.19331 0.78587
NPPC marbling 0.4378 0.7353 -0.30497
Fat layer thickness 0.72528 0.48531 -0.12495
PH4s min -0.68318 0.51163 -0.09088
FFU 0.7748 -0.39781 0.08858
Fat color & firmness -0.13529 041611 0.51597

Abbreviations: NPPC, National Pork Producers Council; FFU, filter—paper fluid
uptake.

Table 3—9. Variance explained by each factor (Total = 4.261451)

Factor 1 Factor 2 Factor 3

1.846184 1.406729 1.008539

Table 3—10. Final communality estimates (Total = 4.261451)

NPPC Fat layer Fat color

NPPC color ) ) PHa45 min FFU
marbling thickness & firmness
0.698104 0.825334 0.777177 0.736759 0.766404 0.45767251
(16.38%) (19.37%) (18.24%) (17.29%) (17.98%) (10.74%)

Abbreviations: NPPC, National Pork Producers Council; FFU, filter—paper fluid
uptake.
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Table 3—11. Standardized scoring coefficients by principal axis factor

method
Factor 1 Factor 2 Factor 3
NPPC color 0.1125 0.1374 0.7792
NPPC marbling 0.2371 0.5227 -0.3024
Fat layer thickness 0.3929 0.3450 -0.1239
pHas min -0.3700 0.3637 -0.0901
FFU 0.4197 -0.2828 0.0878
Fat color & firmness -0.0733 0.2958 0.5116

Abbreviations: NPPC, National Pork Producers Council; FFU, filter—paper fluid
uptake.

0

fi= 0.11252; +0.23712, + 0.39292;, — 0.37002;, + 0.4197z,; — 0.07332,
0
fia— 0.1374z,, +0.52272,, + 0.34502,, + 0.36372,, — 0.2828z,, + 0.2958z;

0
Ji3 = 0,792z, — 0.30242,— 0.1239, — 0.0901,, + 0.0878z, + 051162,
o, o714 Zik = (xik - SUk)/Sk o]t}

Index 1 = [
Index 2 = f
Index 3 = f3
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The temperature measuring point is center in belly section.
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marbling 2~3¢]+= softness, chewiness, amount of perceptible connective tissue%}
o AHaAE HEbdle™, mouth coating¥hi= oA GO FdAEAE eI
s RS Brbste 5 S5 (drip loss)< mouth coating¥= A
o] 24¥#A|, amount of perceptible connective tissue®}= F-2] FH#AAE YEFA
. BEs 1 gl o5 Aite S, deTE oluves As yEdth
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Table 3—12. Correlations between meat quality traits and sensory characteristics of pork belly

* NPPC .

PH45 min PH24 n L NPPC color marbling Drip loss WBS
Softness —0.03 0.00 —-0.18" 0.18 —-0.19" —0.01 0.03
Initial tenderness —0.06 -0.02 -0.12 0.12 —0.13 —0.05 0.04
Chewiness 0.12 —0.08 —0.10 0.08 —-0.20" —0.04 0.10
Rate of breakdown —0.15 -0.11 0.11 —0.10 —0.05 —0.09 0.14
Juiciness —0.04 —0.04 0.09 —0.11 0.14 —0.06 0.09
Flavor intensity —0.05 —0.07 —0.09 0.08 —0.16 0.01 0.11
Off—flavor -0.11 0.11 -0.17" 0.14 —0.09 0.08 —0.07
Mouth coating —0.18 —0.10 —0.03 —0.01 0.23" 0.20° —0.26
Amount of perceptible 0.08 ~0.02 ~0.15 0.15 ~0.13" ~0.17° 0.04

connective tissue

Abbreviations: NPPC, National Pork Producers Council; WBS, Warner—DBratzler shear force; FFU, filter—paper fluid uptake.

Level of significance: © P < 0.05.
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Table 3—13. Least square means of consumer sensory quality of pork

belly in different meat quality classes

Level of
PQ pork HQ pork NQ pork  AbQ pork |
significance
2 6.21° 6.04° 5.22° 4.37° s
Belly color (0.13)" (0.08) (0.04) (0.09)
Bellv annearance’ 5.95° 5.89° 5.33° 4.99¢ .
Y app (0.13) (0.08) (0.04) (0.09)
s 5.65 5.59 5.60 5.61
Belly moisture (0.13) (0.08) (0.04) (0.09) NS
6.07° 5.99% 5.65" 5.12°
Il tability’ *
Overall acceptability (0.13) (0.08) (0.04) (0.09)

Level of significance: NS = not significant, * 7 < 0.05, =x P < 0.01, *xx P <
0.001. *° Least—square means with different superscripts in the same row
significantly differ (# < 0.05). Abbreviations: PQ, premium quality; HQ, high
quality; NQ, normal quality; AbQ, abnormal quality. ' Standard error of
least—square means. ? Scale: 1= very unacceptable; 9=very acceptable. % Scale: 1=

very dry; 9=very moist.
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rate of breakdown< AME9 Axe} A7 Z12 FLEo]t} Rate of breakdowns
A 2]k softness, initial tenderness, chewinessi= ZF3Fl 214 Fol7F A= A
o7 Yelgth PQY HQ 15 sofeness, initial tenderness, chewiness 3F&-of] A
NQ¢ AbQ Lol w3 FoHoe=m W& HFE WUtk Softness, initial
tenderness, chewinessv =7 AF7F G553 A7t £2 202, PQ HQ 1w
°] NQ, AbQ &l W3l A&7t F2 Aoz Yt ey Al &AM PQe
HQ®H NQ+= AbQe o4 ztel7} gl Ao = Yelstth AbQ 152 OE 1H
of Hl&l juicinessolA FYFH o R H& HGFE Wbl Juicinessys AF7F =84
5 Axds dehEE AbQ ZLwol vE Iwdl Ml Axd Ao yehEhh
Flavor intensity® ZLg7tol 5214 ZFol7) §l= Aoz YEw oy, off —flavorol A
© NQ zF°l 7 HAa7F Wkt Off—flavore= HA57F W&as FRrt ofgk A
OS2 NQ ZL&°] 7 off—flavor A&7} w2 o2 Yebth A= &9 Akl
A 1A B = Aoyt 7159 s YEE mouth coating®ll A& PQ, NQ 1 ©]
HQ, AbQ L&l Hl&] Foxeoz e Aow el Amount of perceptible

connective tissuet™ Y| ZL53%F Z}ol7F §llt).

Table 3—14. Least square means of sensory characteristics of pork belly

in different meat quality classes

PQ pork HQ pork i AbQ pork Level of

pork significance
Softness 2.46° 2.65° 3.08° 3.16° ok
Initial tenderness 2.92° 3.01° 3.25" 3.34° *
Chewiness 2.43° 2.74° 3.13" 3.07° *
Rate of breakdown 2.54 2.58 2.64 2.66 NS
Juiciness 3.33" 3.20° 3.29° 3.93° ok
Flavor intensity 2.86 2.77 2.94 2.78 NS
Off-flavor 3.21% 3.16° 2.91° 331° *
Mouth coating 2.87° 3.21° 2.96" 3.11° *
Amount of perceptible ¢, 277 276 2.70 NS

connective tissue

Level of significance: NS = not significant, * P < 0.05, =* P < 0.01, *€
Least—square means with different superscripts in the same row significantly
differ (7 < 0.05). Abbreviations: PQ, premium quality; HQ, high quality; NQ,
normal quality; AbQ, abnormal quality.
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Table 3—15. Correlation between quality characteristics of pork belly and belly quality index

Crude fat Cooking Fat color Overall
. i Index 1 Index 2 Index 3

content loss acceptability acceptability
Fat distribution 0917 033" 0317 0.27 0.69" 0.21° 0.09
Crude fat content 043" -0.19" 0337 0.74"" 0.24" 0.01
Cooking loss 0.04 -0.44 -0.54"" 0.22° 0.05
Fat color 0.36 0.11 0.05 0.04
acceptability
Overall acceptability 037 0.15 -0.01
Index 1 -0.07 0.05
Index 2 0.03

Level of significance: * P < 0.05, ™ P < 0.01, ™ P < 0.001.
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Table 3—16. Correlations between belly quality index and sensory characteristics of pork belly

Amount of
Initial Rate of Flavor Mouth perceptible
Softness Chewiness Juiciness Off-flavor .
tendemess breakdown intensity coating connective
tissue
Index 1 0.27" 0.28" 0317 0.26" 0.12 0.10 036" 0.19° -0.17
Index 2 0.03 0.04 0.06 0.01 -0.01 -0.04 0.27" 0.22" 0.11
Index 3 0.11 -0.13 0.13 0.12 -0.02 0.11 -0.04 0.03 -0.04

Level of significance: * P < 0.05, ™ P < 0.01, ™ P < 0.001.
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Ao g BAEAC. 3l off —flavors flavor intensity®te 7914 Ao AAAAE
el o], flavor intensity’} &= off —flavorE 2FslAl QA X 3FHTE. Mouth

coating% rate of breakdown2 A3t RE FEI [-o % FHo AAAAT AU
. S A AA Tl =AAE Aoy 715 o] HeFE Aol Asi

aL e th thFetal, FW7F Aekm olFH 7t efstrhal QIA|shE Ao e
t}. Amount of perceptible connective tissuer A RE A4 EA &5
I Fo)F AadAE Jetddt S8 2Y A Y AAA VS bkl
A=} #AH softness, initial tenderness, chewiness®} A#FA 7} Ao, E3t

juiciness®t= F94 IAAE YL AHY #Asd 54 ¥
breakdown= #|¢|3 BE SEE5L {94 AAAA 7 AT

1
2
2
=
o)
=
o
o)
e,

- 220 —



Table 3—17. Correlation between sensory characteristics

of pork belly and overall acceptability of pork loin

Pork belly
Amount of
Initial . Rate of . Flavor Mouth perceptible
Softness Chewiness Juiciness . . Off-flavor . .
tenderness breakdown intensity coating connective
tissue
Pork loin . 027" 034" 031" 0.09 0.65™" 0.44 20.13 20.29" -0.51
Overall acceptability
Pork belly
Softness 0.90"" 0.66 0.17" 0.23" 0.73"" 0.50"" -0.23" 0.46""
Initial tenderness 0.60" 0.15 029" 073" 0517 0217 052"
Chewiness 032" 0.17° 0.64"" 047" -0.32"" 035"
Rate of breakdown 033" 0.23" 0.11 -0.09 0.29™
Juiciness 073" 0.52"" 0217 052"
Flavor intensity 0.63" 037 0.39"
Off-flavor -0.20" 036
Mouth coating -0.19"

Level of significance: * P < 0.05, © P < 0.01, ™ P < 0.001
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Table 3—18. Correlation between sensory characteristics of Jongissimus dorsi and sensory characteristics of pork
belly

Pork loin
Amount of
Initial . Rate of .. Flavor Mouth perceptible
ST tenderness Ll breakdown (s intensity Qi e coating connective
tissue
Softness 029" 036" 031" 041" 0.19 021 0.11 035" 0.62""
Initial * *k * EE T
0.18 0.25 0.18 0.30 0.12 -0.06 0.15 -0.22 0.53
P tenderness
o  Chewiness 0.07 0.12 0.09 0.13 -0.07 -0.29” -0.06 -0.10 029"
r Rate of . .
0.13 0.18 0.19 0.23 0.04 -0.41 -0.39 -0.26 0.26
K breakdown
Juiciness 042" 041" 043" 040" 046" -0.18 -0.16 043" 0.20°
Flavor *% *kk *kk kkk * ok ok *kk
0.31 0.36 0.33 0.39 0.19 -0.25 0.08 -0.37 0.57
intensity
b Off-flavor 0.22" 030" 025" 039" 021 -0.12 -0.18 -0.30" 048"
€ MOuth sk
0.02 0.00 -0.01 0.00 0.18 0.35 0.13 0.05 -0.12
1 coating
1 Amount of
y  Dperceptible
0.05 0.08 0.04 0.13 0.16 0.19 -0.03 -0.06 0.11
connective
tissue

Level of significance: * P < 0.05, ™ P < 0.01, ™ P < 0.001
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Table 3—19. Correlation between pork loin quality index and belly quality

index

Pork loin quality index

Index 3

Index 2

Index 1

-0.04

e

0.27

sk

0.34

Index 1

Pork
belly
index

-0.14

0.24

0.09

Index 2

0.17

-0.20

sk

0.41

Index 3

Level of significance: © P2 < 0.05, © P < 0.01, ™ P < 0.001
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AbQ 18%%l Ao = Yelal, FHoAE= PQ 8%, HQ 20%, NQ 63%, AbQ 9% =
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Figure 3—3 Meat quality classes distribution in different pig breeds
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AR 5 EE % A5 1R wsken, 5=, aaMsh fo4 Aol i Ao
2 BEAFEAL 1xhd AFA9E A e HAaMe 550 A 458 pH, NPPC
color®} marbling 23017} the FFol Hvls) ¢Fa3lon, WFF= FelH55%
(drip loss)ol A 7F4 43 Aoz Yelydt. SEAAFTE AL o E=3F4
e 55 HES YER Figure 3—33 ¥ dlS
el MAM e} FEe SARAAFI} Ha, ADQ LFE M Eo] HgW wEEe
§ARAAGIE P e Ao teh) ARG FEAC Y A0 B
w.

Table 3—20. Least square means of meat quality index in different pig

breeds
Level of
Berkshire Duroc Yorkshire  Landrace LYD .
significance
Index 1 0.51° 026" 0.18" 0.13° -0.25¢ s
(0.06) (0.13) (0.10) (0.12) (0.06)
-0.54° 0.28" -0.25™ -0.01° 0.41°
Index 2 (0.06) (0.13) (0.10) (0.12) (0.06) o
0.41° -0.04° -0.14° 0.11* 0.17°
Index 3 (0.06) (0.13) (0.10) (0.12) (0.06) o

! Standard error of least—square means. Level of significance: #** P < 0.001,
Least square means with different superscripts in the same row significantly

differ (P < 0.05).
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F2 duA] e ALRE wolstole AEs SR vt Balk $lthk(Jones,

gho] 2l = AbEd ojA] Al 1 Xﬂd o] i=Atol | x]ef Qlojx] eolale] QR
AbE o e Sk Alge] o, AS ]E«] <7h g AS opn|AtEY Y
of &S Wtk A o]l ouf A AlE Jo] Al 2S5aud g a s Atz
A3k of 9] ofmjito] Falx] o] AAH “% ] o] HWitte %, 2000). 18|31 5% 2}
o] A& 73} Al A carnitineS $HJEHH (Mayes 5,1996), %0l £A18}aL U= carnitine
2 At Fallell #odsto] carnitined] F-52 A FElE Alste] <45 Ul AWSAE

7 4 gith(Heo 5, 2000). H=g ©hlds ofifz] o] Hl&e H=|9] g s} 2o
4 01&S A4S, SA-vE7)o] Bid oy Hgo] B AlRE F33lS o
WAe] A 7ko] S8 = Bz} 9Jal(Castell 5, 1994; Blanchard %5, 1999), T d s}
oA tiababgel ds Agete v GYA Qs T =5 A 9 A E A
o2 HIEATH(Taylor &, 1992). Est Ik oz o] 4L F2 H|F7]o| o]Fo7
H, e & 2% A Fag duA] &9 o] olux= ZulAEe] FAel o] &5 A
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& Als, s st FAEelem 2373 AEdidtal R APEAgA] Al o]
FRAY. AA 4x7] eutEow = & 474 AgEd) AlFel wet Jd(Randomized
Complete Block Design) .2 Hjx|}3ith M= AR=—547]0l 1) LEl: BE JUAE
NRC(1998)7]50l 9t F¢f, 2) LE2: ME &% NRC L7 7|5, gfo]Alghs NRC 8.+
] 80%wo], 3)LE3: ME g% NRC L% thv] 10%<5 7k E}OVJ & NRC 71 +=

2

4) LE4: ME ¢t NRC Q7% W] 10%%57}) gho]sl &% NRC L% thH] 80% =13
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o} AR E L5 -gTu 952 mEty gy 98 9 38 2L ¥ 2, 3, 4, 59 Y
ERASAE.
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(X 2). AA=7] 4F ALE vj$dH] (Phase I, 0—-3F)

LE1 LE2 LE3 LE4

EP—corn 42.90 47.14 36.22 47.14
SBM—44 25.28 15.00 25.28 15.00
Soy protein 12.54 12.52 12.80 12.52
Dried skim milk 0.98 1.20 0.98 1.20
Lactose 14.48 19.90 11.50 10.72
Soy oil 0.66 0.74 10.00 9.92
MCP 1.18 1.42 1.24 1.42
Limestone 1.18 1.16 1.16 1.16
DL—Met 0.08 0.20 0.10 0.20
Vit. Mix." 0.12 0.12 0.12 0.12
Min. Mix.? 0.10 0.10 0.10 0.10
Salt 0.20 0.20 0.20 0.20
Choline—Cl 0.10 0.10 0.10 0.10
7Zn0 0.10 0.10 0.10 0.10
Antibiotics® 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical Composition”

ME (kcal/kg) 3265.58 3265.52 3591.60 3591.60
CP (%) 23.00 18.84 22.66 18.84
Lysine (%) 1.35 1.08 1.35 1.08
Methionine (%) 0.44 0.44 0.44 0.44
Ca (%) 0.80 0.80 0.80 0.80
Total P (%) 0.65 0.65 0.65 0.65

Y Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.40 IU; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin,
0.1 mg; Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,
0.16 mg; Ca, 0.18 mg.

¥ Avilamycin (10 mg/kg) was added.

D Calculated value.
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(£ 3). AA=7] 438 AE wd@dY] (Phase II, 3—55)

LE1 LE2 LE3 LE4
EP—corn 51.00 63.98 44.24 56.34
SBM—44 29.04 10.00 29.04 10.00
Soy protein 6.36 11.78 6.60 12.20
Dried skim milk 0.00 1.20 0.00 1.20
Lactose 9.88 9.48 6.96 7.28
Soy oil 0.66 0.34 10.04 9.70
MCP 1.14 1.30 1.22 1.36
Limestone 1.14 1.12 1.12 1.10
DL—Met 0.06 0.08 0.06 0.10
Vit. Mix.1) 0.12 0.12 0.12 0.12
Min. Mix.2) 0.10 0.10 0.10 0.10
salt 0.20 0.20 0.20 0.20
Choline—Cl 0.10 0.10 0.10 0.10
Zn0 0.10 0.10 0.10 0.10
Antibiotics3) 0.10 0.10 0.10 0.10
Sum 100.00 100.00 100.00 100.00
Chemical Composition4)
ME (kcal/kg) 3265.77 3265.39 3592.09 3591.53
Crude protein (%) 21.00 17.38 20.64 17.38
Lysine (%) 1.19 0.96 1.19 0.96
Methionine (%) 0.37 0.37 0.37 0.37
Ca (%) 0.75 0.75 0.75 0.75
Total P (%) 0.63 0.63 0.63 0.63

Y Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E, 17.40
1U; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin, 0.1 mg;
, Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.
2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,
5 0.16 mg; Ca, 0.18 mg.
D Avilamycin (10 mg/kg) was added.
Calculated value.
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(% 4). §47] 23A12 wig

LE1 LE2 LE3 LE4
Corn 64.74 63.82 53.70 52.22
SBM—46 24.54 21.56 25.12 21.72
Wheat bran 5.00 6.66 4.98 7.24
Corn gluten meal 2.06 4.30 3.00 5.48
Soy oil 0.98 1.18 10.48 10.82
DCP 1.06 1.04 1.14 1.14
Limestone 0.80 0.84 0.76 0.78
L—1lysine—HCI 0.18 0.00 0.18 0.00
DL—Met 0.04 0.00 0.04 0.00
Vit. Mix." 0.10 0.10 0.10 0.10
Min. Mix.? 0.10 0.10 0.10 0.10
salt 0.30 0.30 0.30 0.30
Antibiotics® 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical Composition” h
ME (kcal/kg) 3265.26 3265.20 3591.77 3591.63
Crude protein (%) 18.00 18.00 18.00 18.00
Lysine (%) 0.95 0.76 0.95 0.76
Methionine (%) 0.29 0.29 0.29 0.29
Ca (%) 0.60 0.60 0.60 0.60

0.50 0.50 0.50 0.50

Total P (%)

Y Pprovided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.40 IU; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin,
0.1 mg, Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,
0.16 mg; Ca, 0.18 mg.

¥ Avilamycin (10 mg/kg) was added.

' Calculated value.
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(% 5) ¥l §7] AFAE i3]

Basal diet
Corn 73.64
SBM—46 21.18
Wheat bran 3.10
DCP 0.05
Limestone 0.65
L—Lysine—HCI 0.88
Vit. Mix." 0.10
Min. Mix.” 0.10
Salt 0.30
Total 100.00
Chemical CompositionS)
ME (kcal/kg) 3265.04
Crude protein (%) 15.50
Lysine (%) 0.75
Methionine (%) 0.24
Ca (%) 0.50
Total P (%) 0.45

Y Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.401U; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin, 0.1
mg; Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,
0.16 mg; Ca, 0.18 mg.

¥ Calculated value.

. AbE 29

A u7g([Landrace X Yorkshire | XDuroc) ©]-rAk= & &
Rom 2=7] 55, §A7] 8F, HIFT] 105, F 2357 AFFA el FEon AFALE
of o] okt gholal FHFe ALF VI YU TS NRC(1998)¢F AU =4 =
oetltt. Ald=S A AbgaAlel wel SR-ALE HheRl AEAHZ =99 Hol,
0.90%2.15 m2), S4AH1.26X2.55 m2), H]FHAH1.6X3 m2)dA AFFE o A8 7)1 ot
Abgel 52 2y At A7 JHAl Al BUN 545 flste] o199 6ute]e] AES A
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Aakglom, k=71 v, §47] 359k 65 12]al 85, HIH7] 45:9F 1057 AR R

155 A%t dISTAY, dIAEAAY | AREES ARt Wi Xﬂv =4 A

ob3 8:0078 A A 5 2Ato] A Fof] A2 7 654 o= Awkste] I sample

S AR QD3 F NG 4TolA 3,000 rppm o2 1583 Y4l Felgte] =A% &
Az

(BUN, blood urea nitrogen) 45 =433t}

o 9Ia 238 A

2328 e AHEY| 9 A 710 42t Hoh S 8.6240.16kg, 37.9840.71kgS! WA S-S 44
gl 3UHE = 1255 FA|ete] b d o uixH (Completely Randomized Design) 2.2 thiAE

. 5909 A/1E AL F 592 23 w8 AT A9

JE}AEI ol do] %% H3H(—200C) 3903 %= 1.25N H2S04 50mlS v|g] Ho] =o =
gty Fof AF st YR o B AxV]oA 60T 7247 Fe Ax T

ul

239 A7 Imm Wiley Mill& o]-&3ste] Z28Glth AlE & 2 & AE9] dibdd &
3

A
S
(AL, Foid 20 23)8)S AOAC(1995)9] W wpe} BAe9 1, ks A5k

(1) A=7]

A2 3WtE F 125 (HTAlT, 14.52kg) S &Mt A8 7hA] 55t Alstsict. a4
7] A HF 5] 109 ribe] SAW FAE ST F, 1] T4 o3 H#HAE =2
AL, FAT AR F9AelA Z4H7E 100g4 At #A1S a7 sl AES AFsE A%

3] Az Bof| Yol —70TCe] Buatsit

4717] 3HHE F 127 (BEAT, 40.37kg)E AT H4 35k Al#si3it). & 557
w2 9, 109 rib Afe]e] A FAE ST F, 7] A o8 HAE =2
A

S S A RN 22 100g4 ARE B4 S) Sls) RS AR A%

¢
d

o
-
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A} E

ato] A1&3] Aol o] —70C=

S

919 S 2002 A

5

tom 8 9 Znjw K

°

1

AlF 116.96+1.89 kg?

A

Soxhlet %% (Buchi B—811,Swiss), %3]

o
ol A 800C = 5A7FE<E 315kA71 5 1

2] (Buchi 339, Germany), Z4| %

s
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(2) pH/=A

el
=

2} Alell pH meter(Model 720,

7

4537 244
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s

3
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9
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=
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A
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=
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2440 dATE A712 TAIES Aol M 5 polyethylene bagl 2 S3EHO| P4

ko3
5
RES A 5 Aol Ane AFLwIt 120 HES FxolA A ¥ 1 Ane 3
A

(7) NPPC color/marbling score

t]=r NPPC color standard (1=T"WAW % 1%~10 = SWHAHE 10%)9 NPPC color
standard (1=pale pinkish — gray to white ~ 6 = dark purplish — red )& ©]&3a}o] 8% <]
A do] S48tk

(8) A e
E%9) AF F A AR 2] SAdte] BF F 13, 5 2 720 Witte

(1970)¢] el 93] TBAZFE S48

(9) A4

S} APAAe] AubaE 24 BAL AlBE 0.5g FHoF & Park¥ Coins(1994)2] HH
2] 34 methylationd}it}t. Al&el] Methanol : Benzen (4:1, v/v) 2 ml®} acetyl chloride 200

1E 7}k & 100°C2] heating blockoll A 1A17F &9t 7FE3IAt) o]& Aol FH3] HHH|
?} U}S hexane 1 ml®} 6% potassium carbonate SmlE 7}slal GAEE 7S o] &35}
3,000rpmoll Al 1587F AA E2dk & A5 1ulE FH3sFe] gas chromatography(agilent
7890A—series)9l injectiond}3 il EAZFAL 23 2t} Column® F7]2%+= 110TCoA
3min ¢ §A3ka 3.0C/mine] £E2 215C7HA] 258 AsAIA 387 F48ka 3.0C
/min®] &%=2 250Ce|A 10min th7]ek o vixat %= 280Cel|A 5min X5 th
oluj injector, MSDEI(Agﬂent 59750)«] L= 7217 250CE 8191, AWAFS- standard<b
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Az sto] e ARl iRk Fol s AASIY Ao At gk Hlal 242 =
2 FAHLSD) v AAWS o8Itk welAE e 75 P<0.05%, %9 oAk

AL AL P<0.012 TH3YT.

JRTA

7. A

(1) AR=7]

AR ] golalat Ay Fo] ZHEe] R s mAlE @S & 6ol UERSIH,
Aol 7B A=l A 7IRE A IRk AA AR el HR1 Aol 7k YERA] ggte.
W PRHAR A9 SAE e ARET] Skl fel Q] Aol7h EhA eigde). shAIt

AEAAZAME AUAE 10% 71 A1Z1 LE3e} LE4 A2l Hls] NRC7I&e] dux&
SHE LELTE LE2 A7t 3~5F 9t} 0~5F SetolA foHom A vebs
(P<0.05). A= BE ALY |4 87 8E SHAL = s A9 AR AHFE B
ofwl, AR Ul oAl @ ARl AlR AHF 2 B9 9YR AAFE 2% 58
& a9loa A AITHNRC, 1998). NtﬂoﬂHE AIAE 10% 7} A7) RS Fojs
& o W2 AR AFTS Hehlglen, o= ouA density7h w2 ARE
o= e AR AFFeRE AR UA] 8RS A 5 U] WiEeR A
of. Wl AbR ZEd glofMi= LE3SH LE4 Ael77h the ATl nld] frodow
Al bk o (P<0.05) 53] olUAE= 10% 57k Al71aL gholale HAA714] ¢ LE3 A
gl 7P A debdoh ol LE3SH LE4 Ae]77) AlR AHEe 9w g2 A
ToF HIsek A SAFE T ezA ekt Azt AU densitys S7HAIZ AFRT}
AbR Ego] F7MITHE Nam¥ Aherne(1994)9] Azl fAME Aos Bt

—

% P

(2) %4457
Abs gl Alat ouA] o]l SA4=e 3% sl PXlE G433 7o) UEITh
3, 65714 LE1 A2l5-9] AlFo] vk A7l nlsf Foldom HA vebst o™ (P<0.01)
2 ZA|EEe] A9 0~3F B9k LE1A 7Hd =4 Yelyton LE3¥ LE4 ATl
Ao YA JERTHP<0.01). g ghelils 20% #AAZ] LE2 2 LE4 Aol M e
Ztzk LEL 3 LE3 ¢ Hlaalgls wf AlFo] oA oz vl yehwted, ol Adids

o

lo

l
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&3] sz §4719 etolale] Algte] Al FAH YT vAE Aem = F
SAth 3~67 el LE1AIA d3SAldo] 7 7 Webatem(P<0.05), 9 AbEAS
el QoIME AHE7 o} v AR UAE 10% S7HA1X] LE39F LE4 A2]elA thE
Aol ve) AoiHoRr W AeS How LE3 AT Ag foFor v Ay
HATHP<0.01). Abra&S AW S4 & 7130 24 o]l 20% #4417 LE2
.01
=

Ll

A

I LE4 A2l A o2 ATl vlsl frold o= sl Yepsth(P<0.01). Szabo 5(2001)
< 9 LysiEnergy HlEo] 4463dS AaAivta Bausgled, B Ay E $47]

S| gholale] ARk Hof BoouA|e] FTF= QIFE lysienergy HlE ATt ANEES
A7 ARE Byl

Az, §A719] golalTt oyx] o] o] ujHEe] e E vAE 9FE %
o YeRAT) HlS7|ol = ZF A2t HE NRC(1998) AlYx=d =3l Y AHEE
olsiglom AT, I SAF, AbmEEl oA felAQl Apolrt YA
A Alm AFHF] dolA vE Ar]elEs LEIAE TN fojdoz =2 Als AHAFS
UERIZ o (P<0.01), ¥ $7]o A= o]t Wit LE1 AHE|FelA tha Azl H]3)
fFoFom v Al A S JERITHP<0.05). HIS 719 AR AHHE 2hE §497]
7 Eore] AbmAlF ko] gk Ao w2 olg) LE1 AelTel Hla] thE Aol vA Yehd

2 Holn|, o]F H|& U)o HEWA Akl 8FFS T3 AIRRE 8 Als

AFTe] F7kskaL B g A o] YRt B0 AlmETh

ARA o2 g A 73kl A oy TR AARAARS ATV, Almage
S7Fe 7 H gelale] s Al 1 AlgE oprAke] i ' Aol 7 5AsH dol
= §A7IA A AA Aol Hole Ao UErgT

S

U?i

Ao

O
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(£ 6). FolAH YA FEo] A=Y ALFAH PA= IF

LE1" LE2 LE3 LE4 SEM”’
Body weight, kg
Initial 7.20 7.20 7.20 7.20
1week 8.14 8.00 7.98 7.89 0.10
2week 8.99 9.14 8.62 8.63 0.14
3week 10.40 10.47 10.10 10.11 0.17
4week 13.11 12.95 12.70 12.79 0.21
5week 16.51 16.66 15.64 15.72 0.32
ADG, ¢
0~ lweek 133 115 111 98 9.95
1~3week 162 171 153 158 7.26
3~5week 437 442 396 401 12.13
0~5week 266 270 242 243 7.52
ADFI, g
0~ 1week 216 206 170 184 8.93
1~3week 368 369 302 325 11.68
3~5week 7524 7524 608" 655" 19.58
0~5week 493? 491° 397" 430% 13.39
G/F
0~1lweek 0.617 0.544 0.621 0.461 0.04
1~3week 0.430 0.458 0.507 0.487 0.01
3~5week 0.582 0.589 0.648 0.613 0.01
0~5week 0.540" 0.550" 0.605° 0.565% 0.01

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;
LE4 : CON — Lysine 20% + Energy(ME) 10%

?) Standard error of mean
® Means in a same row with different superscript letters were significantly different(P<0.05).
AB Means in a same row with different superscript letters were significantly different(P<0.01).
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(& 7). FolAH YA Eo] FAE AZ5H vlA= 9%

LE1V LE2 LE3 LE4 SEM?’
Body weight, kg
Initial 16.51 16.66 15.64 15.72 0.32
3 week 31.79% 29,58 27.84% 26.76° 0.58
6 week 45.66% 40.30" 38.45" 39.59" 0.83
8 week 52.80 45.36 48.22 47.29 1.09
ADG, ¢
0~3 week 728" 616" 5815 526° 18.10
3~6 week 661° 511° 506° 611 23.17
6~8 week 494 398 733 579 45.79
0~8 week 639 513 599 567 16.83
ADFI, g
0~3 week 1,325 1,407% 997" 1,050" 42.06
3~6 week 1,449% 1,438% 938" 1,535% 65.35
6~8 week 1,663 1,471 1,355 1,361 60.62
0~8 week 1,410% 1,393% 1,032" 1,283 46.02
G/F
0~3 week 0.550* 0.442° 0.583" 0.502" 0.013
3~6 week 0.460" 0.364¢ 0.567" 0.399% 0.024
6~8 week 0.285" 0.254" 0.548" 0.424» 0.031
0~8 week 0.467" 0.369¢ 0.584" 0.444% 0.021

Y LE1 : NRC(1998) requirement;

LE2 : CON — Lysine 20%

LE3 : CON + Energy(ME) 10%;

LE4 : CON — Lysine 20% + Energy(ME) 10%
?) Standard error of mean

® Means in a same row with different superscript letters were significantly different(P<0.05).

2B Means in a same row with different superscript letters were significantly different(P<0.01).
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(& 8). AL, §4719 ol YA ¢Eo] £Ho| HIFES HFeH 7

e 9
LE1V LE2 LE3 LE4 SEM?

Body weight, kg
Initial 52.80 45.36 48.22 47.29 1.09
4 week 72.65 62.37 68.48 68.18 1.64
10 week 105.53 106.94 107.41 106.69 2.09
ADG, ¢
0~4 week 709 630 673 748 30.99
4~10 week 782 844 795 809 23.71
0~10 week 739 860 817 833 23.50
ADFI, g
0~4 week 21174 1,614" 1,592 1,717" 66.90
4~10 week 2,264" 2,446 2,922° 2,549 105.63
0~10 week 2,237 2,406 2,347 2,259 79.33
G/F
0~4 week 0.346 0.383 0.422 0.445 0.02
4~10 week 0.391 0.327 0.278 0.323 0.02
0~10 week 0.332 0.364 0.351 0.370 0.01

W 1E1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;

LE4 : CON — Lysine 20% + Energy(ME) 10%
? Standard error of mean
® Means in a same row with different superscript letters were significantly different(P<0.05).
AB Means in a same row with different superscript letters were significantly different(P<0.01).

U, 8% 4H A4(BUN)

HA At U] eldA e} gholal G| 2ol HF QA A A= S5 2
of YehHQIth AHE A A7 B¢t LE1 A9 8% e4H 249 w27t v Ay
Tol vlal Aoz A JeERRTHP<0.01). gWtd oz dF Q4 Aihe HH9 o
A o] 85S YEhE 53 X Eo)H(Eggum, 1970), Ureal] AL whildo] AF o] W
sk} ofugbe] o] 84 FHEETE ol FEo] AHE HaE s L
T3 g a4 A vl HgHob 1 FAd A Adds A, Ao Ao
ofu| At A3 oo AR A (negative correlation)E ZbE ZAo® 4 A %E}(Eggum,
1970; Hahn 5, 1995). & A9 23 2p=7]9] dF 848 Ai shgolA glolile 20%
X1 LE2¢9F LE4 A 257} LE13} LE3 A7l Hlsl d5 Q4w Ai o] v v
Bt} ol AHEY] 20% Elolale] Aol @38|Y ofmial F@X o] Hgsid, AW

7%
~
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A At EES 7RIV o s FAETE SHARE ARFA A ATt 1o dESAl
Fol Apoli= UERA @gtom Atm E&9 9 LE3ANET7F #A YRt AR
tha e A3t vesth SA37164 2ol 1% 42X LE2 2 LE4 AgFolx d%
Q] Ha o] oo A yrhgon o= S7497] LE29 LE4A 9] w2 A}
Bk o= §4719] ghojzle] Algte] Hx|o] AhlA FAol HA

BLIN
25 -
20
15 F —*LE1
% — | g2
IS LEZ
10 F
——LEd
5 -
[:I 1 1 1 1 1
Initial Jweelk b oweelk 2 weelk 11 weelk
WeElks

(3™ 2). AL, §4719 Fol|idH} duyx +F4 =do] X9 FF 24H
Ao PAE 9

o 9da: 438 AY

(1) AE=E7]
AR ) ghol Al oA o] AEe] of oA ASbgdl HX|E J3kS F 99 YERA
8.53%, A 21.96%, %3] 4.81%,

2 2319019000 ZAbE RE gase] £8ee davel ATl BA4 §

oL e Ao2 Yepwth A=7]9] AaAFFE Als Ul gholils Algket LE2, LE3A]
2 77F S YERE o (P<0.01) gtolale] stako] =& Alg S Foldk LE1, LE3 A #1-9
AasAgo] Foldoz A YeWth o= BUNS Aol fAlst gho]ile] Alghe A

=
WY el R 9 A Ao ARATHP<0.05).
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(£ 9). &olalH A o] A=Y FFa 23Ed A= 9T

LE1Y LE2 LE3 LE4 SEM?
Mean Digestibility, %
Dry matter 93.50 94.29 94.46 94.51 0.36
Crude protein 92.32 93.23 93.12 92.58 0.52
Crude ash 85.56 86.66 86.19 85.23 0.82
Crude fat 78.21 82.50 83.10 84.00 2.22
N-—retention /day, g
N—intake 5.09 4.03° 4.88" 3.55" 0.19
Fecal N 0.39 0.30 0.47 0.27 0.05
Urinary N 2.41 2.01 2.06 1.93 0.09
N retention” 2.29° 1.72% 2.35° 1.35" 0.15

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;

LE4 : CON — Lysine 20% + Energy(ME) 10%

2
) Standard error of mean.

¥ N retention (g) = N intake (g) — Fecal N (g) — Urinary N (g).

@b Means in a same row with different superscript letters were significantly different(P<0.05).

AB.CD

(& 10). o]AF YA FFo] SHES YL £3589 vA= IF

Means in a same row with different superscript letters were significantly different(P<0.01).

LE1V LE2 LE3 LE4 SEM?
Mean Digestibility, %
Dry matter 91.38 91.22 93.29 92.77 0.45
Crude protein 91.17 89.20 93.15 92.56 0.62
Crude ash 71.89 70.74 75.82 72.95 1.34
Crude fat 63.28" 60.47" 91.81" 91.95% 4.87
N-—retention /day, g
N—intake 22.44 18.71 22.34 22.20 0.15
Fecal N 0.39 0.30 0.47 0.27 0.62
Urinary N 2.41 2.01 2.06 1.93 0.83
N retention” 19.64 16.40 19.81 20.00 0.76

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;

LE4 : CON — Lysine 20% + Energy(ME) 10%

? Standard error of mean.

¥ N retention (g) = N intake (g) — Fecal N (g) — Urinary N (g).
AB Means in a same row with different superscript letters were significantly different (P<0.01).
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2) 547

O
&ﬂf 4.50%, 1‘% 2.75%0°]J ). A A3 (P<0.01)E A9 Y% 03%% Eata =

zpol7b gl o, AAskge] A9 ouA] o]l =2 LE3, LE4 Ag77F A ash&o]
frejAdoe s iﬂ] UEFSTE Owen 5(1996)¢] Aol &t A=Al tl(soy olDE &
o] Al A=) dFsA o] AE T BasigiEd 2 Aol A YERd LE3Z LE4A 2]

9] =2 AWastE o9} 2 o= FAHHT oﬂdxm LRt U5f(soy oil) =
of g2 oA

RERER

0

O]

Fol Ege] FAo| VAL 9L E 110] GEigleh A AnAt
o

] S
Hrlste] P RS AA = FH 7|02 Van der Wal 5(1995)9]

X
Hgk vlol] M2, stressZ QIgh AUje] & whAjoz Qs whldo] WAy, o]gst W
e E‘r‘ﬂéloﬂ olsf S-Ao] W3} Hal %)

sl
ﬁ
Irﬂ

Il (luminance or brightness)S WYER= Lk &% (red—green component) =S Y
Y= a%k, 2% (yellow—blue component)E WERH= batel QojA F-21%¢l Zfo] 7} el
% 2A1ZH(nitiaD) A el = ZF Ag]gt7re] o ARl Apol7F vEhLbA] gkont =5
2477re] LE1, LE2 A g7¢] Lgkol #olAo® =4 Uebsth(P<0.01) &MAp)F =5
Aeete=r ol 7P Ta3 AgE Wele agke] 49 LE2, LE3A 47} o4 o=
= YERTH(P<0.01). 53 Kauffman 5(1993)& &3 & 24A17to] A|%-& w] L value7}
58¢]4fel PSE Efolakil Batsloled], £ A= ZE AHelFolA PSE 50| &

AskA| gkt

£% 5 E59 pH WaHE 17 30 ANSEOR BaTsh AT o149 Aol
w4 Stk ol eolale] Algtolt oGSl 7k pHel Wl FFE V|14

2F=thHs Szabo 5(2001)9] Hae} FARSH Axfol),
Apple 5(2004)& glolale] A|gtolL} o] s S7kd Algo] Foj7t SA FAES
2NN BaEgA T B AT £ A v]SEe] S T 17.33 mmE
LrebaL 2 A zbell oAl Aol 7} e %i’k M, =59 ddE A T3 Xe
7k zpol7} wrARA] ekt AW dheke] A9 LE3XE T SR es v UEht

A% 49 Aol WA St 0E 8 Ao ek s,
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Ankdo g =50 oA guste] s =5 =5 i & F e 5
He onletr §54F (drip loss), 7FE7F(cooking loss) L2]al o =] 1 (Filter
paper fluid uptake: FFU)oIA] 5 91221 zto]& Holx] ¢kokar Auke] wek A7t

o4 Apo]7b LA 23kt
T3 7U7A 9 4T W A7 5 A AR A E(TBARS value)
ERRATE A% 713ke] Srketel whet Abs ot ¢ %7}6}% AR Q1 73k
7ol LEL A2]e] TBA valueZt s27] WERIARE SAAQ] wofabe Hds A
ARFTRE A AR Ae] A 24 3 12, 18, 14, 15, 16, 179 YERAS]
o

=

£ 19
o

E‘E—M

o

2 R

3
o

=
L

o 1}
, 9,

-Vi.—g
e
M o

W AL 2488 =59 Tl T8 4TS sk deEEd Aiode WEeE
ALRS] AR o] i E A XA O] WEE AEFe Kole Ao® deA iAw(HE
1997), ZR=719] =5 o APAkel] tigh A+t A9 Hof A &tk Aol A=)
o] SAI 49 palmitoleic acid®] H]&©] =] YERt e LE1¥Y LE2* 2] palmitoleic
acid7} fre]H o2 A gkl LE3, ¥ LE4A 2] 2] y—linolenic acid®] &=Fo] th&3] ] tol
vl o) o® A yebstl AFEAPEARY] 79 mysristic acide] ko] A UERGe
o LE2AH 2] Fo A Ao s w2 H&S Btk Oleic acide] 745 vtz ow =829] A
AR Sl A TS HlES Hole ZloR deAdoy %"Hﬂoﬂ 1 il
o §471 TAY Ag BE ATt wolxpt wAw A ehekom A ake] A9 LEL,
LE2¢9} LE3, LE4xe]77te] A3yt S o= AolatAl vhéh 5"’9.*019] oFE FAH
Hl57] GA] ZA gt wE 794 Zpol7f yEhbA] 9kow B[54 9 A ke

ARt RS Akl nlgEe] AAt 243 A Aol7E U] ekektt

2!
1
]

L
it
i
~|
e
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— 247 -



(F 11). AL, §4719) olilzh ouix 539 2do] AAd FAU% E%9) 94
o HAE

LE1V LE2 LE3 LE4 SEM?
Back—fat thickness,mm 16.30 17.00 17.70 18.3 0.62
Proximate analysis
Water, % 74.25 73.79 74.12 73.99 0.30
Ash, % 1.29 1.24 1.32 1.35 0.04
Lipid, % 2.56 3.12 1.74 2.80 0.32
Protein, % 21.91 21.84 22.82 21.86 0.26
NPPCmarbling score” 1.87 2.93 2.40 2.13 0.20
NNPC color score®’ 2.80 2.47 2.87 3.07 0.14
CIE color (24h)”
L 44.99"" 47.97% 43.28"° 43.17° 0.62
ax 3.66° 5.45" 4.62%° 4.24%¢ 0.19
b 6.24° 7.53¢ 6.55" 6.23" 0.18
FFU, mg” 52.67 67.67 80.33 62.67 6.36
Drip loss, % 1.31 1.60 1.12 1.98 0.18
Coking loss, % 19.63 20.37 21.11 20.76 0.78
Shear force 31.80 33.58 32.09 36.82 2.45

U LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;
LE4 : CON — Lysine 20% + Energy(ME) 10%
? Standard error of mean.
3 Marbling scores estimated using NPPC (1991 equation)
Y Color scores estimated using NPPC (1991 equation)
% CIE L : luminance or brightness (very from black to white), a : red—green component (+a=red, —a=green),
yellow—=blue component (+b=yellow, —b=Dblue)
% Measured by Filter—paper fluid uptake
® Means in a same row with different superscript letters were significantly different(P<0.05).

ABC Means in a same row with different superscript letters were significantly different(P<0.01).
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(¥ 3). AE, §A719 BeldFd YA wF9 ZHo| £89 pHel "A=

I
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0,05
0,00 ' ! ! |

post—slaughterdays)

(g 4. A=, FA4719 oA R FF9 FHo] =89 AW A=
(TBARS)9| v|X&= |3

— 249 —



(E 12). ol A FE9 Z=do| A& T4 Wl A A A=

Y

LE1V LE2 LE3 LE4 SEM?
Mysristic acid, % 9.52 14.34 15.34 23.98 3.73
Palmitic acid, % 19.19 21.52 15.18 14.71 1.75
Palmitoleic acid, % 28.23" 22.92% 20.45" 17.45" 1.52
Stearic acid, % 11.98 12.75 9.30 8.38 1.31
Oleic acid, % 14.31 11.33 9.41 13.86 1.30
Linoleic acid, % 0.00 0.00 4.78 1.65 1.02
v—Linolenic acid, % 8.46" 7.22°¢ 15.85% 11.88% 1.24
Eicosenoic acid, % 8.31 8.37 6.69 5.66 1.02
Arachidonic acid, % 0.00 0.00 0.00 1.16 0.35
Eicosapentaenoic acid, % 0.00 1.57 3.00 1.26 0.90

U LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;
LE4 : CON — Lysine 20% + Energy(ME) 10%
? Standard error of mean.
¢ Means in a same row with different superscript letters were significantly different(P<0.05).

(£ 13). FolAlF dURA FEo Zdo| A9 AFL W At A 7A

= I

LE1Y LE2 LE3 LE4 SEM?
Mysristic acid, % 33.20° 39.76° 26.67° 30.20™ 1.56
Palmitic acid, % 13.53 11.91 12.28 14.77 0.62
Palmitoleic acid, % 22.07 19.99 18.50 10.58 1.80
Stearic acid, % 5.92 4.94 5.05 3.75 0.54
Oleic acid, % 18.39" 14.87¢ 18.77" 22.44 0.94
Linoleic acid, % 0.70 0.90 0.88 0.00 0.33
vy—Linolenic acid, % 4.54 3.56" 14.55° 14.83° 1.78
Eicosenoic acid, % 0.99 0.00 1.74 2.75 0.44
Arachidonic acid, % 0.00 0.00 1.14 0.13 0.22
Eicosapentaenoic acid, % 0.67 0.00 0.42 0.53 0.16
Decosatetraenoic acid, % 0.00 0.00 0.00 0.03 0.10

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;
LE4 : CON — Lysine 20% + Energy(ME) 10%
2 Standard error of mean.
¢ Neans in a same row with different superscript letters were significantly different(P<0.05).
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(£ 14). ol dURA] FE9 ZHo| FAHEY T4 W At A 7

= 9%

LE1V LE2 LE3 LE4 SEM?
Mysristic acid, % 6.31 26.41 13.76 10.33 3.36
Palmitic acid, % 27.53 12.49 9.72 22.46 3.29
Palmitoleic acid, % 5.62 13.70 7.47 7.29 2.01
Stearic acid, % 20.56 9.37 5.68 15.85 2.45
Oleic acid, % 3.62 13.45 6.33 6.47 1.87
Linoleic acid, % 23.96 10.35 44.71 23.65 7.13
v—Linolenic acid, % 9.37 1.00 1.31 0.00 2.32
Eicosenoic acid, % 0.00 2.09 6.29 6.69 1.25
Arachidonic acid, % 0.00 6.18 1.58 3.45 1.09
Eicosapentaenoic acid, % 3.03 4.52 3.17 3.80 0.11
Decosatetraenoic acid, % 0.00 0.45 0.00 0.00 0.00

Y LE1 : NRC(1998) requirement;

LE2 : CON — Lysine 20%

LE3 : CON + Energy(ME) 10%;

LE4 : CON — Lysine 20% + Energy(ME) 10%
? Standard error of mean.

(£ 15). FolAlF dURA] FEo Zdo| SAE ARL U ALY =44 1

e 9%

LE1V LE2 LE3 LE4 SEM?
Mysristic acid, % 15.61 14.11 6.38 2.76 3.09
Palmitic acid, % 21.88 10.83 4.68 1.83 3.12
Palmitoleic acid, % 8.29 13.31 12.33 19.72 2.05
Stearic acid, % 15.05 9.34 3.09 1.27 2.17
Oleic acid, % 11.37 17.34 7.11 4.08 2.11
vaccenic acid 17.78 12.71 13.96 8.03 2.52
Linoleic acid, % 0.26" 0.21" 38.68" 54.86" 8.17
v—Linolenic acid, % 3.20 5.00 7.85 3.89 1.09
Linolenic acid 3.97 10.58 4.69 2.64 1.81
Eicosenoic acid, % 2.18 4.80 0.83 0.30 0.84
Arachidonic acid, % 0.00" 0.00" 0.19% 0.34° 0.05
Eicosapentaenoic acid, % 0.14 1.38 0.14 0.16 0.29
Decosatetraenoic acid, % 0.28 0.40 0.08 0.11 0.11

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;
LE4 : CON — Lysine 20% + Energy(ME) 10%
? Standard error of mean.
¢ Means in a same row with different superscript letters were significantly different (P<0.05).
ABC Means in a same row with different superscript letters were significantly different (P<0.01).
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(£ 16). ol AR FEo Zdo| HIFEY T4 W At A 7

= 9%

LE1Y LE2 LE3 LE4 SEM?
Palmitic acid, % 24.48 24.52 22.87 22.91 0.17
Palmitoleic acid, % 2.28 2.23 2.54 2.16 0.92
Stearic acid, % 16.61 16.55 15.96 15.68 0.37
Oleic acid, % 41.58 42.11 44.96 45.38 0.73
Linoleic acid, % 14.29 13.98 12.93 13.37 0.65
Eicosenoic acid, % 0.76 0.61 0.74 0.50 0.06

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;

LE4 : CON — Lysine 20% + Energy(ME) 10%

2
? Standard error of mean.

(£ 17). golAlF AR E9 ZHo] H&E9 AHL W AW A4 1

Ae 9%

LE1V LE2 LE3 LE4 SEM?
Palmitic acid, % 22.07 21.65 23.78 24.78 0.19
Palmitoleic acid, % 2.40 1.41 1.80 1.38 1.02
Stearic acid, % 13.13 13.98 13.34 14.91 0.96
Oleic acid, % 40.11 43.38 42.95 36.72 1.41
Linoleic acid, % 21.75 18.98 17.49 21.55 0.76
Eicosenoic acid, % 0.54 0.60 0.64 0.66 0.04

D LE1 : NRC(1998) requirement;
LE2 : CON — Lysine 20%
LE3 : CON + Energy(ME) 10%;
LE4 : CON — Lysine 20% + Energy(ME) 10%

? Standard error of mean.
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Tk B3k carnitine-> Ao Eafol] #ofetRE gho]ilo] A|gko = Qlgh carnitined]
52 Ak #FalE JAA I (Khan 5, 1976; Borum &, 1977).
Essen—Gustavssos (1994), Castell's(1994), Kerr's(1995), Blanchards(2008) 2]
Aol st gholAle] AFAGS S HIS=Y SRR ES FoHeR
AAZ T B lom Czabos(2001)9] A7to o3ty gho]il& AlghAIZ] = 4]
o 2 AES wpde] $AA5m, S 3 ARl S 3 24

o)
[N
=
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=
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L\’)
(e}
(@)
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=
=
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oY
\)
(e}
(e}
(e}
N—
Lo
re
=
_t

= 5y
Fgol WA Ao hasa SRS Beel 21 A6E ek,

2. A% % WY
7t A9 $E R 49 44

+ 5.62kg, 892 2035 ([LandracexXYorkshire ] XDuroc) 645
= AT, Ade agste] Al ow, Aadistal & AP 1453 5
A-H57] AAFAde] FREAT. DA 4x g 6RO R = 454 FEIt A
Zo w2} ¢ H(RCBD : randomized complete block design) o & v Xx]s} Tl A
275 1) CON: & 9 YAE NRC(1998)9] 7] "o ¢, 2) LD1: CONU]
Bl 90% helal = wel, 3) LD2: CONUlM] 80% #eldl 4% 3¢, 4) LD3:
CONUH] 70% o]l & Foflon, d3ias Sea-—dFd 5= s

P P98 9 gska xAe 7 18, 19, 209 YERS )

=
ol
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¥ 18. §47] 43 A= W@y (0-65)

CON LD1 LD2 LD3
Corn 66.78 65.68 64.47 63.40
SBM—45 13.53 13.44 13.34 13.25
Wheat bran 5.48 7.06 8.80 10.34
Tallow 1.50 1.50 1.50 1.50
Molasses 0.70 0.70 0.70 0.70
Corn gluten meal 8.70 8.70 8.70 8.70
Limestone 0.42 0.48 0.54 0.59
TCP 1.12 1.05 0.98 0.92
L—Lysine—HCI 1.17 0.79 0.37 0.00
Salt 0.30 0.30 0.30 0.30
Vit. Mix." 0.10 0.10 0.10 0.10
Min. Mix.? 0.10 0.10 0.10 0.10
Antibiotic” 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical Composition4)
ME (kcal/kg) 3265.00 3265.06 3265.04 3265.03
Crude protein (%) 18.00 18.00 18.00 18.00
Lysine (%) 0.95 0.86 0.76 0.67
Methionine (%) 0.35 0.35 0.35 0.35
Ca (%) 0.60 0.60 0.60 0.60
Total P (%) 0.50 0.50 0.50 0.50

Y Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.40 1U; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin,
0.1 mg; Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,

0.16 mg; Ca, 0.18 mg.

3 Avilamycin (10 mg/kg) was added.

Y Calculated value.
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(£ 19). HI&3H7] 49 AR wig] (6-105)

CON LD1 LD2 LD3
Corn 73.53 73.15 72.72 72.38
SBM—45 7.97 8.13 8.32 8.46
Wheat bran 6.29 6.61 6.96 7.25
Tallow 0.40 0.40 0.40 0.40
Molasses 2.00 2.00 2.00 2.00
CGM 7.75 7.75 7.75 7.75
Limestone 0.36 0.36 0.36 0.36
TCP 0.90 0.90 0.90 0.90
L—Lysine—HCI 0.30 0.20 0.09 0.00
Salt 0.30 0.30 0.30 0.30
Vit. Mix." 0.10 0.10 0.10 0.10
Min. Mix.? 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical CompositionS)
ME (kcal/kg) 3265.01 3265.00 3265.02 3265.00
Crude protein (%) 15.50 15.50 15.50 15.50
Lysine (%) 0.75 0.68 0.60 0.53
Methionine (%) 0.31 0.32 0.32 0.32
Ca (%) 0.50 0.50 0.50 0.50
Total P (%) 0.45 0.45 0.45 0.45

Y Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.40 IU; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin,
0.1 mg; Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,
0.16 mg; Ca, 0.18 mg.

¥ Calculated value.
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(& 20). H]&F7] 439 A& ¥WigH] (10-14F)

CON LD1 LD2 LD3
Corn 79.55 79.25 78.94 78.62
SBM—45 4.47 4.59 4.73 4.88
Wheat bran 6.01 6.27 6.52 6.77
Molasses 2.00 2.00 2.00 2.00
CGM 6.10 6.10 6.10 6.10
Limestone 0.41 0.43 0.43 0.43
TCP 0.72 0.70 0.70 0.70
L—Lysine—HCI 0.24 0.16 0.16 0.16
Salt 0.30 0.30 0.30 0.30
Vit. Mix."” 0.10 0.10 0.10 0.10
Min. Mix.” 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Chemical CompositionS)
ME (kcal/kg) 3265.02 3265.03 3265.05 3265.02
Crude protein (%) 13.20 13.20 13.20 13.20
Lysine (%) 0.60 0.54 0.48 0.42
Methionine (%) 0.28 0.28 0.28 0.28
Ca (%) 0.45 0.45 0.45 0.45
Total P (%) 0.40 0.40 0.40 0.40

Y Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.40 IU; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin,
0.1 mg; Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,

0.16 mg; Ca, 0.18 mg.

¥ Calculated value.
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. AbF A9

A A2 ([Landrace X Yorkshire | XDuroc) SAE 6452 A=, AHE 1185t
Fdom §47] 65, Hl57] 85, T 1453 Aol R o A-FAL
of oy gt wholal e A7 Ve GdA FES NRC(1998)3 27
= wolshiv. A= AAddAdl e A7 £X-FA9E nhed 54
AH(1.26%2.55 m®), H]FAH(1.6x3 m*)oll A AbFEIlon] A9 7)1k §oF Abs =
A A2 etgleh. A3 A A BUN A4S 98te] Qo9 gutele] APS A}
gom, §47]1 378 6578 1Pl HFY] 459 850l AARAAT R ATS
ZAste] TAF, ARAHAFT 2 AREES AMsdd W AT 54 A ofH
8:005-8 A2 AZl F 2A|3ko] A Fol AP T 657 o= Adwsio] H
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A A3h=F(blood urea nitrogen)<S 4

OH

7)ol FHAF 60.19 £ 2.63 kg?l HISE 4748 3WHE, F1252
(Completely Randomized Design) 0.2 tiAlEol| 1vte]¥ 483}
3, 547 A8 E AR T 5U7F B3 B ARAHHoZ AFHsq) B 2E ) 5
ot ahrel WA T3 B AFSISAL, AR skl £ A 07:30 R 19:300] A
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A Fd AF 109.83 + 9.51 kg F 2452 ol Mutsle] S Aol = npx|ut
ol dAE BES AFsI o, 8 9 ZAnm Fojol ApAS 200g A FH st
A3 AAaFo Yol —70C= H 313t}

AR F42 AOAC(1990) ol Fa8lom, 7=
% F42(Buchi 339, Germany), ZAWS Soxhlet F=W (Buchi
B—811,Swiss), £33 3]8ks (JR11-402, skE(5), thghi=)elA 800C = 5A1XF
¢ s 1 SRS WS (%) = HERIT

rlo

ovenxW, Frhiz o

o
jus)
i)
01}4

(2) pH/SA

Al7bol WE pHEF &M Wl E5 & 455 24A17F A3} Alo] pH meter(Model
720, Thermo Orion, U.S.A)¢} Chromameter (CR—300, Minolta Camera Co, Japan)
£ o] &3l FAs e CIE Lx, bx, axghks S35t

(3) Hd

Filter—paper fluid uptake < ©]-83}9) o
W3] Tl 2ol frElEE el &

A% o
552 s

AFS- 24710 AAT 72 SAS ZEhdo] FAE A % phlyethylene bagl. 2 5
xo] X s & & dhEsle] 2CoA] 48417 RSt U 1 A5 T UAaE

(5) A= (shear force)

SANTS 72T 2 7Fds & Q%8 ¥ QFH7)(AA 1.27 cm) 2 A28 H3H (A%
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Wkl ksl A) o] % =34 717)(Series IX, Instron Corp ,USA)E UEH A|EE A=
W (45 F3 o 2AE)Has Hd ¥ (N)S A

T 240l 473 A7|= FATS Fehdlo] A § polyethylene bag®® S3ET o]
oF
159

% 4 5 AR Ane APLEA} 12CAN HES FxoN AL F 1
[e)

(7) NPPC color/marbling score

u]=- NPPC color standard (1=3YWAEE 1%~10 = ZWAHE 10%)¢ NPPC
color standard (1=pale pinkish — gray to white ~ 6 = dark purplish — red )& °o]-&
SEREEIRES FRIESE TS

(8) A4t A=

Ee] A F A AR 24 Slete] 25 F 1,8, 5 % 72 Witte §
(1970)¢) el 3] TBAZHE Z743Hoir.

(9) A4k

A APAAe] Akl 24 #A42 AlEE 0.5g g $ Park?} Coins(1994)9] W+
o 9J3§4 methylationA|FHt}. A& Methanol : Benzen (4:1, v/v) 2 ml®} acetyl
chloride 2001l E 7} 3 100°C 2] heating blockoll A 1A]ZF &<t 7FE8GIt) o] & Al
of 3] W3 t}E hexane 1 ml®} 6% potassium carbonate 5mlE 7}aFal GA &
2715 o83t 3,000rpmolA 157 94l #eld F e 1uE FHske gas
chromatography(agilent 7890A—series)dl injectiond}$lxl ¥4x74LS 33 2t}
Column®] Z7]2%== 110CoA 3min &<t A8kl 3.0C/min®] == 215C7HA]
LEE AEAIA 38t A8k 3.0C/ming] &&= 250 ColA] 10min w7]8k3leH B}
L5 280°C oA 5min A8kt o|uf injector, MSDEI(Agilent, 5975¢)2] &

(e}
=
]
T 247 250 C & 81l ar, AWARS: standard} retention timeS W]aldlo] gela}l o

N

]u]—
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%741 A2 SAS(2003)9] dut A8 EY(GLM)S o] &3t3lth AMS 28 Ay
2t Bure hitbe] AF weR dha, JU &
HES shte wolE ste] FRE ARe] WFd KdS AASAY

Aol figh vln AL Ha FoAHLSD) e AAME ol gk felAvt
A& 79 P<0.05%, =9 2217} Q1S 49 P<0.012 st

3. 2439 & u&
7h. AFFA A

FA-WEE AR U] golnl el mE HAe] g viAE S E 214
eI 2 Ao Aok F47] 6573 holalE 10% AR LD1 A2+
o] Aol 71 wA vepten, 1453 el = CONtHET-9F 2ho]il& 10%A1 34
21 LD1 A7} 20%, 30%%5 AIFAIZL LD3% LD3A 2]+l Hlsl Folaew =
< Ale& Zloh (P<0.01).

A 2 4719 dFSAF(ADG) A CON3t LDIA 77 frol 4o
A FeFT dITAFADG)S B, dolile] Aghe] npe} s A
F(ADG)o]l YEFRTH(P<0.01). skAI%F W&7]19] 4% CON¥} LD1 % LD2 # ¢
7ol A SAFADG) ] FAALR A WERter], LD3 At o4
O 2 S e E(P<0.05). o2 AFE A AT Ve Sl Alel =
A8l YRRt

AIAEAAFADFD S 45 §A71el= A77ke] Fo94 Apol7h giglont
LD2, LD3A 2|79 ALRAHZF(ADFD o] Eojx= Ads nglow Hg7|d
Ae)7sb LD3A Y 77F FoH o e APARAAFADFD S Blal, A A
713bEE 2 A7 e TH(P<0.05). AFRAH ] Aol wad ATy 99

o\ cft
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N

< ATt 7Pt AgTte] 3 FHZF(ADFD o]l =

UrE‘rMJﬂ o] LDIAZ T AF =2 AFERE AT AIRAHFY T7tE AHRY
U% LDS?HFJ?L«] g BT SR FFE uF AERAHAE SE S5
AFEE 5o A dTFAL

ko] YEh, o]2ld o2& Henry %(1992)3)
Tl ap A G kA ke *} = 5938 A

A}Eﬁﬁr% AR, FA47)0 Zolals 10% FAaAZ LD1 A7t thE A
T-oll Bl =A YERLIL(P<0.01), o2k BES v S 7| 7HA A H ATk Bvl57)

F¢F CON¥} LD1 A g2 Als&&o] LD29 LD3 A< vusds u 9
Ao g FA et o (P<0.05). A AAF7IZF sehs Vo w HS7]9 e A3
7} JERStH(P<0.01). o213k A3bi= LD3A o] ¥ AlRAFHHo] 280w &
A ZEal s AR

Aol A 2holal 10%°] Ad wole 79 TAXSRE $Ud AlnagES
Hyom o= 10559 A= AAY Ao & FFS vAA &S o AL
fch Qub o glolAle] AT AFZAZADG)H AR GRS 7
= AR 9eA 9Jom (Czabo %, 2001), 23 Ax}e} vizlx s 2 o
T o)l 10% A ATE AT gelilo] FFEo] W AT o] AR

k)

o] WolA = e etk
woqAe] Ash, gelal 10% AT AHgE 1—412%9} A 3AES no] A
3% 3

Lysine:Energy ratio

o AFe Jgl BAHA P& vH = Ao Amd
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(£ 21). FolAle AG AFe] SH-HFEY AMFAEH v I

CONY LD1 LD2 LD3 SEM?
Body weight, kg
Initial 24.18 24.17 24.19 24.18 0.506
3week 39.24 40.58 39.12 38.03 1.009
6week 57.46° 58.83" 53.91%¢ 51.94°¢ 1.354
10week 76.47 82.74 72.91 68.08 2.183
l4week 95.90" 98.45" 86.85" 81.71° 2.482
ADG, g
0~ 3week 717 782 711 659 27.735
3~6week 868 869 704 663 34.917
0~ 6week 7924 8258 708" 661° 24.078
6~10week 746 906 678 711 31.019
10~14week 541 536 498 387 32.369
6~14week 662° 701° 588* 485" 32.810
0~1l4week 731% 758* 639 586" 24.078
ADFI, g
0~3week 1650 1687 1625 1647 42.524
3~6week 1986 2198 1934 1883 60.166
0~6week 1818 1943 1779 1765 43.658
6~10week 2349" 2651% 2347"° 2373° 56.812
10~14week 2101* 2602° 1912° 2503° 115.248
6~14week 22255 2627" 2129¢ 24388 65.962
0~ l4week 2050" 23342 1979° 2150 51.224
G/F
0~ 3week 0.430 0.465 0.438 0.401 0.011
3~6week 0.439 0.396 0.365 0.352 0.014
0~6week 0.436"" 0.425" 0.399% 0.373° 0.008
6~10week 0.320% 0.339* 0.286" 0.292° 0.009
10~14week 0.255 0.218 0.262 0.164 0.019
6~14week 0.296° 0.270° 0.277" 0.205" 0.012
0~14week 0.355"% 0.327" 0.324" 0.277" 0.012

Y CON : NRC(1998) requirement;
LD1 : CON — Lysine 10%
LD2 : CON — Lysine 20%
LD3 : CON — Lysine 30%

? Standard error of mean.

¢ Means in a same row with different superscript letters were significantly different (P<0.05).

ABC Means in a same row with different superscript letters were significantly different (P<0.01).
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U, 8% 248 A4 (BUN)

4SS a9 59 YERAT dirdoZ ureat @A} ofnt ALYl 4
AT A=A Ul S T8 wAdEER AR Vles BUbete A xR AR
Hof sity. EF ureax= A% (kidney)®] of3=Fel] ofsf 7 2 9FS wAwt &
g AHFE, a3t WY 4 A, =F Foll M= dFe wer webA,
dntzow dF QA4H HAA4 TS opp|wile o] & tiE thE A ARE 2
o gt} (Eggum, 1970). % Q48 AAhs ohild MF el 1 F4o FHH2 A3
e 7HAH, AWl Ao] ofu Ak 3 o] AaA] (negative correlation) &
zr=1t}(Eggum, 1970; Hahn &, 1995). T3k Bergner (1977)+= 8% WY urea &%

il

Atge] =7} (biological value)ot S| FdaAZE dvkal Wik 5 24H
=

Az ge) T AF Jo] ohmite] TR ouishd, 1 FFo] Ha
A Fae] Busihs A2 ojndch el 4% axd Ao B F
=9 gl 9 eSS A sA Y (Hatori 5, 1994; Cai &, 1996), @ ofu] =4k

fo
-
ol
'S
My
o
_0|L
ol
=
(L
oo o
N,
Ex
i

A ARgEe] ghr) Eek FA giAE (nitrogen
metabolism) 2}¢] ofw=At Fieo] wet wmEA Wels Aow gl s
(Fuller & 1979), €5 84H A4 g2 2 7|3 ¢ AlRE AF80S o
488 Jebd 4 Atk (Nam¥} Aherne, 1995).

A2 A g Fel A BUN 217F 54 — 1]

& A T2 A4 A AR W gholl &=
= 7hao| i) Toro 79,3; BUN 7} 7k vk (P<0.05). &, o] A]7]q]
o 7t g2 Aol nlE foFow v

e (P<0.01) Z—_i.ﬂr%i oz o4l AFFod WF BUN FEE o]t Ao
2 yehon o golale] Rxo] WF o] ofniite F7H7m HA e A
S Aol HAAe g MUtk AlnEh

- 264 —



BN

19

17

15 _
T 13 — T —4+—CoN
[}
=

\ —— | D1

" ol
K.

9

3 weelk B weeal 9 weelk 14 weelk

(¥ 5) golAle AFFA7 =A< BUN vx& 93

o 9%a 238

glo] Al A FFARFo] HA AT 60.19 + 2.63 kgl HIFES] J YA 42310 vA =
B E 220 dEHAT. Aggtel wel AE(dry matter), = (crude
protein), Z3]¥(crude ash), AW (crude fat)2] 43}&L TAH O E FoAAE H
o[ X ertvt. A AstEo] A, golil A Ag=elA CONel ®Hu ¥
AA = Aol U o SAHOR Foxts HolA @dvh. Ai AHIAHS
= AgT7F FARE o v = fofateE YEREA] kot LD3A e AAa
sh&o] dA3] "HojA= Aol AAEHI. o] g A= AP AT BUNTX]
A LD3AE 7 /M we RS Btk A udshd Zelale 30%F
A A hdol A FAAQ &35 Kol Zlo® Algdrh

B~ hj

2

|

ol

O
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(% 22). golale AG Atgo] HEES] FEFL 43480 U= ¥

CONY LD1 LD2 LD3 SEM?
Mean Digestibility, %
Dry matter 87.03 85.33 85.36 86.88 0.374
Crude protein 83.81 79.44 78.05 81.87 0.900
Crude ash 49.60 47.27 46.65 40.53 1.834
Crude fat 65.72 56.33 51.03 64.13 2.742
N-retention /day, g
N—intake 20.92 20.73 20.71 21.31 0.073
Fecal N 3.39 4.26 4.55 3.86 0.182
Urinary N 12.13 10.93 11.10 13.52 0.451
N retention®” 5.40 5.54 5.06 3.92 0.328

D CON : NRC(1998) requirement;
LD1 : CON — Lysine 10%
LD2 : CON — Lysine 20%
3 : CON — Lysine 30%
? Standard error of mean.
% N retention (g) = N intake (g) — Fecal N (g) — Urinary N (g)

o &3 5 R AL

Aol mA=

gfolxle] AdtFodrt =AY 1Ay 4 S
= 109.83 + 9.51 kg9 =

3 239 YERRAE A=E R 6vke]A, ot A

F‘J
I
o &
K
olr
—lﬂ

TE Yoz Addegion Ayl wE AT mATl= FoHd 2bel7F vE
A egkk. A FAL B ghell FES AR Aol izl H]
3 FAE e BAoH, FoARl Aol HolA &gtk EFdeHS AT H
155 1.00 point, 26 =< 2.00 point= 7F4ste] vt 14 oHS #7]sk3loy
gholal = 10% #4171 LD1 Aol M 1.004 S =Fsiqlth. S245H AsH
54, B5H 4%, C5F 3%, DeRS 2¥o® 7143t Jo S253FS #7183

& 3
o, LD1 AgTFolA 58L&, & HFES
10% #2271 LD1 AgFolx #8453
100%% 7F¢ wokon, t& Ao SHe 4] Yeh=] kgt o2l
Adte] W2 2holils 10% AFAIZ AeF7F A& sHagrIEd 7 A e
=oAL H
2007ARH AE #Hx SFBRFVEE SHE AT SEE Bt #As

5% sgon 4 53 AT 5AY FAS nelsel A~E9 5749 5

mN
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HAE MEekal vk Apple 5(2004)¢] Aol ¢Jst
density7} 7He AR 9] Fol= TAW FAE F7HAZITA Ba H Y
NAE, golal FFEs FRAX AgFedA dxzgrme sAW FA7F
S Bk dSo], golal 10% TAAZ AT EF8h= A 145

swol FshA HER

i

(& 23). Zolalg A Aol E3FFH AL FA vAE 9%

CON LD1 LD2 LD3 SEMV

Weight, kg 111.33 111.17 107.67 107.83 0.81
Carcass—weight, kg 83.83 84.17 81.00 81.50 0.61
Back—fat thickness (mm) 18.50 21.00 20.50 20.00 0.84
Quantity Grade, %

1 83.33 100.00 66.67 83.33

2 16.67 - 33.33 16.67
Quality Grade, %

A 50.00 100.00 66.67 50.00

B 33.33 - 16.67 33.33

C 16.67 - - 16.67

D - - 16.67 -
Average Quantity Grade, pointZ) 1.17 1.00 1.33 1.17
Average Quality Grade, pointS) 4.33 5.00 4.33 4.33

7 CON : NRC(1998) requirement;
LD1 : CON — Lysine 10%
LD2 : CON — Lysine 20%
LD3 : CON — Lysine 30%
? Standard error of mean.
3 Calculated value. (Quantity grade 1 = lpoint, grade 2= 2point)
D Calculated value. (Quality grade A = 5point, grade B= 4point, grade C= 3point, grade D= 2point)
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. $48Y

S -0 S AR W gholdl AT = 2] =
3 24, 259 YEHAAH. 2 ATy =59 FRIEFHS 3 7
o} ONJJr LD1 Ao amd gafo] 40w A Yesth =AW
ZFol Aol #golal s
T X—*IOE =okom, LD2 A g+l 4] 7% % A L}E} FH(P<0.05). ®g NPPC
marbling scoredll A E, oAl FEE FARAT AHYFENAN TUHAAE
(marbling score)”} CONel| H]&l & Ak HPow o= =J 1, 23F <LHA
of o] APl L Apge] FFo]l FrHATE AS nght. ey LD3 At
o] BF LD2 Ag ol H&l =5 W A B SWEA =7 S7HE A goF 30%
o] el golile] AF Fol= ATFY Tl & S PIAA Kok o=
R

TS 458 24A%F A A =59 pHE A stk =71 pHell dolA
LD1 AHgl7-¢ pH7} A o® 7P A yetsar gholile] Aghel] we} pH7L
vrolx = Qs BHou FAA FYxs UEhA] gkon o= golile] Agh
ojtf oAl Stk pHEl W Etel F3FS A A Zevhe Szabo 5(2001) 9]
Ao} 2o S HY 11719 W E(luminance or brightness)E YWERH+= CIE
L&t &% (red—green component)& YERW = CIE agtoll A LD2, LD3 A2 17F =
A YdEFsE o BAHQ folaks Holx] ekgkt) wpz kAl 2 NPPC color score B
3k x| Ftol] w2 §-o] &l zpo]l7F YERRA] 99rt). Kauffman $(1993)S &=
24A17ke] A%tS o CIE L valueZ} 58¢]/o]™ PSE =% OIE}"’ H 3189 =),
© A TolA PSE =+5o] 2AsHA &9
WEkeko] Skl wet HaEo] & }5‘}04 et ] who}#] a1
= Aog ELEV% ATt HEEEe S5 (drip 1055)9} 7ta 7=
(cooking loss) 18]l o] #}#] &4 (Filter paper fluid uptake:FFU)S E3l =43}
At BeEE dvbgor ur)rh el s stel dis] a7 e s B

o HSL' §9 filo
O

o

1o

e 40«

S,

=
B RA9 4G ABTSS BRY b2 AATAN ARG ALY
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BN

ox

ftlo
5|

) £ 9ol UERIQTE glolde] Al @
o7} el At 2Aol WA AFe T 26, 2791 YR W= A2l 73
o) BAAQ FolA MANA ghgrort goldl AT AelTolA AT Ao

(£ 24). BolA9 AT Atgo] AT dRAER] SHWZZE vl 9%

CON® LD1 LD2 LD3 SEM?
Water, % 72.80 72.39 72.02 72.12  0.164
Crude ash, % 1.25 1.19 1.06 1.21  0.037
Crude fat, % 1.92° 2.31" 3.34" 2.93® 0.178
Crude protein, % 24.04 24.12 23.59 23.74 0.103
NPPC marbling score® 2.10 2.63 3.17 2.78 0.148

D CON : NRC(1998) requirement;
LD1 : CON — Lysine 10%
LD2 : CON — Lysine 20%
LD3 : CON — Lysine 30%
? Standard error of mean.
3 Marbling scores estimated using NPPC (1991 equation)
®¢ Means in a same row with different superscript letters were significantly different (P<0.05).
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(£ 25). Bolale A& Atgo] pHE A, B8, A v I9F

CONY LD1 LD2 LD3 SEM?

pH, 45min® 6.12 6.27 6.03 5.83 0.053
pH, 24hour® 5.63 5.56 5.56 5.53 0.017
CIE value, 24hour
LY 50.61 49.39 53.44 52.07 0.531
a® 6.15 5.76 6.41 6.59 0.205
b7) 1.97 1.59 3.03 2.76 0.180
NPPC color score® 2.50 2.30 2.43 2.80 0.081
FFU, mmgg) 38.15 39.95 33.00 30.57 2.273
Drip loss, % 2.75 2.45 1.96 2.42 0.125
Cooking loss, % 27.29 27.50 23.35 27.24 0.808
Shear force 44.52 42.20 33.30 45.31 2.154
D CON : NRC(1998) requirement;

LD1 : CON — Lysine 10%

LD2 : CON — Lysine 20%

LD3 : CON — Lysine 30%
?) Standard error of mean.
3 A5minutes after slaughter
Y 24hours after slaughter
® CIE L : luminance or brightness (very from black to white)
% CIE a : red—green component (+a=red, —a=green)
" CIE b : yellow—blue component (+b=yellow, —b=blue)
8 Color scores estimated using NPPC (1991 equation)
9 Measured by Filter—paper fluid uptake
(& 26). o)Ay AT Atgo] TA AW 24 vX= IF

CONY LD1 LD2 LD3 SEM?

Myristic acid 0.97 1.47 1.26 1.47 0.24
Palmitic acid 20.84 20.51 21.20 20.57 0.31
Stearic acid 16.58 13.70 16.16 15.63 1.27
Oleic acid 45.04 44.48 41.41 42.18 1.75
Linoleic acid 9.79 10.20 8.08 7.38 1.35
Linolenic acid 3.82 6.27 3.02 5.41 1.48

D CON : NRC(1998) requirement;
LD1 : CON — Lysine 10%
LD2 : CON — Lysine 20%
LD3 : CON — Lysine 30%

?) Standard error of mean.

- 270 —



(& 27). Bolale A7 Apgo] AR A =0 vlA= %

CONY LD1 LD2 LD3 SEM?
Myristic acid 2.26 2.71 2.75 3.18 0.35
Palmitic acid 18.70 22.94 24.11 20.45 1.82
Stearic acid 2.94 4.59 5.48 6.58 1.53
Oleic acid 37.03 36.28 37.49 35.28 1.12
Linoleic acid 17.25 17.71 18.21 17.33 0.42
Linolenic acid 7.90 5.65 9.63 8.98 0.96

D CON : NRC(1998) requirement;
LD1 : CON — Lysine 10%
LD2 : CON — Lysine 20%

LD3 : CON — Lysine 30%
? Standard error of mean.
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oAtk olf gk @A oyAo] gt A= QoA Akl BauEgloen F
AA-v]SE=o] g o UX| njgo] B AIRE F3IS W U] FH
o] Z7lsltteE AL HAMRE o5 A1 QtH(Castell 5, 1994; Blanchards,
1999).

Ao HlS7]= FA7] Hls) Aol E3tE L AATo] FAEHE AR S5
of Aol Hagt oA eleo] dojolqx7p A EAX R FAHE= A7
o} Bidner 5(2004)& &3t 557 FEH 2| gholile] Algke] Ao A dF& 7F
Al71aL 58] AlES AaAzTaL Basiglon ol w1 Al |3t 2ol il
A=A FFFe] 2HS FIAE aRHoR AR qHS FTAA TS

A A

e 2 AEE A WRES ol &Skl wFle] shelale] Aghat oux e
S7b7F A e A =5 U S, TEla 386l vAs dFs et

7] Sl8te] 3= A,

2. A& ® IH

7h A9 & 2 AF 44
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=
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2
H(RCBD : randomized complete block design)© = ®jx|3}H{ Y. A= 1)
Control: EE d¥4= NRC(1998) 7] (ME—3,265 kcal/kg: ko]l Al—H]|5 %7
0.75%, B]S%7] 0.60%)°] =3 Al5E 59 2) HL1: ME—100kcal/kg 57} 2H]
Al=NRC7]5= 15%A| %, 3) LL1: ME—100kcal/kg <7} gFo]Al— NRC 7]+ 30% A 3t
4) HL2: ME-200kcal/kg <7} #Fe]2-NRC7|s&= 15%A 8k, 5) LL2: ME-
200kcal/kg 571 o] Al =NRC71F 30%Ago| o AP E = S5 —dFH1 ¢

o
T2 W gEa 95 R sk 2L F 28, 299 YERAAT
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(% 28). H]§A7] 43 Al wWigHH] (0-45F)

CON HL1 LL1 HL2 LL2
Corn 73.67 72.99 72.85 71.97 71.74
SBM 12.00 8.39 5.84 9.01 6.45
Wheat bran 2.00 2.04 3.17 0.68 1.91
Molasses 0.70 0.70 0.70 0.70 0.70
Copra meal 5.00 5.00 5.00 5.00 5.00
Corn gluten meal 4.66 7.29 8.91 7.29 8.91
Soy oil 0.00 1.64 1.63 3.40 3.40
Limestone 0.38 0.33 0.32 0.27 0.26
TCP 0.89 0.97 1.01 1.03 1.06
L—Lysine—HCI 0.20 0.15 0.07 0.15 0.07
Salt 0.30 0.30 0.30 0.30 0.30
Vit. Mix." 0.10 0.10 0.10 0.10 0.10
Min. Mix.” 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00

Chemical compositiond)

ME (kcal/kg) 3265.01 3365.03 3365.00 3465.02 3465.02
Crude protein (%) 15.50 15.50 15.50 15.50 15.50
Lysine (%) 0.75 0.64 0.53 0.64 0.53
Methionine (%) 0.30 0.31 0.33 0.31 0.33
Ca (%) 0.50 0.50 0.50 0.50 0.50
Total P (%) 0.45 0.45 0.45 0.45 0.45

D Provided the following per kilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E, 17.40
IU; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin, 0.1 mg;
Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,
0.16 mg; Ca, 0.18 mg.

¥ Calculated value.
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% 29, Wl%F7] Y AR g (4-8F

CON HL1 LL1 HL2 LL2

Corn 77.93 76.53 75.83 74.78 73.98
SBM 13.57 9.01 4.51 9.62 4.50
Wheat bran 1.13 2.30 4.86 1.61 4.54
Molasses 0.70 0.70 0.70 0.70 0.70
Copra meal 5.00 5.00 5.00 5.00 5.00
Corn gluten meal 0.06 3.08 5.66 3.02 5.96
Soy oil 0.00 1.74 1.78 3.62 3.66
Limestone 0.46 0.42 0.44 0.42 0.44
TCP 0.64 0.71 0.71 0.71 0.71
L—Lysine—HCI 0.01 0.01 0.01 0.01 0.01
Salt 0.30 0.30 0.30 0.30 0.30
Vit. Mix." 0.10 0.10 0.10 0.10 0.10
Min. Mix.” 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition®

ME (kcal/kg) 3265.01 3365.02 3365.02 3465.03 3465.03
Crude protein (%) 13.20 13.20 13.20 13.20 13.20
Lysine (%) 0.60 0.51 0.42 0.51 0.42
Methionine (%) 0.24 0.26 0.28 0.26 0.28
Ca (%) 0.45 0.45 0.45 0.45 0.45
Total P (%) 0.40 0.40 0.40 0.40 0.40

Y Provided the following per Kkilogram of diet: vitamin A, 8,000.00 IU; vitamin D, 1,600.00 IU; vitamin E,
17.40 1U; vitamin K3, 2.40 mg; vitamin B2, 3.20 mg; Ca Pantothenate, 8.00 mg; Niacin, 16.00 mg; Biotin,
0.1 mg; Ethoxquin, 12.00 mg; vitamin B12, 12.00 g.

2 Provided the following per kilogram of diet: Fe, 79.57 mg; Cu, 68.68 mg; Zn, 37.74 mg; Mn, 15.50 mg; Co,

~0.16 mg; Ca, 0.18 mg.

¥ Calculated value.
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. Ab 29

Z#([LandracexYorkshire]<Duroc) 4 ¥ 10052 A5,

HS527] 450, B3] 455, T 85 Aol =HAoH H¥

| S} dholdl RS AN VI YL FE2 NRC(1998) 3 3¢
Itk AFEES HSAHL.6%3 m™)olA Ao A 7371

f218kAch A3 A A BUN SAS $18ke] <ol 6nf

o, 459 85l ALEAFAT B AT SAHst A, A
Arradnt. i AT SA Al obFl 8:0058H A2 A7
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(Blood urea nitrogen)g =743} t}.

i)
of
ko

o dY%x 238 4Y

o,
=X

S AT, 62.9740.71 kgl AHEES 58] 3ukE, F 157k S 348
o xH (Completely Randomized Design) &2 thAlSo] 10} #8891, 74
kol HAS71E AR 3 547 B3 55 AEAQFHYEORE AFsGE B AEy] 59 F9t
P

=
| =% =B AFHENAL, AR el F Y 06:00 B 18:0000 A7kl

ahol] ghH A
AZlo™ E2 2ol AlFth 2 AE 7 F AFHE B2 ey W Yo YE B
#(-20C) 3}

gom i 1.25N HoSOs 50mls 7l ol 5& Zeknyg gl 25 st
o Az|NA 60T 7247 Eor A% T ~38 A4 Imm

Wiley Mill& o]g3le] Baatieh AL, ¥ 2 W MZ9 duAE 2(0E, Zuid,

ZAM, Z38)E)2 AOAC(1995)9] Wl uje} X811, JUda Aska da

2 =337 A3 $YSIAck,

fo
i
ME
1%
o

el v AN TR 5 AEE gk (YA 4 vhe, =7 4 vt
.‘_:[';

107.0+1.50 kg®l 40 ¥ lo]2 Auwsle] A S2 npAut 29|

AC)
&
4
__>|’I_'4‘
o

AR & AFs e, 8, 9 A oo S 200g A FH Sk 2143
Aol o —70C= B3t 33t
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(1) Qe
oln

A =742 (Buchi 339, Germany) ZJ]H £ Soxhlet %% (Buchi B—811,Swiss),
2352 3|3t (JR11-402, Ala(F), Bz elx 800C & 5X7Hs<t 33A71 %
I SRS MRS (%) 2 VERAAT

(2) pH/=A

Al 2 pHF SA9] WMl & & 458, 24A13F 43 Al pH meter(Model
720, Thermo Orion, U.S.A)¢} Chromameter (CR—300, Minolta Camera Co, Japan)=
o]g3tel Z4skglom CIE Lx, bx, a*abs S743k3ich

(3) 249
Filter—paper fluid uptake®-& o] &3}y on A=

& 2
AE 8] sl 2ol FEEE A pEs F AR F ojaAel] Ead
o
=

phlyethylene bago. =2 &

A A2 AT Fehlle] FAE A F
P U AR T A %

=
ol A @es A F Wgste] 2Tl 48413 H3e

(

2C = 71gsk & 958 14 AHA7IAA 1.27 em) 2 A 5E AR (A
wakal UgekshA) o]3 =4 7]17](Series IX, Instron Corp ,USA)Z Y& A#HE A=
g (958 3 oz A5)Fed HAd ¥ (N)S SAHTh

A}3 24/\101] A4t F7)12 TAES Aol M 5 polyethylene bagl @ FxHo] T

HE2L7F 72 CoN HEs FxoM 7Hde & 2 A

(7) NPPC color/marbling score
)= NPPC color standard (1=WAWE 1%~10 = WA= 10%)dhk NPPC
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color standard (1=pale pinkish — gray to white ~ 6 = dark purplish — red )& o|&
stol 87e] A He] S43HrY.

(8) AuHak Ao
=59 A% F AW ANAEE 2A57] Peld ©F 1, 3, 5 D 76 Witte 5
(1970)¢] ol o3 TBA7}E

SAI Al At 24 A4S AlEE 0.5g FeF F Park? Coins(1994)¢] Wl
2J3j4] methylationA #Ht}. Al&9] methanol : benzen (4:1, v/v) 2 ml ¥} acetyl
chloride 200ulE 7}k & 100C2] heating blockell A 1A17F &<t 7FEsISit) o5 A&
o] 3] WA t}S hexane 1 ml ¥ 6% potassium carbonate SmlE 7}slal Y&
2715 ol&ste] 3,000rpmellA  1583F W4 EES § AT 1ulE FHslodgas
chromatography (agilent 7890A—series)ol| injection‘é}?iﬂ EAZAL oy 2
Column®] %7]2%% 110CA 3minf#8+413.0C/ming] &%=
SAA 37 FA81] 3.0C/ming] == 250ColA 10min ti7]1aklon] wpAu}h k=
280ColA 5min FA3F5 . o]u injector, MSDEI(Agilent, 5975¢) 9] =%+ 717} 250C
2 313 al, AARS standard9} retention timeS Hlndle] QI om AL MES&

= gksiitt

—

[l

O]

rlot

uh. SAEH

%74] A2 SAS(2003)9] At A EY(GLM)= ol&alth At A 2=
}
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3. 2439 49 1%
7t Ak

gtol Al oA 5 W F
UER AT v el A AF, dEEAE, dPARAAT, AR 2852 Fo49
Zpol7F AR kot AF FmAlel gto]ale] Aghe] mt AlFo] FolHo R
A VRS EH(P<0.05). wRRZEA & ]S )9k AT E Q] AR S AlE
gk gtolale] Aghe] met feojAo® wHA YERR ™ (P<0.05) lUAE 200kcal
S7MA71 AL golals 30%AIgHA1Z] LL1IA -0 ddFAZe] 7 wHA VErs:
(P<0.05). Ats &E&9] A5 & AFS7Izbe] AA TAA FoIx7F A e
o, WS 5719 A AbETIRMl AA dhe]ale] Algte] e Atgage] Havt #F
% At} (P<0.01, P<0.05).

grolAle] g FAF F AlmasY Q1 JAZE dom dow golil
o] W AlRE Fo Al SAFY AlRago] HolxE Aom duA gt
(Loughmiller %5, 1998; Yamamoto 5, 2003). Witte 5(2000)2] &5 A3} <]3hd
HS37] 42 4 B9k golal e 0.48%2] ALRE w9 S W, 0.64% FH
AbE Fo T vlE] dES A el AFol7t gl ey AR 858 (Feed Conversion
Ratio)o] Z7Fgthal M ¥l om, Katsrmata 5(2005) AR S=A AR
gho] Al g 0.43-0.40%°] ALEE Tl Al 0.65-0.68% o]0l vla] dFZA
Wi AR @ go] FUFE AT Haskgith
AE AT g 9o AFEN AR ATE Bolom geo]dl ghEFe] uhe
woldh LL13 LL2A 2l77F th& A7 vlsf v ddSAER Abs
Atk A ZE Ao oA FrFel wE AL A Abol vreR
A koo o= Algol ouXA FE7F T7FE u AlRE&S SUbElal ADFIE
ZF 228 CH(Tribble 5, 1979; Stahly 5, 1981; Southern 5, 1989)& 71&¢] A 2
Hehs 02 AnE Btk B AFATAEC o) oluxet e AdaaAel
&l FEEe] AR 2 A Aol A= oA Fge] e FAke] ztelrt
EfubA] kst
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(£ 30). golal AFF oA o] F717F v SE2] AMFAFA v X = 9
Probability (P)*

MEX
CONY  HLI1 LL1 HL2 LL2 SEM? ME  Lys

Lys
Body weight, kg
Initial 58.47  58.47  58.44 5845 5851 1.26 NS NS NS
4week 84.41  81.19  81.09  83.12 8171 142 NS NS NS
8week 103.77  97.89 9586 100.84  95.04 1.61 NS  x NS
ADG, ¢
0—4week 926 811 809 881 828 23.90 NS NS NS
4—8week 717" 619%% 547" 656 494 2374 NS * NS
0—8week 824 717 680 771 664 2170 NS = NS
ADFI, g

0—4week 2697 2429 2508 2515 2553 40.94 NS NS NS
4—8week 2700 2504 2421 2530 2363 41.92 NS NS NS
0—8week 2717 2466 2465 2523 2460 36.48 NS NS NS

Gain:Feed

0—4week  0.343  0.329  0.323  0.350  0.324 0.01 NS NS NS
4—8week  0.265%  0.245" 0226  0.259"  0.209° 0.01 NS  sx NS
0—-8week  0.303% 0287""  0276°  0.305"  0.270° 0.01 NS * NS

' CON : NRC(1998) requirement / ME — 3,265kcal/kg, Lysine — 0.75%(early finishing), 0.60%(late finishing);
HL1 : CON + 100kcal/kg ME — Lysine 15%
LL1 : CON + 100kcal/kg ME — Lysine 30%
HL2 : CON + 200kcal/kg ME — Lysine 15%
LL2 : CON + 200kcal/kg ME — Lysine 30%

?) Standard error of mean.
P NS, P>0.05; =, P<0.05; =x P<0.01;

ABC Means is a same row with different superscript letters were significantly different (P<0.01)
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U, 8% 248 A4 (BUN)

93-S F 310 YERHITE 2 A ge] A3, 459 golal

Foll et 5 8 4H dAa o] fFoAo® HA YEbRa(P<0.01) 2+ AT
r Mo e e Aelg- HLL, HL29 d%F 84 ® A9 dhgko] g+
LL1, LL2E Y fojd o=z v YeElWth(P<0.01). o]# s A2 v 7]d % v}

A2 O 8 urea © T AN ofu|wAF ALY Fo HF A=
24 d7) Ae & WA ER A% YeS BUkete A <k
4% urea + A (kidney)o] o3&kl o) 7Md 2 G AT dHd AHF
=, astd We g E2A4, 8F Tl g dgFs

(nitrogen metabolism) 2]o] opn] Al Fo] ulz} W= A W

gJo ™ (Fuller 5, 1979), Bergner 5(1977)°] 93t &3 W urea 3=}
AyE7F (biological value)$t So] A#dA7F dvkar v st 5

© A7 AL E AFSIE wll ofv| Aol wigh o] &&S thsiH (Nam¥}
Aherne, 1995), % 84 ] @49 Z7l= dF oojoln|xite] ZF71E onlsla
2 SFEe] WeaE Alduid o] ehddittes AS 9]“]?'&‘3}. w}‘j/]r"i 45 a4
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( 3D. ol AgH YA F7Pt HEEY T 24H Fid
e 9%

Probability (P)®

MEX
CONY HL1 LL1 HL2 LL2 SEM?
ME Lys
Lys
Initial 10.8  10.8 10.8 10.8 10.8 NS NS NS
4 week 12.9% 141% 170 13.8® 17.3* 053 NS *ok NS
8 week 11.4° 122>  17.28 135%™ 17.4* 0.85 NS ok NS

"WCON @ NRC(1998) requirement / ME — 3,265kcal/kg, Lysine — 0.75%(early finishing), 0.60%(late finishing);
HL1 : CON + 100kcal/kg ME — Lysine 15%
LL1 : CON + 100kcal/kg ME — Lysine 30%
HL2 : CON + 200kcal/kg ME — Lysine 15%
LL2 : CON + 200kcal/kg ME — Lysine 30%

?) Standard error of mean.
Y NS, P>0.05; * P<0.05; #* P<0.01;

AB\leans is a same row with different superscript letters were significantly different (P<0.01).

®)\eans is a same row with different superscript letters were significantly different (P<0.05).

o FFL &5HE

gho] Al ol |y A] =51 o] Aol AT ol 62.97+0.71 kg Q1 HIH =] dYAa

Ashgol mA = P F 32 o YEAT. ATl Wt A& (dry matter),

Z3]% (crude ash), AW (crude fat)o] A31&L TAHORE FoXE Holx &

ko = (crude Protein)&sh&oll A ghol4le] Alghol] whe} Ashgo] 794

o g wolxlE Ads Hlow (P<0.05), ol @A FF& g37] f3) A8

corn gluten meal®] @& 4318 wWjiEow F=AHHAL. A A4 =489 HS o
3

A
WA 2583 v gl teht Aol wald A%} vehu
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(E 32). golale] A ox|9] F7}7) v &EQ 43&d nX&= F3¢
Probability (P)¥
MEX

CONY  HL1 LL1 HL2 LL2 SEM?
ME Lys

Lys

Mean Digestibility (%)

Dry matter 85.82 87.29 86.01 87.01 8821 0.35 NS NS NS
Crude protein 82.33" 79.76* 73.47° 80.53* 78.09” 0.97 NS * NS
Crude ash 56.52  57.90 52.85 54.41 5653 1.04 NS NS NS

Crude fat 76.20  74.63 75.01 7552 71.43 0.89 NS NS NS

N-—retention /day, g

n—intake 21.54 24.08 26.59 24.13 24.31 0.43 NS NS NS
Fecal N 4.66 3.72 4.08 3.76 4.27 0.32 NS NS NS
Urinary—N 4.06 5.80 5.01 4.93 6.45 0.72 NS NS NS

N retention”  12.82 1456 16.99 15.44 13.60 0.78 NS NS NS

"™ CON : NRC(1998) requirement / ME — 3,265kcal/kg, Lysine — 0.75% (early finishing), 0.60%(late finishing);
HL1 : CON + 100kcal/kg ME — Lysine 15%
LL1 : CON + 100kcal/kg ME — Lysine 30%

HL2 : CON + 200kcal/kg ME — Lysine 15%
LL2 : CON + 200kcal/kg ME — Lysine 30%

Standard error of mean.
¥ NS, P>0.05; =, P<0.05; ==, P<0.01;

2)

N retention(g)=N intake(g)—fecal N(g)—urinary N(g).

ab

Means is a same row with different superscript letters were significantly different(P<0.05).
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o] Bue} fAgk A¥E Bl
H|%-71¢] glolAlo] A3tE 1 o UR| 7} Z71E AFR Q] Folr) B8 AHPA %A

of "X F&FS ¥ 34, 359 YEMNATE. 549 palmitic acid®} oleic acid®] $F
oA EAA w7 et o dx7F 5 AAE 25 golale] Agkat 4
UAlE S7ke A5l vls] A debsteh shA R A 24 BlEo] dvkA
1 =50 AR SEER Aozt Ao Atk WAF A A A o]l
ANUA el e At 249 5AS Brtehrld Fe7F kil AlsEh
A ow golile] AGH} oAyAe 7o Tk #HAY Al o= A=
o] FA=z % AerE vtEy ~30E NHAAE T

Bl

glo] Al &S NRCAMY ZaHT 15% uﬁ:‘c‘?}

3 oA TS NRCAFSIZEZHTF 200kcal/kg =713 A8+ HL29 H$-

Al S v AF oz HRo AR Ae JEFS uAH unEA =S 7HE
A
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(& 33). HI§7]19 oA A x| F77t £F9 o vAE ¥
¥

Probability (P)”

CON® HL1 LL1 HL2 LL2 SEM?

ME Lys Lys
Nutrients composition(%)
Moisture 72.51 7252  71.86  71.90  71.96 011 NS NS NS
Crude protein 2426 2385  24.09  23.88  23.96 010 NS NS NS
Crude Fat 1.92°  2.15°¢  292% 296 268" 012 NS * *
Crude Ash 1.31 1.47 1.13 1.26 1.41 0.05 NS NS NS
NPPC color 2.81 2.74 2.46 2.95 2.64 0.08 NS NS NS
NPPC marbling 2.14> 243" 3.11°  3.00° 283" 012 NS NS NS
Meat quality
PH45 6.22 6.23 6.24 6.26 6.25 0.0l NS NS NS
PH24 5.72 5.62 5.60 5.86 5.62 0.02 NS NS NS
FFU 43.96  42.14  37.81  40.51  42.20 2.38 NS NS NS
Drip looss (%) 3.02 2.92 2.76 2.75 2.80 0.16 NS NS NS

Coking loss (%) 28.88 28.63 27.60 27.18 29.09 0.57 NS NS NS

Shear force 49.35 45.8 44.55 40.28 45.24 1.56 NS NS NS
Meat color

CIE L= 49.23 48.63 51.54 50.39 51.19 0.50 NS NS NS
CIE ax 7.32 7.21 7.69 7.64 7.67 0.16 NS NS NS
CIE b= 2.75 2.48 3.25 3.24 2.96 0.14 NS NS NS

™ CON : NRC(1998) requirement / ME — 3,265kcal/kg, Lysine — 0.75%(early finishing), 0.60%(late finishing);
HL1 : CON + 100kcal/kg ME — Lysine 15%
LL1 : CON + 100kcal/kg ME — Lysine 30%
HL2 : CON + 200kcal/kg ME — Lysine 15%
LL2 : CON + 200kcal/kg ME — Lysine 30%

2 Standard error of mean. °’ NS, P>0.05; #*, P<0.05; =** P<0.01; ABC Means is a same row with different
superscript letters were significantly different (P<0.01). ® Means is a same row with different superscript
letters were significantly different(P<0.05)

— 286 —



(E 34). HI§7]9] oA AFH} AqUAe F77F 4 AGARAC A=
I

Probability (P)®

CONY  HL1 LL1 HL2 LL2 SEM? MEX
ME Lys

Lys

Palmitoelic acid  2.47 1.95 1.95 2.55 2.62 0.16 NS NS NS
Palmitic acid 22.07*  21.15° 18.04” 20.73* 18.66"° 0.55 #x NS NS
Linoleic acid 25.47 2496  23.02 31.22 27.24 1.22 NS NS NS
Oleic acid 21.75° 17.94 15.67° 18.18 17.87 0.98 NS NS NS
Elaidic acid 3.67 2.98 3.52 2.74 2.81 0.15 NS NS NS
Stearic acid 13.97 13.28 10.13 13.01 12.35 0.62 NS NS NS

Eicosenoic acid  10.81" 17.76  27.66° 11.56° 18.47 2.50 = NS NS
CON : NRC(1998) requirement / ME — 3,265kcal/kg, Lysine — 0.75%(early finishing), 0.60%(late finishing);
HL1 : CON + 100kcal/kg ME — Lysine 15%
LL1 : CON + 100kcal/kg ME — Lysine 30%
HL2 : CON + 200kcal/kg ME — Lysine 15%
LL2 : CON + 200kcal/kg ME — Lysine 30%

) Standard error of mean.
Y NS, P>0.05; * P<0.05; #* P<0.01;

deNeans is a same row with different superscript letters were significantly different(P<0.05).

(£ 35). H§7]Y oA AFdH R F7hh AFAY Agar x40
u e P

Probability (P)®

CONY HL1 LL1 HL2 LL2 SEM? MEX
ME Lys

Lys

Palmitoelic acid 2.04 1.76 1.52 1.27 1.65 0.14 NS NS NS
Palmitic acid 20.72 14.43 21.73 18.54 18.57 0.99 NS NS NS
Linoleic acid 19.38 31.19 33.06 29.28 29.07 1.77 NS NS NS
Oleic acid 17.31 23.18 18.22 19.74 21.19 1.01 NS NS NS
Elaidic acid 12.89 4.68 8.99 3.84 4.13 1.43 NS NS NS
Stearic acid 1342 11.21 8.28 16.80 15.25 1.00 NS * NS
Eicosenoic acid 14.24 13.55 8.21 10.54 10.15 0.87 NS NS NS

" CON : NRC(1998) requirement / ME — 3,265kcal/kg, Lysine — 0.75%(early finishing), 0.60%(late finishing);
HL1 : CON + 100kcal’kg ME — Lysine 15%
LL1 : CON + 100kcal/kg ME — Lysine 30%
HL2 : CON + 200kcal’kg ME — Lysine 15%
LL2 : CON + 200kcal/kg ME — Lysine 30%

2 Standard error of mean.
NS, P>0.05; *, P<0.05; #x P<0.01;
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A4 A HFF7E 151 FFE ANS AT A A"

7h e

aL e
BogbAlel 1dap, A 189 Age A
7W7F &= A S Asks =

F& Gotry] 9 FRHAT A= A=7]-F437]el 1)LEL:
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