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The 1st sub project :

Studies on factors of pork taste include molecular genetics and development

of palatability index of pork.

The study conducted by adopting traditional animal breeding and molecular

genetic approaches. Pork palatability index has been developed to have
consumers could easily understand the degree of tastiness of pork.

Pork sommelier system which evaluate tastiness of pork and can transfer
pork knowledge to consumers, has been studied for the purpose of to
promote pork consumption. The list of the studies is as follow;

O Genetic markers related pork taste.

O Applying methods to utilize the genetic markers.

O Development of pork sommelier system and applying methods to the pork
industry

O Development of pork sommelier text to educate people, and certification
process for the pork sommelier

O Development of application of pork sommelier system to the pork industry

The 1st coordinate project ;

Studies on characteristics of pork by breeds and crossbred to utilize pork
industry. Currently most of finishers are 3 breed crossed pigs in korea.
Purpose& Characteristics of three breeds’ and crossbred pigs have been identified in

Contents terms of physical, chemical and sensory test as follows;

O Physical(color, pH, marbling score, etc) and chemical(composition of fatty
acids, amino acids, IMP, and TBARS) characteristics of pork by breeds
and crossbred have been identified.

O Sensory characteristics of pork by breeds and crossbred have been
identified.

O Development of 5 different taste solutions, as sweety, salty, sourness,
bitterness and umami, to test sensory testers before pork sensory test.

O Development of standard procedure to qualifying sensory testers.

O Development of procedures of pork sensory test.

O Development of pork palatability index by utilizing physical, chemical and
sensory test results of pork.

The 2nd coordinate project ;

Studies on chemical characteristic of pork by breeds and crossbred.
Evaluate composition of fatty acids, amino acids, IMP(inosin), and TBARS
which showing degree of degraded pork, as follows;

O Identifying relationship between pork taste and fatty acids.

O Identifying relationship between pork taste and amino acids.

O Identifying relationship sensory test results and chemical characteristics.




The 3rd coordinate project;

Studies on identifying domestic pork from imported pork.
It is one of serious social problems selling imported pork as domestic pork
in korea due to the big price differences. Isotope ratio of C and N (§

-value(%)) and micro mineral contents of pork were estimated for domestic

Purpose& and imported pork products from Europe, North and South America.
Contents The same approaches have been applied to identify 10 different domestic
pork products origins include Jeju island.
O Standardized of EA-IRMS analysis process for pork.
O Standardized of ICP-MS analysis process for pork.
O Establishment of database for the analysis results by nations and domestic
areas.
O Patent registration of pork palatability index.
O Commercialize and transferring pork palatability index approach.
O Identifying tasty pork’s characteristics of physical, chemical and sensory
factors.
O Standardization of analysis methods for physical, chemical and sensory
test.
O Simplifying degree of tastiness of pork by palatability index for the
consumer.
O Development of analysis methods related pork taste.
Results O Providing policy practice to differentiate better taste pork identification.
O More profitable pig farming is possible by producing better taste pork.
O More jobs can be created by training pork sommelier in the food industry.
O Increase credibilities of domestic pork from farm to table distribution
chains.
O Increasing sales of pork by introducing pork sommelier system.
O Establishment of pork sommelier system in korea.
O Identification of pork origins can be applied for the domestic, USA,
Canada, Chile and Europe countries.
O Identification of pork origins of 10 areas in korea
Development of subjective indicators to differentiate domestic pork.
[1 The 1st sub project;
Studies on factors of pork taste include molecular genetics and development
of palatability index of pork.
O Development of palatability index of pork by applying research results of
relationship between sensory test and physical, chemical factors.
Expected o . )
O The pork palatability index can be utilized to promote pork consumption
Contribution

by providing easier degree of tastiness to the consumer.

O Pork sommelier system can be applied to food and pork industries to
enrich pork products availabilities to the consumer.

O Pork Sommelier system can created new job opportunities in the food
industry.




[0 The 1st coordinate project;

Studies on characteristics of pork by breeds crossbred to apply pork

industry.

O Identification of pork characteristics by breeds and crossbred.

O Pork palatability index has been developed which can be applied to the
pig industry.

[1 The 2nd coordinate project;

Studies on chemical characteristic of pork by breeds and crossbred.

O Identification of pork characteristics of chemical related to pork sensory

traits.
Expected O The 3rd coordinate project;
Contribution [Studies on identifying domestic pork from imported pork.
It is one of serious social problems selling imported pork on domestic pork
in korea due to the big price differences.
O Development of identification of domestic pork from imported pork, which
providing policy of inspection system of pork origins.
O Development of identification of pork origins from domestic areas in
korea.
O Identification of pork origins ensures consumers rights to select pork
products and can promote pork consumption.
O Further livestock products’, for example poultry meat, origin identification
system is paved with this study.
Palatability . Pork )
Keywords Origin Isotope Genetic marker

index, Sommelier
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FAEE)

K
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2,1179, ==t

=
rA

=
R

K

)

gt 68%, &t 67%, A8t 67%, &9t 55%,

[# 13] 57}A =te] 73 439 %9 F7E AR &(%)(n

O

K
B

8.1

8.1

7.0

3.4

62.0
e

2.1
2.9
6.0
54.9
3.4
30.7

2.1
6.8
66.5
8.9
2.4
13.3
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EAHH(MAS, maker assisted selection) Xt}
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2
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[£ 1-1] RN(PRKAG3) 334 & $2F4d v

A2
$234 11(1991/1991) | 12(1991/199V) | 22(199V/199V)
145(9.3%) 505 (33.3%) 865 (57.3%)
H71(L) = 42.24° 44.82° 45.69°
2 A0 5 (a) 7.61% 6.97% 6.93"
A0 & (b) 251 2.82 2.87
22 (Color) * 4.14? 3.12° 2.79°
0} & 8 2 5104 2.87 3.13 2.99
=YE (%) 2.08 2.30 2.82
A% (pH) * 6.40° 6.21% 6.15°
7HE 7= (%) 19.70° 21.13%® 22.23%
7 2 30.27 34.65 34.89

A 2o oA A wEobA Rk FAMS B ]ﬂ LS A ) 3 g - e R A S BB
stol Reele 545 ®ola Stk

o5l SYAAS duAeEdoew I =234 LE2E Fl AiHlactic acid)& AA4bsh=d]
dopls mWle dF Akask A stolFRldte R A EA|R Aol kel THW RSl Hol
9] A=(pHE ‘%‘—‘Zrﬂl 5= ZoltHad 1-1. PRKAGS Fdxks 2igo] tA] Sgjazles 2gstk
gto] FH1to] oUA| 2 ggH o] Ajel] FHu= Ao FIFS mAaL itk = 19/199] A £
o] o =d]AlleR 75%%}% e T gko] Al oy e o]gd 4 QI go|FHlttew A

ATPOH R =2)

22| 2 #iglycogen) T T £ SHGlucose) —— & &lactic acid)

PREAGI ST HE —

HER Mot FE AR s .
moj2gikez Lo MF A LRy , £8
HE U eTjez 0|28 FulEy A (pH) R 8t 8%

(28 1-1] 2% Y ZE3dle] dux Yoz xxFgoZ Bigu RAL Aasts 343
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M: 100bp size marker
10 11(1991/199D
20 12(1991/199V)
3: 22(199V/199V)

[2¥ 1-2] PCR PRKAG3 F+3#A3% &

(2) HFABP 32}
Hodgson(191)& < ¥4, w2 8 H(701%), < WA E001%), w2 & $HeH(19.4%),
w2 ved A B YA AHS TR SA@69%)8 ol BhE AL Basith
1e= (r=-0.29) 7% 2
o ¢l A (r=-0.35)7F

_I

FP)

(pH) Bt 2384 &ttal B skl wivk= Bejerholm¥} Gode(1986)-2
HAagte] AEE fFAe7] 9g FUAREE Z7]%ko] 2%l st ot marel A o] At 25~3%0] %
Jo) g e we A7) o]Folx ot ATt webd AW

) Akl ekokth 1@y Brewer $(1999)9] T WA HH] &
1.1%, 23%, 35% 3&F= BSHAE AgS 3 275 By Og54dd Fuge AR, Tvs AYs

o] &= A

[E 1-2] A SRS WAL ES 9o mx& 93
ZUA L=
s 2 A7t 71+
Z(1.1%) +(2.3%) 11(3.5%)

[ 1(A %) ~5(t%) 36 39 4.0
Ar (A7) ~5(438) 4.3 4.4 45
=1 1) ~5(F 5 1.8 2.1 22

T 1(SHAFT}) ~5(Akeh) 4.2 4.1 4.2

Qo] wlopds|thetel oleo(200dd)e] ATl Sl FHTRAYEA £e5F AR FYsh
A A ASAE Holrka Ludrk 1Y 2)
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R=-0.631

HFABP (Heart Fatty Acid Binding Protein: AW F Agtdhdl) §-Az2k= A HakS o] FA17]E 7]
ol HHE FAAR Kol A A vE&} FRIACT e Ao yelAth i, AN EE

719] gel] &S FAT A7k $-HE IMF= AW

O
—n
=
1o,
o'
o
ox
r <{
k1
N
s
%0,
rlr
posy
o
il
ne
AN
=2

ok 284 Hovenier's(1992)2 SALFAE &0l frdAdl G3o] Bt=A] IMFE S@3e 22 ofy
oM FrH e e FEAE vl A 4 dukal A3 Gerbens (1997)2 s 4]¢] HFABP
FAAZE 6 Aol AT A 1 AVIME S

< QTL A7l HFABP7} 454 IMEF9} 54

S ol =3 Ovilos(2000)7 de Konings (1999)
WA 9 gato] ks RS etk HFABP3 7314}
3. HH = allele 1 ‘3 3A Hh=allele 12} 22] o] 334 hh=allele 2 s FA=Z FEE T}

H

M 2 =

M: 100bp size marker
1: HH
2. Hh
3: hh

[Z2¥ 1-4] PCR ¥4 H-FABP #3d#3d F+&
Urban 5(2002)0] 913+ H-FABP f+4x}80o] w2 six §43 2 Ho|2 B HH +ax8 ] 54 o

AH(IMF) Hl&o] Hh 84 RG] gl ZHHP=006)8H =oktt 12y SA 77 =4 A5+
holli= 2pol 7} fiSitt.
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[¥ 1-3] H-FABP F3A34 & =AFA vu 4 43

FAAY | FE | SASRARE) | SATFACH) | EAREE%)
HH o4 2.05+0.13* 1.72+0.09 04.85+0.84
Hh 38 1.83+0.35% 1.73+0.10 54.95£0.98
hh 5 1.93+£0.27 1.80+0.19 55.24+1.73

(Urban %, 2002)

(3) MC4R #A=

MCARS A& F3ks F+ FeLeptine) Tt dFS ok =HA 1M GAA A EAe=
MC4R(melanocortin 4 receptor) F-Ax8E WHol= AlsAHH AT, SANFA Ao d¢S F+=
Aoz dHFHHSeeleys 1997, Kims 2000, Houstons 2004, Meidtner's- 2006). 1= o}o] 2.9} F#Hth7}
PIC ##] 4515°l thgt Tagl &4 ©]§ MCAR PCR-RFLP Wolo] ZAAFo] oshH MM, Mm, mm2]
I FAAE e FEEH MCAR F4AA4EF mmetydel MMERYolu MmEFI B A B-F717F 57
ok w3k 549 ARE FEAEe JIER FAE P Yol e g EY Fuge 5AS B

=

M: 100bp size marker
1 mm
2: Mm
3; MM

[Z¥ 1-5] PCR ¥4 MC4R #3A3 +&
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(4) IGF2 %A=}
AW AT Bolste IGF2 FAAHE SALF7S Fafo] da&S
qq FAARET SAo] gk A8&-L 2%=rh Uy U fAAelE g $E0 fAxEe RE

%
AR e 2w fo) mebd FAF Geje AFe] W& EANe] Zbsat,

(%)
1+ [
IGF2 Q0 2= A N s =
| -§ = =] 85 8o —~| =S TS
oE 2%

]
flo
]
=)

= TH R B ()
Source ! Madine Buys(2O3)

[2F 1-6] IGF2 QQ FHAF FE AHEA HISEY BA5& o

X\

il
i

M: 100bp size marker
1 QQ
2' Qq
3 aa

[Z2¥8 1-7] PCR IGF2 A A3

IGF2 348 14 T06% % QUBE 3427(484%), QuBL 2645-(37.4%), qqB& 1007(142%)2] 2

g =S B 53 F5T v A2 HaMdds QQEl sioy w52 QQE 0l 544%, 8AM=
=
=
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/\

5) F4 Az}

AAA 02 7H wol AMEE I e AWad whr Qg Ao AP o] 7t
St Fdab/ac (K83)r-Ato|t} F4 ab/ac (K88) F4#k= CC, GC, GG A} g9 3F/F=Z s e=d
CCHL el A 273l F&o] E7ksd A FAdAd el GC, GGES 25 ol 273
ko] golair AAFAS AT Fel A 19990l 2AEE Aup AababE B oiAEe] 959%7)
GC E& GG ERJelsith ®ok o] f5 27350 o] WA F5H2 A tlgt FIREA] o] HHe
Aol JE FAAES S 4= gl dlupAol M= 2002356 F4 ab/ac A3 4RSS Hutksto]

A S 1000, AFH FAAES RAHL Q1 S ol AET] AP FAAFOR v A

a‘;
=
ox
4
o
HU

oh‘

=% 2001 2004 2007(F4)
T 90% 1002 100%
3z A 100% 100% 100%
A= o] ~ 1% 10% 50%
jaas 2% 45% 0%

M: 100bp size marker
1: CC
2: CG
3: GG

[2¥ 1-8] PCR F4 ab/ac FAAE

= T T CCHol 2047(44.2%), CGHo] 218F(32.8%)¢ =4 Wl
Blom GGHE2 163F(23.0%)0 . 58] MaMet F=o] CCrAAF Hl&o] 7 7 81.3%, 96.9%= 1)
P

ki

=L oo

ol FAEFE AT fel AAel MR A Al gl Ao WA B, P
AR AGAA0e) AR WS HY BAACE flHE Aolg wolx| Wolq FARAARE A
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(6) ESR #3zt

AAe 1A GAA AR AERA S2E dd FAA7F 5 93 Frbe Ao o

3 A tHRothschild, 1996). A 2EZA T2ELE AHZo|E 202 Mo 7

Aets dzEzA AE(ERE Edto]l 2 7sS L3 gh Aol AM= ERe EdWo] FHAE S
t}

WA AR ASHA FA U fFEadle

me} wste] £ debitke Aol waEut stk BAA QoI AzEZAL WAl 1 wHl
o] Aol Bdkstel WAZ YL HA3 A FHEL FrjsAE oq%% st Qiek v obol ot
HeF 2aAUE we AFYE Aol ERFAAE B WA5s Bed FRsads A%sn 54

ER§A4 2 1 79 448 242 gz 949 ESR 404 v Fob ESRAAR HAZ

14z AR ALz} AdA
A
BT (%) | FAAT | AR | By | SRS | AdAT

AA 444(41.2) 9.5° 8.7 759 9.8° 9.0°

AB 391(36.2) 9.9% 9.2 677 10.4¢ 9,59

BB 244(22.6) 10.7° 9.9° 476 10.7¢ 9.9¢
FAAE
A7t wt 0.6 0.6 05 0.5
4 &y -0.2 -0.1 0.2 0.0

(1) 2& AN abed A2 T A BAHOE FoIAHPOM) 9es het
() 47HH R S AaAS B AT ESRAAA Fol APOR MSRrhs Zpgste] FA% 219

FAE ARie] Aoli= BB > AB > AA 4412 BBekle] AARTH 10T H AWt 7hg Hek
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M: 100bp size marker

10 AA
2: AB
3: BB

[Z¥ 1-9] PCR ESR F+dA3E T&

@ 29 B4 447

(D)
g =
N &
5
O
@)
© =
3| 2
p! <
m/Au/T
Ta|Te
AERIERE
dAe
—
mlsglsg
—u—_ ) VA
OT eT
FCRA
< 3
o =
0 O
< S,
3 =t
W
X oLH
o oA
B T
n
X
K =
oF %
7T J
g

A75 4%

2.

A AR B 24

)
<

1

Ar

ted A9l

5

5o Ve R

3 g

34

] A

Gl

B

o
CEE R

R

-
e

(selecton index)&

R

3
“

(paternal selection index)

<
T

FAIEA]

=13
=

)
oF
1)
X

ojp
1°

o

A48 71%(mole cular genetics technology)$]

o] v

st

A

& 2gsto] MAE A

R

fo] AEAQ §E719} AAe] 97

)

A

M

&AM marker assisted selection)©]t}h 1#vt

A= 9 A

=l
|

[¢)

el
TolM = Addd 24 N

=
=

AR

ol &

ol ot

goll A ARFE ol &

=
TE%

=
=

%% 7HGEBV)

&g

=
=

2 7gE SR

AtA gk RS =7 e Qo

<

= [e)
Mgk f%

i

PRKAG3, CAST, IGF2 #H2+¢F G4, MC4AR
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[ 1-6] 4 AT 0@ FAATAE F24Y WE

Genetic marker Genotypic frequency ()

AA AG GG

PRKAG3 0.12(30) 0.33(81) 0.54(131)
EE EF FF

CAST 0.42(102) 0.46(112) 0.12(28)
TT TC CC

FABP3 0.64(156) 0.32(78) 0.03(8)
o CC CG GG

0.35(85) 0.37(89) 0.28(68)
AA AG GG

MC4R 0.33(81) 0.42(102) 0.24(59)
TT TC CC

HMGAI 0.74(180) 0.25(60) 0.01(2)
CcC GC GG

IGF2 0.53(129) 0.39(94) 0.07(17)
Nrampl GG GA AA
P 0.97(234) 0.03(8) -
- M 3 o

F1

¥ ESR 4A4A= @3aMEd] st 514l

(GE 1-7~1-14)0l= FFE et 1448 W=7 vept vk 75F9 CAST, F4,
HMGA, IGF2 37, MC4AR, PRKAG3 Ao #47 Rlxes 593 JeiE Btk o Za= 104
A Aezdd A FEFY AY dBFAEe] A, A4S SANFAE At EgeR
MeFo] o]FAHY] wiToleh= A & & gtk dego]xFe 49 FABPL, HMGA, MCAR% A9}

PRKAGS, F4 F3#ke] 64 M7t ke 7 2Abd A2 e 5358 d3sAed) A7 2 =
]

Az wA ¢+ F4, FABP1, HMGA, MC4R, PRKAG3-Ad=te} 2

o] F3Ak vir1e] WIm=7h ARtE A AR o] 5 v =R

ol
@)
>
wm
=
o
2
Jo
2l
59
1o
m\l

o =

&
Ho

3 o

-

T
Jdo

[ 1-7] 548 PRKAG3 FAAS g3 FAxH vz

Genetic marker Genotypic frequency (5]
AA AG GG
Duroc 0.04[10] 0.09[21] 0.10[23]
PRKAGS3 Lancrace 0.02[5] 0.14[33] 0.15[37]
Yorkshire 0.06[15] 0.11[27] 0.29[71]
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[ 1-8] FF5 ¥ CAST #AdAd AE AR =

Genetic marker

Genotypic frequency (5]

AA AG GG
Duroc 0.12[30] 0.07[18] 0.02[6]
CAST Lancrace 0.10[25] 0.15[37] 0.05[13]
Yorkshire 0.19[47] 0.24157] 0.04[9]
[E 1-9] 52 FABP3 fd7td did d4F Q=
Genetic marker Genotypic frequency (5]
AA AG GG
Duroc 0.16[39] 0.06[15] -
FABP3 Lancrace 0.19[45] 0.11[27] 0.01[3]
Yorkshire 0.30[72] 0.15[36] 0.02[5]
[¥ 1-10] 52 F4 FAA O 443 9%
Genetic marker Genotypic frequency(F]
AA AG GG
Duroc 0.19[47] 0.02[4] 0.01[3]
F4 Lancrace 0.06[14] 0.13[32] 0.12[29]
Yorkshire 0.10[24] 0.22[53] 0.15[36]
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[ 1-11] FF2 MC4R F A Aol g #AAF W=

Genetic marker Genotypic frequency (5]
AA AG GG
Duroc 0.08[201] 0.10[25] 0.04[9]
MC4R Lancrace 0.04[9] 0.11[26] 0.17[40]
Yorkshire 0.21[52] 0.21[51] 0.04[10]

[ 1-12%3F¥E HMGAL #3A 3 42 1=

Genetic marker Genotypic frequency (5]
AA AG GG
Duroc 0.14[35] 0.08[19] -
HMGA1 Lancrace 0.25[61] 0.06[14] -
Yorkshire 0.35[84] 0.11[27] 0.01[2]

[ 1-13FF ¥ IGF2 &) Hd A% W=

Genetic marker Genotypic frequency(F]
AA AG GG
Duroc 0.12[28] 0.09[21] 0.02[5]
IGF2 Lancrace 0.11[27] 0.16[38] 0.04[10]
Yorkshire 0.31[74] 0.14[35] 0.01[2]

[¥ 1-14]1F 3" Nrampl FA A9 3 FAXE W=

Genotypic frequency (5]

Genetic marker

AA AG GG
Duroc 0.20[48] 0.02[6] -
Nrampl Lancrace 0.30[73] 0.01[2] -
Yorkshire 0.47[113] - -
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PRKAG3 A= =59 Atee}

A= AAFAA O] GG Aol o] =59

/\uoﬂ ogsre H| X+ A

2
oy
o
=
HH‘
FN %N

AF= S THCiabanu
AL A T S AIA QD F-2] o]

5(2001)). &

Al

o= A

07 ZAEJEHP €0.05). AR oA e AAFHAAE L GGRAAE S Fo4Q1 Afol7h YehbA] &

At

[ 1-15] =59 &84, 383 544 & PRKAG3 F3AEH &4

PRKAG?2
Meat quality
AA AG GG
Carcass weight(kg) 111.57£9.68 109.72£14.01 105.98+11.30
Backfat thickness(mm) 25.83+£25.35 21.42+5.93 21.88+5.39
oH 24hr 5.67+0.29 5.66+0.18 5.61+0.14
14day - - -

CLE Lx 56.34+5.57 56.55+3.88 57.14+3.62
CLE a* 7.06"+2.02 6.10"+1.29 6.01"+1.07
CLE b 9.72+1.57 9.79+1.10 9.98+1.02
Drip 24hr 3.71+£1.43 5.87+4.54 6.83%+2.72
loss(%) l4day 8.17+3.23 11.22+4.31 11.99+2.72
Shear force(g) 1,849.79+432.00 1,788.65+412.59 1,713.88+371.28
Water holding capacity(%) 59.30+5.32 57.69+4.35 58.39+4.75
Intramuscular fat(%) 2.44+1.20 2.93+1.31 3.24%1.21

b A e A Fol8el Aol e (p<005) Lt

Aol CAST FHA= AH=

A 4T =89

Ao 2 2AE L AL(P<0.05), 12
bgol 94

N

g Aor 2AE S

tHP<0.05).

lightness, a* :

F fxx%°] EEY FF
A% =922 FF f3#8d w8 EE
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[£ 1-16] =59 &334, 833 E4d & CAST F3AEFH &4
. CAST
Meat quality
EE EF FF
Carcass weight(kg) 108.07£11.57 106.94+12.54 111.36+£13.29
Backfat thickness(mm) 22.32+5.91 21.18+5.50 25.96+26.02
oH 24hr 5.62°+0.14 5.66+0.21 5.58°+0.14
l4day - - -
CLE Lx 56.50+3.63 57.02+4.20 57.41+4.36
CLE ax 6.28+1.27 6.01+1.25 6.36+1.78
CLE b 9.93+1.07 9.83+1.22 9.94+1.01
. 24hr 5.79+2.71 6.32+4.18 6.54+2.85
Drip loss(%) G b a
14day 10.91°+3.87 11.42°+5.87 11.872£3.73
Shear force(g) 1780.09+417.21 1756.08+401.16 1636.83+242.53
Water holding capacity(%) 58.55+5.22 58.21+4.42 57.45+3.72
Intramuscular fat(%) 3.31+1.25 2.83+1.19 2.85+1.47
abecgz g2 9HARE §92¢ 2Fol7F A2 (p<0.05); L= : lightness, ax : redness, b yellowness

FABP3 2= At=o] o 3) HH%X*XWO] e FHaxPel v m=A Z2AEAL
AF =gzt HHEAAZ ] HhidAde] me) $58 Aow 2AEA FAR3
S =59 4 gy #4ZY AR ZE ddo gis] felAdol §le Aoz FANEAGY
(P>0.05)

[E 1-17] =59 E83F, 83874 5o & FABP3 F+dA &3 4
FABP3
M 1i
eat quality cC TC TT
Carcass weight(kg) 108.88+7.95 109.64+12.66 107.02+12.19
Backfat thickness(mm) 21.75£3.11 21.27+6.19 22.71+£12.06
24hr 5.667+0.14 5.61°+0.19 5.64+0.18
pH
l4day - - -
CLE L= 55.87+4.63 56.80+3.62 56.92+4.14
CLE ax 5.51+0.70 5.98+1.25 6.29+1.38
CLE b 9.69+1.06 9.86+1.07 9.90+1.17
Drip loss(%) 24hr 6.82°+3.87 6.287£2.85 6.01£3.75
P ? l4day 13.38+4.26 11.80+6.28 10.88+4.01
Shear force(g) 1713.08+293.75 1754.29+382.54 1753.48+406.41
Water holding capacity(%5) 57.79+2.43 58.07+£5.49 58.39+4.37
Intramuscular fat(%s) 2.76+1.35 2.97+1.06 3.08+£1.36

bR e 9HAe

[# 1-18] =59 =94

K

2Fo)7F A S(p<0.05); L+ :

E x]

"0

o WE F4 &

lightness, a* :

il
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Meat quality

F4

CC CG GG
Carcass weight(kg) 107.99£11.10 106.88£13.99 109.22+11.20
Backfat thickness(mm) 23.59+5.62 21.20+5.65 21.82+17.26
24hr 5.64+0.16 5.64+0.20 5.62%0.18
pH
l4day - - -
CLE Lx 56.51+4.11 56.89+3.61 57.20£4.31
CLE ax 6.52+1.36 5.84%1.00 6.16£1.57
CLE bx 9.99+1.09 9.83+1.11 9.83£1.21
Drip 1oss(%) 24hr 5.64+2.99 6.24+2.62 6.57+4.77
l4day 9.97+3.60 12.14+6.12 11.71£4.12
Shear force(g) 1776.82+395.78 1675.05+317.58 1823.14+465.66
Water holding capacity (%) 58.53£3.69 B.77T+4.75 57.28+5.60
Intramuscular fat(%) 2.76+1.35 2.97+1.06 3.08+1.36

v AR e AR frel A

MCARF A A=

A o] AAY AGH

GG

A o

z}o] 7} 9 5(p<0.05); L :

AR o] AAY AGH A 1]
A Aoz vEpt. Wik
Atk

lightness, ax

: redness, b*: yellowness

GGERT 5@ Hoz 2AEYA BAM folae 9l
[ 1-19] =59 E87, 387 5 w& MC4R FAXAETR &4
Meat quality AA MjgéR GG
Carcass weight(kg) 107.62£1.32 107.89£11.97 108.41+£12.83
Backfat thickness(mm) 25.33+15.71 21.25%5.78 19.59+4.69
24hr 5.62+0.16 5.66+0.20 5.61+0.17
pH
l4day - - -
CLE Lx 56.58+3.88 56.68+4.31 57.48+3.51
CLE ax 6.18+1.19 6.34%1.33 5.86%1.48
CLE bx 9.94+1.02 9.84+1.27 9.89£1.02
Drip 1oss(%) 24hr 6.82+4.76 5.39+2.44 6.43+2.63
l4day 11.04£6.09 10.56+£3.97 12.77+4.14
Shear force(g) 1764.77+357.14 1747.94+403.81 1743.15+£431.37
Water holding capacity (%) 59.09+4.77 58.16+4.53 57.32+4.77
Intramuscular fat(%) 3.57+1.33 2.92+1.23 2.50+0.93

nhe AR BE 4EAE foda

o] 7}

HMGA1 %3‘%}% T,‘i_/}j:_ 7&;,/]‘ il
Agury §58 Qo 2AEI

A& (p<0.05); L :

lightness, a* :

2 (water holding capacity)ell A CT-f

J wWE HMGA1l ¥4
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Meat quality HMGAL
CC CT TT
Carcass weight(kg) 109.50+4.95 106.65+10.52 108.33+12.84
Backfat thickness(mm) 23.50+2.12 21.63+5.36 22.39+11.57
oH 24hr 5.57 5.65+0.18 5.63%0.18
l4day - -

CLE Lx 58.42+0.18 56.25+3.52 57.03£4.14
CLE ax 551+1.37 6.19+1.37 6.17£1.32
CLE bx 9.60+1.14 9.75+1.04 9.93£1.16
Drip 1oss(%) 24hr 21.58+24.78 5.74+2.64 6.08+2.80

l4day 10.46£6.21 9.63+3.53 11.81£5.15
Shear force(g) 2000.00+196.92 1820.59+381.33 1726.93+397.96
Water holding capacity (%) 61.93£5.14 58.14"+4.39 58.27°+4.81
Intramuscular fat(%) 2.61+0.87 3.29+1.44 2.95+1.20

abhez ge 9

7] 2]

AL el

z}o] 7} 9 5(p<0.05); L :

lightness, a* :

redness, b*: yellowness

IGF2 #3425 243 A3 dx= TTHAAE ] CCH CTHAAE ® ) %?f&
ALE] a1, B2 (water holding capacity)oll Al CTHA &8 o] TTHAAG R} ¢
A A
[E 1-21] =59 E94, 334 EAd mE IGF2 FAAEH &4

. IGF2
Meat quality cC CT TT
Carcass weight(kg) 107.44£11.80 108.79£13.13 107.53+11.21
Backfat thickness(mm) 2252+13.11 21.63+5.71 23.765.56
24hr 5.63+0.17 5.63+0.18 5.72+0.22
pH
l4day - - -
CLE L= 57.00*+3.94 56.71°+3.92 55.84+4.14
CLE ax 6.24+1.25 6.05+1.32 5.85+1.29
CLE b* 9.90+1.14 9.87+1.02 9.62+1.28
Drip 1oss(%) 24hr 6.43+4.10 5.86+2.48 5.43+3.20
l4day 11.01+4.11 11.53+5.90 11.88+4.36
Shear force(g) 1744.76"+369.78 | 1769.12°4429.31 | 1702.04°+345.62
Water holding capacity (%) 57.80°+4.47 58.827+4.95 58.61%+5.17
Intramuscular fat(%) 3.07+1.38 3.02+1.09 2.96+1.33

a, b, ¢ }\‘]i ]jr% _(134

[E 1-22]

AR

o] 7}

A3t 2443k 129 0] % =

£4 224, 3974 540 %2 Nrampl

A& (p<0.05); L :

lightness, a* :

_59_
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. Nrampl
Meat quality AA GA GG
Carcass weight(kg) - 106.25%£11.13 107.98+12.31
Backfat thickness(mm) - 23.13+3.60 22.18+£10.48
oH 24hr - 5.68+0.20 5.63+0.18
l4day - - -
CLE Lx - 54.17+3.60 56.94+3.97
CLE ax - 6.04+1.40 6.17£1.33
CLE b - 9.45+0.95 9.90£1.14
) 24hr - 4.88"+2.71 6.16°+3.50
Drip loss(%) 14day - 9.20"+4.47 11.33°+4.89
Shear force(g) - 2027.16£382.43 1743.01+392.18
Water holding capacity(%) - 60.01+3.43 58.21£4.73
Intramuscular fat(%) - 3.58+1.13 3.02£1.27

abc gz tE YHAE oAl ol 7t A& (p<0.05); L= : lightness, a* :

o BALA Y FHE, B Bolo) We fAANA 53 24

redness, b*: yellowness

AALz1el 84 HsH Brbe sl fsAs Al FbE sk Abdel 54S #4E]
& a7k vk Abe] A7hE Abgkeith g2r] el JiQlelete Tujnity dhwte] thE A
of dwkAeltt. HA |9 e Wrrste] ARA ARE A7) A s HH | Fieh=
B7F DS sk Zo] AeAelnt (GE 1-23~1-30)9l= AR fd Akt ol mhe
=5 FH4, #54 545 etk PRKAG3 A= GGHAAE AAY AG #34
Froh ol F 2 Ao FAEAIL, A%(tenderness) AGHHAZ ] AAFHAF W3] <
F AR AR
[ 1-23] €59 F84, #54 54 W& PRKAG3 #AAEH £4
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Meat quality

PRKAG2

AA AG GG
Color 2.8910.63 2.72+0.67 2.63+0.66
T3 7F | Hardness 2.71£0.70 2.90£0.62 2.74£0.69
Marbling 2.37+0.61 2.45%0.81 2.54+0.78
Tenderness 3.25%+0.81 3.59"+1.10 3.56+0.99
} | Flavor 2.95+0.97 3.34+1.09 3.53+0.89
Overall acceptability 3.03%+1.06 3.52°+1.20 3.60+1.01

PR e A fol Al 2] 7t 9% (p<0.05).

17 oS guish 03] Rugk 34 WE A3 : oftg 57 1 g o%g

14 - 2ol W Aoksh 24 - Aoke 34 ¢ ww 4% : vdd 54 ol dug
15l 9l 24 08l 34 T HE 43 W, 5 Tl B

13 A%k PSESolr 23 & g5, 33 1 B, 4% ¢ €5, 53 1 A% DFDSelt

CAST 4= FF#3d#do] EEY EFfr%

ol

(flavor)= EEY EF-+

[E 1-24] =5

%3]

olr

o] F8%, &

A2 o] FFH

ARl val B Aom zAAAL,

=40 oe CAST #AAETH 24

Meat quality CAST
EE EF FF
Color 2.69+0.66 2.69+0.67 2.73+0.68
T3 7} | Hardness 2.84+0.75 2.70+0.59 2.95+0.63
Marbling 2.66x0.77 2.36£0.73 2.40+0.81
Tenderness 3.75+0.92 3.28+0.97 3.63"+1.30
} | Flavor 3.58+0.94 3.25+0.88 3.49+1.27
Overall acceptability 3.68+1.08 3.37+0.96 3.52+1.43

R OB HEAE 95 11'017} °]°(p<005)

13 0wl sk 24 0 ek 33 0 BE 434 o) FF, 53 1wl o F &

13 if—jﬁo]o uff -5- Od"—]r:‘—”g, 274 ﬂ‘%kd, 33 %% 47 %}%%z 54 ¢ ofg Sag
R ‘Si'n—,o HA:8e 37 1E 449 0 2S5 g g R

14 @ A3 PSESo|t) 24 @ Q1S 34 : BHE 4% : 28 54 : 43 DFDSo|t}

FABP3, F4, MC4R, HMGA, IGF2, Nrampl-#ze] =59 T34 #3574 5o ut
g BAE A% EAAD Fo247F JEA ek

(£ 1-25] E%9 784, #54 54 ©1E FABP3 # AT} £4
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Meat quality PR
CC TC TT
Color 2.83+0.42 2.70+0.69 2.68+0.66
F#4 B7F | Hardness 3.24+0.22 2.80+0.69 2.76+0.67
Marbling 2.18+0.86 2.55+0.75 2.48+0.78
Tenderness 4.67+0.76 3.42+1.05 3.56+0.96
A543 H7F | Flavor 4.1310.12 3.24+£0.92 3.50+£0.97
Overall acceptability 453+1.33 3.37£1.08 3.57+£1.05
R OB YHAE 949 2olrt -3 (p<0.05).
14 0 wg- Zeg 274 - Fg 39 0 BT 43 0 o F %, 57 L g o F&
18 22 7be] vlg- Aokg) 24 @ A3t 3% - BE 44 - 9dd 54 ¢ oufg g9
18 o 912, 249 9le, 3 - BHE 49 0 2g, 54 ¢ B
173 : A3 PSE®o|t}h 24 © 912 3% HE 44 B 5% A3 DFD=o|t}
[£ 1-26] €59 783, #54 540 BE F4 FA4EH 24
Meat quality .
CC CG GG
Color 2.77+0.65 2.54+0.67 2.79+0.64
T4 H7F | Hardness 2.94+0.69 2.72+0.64 2.68+0.65
Marbling 2.71+0.72 2.47+0.86 2.25+0.63
Tenderness 3.74+0.93 3.47+1.04 3.28+1.01
@54 H7 | Flavor 3.79+0.97 3.22+£0.90 3.1520.85
Overall acceptability 3.86+1.06 3.35+1.08 3.23+0.92
R OB gEAE 949 2Folrt S (p<0.05).
14 0 vg gk 24 - gulsh 37 0 B, 44 o] 5%, 5 L g o TR
13« 22 7o) - dokeh 274 ¢ kel 37 L BT, 47 - 9ddg 54 - ulg dwg
14 99 §ls, 28 0 gl 33 1 BE 48 D ES 58 W B
14 A%k PSESolt) 24 @ 9lg, 3% @ B 44 ¥3, 54 : A3 DFDSo|th
[E 1-27] =59 F8#F, #5343 54 & MC4R FHA R 4
. MC4R
Meat quality
AA AG GG
Color 2.75+0.61 2.68+0.70 2.63+0.68
F#4 B7F | Hardness 2.79+0.68 2.77+0.69 2.82+0.62
Marbling 2.63+0.76 2.46+0.75 2.35+0.81
Tenderness 3.74+£1.04 3.51+0.97 3.20£0.89
#54 H7F | Flavor 3.60+0.91 3.44+0.99 3.08+0.91
Overall acceptability 3.77+£1.09 3.48+1.02 3.14+£1.04
R OB YHAE 949 2olrt -3 (p<0.05).
14 0 wg- ZAag 24 - FAME 39 0 BT 43 0 o Fw, 57 1 vl g o TR
18 - 2 go] wl$- A 24 @ dFE, 3d - B, 47 - wdsl 54 0 w9 gk
18w e, 28 0 8ls, 338 B 41 BS54 Wl B
14 A3 PSESolt) 2% g1, 3% 1 BE 4% 1 BS 5% A3 DFD&o|t}
[¥ 1-28] =59 F#3F, #5343 54 mE HMGAL FAAEH 4
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i HMGAL1
Meat quality
CcC TC TT
Color 2.87+0.66 2.70+0.81 2.69+0.61
T4 "7t | Hardness 2.63+0.05 2.76+0.72 2.80+0.66
Marbling 1.97£0.90 2.69+0.75 2.43+0.77
Tenderness 4.40 3.47+0.91 3.57+1.04
37} | Flavor 5.00 3.53+0.96 3.37+0.94
Overall acceptability 4.80 3.60+1.00 3.49+1.10
PR e HAE foHd Aol 7t S (p<0.05).
17 vl Fulsl o4 - Amek 37 W 44 : o] Fe 57w o] Fe
17 : 2A70] w)'e qleksh 24 © dekst 34 1 s 4% 1 vweh 54wl dugt
18 M S 27 1 9lS 37 HE 47w 5 oS B
14 : 418 PSESolth. 24 & 91¢, 3% : HE, 449 ©e 5% : A% DFD&olth
[¥ 1-29] =59 F#3, #5343 5Ad & IGF2 FAXa7 &4
i IGF2
Meat quality
CcC CT TT
Color 2.65°+0.68 2.71°+0.63 2.97°+0.70
B7} | Hardness 2.73P+0.63 2.86°+0.61 2.96°+0.73
Marbling 2.44+0.75 2.52+0.78 2.67+0.91
Tenderness 3.59+0.97 3.43+1.03 3.89+1.18
37} | Flavor 3.47+0.93 3.38+1.03 3.64+0.69
Overall acceptability 3.56+0.99 3.45%£1.19 3.93+1.01

PR e A feodel dtolst 918 (p<005).

13 vl g 2 A 3% 1% 43 oFe, 53wl ol

1] ¢ 2Azro] wl'S Qlepsh 23 ¢ lopst a9 ¢ w4t uhaksh 54 ¢ g wust
17w 9, 24 0 gle, 3d r e, 4% wg, 5 g B

17 1 A3k PSESo|th 24 @ gld, 3% @ B, 4% ¥, 5% 1 43 DFDSolth

[E 1-30] =59 F8#3, #5353 54 WENrampl FAAEH 4
. Nrampl
Meat quality
AA GA GG
Color - 2.87+0.63 2.69+0.67
37F | Hardness - 3.150.62 2.78+0.67
Marbling - 3.20+0.63 2.47+0.76
AR O ARE fo 19 27k 9lE(p<0.05).
1 1l S Fuish 23] Ak 34 BE A% 0 ot 5% 1 ulg o
13 2Agro] wf$- deksh 23] ¢ dopg 31 wE, 4% WaiE 54 ¢ ofg- e
T4 e gle 21 T gl 3 ug 4 e 5 e wd
14 : A1 PSESolth. 24 & ¢l9 39 © 5% 44 @ BS54 : A3 DEDSolt}
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1r.A1.|
_ i
],wa K m.ALnl ™ of 2
= | NLL.A‘MJU - IS D2 JT A =1 HT% S SR S
0| F B B 2K ,m_.‘_],on-rA K B UAererw__.A K KK
Mﬂ%%%MMW%%%%%%%&%%%%%%%
n =1 ak J
Lm__mr of- o T ﬂ-rAL., >
< EANECS
%
=
A o
5 £ 2
o] D) . o .o— n
« ; = L= a
e.mcce%m ewam mka amhe
v EXETCEEQLERSL,E58y 8 BE
.m.mrr.ammndou.me.IYHeotse
E=-SE3o8SSScEs580E8Eg=28020.%8
SRl 25 33288852 ER
dL<<CTCTCOEL 2SI REEBEEE S

( Roura and Tedo. 2009)
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5monophosphate) 5]t} ol& A2 53] 2t =54 7159 S5 ol T5-3] SAs

(G 1-32~1-36)°l= 32 wHA
serine¥} threonined GGHAAE ] AA, W AGHAAR Hla] £ Aom FAEAAT A4
o 2E fATHP0.05). B=3F $-uhv] BHS- Gutamic acid®} Aspartic acide AARF-AAE o]l AG, GGH
Azrgel vls) =& Aom AL ATHP>0.05)

[Z 1-32] 542U ofr =4t 249 PRKAG3 F3A &%

. . PRKAG3
Amino acid
AA AG GG
Glycine 5.78+2.01 450+2.43 4.00+2.51
Alanine 21.85+5.41 18.22+£5.92 15.66+5.51
Serin 4.05+1.76 3.82+1.57 3.54+1.86
Proline 3.97+1.12 4.71+1.66 5.17+1.93
Valine 5.99+2.12 6.16+2.31 6.16+2.97
Threonine 4.46+1.41 4.73+1.93 4.92+2.45
Leucine 7.23+2.54 7.58+2.74 7.49+3.42
Isoleucine 4.61£1.93 4.02+1.49 3.66£1.55
Aspartic acid 0.73+0.61 0.66+0.55 0.61+0.57
Lysine 4.83+2.65 5.50+3.38 5.24+2.85
Glutamic acid 7.17+3.65 6.85+3.57 6.95+4.20
Methionine 2.16+£0.95 2.72+1.17 3.03%£1.39
Histidine 2.84+1.17 2.18+0.97 1.93+0.80
Phenylalanine 4.06+1.57 455+1.31 475+1.59
Arginine 447+1.84 4.80£2.18 4.85£2.42
Tyrosine 4.20+1.33 4.99+1.83 5.33+£2.14

R g2 9HAE F949 2olrt 95 (p<0.05).

CAST 3d4F= @S- W= Glycine, Glutamic acid, Serin, Threonine®] FF#-4d4}30) vla] EES} EF
FAAG o] =4 AL 3 o] 2-S- Wli= Methinine?} Glutamic acid= EEf-3AFg o] A& o
2 FFAxrgel vjs)] =4 ZAFEAE 298 U= Arginine®} TyrosineS EEf-AAF8 o] FE-R-A A48
v 3] A A= S

[¥ 1-33] AW otr =4t =49 CAST #AA &3
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. . CAST
Amino acid EE EF P
Glycine 4.37*+£2.63 4.74*+2.29 4.21°+2.71
Alanine 16.89+6.96 18.69+5.34 17.22+6.00
Serin 3.44£1.81 4.08+1.74 3.29+1.14
Proline 4.61+1.81 4.92+1.81 451+1.14
Valine 5.70+2.67 6.52+2.49 5.70+2.39
Threonine 4.43+2.17 5.05+2.08 4.47+1.68
Leucine 7.00£3.21 7.99+2.94 6.72+2.21
Isoleucine 3.68+1.83 4.27+1.55 3.69+1.17
Aspartic acid 0.57+0.54 0.72+0.59 0.59+0.58
Lysine 4.91+3.06 5.67+3.16 4.62+2.09
Glutamic acid 6.47+3.67 7.48+4.09 6.13+2.88
Methionine 2.66+1.23 2.86+1.39 2.48+0.65
Histidine 1.97+0.81 2.37£1.11 2.18+0.92
Phenylalanine 4.39+1.51 4.70+£1.57 4.31+£1.04
Arginine 4.34+2.24 5.13+2.34 4.38+1.24
Tyrosine 4.91+2.04 5.13+£1.97 4.56+1.25

AR e AHAE F999 Aol7h 92(p<005).

[ 1-34] SAZU otv =4 249 FABP3 #3A 23(BTH FFA)

Amino acid B BS
CC TC TT
Glycine 6.28+4.44 4.28+2.20 4.58+2.45
Alanine 18.33£5.91 18.15%6.10 17.69£6.10
Serin 3.69+1.18 3.77+1.89 3.75£1.68
Proline 5.27+0.91 4.86+1.74 467+1.78
Valine 7.33+2.13 5.90+2.66 6.18+2.52
Threonine 5.86+1.67 475228 4.70+1.99
Leucine 7.75%2.00 7.46+3.37 747+2.84
Isoleucine 3.77£0.94 3.89+1.56 4.05%1.71
Aspartic acid 0.80+0.70 0.68+0.55 0.63+0.57
Lysine 7.60+3.50 5.42+3.40 5.05+2.75
Glutamic acid 7.12+3.34 7.23+4.34 6.79+3.59
Methionine 2.58+0.72 2.92+1.56 2.66+1.10
Histidine 1.67+0.28 2.19£1.02 2.24+1.01
Phenylalanine 5.12+1.06 4.65+1.63 4.45+1.43
Arginine 4.75%1.33 4.87+2.32 470+2.21
Tyrosine 5.90+0.89 5.16£2.29 4.83%1.73

MR e AR felHd 27t /g (p<0.05).
FABP3 f-d2R= ©kS- U= Lysine, Serine ¥ ThreonineS HH-AAF 0] Hhf-dddol vlal =4 A=A
th MC4R$F HMGAL 2= Z2AFsE gi529] opn| it 2o GGRaxtg o] Aoz AA

FTHAAGEY =A ZAEAAT FAAR] Frelab= AT

[£ 1-35] SA2H o}vl=at 249 MCAR A4 ad(FEd EFLA)
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. . MC4R
Amino acid
AA AG GG
Glycine 3.68+1.34 5.12+2.73 4.39+2.56
Alanine 16.77+6.23 19.01+5.44 17.07+6.60
Serin 3.70+1.86 4.03+1.79 3.38+1.48
Proline 457+1.74 4.99+1.84 4.58+1.58
Valine 5.65+2.59 6.60+2.63 5.82+2.33
Threonine 4.38+2.03 5.13+2.18 451+1.91
Leucine 7.27+3.31 7.92+2.99 7.00+2.66
Isoleucine 3.87+1.93 4.24+1.53 3.71£1.48
Aspartic acid 0.58+0.49 0.76=0.61 0.54+0.55
Lysine 4.61+2.51 6.02+3.54 4.69+2.30
Glutamic acid 7.40+4.39 7.52+3.94 5.75+2.87
Methionine 2.81+1.42 2.83£1.27 2.556+1.12
Histidine 2.30+0.94 2.29%1.02 1.98£1.01
Phenylalanine 4.36+1.55 470+£1.59 4.44+1.28
Arginine 4.76+2.43 5.05+2.30 4.33£1.85
Tyrosine 4.82+1.98 5.26+2.02 4.70+1.69
e g2 9EAE F94 Zolrt 9S(p<0.05).
[£ 1-36]5 A=W otvl =it 249 HMGAL A &3
Amino acid ———
TC TT GA

Glycine 5.01£2.51 4.46+2.44 4.48+1.53
Alanine 19.37+6.78 17.62+5.83 19.06£7.78
Serin 3.76+1.60 3.76+1.77 4.33+3.18
Proline 4.35+1.49 4.86+1.78 4.25+2.43
Valine 5.90£2.41 6.19+2.60 6.01+3.70
Threonine 4.71£2.08 4.78+2.09 4.90+£3.57
Leucine 7.46%2.90 7.49+3.03 8.23+5.31
Isoleucine 4.00+1.41 3.99+1.68 4.12+2.05
Aspartic acid 0.59+0.54 0.67+0.58 0.52+0.60
Lysine 5.11+£2.75 5.32+3.10 481+5.17
Glutamic acid 6.82+3.66 6.98+3.90 8.66£6.06
Methionine 2.63%1.21 2.76+1.28 2.72+2.47
Histidine 2.15+0.79 2.22+1.04 1.85+0.63
Phenylalanine 4.40+1.54 458+1.49 4.39+2.90
Arginine 4.60+1.96 4.80+2.28 4.44+3.97
Tyrosine 4.81+1.99 5.02+1.92 4.96£3.93

PR R 98 F942 Aol 9 (p<005).

wh £ AW ARE G Be FAAEA 23 24



FoE YA wel ARrtAR ot webA, Hx e A shse 3 ANS w4
wHo] A&l gttt =E8A Awe Eg g A8 = (Triglyceride;ol & TG)7F 4 Eola, A
Z S AR TGe = A AgAke] 26~32%E 2HA8k= Fn”sl 12~16%
et "okl 41~51%E 2HA8h= &eldate] Adtd JeHje F 24 o] & A
W R RAE JAAE, FU2EHE, FaAASe] e TG WA, 234, 3
shA, WA 59 3 Aol F4d & ol th
(¥ 1-37~1-42)°= ST APAE 2460 st fdxmbA 295 Jepfdh
PRKAG3 +#7k= arachidonic acid& A¢|gh 2AeE & 2[HAkeA] SAIAQL o &7k v

A gk

[E 1-37] SAZW AH4 249 PRKAG3 #3x &3

Fatty acid PREAGS
AA AG GG
Myristic acid(C14:0) 1.56+0.17 1.38+0.17 1.32+0.12
Palmitic acid(C16:0) 23.12+0.95 22.50+1.21 22.32+1.33
Palmitoleic acid(C16:In7) 1.02+0.33 1.79+0.57 2.19+0.31
Stearic acid(C18:0) 13.28+1.11 13.30+1.47 13.07+1.55
Oleic acid(C18:1n9) 45.90+1.64 44.94+1.66 44.61+2.46
Linoleic acid(C18:2n6) 13.40+1.41 14.11+1.89 14.46+1.81
y-Linoleic acid(C18:3n6) 0.03+0.01 0.06+0.02 0.07+0.02
Linolenic acid(C18:3n3) 0.67+0.09 0.78+0.12 0.79+0.09
Eicosenoic acid(C20:In9) 0.81+0.12 0.95+0.13 0.97+0.11
Arachidonic acid(C20:4n6) 0.21+0.04* 0.19°+0.04 0.20°+0.04
SFACESIA W4 37.96+1.70 37.18+2.38 36.71+2.67
USFA(3& 2 8} A iH4h) 62.04+1.70 62.82+2.38 63.29+2.67
mono(%ﬂgli}ﬂ Ho“ 47.73+1.66 47.68+1.58 47.77+2.45
poly (Ch7H& 2 542 #Hik 14.31+1.51 15.14+2.00 15.52+1.89
n3 0.67+0.09 0.78+0.12 0.79+0.09
no 13.64+1.42 14.36+1.91 14.73+1.84
b e SAAE £o49 Fel 7t 9S(p<005).
CASTHA A= FFRrAdAtg o] EERdAd i BEXs A4 v &o] A & o= XA
HAATE, FAAR]D FolA= gl 53 vrb R EA A vlso] w2 Aom TAEAH.

[ 1-38] SAZH A4 =249 CAST #3444 &3
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Fatty acid EE C?:I?T FF

Myristic acid(C14:0) 1.36£0.15 1.38+0.16 1.38+0.20
Palmitic acid(C16:0) 22.54+1.48 22.49+1.11 22.18+1.03
Palmitoleic acid(C16:In7) 2.04+0.50 1.82+0.60 1.79+£0.57
Stearic acid(C18:0) 13.10+£1.59 13.26+1.44 13.12+1.21
Oleic acid(C181n9) 44.47+2.83 45.16+1.48 45.29+1.19
Linoleic acid(C18:2n6) 14.51+2.06 13.94+1.65 14.25+1.34
y-Linoleic acid(C18:3n6) 0.06+0.02 0.06+0.02 0.06£0.02
Linolenic acid(C18:3n3) 0.78+0.11 0.76+0.10 0.78+£0.12
Eicosenoic acid(C20:1n9) 0.95+0.13 0.94+0.13 0.95+0.15
Arachidonic acid(C20:4n6) 0.19+0.04 0.20+0.04 0.21+0.03
SFA(E 3} A ¥4t 37.00+2.86 37.13£2.30 36.67+1.84
USFA(E 284 W4 63.00+2.86 62.87+2.30 63.33+1.84
mono(7}H& 3 3} 4] it 47.46+2.75 4791+1.50 48.03+1.16
poly (B 74 3 8} A iH4H) 15.55+2.17 14.96+1.74 15.29+1.43
n3 0.78+0.11 0.76+0.10 0.78+0.12
n6 14.76£2.09 4.20+1.68 14.51+1.35

bz g2 9HzE §9H9 zhol 7t S (p<0.05).

FABP +#3#= HHA- A3 o] Hhf- A AP Bt} Palmitic acid H]-&°] A =2 Ao ALY
AATE Linoleic acide Hh+d A8 o] HHF A oy 4] A U
[¥ 1-39] SA<YW ALAa =49 FABP3 #+3dx &3
Fatty acid cC F%%PB TT

Myristic acid(C14:0) 1.36+0.08 1.36£0.16 1.37+£0.17
Palmitic acid(C16:0) 22.04*£0.85 22.44"+0.95 22.52+1.42
Palmitoleic acid(C16:1n7) 2.35+0.30 1.93+0.55 1.88+0.57
Stearic acid(C18:0) 12.22+0.82 13.08+1.34 13.27+£1.56
Oleic acid(C18:In9) 45.03+1.09 44.96+1.47 44.83+2.47
Linoleic acid(C18:2n6) 14.92+1.43 14.23+1.64 14.17+1.92
y—Linoleic acid(C18:3n6) 0.06+0.02 0.06+0.02 0.06£0.02
Linolenic acid(C18:3n3) 0.87+0.13 0.78+0.10 0.76+0.11
Eicosenoic acid(C20:In9) 0.95°+0.16 0.95*+0.12 0.94+0.13
Arachidonic acid(C20:4n6) 0.20+0.03 0.20+0.04 0.20+0.04
SFA(E 82 WA 35.61+0.76 36.89+1.98 37.16+2.76
USFA (& X3} A H-2}) 64.39+0.76 63.11+1.98 62.84+2.76
mono( T 7}FE 3 82 WA 48.33%1.15 47.84+1.46 47.65%2.39
poly (CH7}& 3 84 WH-4H) 16.06+1.54 15.27+1.74 15.27+2.02
n3 0.87+0.13 0.78+0.10 0.76+0.11
n6 15.19+1.44 14.49+1.67 14.43+1.94

e g2 J9EAE F94 Zolrt 9S(p<0.05).

F4 AR = CCRAARE o] GGRAAF BT B3R WA v &o] thh &2 Z1oz2 ALY

AA T, BAA Fol 2

[E 1-40] SA =24

gl o= =AM AT
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Fatty acid cC gé GG

Myristic acid(C14:0) 1.39+0.16 1.33£0.16 1.39+0.16
Palmitic acid(C16:0) 22.56+1.20 22.30+1.05 22.60+1.57
Palmitoleic acid(C16:In7) 1.96+0.54 1.95+0.51 1.79+0.64
Stearic acid(C18:0) 13.03+1.40 13.17+1.44 13.36+1.62
Oleic acid(C18:1n9) 44.74+1.60 45.04+1.49 44.85+3.25
Linoleic acid(C18:2n6) 14.35+1.83 14.22+1.61 14.03+2.05
y-Linoleic acid(C18:3n6) 0.06+0.02 0.06+0.02 0.060.02
Linolenic acid(C18:3n3) 0.77+0.11 0.77+0.10 0.77+0.12
Eicosenoic acid(C20:1n9) 0.94+0.13 0.96+0.12 0.93+0.14
Arachidonic acid(C20:4n6) 0.19+0.04 0.20+0.03 0.21+0.04
SFA(E 8} 2| uH4h) 36.99+2.34 36.79+2.18 37.36+3.03
USFA(E 2 8441 63.01+2.34 63.21+2.18 62.64+3.03
mono(¥h7Ha 3 3} A ¥k Al 47.64+1.62 47.95+1.46 4757+3.11
poly(Ch7He 3 8} 2] it 15.37+1.94 15.25+1.69 15.07+2.18
n3 0.77+0.11 0.77+0.10 0.77+0.12
n6 14.60+1.85 14.48+1.64 14.30+2.09

e g2 JHAE F94A Zolrt 9S(p<0.05).

MC4R FH1A= AGHFAAF o] AA, AGH A A3 Bt} Myrostic acidd] &°] YA =
2 ZAEA A, 19 SAAR FoAe e AoE ZAEAT
[ 1-41] SASY X944t =49 MC4R AR &3
Fatty acid AA ME éR GG

Myristic acid(C14:0) 1.35°+0.14 1.40°+0.17 1.35°+0.18
Palmitic acid(C16:0) 22.46+1.10 22.58+1.46 22.3141.12
Palmitoleic acid(C16:1In7) 2.02+0.52 1.86+0.61 1.85+0.52
Stearic acid(C18:0) 12.98+1.56 13.20+1.55 13.41+1.19
Oleic acid(C18:1n9) 44.89+1.42 44.72+2.94 45.15+1.19
Linoleic acid(C18:2n6) 14.34+1.65 14.29+2.07 13.91+1.55
y-Linoleic acid(C18:3n6) 0.60.2 0.6+0.2 0.6+0.2
Linolenic acid(C18:3n3) 0.76+0.08 0.77+0.12 0.79+0.10
Eicosenoic acid(C20:1n9) 0.94+0.11 0.93+0.14 0.98+0.13
Arachidonic acid(C20:4n6) 0.20+0.04 0.20+0.04 0.20+0.04
SFA(¥E 3} 2| WHat) 36.79+2.39 37.18+2.80 37.06+2.08
USFA(E 2342 W43 63.2142.39 62.82+2.80 62.94+2.08
mono( Y7+ 3 8 A ukAt) 47.85+1.45 4751+2.79 47.98+1.28
poly(Th7He 3 3} 2] 2t 15.36+1.74 15.32+2.19 14.96+1.65
n3 0.76+0.08 0.77+0.12 0.79+0.10
n6 14.60+1.68 14.55+2.09 14.17+1.58

R OB gHEAE F9H9 2ol 7t S (p<0.05).

HMGAL 32 TTHAAE o] TCHAAF K grhE2 s it vl &o] =2 A
AFE 1AL, Nrampl -2 GGHAA g o] GARrAAE B o7 B8 ate] tha

o2 2AE

ARE, FAA ]

o2k T
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[¥ 1-42] SAZY A2 249 HMGA13# Nrampl A2 &3

Fatty acid AA MjgéR GG
Myristic acid(C14:0) 1.36+0.15 1.37+0.17 1.35+0.11
Palmitic acid(C16:0) 22.32+1.16 22.51+1.29 22.22+1.32
Palmitoleic acid(C16:1n7) 1.92+0.54 1.91+0.57 1.87+0.58
Stearic acid(C18:0) 12.99+1.31 3.23£1.51 12.97+1.01
Oleic acid(C18:In9) 44.83+1.48 44.90+2.35 45.86£1.49
Linoleic acid(C18:2n6) 14.57+1.81 14.11+1.81 13.79£1.97
y-Linoleic acid(C18:3n6) 0.06+0.02 0.06+0.02 0.06£0.02
Linolenic acid(C18:3n3) 0.76+0.12 0.78+0.11 0.72+0.12
Eicosenoic acid(C20:1n9) 0.95+0.11 0.94+0.14 0.97£0.10
Arachidonic acid(C20:4n6) 0.20+0.04 0.20+0.04 0.20£0.02
SFA(EZ g A %4t 36.67+£2.17 37.11+£2.58 36.53£2.18
USFA(& E 84 iH4h) 63.33+2.17 62.89+2.58 63.47£2.18
mono(&7HE 3 8}X Ho“ 47.75%1.39 47.75%2.29 48.70£1.10
poly (T} & 3 8} 2] W4k 15.58+1.93 15.14+1.91 14.77£2.11
n3 0.760.12 0.78+0.11 0.72+0.12
n6 14.82+1.84 14.36+1.84 14.05£2.01

ab gz e gHARE §o 4 zol b UL (p<0.05).

O 8<%

D 2 AFolA BAF FF f24000 i #0439 AEE )E SASER ) $50 599
ez 2T, 8] CAST, IGF25 379 2 498 $77 n7]el F4, FABPL, HMGA, MCAR,
PRRAG3 -7kt 28 d95Ale 2 4a4 w4 virse] 32 mi7 9] R} ks Ao &
T nAESAEe] S FALSEE XMl A Z A Q] ALo] Qs Aow AlgHET]

hs

@ =8¢ e, sotd Saol upe Al £3E BAsk An CAST S04kt FABPS ks
o =] FFL WAL Ao 2AEAT, MORSHAAE SAWEAG A Jae uw

r}n rlr r

o7 FA}Y] ‘EiE‘r w3 IGF2 32k el B (water holding capacity)oll 93& VA 5 5

do W

@ =59 FATY opp|watzA e Atz wE A a9E BAT giFte] 3
kA g3 fFoAdol gle Aoz ZAREJAITHP0.05), CASTHAA= Glycinedl & 3}7}
= Ao w ZAE AL, MCARF- A A= myristic acidel] A& Ao 2 FAE AT
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ge)4, S5 540 me 4AARA 13 24

284, gdHEA 2 PRKAG3

B

faxe] mE

sto] (3% 45 AASE AGHHA A o] GG A& Hook
e Aow LA 9T A4S AAFAAGS BE AR Saa Ao
A= AT
[F 1-43] F5F9 E9F, 8833 5o & PRKAG3 F+AA&EZ £4
. PRKAG2
Meat quality AA AG GG
Carcass weight(kg) 115.58+5.72 113.59+9.33 96.64+11.79
Backfat thickness(mm) 25.17+5.33 23.883+8.69 19.60+8.69
H 24hr 5.72+0.07% 5.74+0.122 5.57+0.10°
P l4day 573+0.15% 5.87+0.25% 5.45+0.12°
CLE L= 52.71+5.20% 48.94+4.48° 54.76£4.73?
CLE ax* 5.78+1.80 3.69+£2.95 7.93+£3.73
CLE Db* 9.88+1.09 8.38+1.78 11.63+£2.25
Drip Toss(%¢) 24hr 3.69+1.11 4.88+1.80 7.25+2.28
P ° 12day 5.95+1.68° 9.71+1.74° 12.99+3.46%
Shear force(g) 1,997.11£496.04 2,311.81+809.29 2,500.49+1023.32
Water holding capacity (%) 10.71+1.29 10.05+£2.10 9.26+2.66
abecgz 2 9HAAE 59328 27 A2 (p<0.05); L= : lightness, ax : redness, b yellowness
TE5359 FABP3 A9 @yoA HHAAAF o] HhZAg e tha -3 Aoz =
AP AL, hhF-d 28 7RAl = gl Sl T
[F 1-43] 55 %9 E873, 383 EA wE FABP3 fAx a3z Y
. FABP3
Meat quality e h h
Carcass weight(kg) 110.62+7.89 106.59+7.91 -
Backfat thickness(mm) 22.67+7.36 23.10£7.37 -
q 24hr 5.72+0.17 557+0.17° -
b 14day 5.81+0.11° 556+0.11° -
CLE L= 52.23+7.18 52.04+7.19 -
CLE ax* 5.26%£2.50 6.34£2.50 -
CLE b* 9.78+1.51 10.15+1.51 -
Drip loss(%) 24hr 4.99+1.53 5.56+1.53 -
D OSSOl T oday 9.3742.32 9.74+2.32 -
Shear force(g) 2,101.49+684.67 2,438.12+685.89 -
Water holding capacity (%) 9.66+1.78 10.36+1.78 -

abe gz o2 gHAE §998el =07 Ae(p<0.05); Lk :

lightness, a* :

_72_
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yellowness



(2) $5F) Fud, ¥ Prlo] hE FAANA L3} 84

£2Fe] FuA, PeA SAd wE PRKAGE $4%4 maE Awnm £ (color)
Hardeness(74 =)ol A= AA9F AGHAAE o] =4 ZAME AT

[¥ 1-44] F5F9 F43, #53 54 ©E PRKAG3 FAA& I
i 2
Meat quality FIRLSE
AA AG GG
Color 2.94+051° 2.73+0.83" 3.36+1.04°
F#2 ot Hardness 2.76+0.40% 3.05+1.14% 1.52+0.75"
Marbling 2.03+0.50 1.77+0.82 1.28+1.04
R g2 JHAE fod9 x}ow S8 (p<0.09).
19 : vl w29 ;g3 37 0 BE 4% o %8, 58 v ojF&
14 : 2A700] wj' qeksh 24 ¢ dekst 34t wE 4% 1 uue 54w dugt
14 v gl 29 ¢ 9le 39 BE, 4% B 54 S ws
17 : A% PSESo|th. 24 = 919, 37 BE, 4% : B, 54 : A% DFDSo|h

(3) $2% 5420 42 olndt Sao] 2 SR £}

FEE SATY oln Al A 2 PRKAGEA G242 &3+ Leucine®t Glitamic acidell A
Heterod 7=} o] =4 A A H

[£ 1-45] F5& SA2U ottt 249 PRKAG3 +44 &3

) ) PRKAG3
Amino acid
AA AG GG
Glycine 6.75+1.40 7.99£2.29 5.73+2.89
Alanine 19.19+2.22 20.57+3.62 15.18+4.59
Serin 3.59+0.31 5.62+0.50 5.62+0.50
Proline 4.33+0.36 5.27+0.59 3.98+0.74
Valine 6.37+£0.86 8.90+1.40 456+1.77
Threonine 4.61£0.37 5.98+0.61 471£0.77
Leucine 6.31°+0.87 9.49°+1.42 5.00°+1.79
Isoleucine 4.22£0.55 6.53+0.89 3.13+1.13
Aspartic acid 1.28+0.15 1.32+0.25 1.27+0.31
Lysine 495+1.14 1.79+1.86 3.68+2.36
Glutamic acid 8.85°+1.27 13.58%+2.08 7.96"+2.63
Methionine 2.33£0.28 3.39£0.45 2.64+0.57
Histidine 4.09+0.29 4.94+0.48 4.12+0.60
Phenylalanine 4.09+0.49 5.74+0.80 3.31£1.01
Arginine 4.42+0.07 5.62+0.11 452%0.15
Tyrosine 4.63+0.37 5.86+0.61 5.03+0.77

ab gz e gAAE §o4de 2ol UL (p<0.05).
F2F SAZY ol At Ao wE FABP3, HMGAL, Nrampl §d2 32 2343
EAAL 27 A THP>0.05).
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[£ 1-46] F5F AW otvl=4t 249 FABP3 4x 53

Amino acid Bl

HH Hh hh
Glycine 7.59+1.93 6.05%£1.94 -
Alanine 18.08+3.07 18.55+3.07 -
Serin 4.93+0.42 3.52+0.42 -
Proline 4.78+0.50 4.27+0.50 -
Valine 7.18+1.19 6.04+1.19 -
Threonine 5.50£0.51 4.70+£0.52 -
Leucine 7.93+1.20 5.94+1.20 -
Isoleucine 5.35+0.75 3.90+0.75 -
Aspartic acid 1.34+0.21 1.24+0.21 -
Lysine 3.04+1.58 3.90+1.58 -
Glutamic acid 11.98+1.76 8.28+1.76 -
Methionine 3.21+0.38 2.37+0.38 -
Histidine 4.70+0.40 4.07+0.41 -
Phenylalanine 4.98+0.68 3.77+0.68 -
Arginine 5.46+0.10 4.24+0.10 -
Tyrosine 5.61£0.51 4.73+£0.51 -

PR R 98 F95 Fel 9 (p<005).

[ 1-47] F5F SATU ofv =4 249 HMGA13 Nrampl F+3A &3

Amino acid AL

HH Hh hh
Glycine 7.59+1.93 6.05+1.94 -
Alanine 18.08+3.07 18.55£3.07 -
Serin 4.93+0.42 3.52+0.42 -
Proline 4.78+0.50 4.27+0.50 -
Valine 7.18+1.19 6.04+1.19 -
Threonine 5.50£0.51 4.70+£0.52 -
Leucine 7.93+1.20 5.94+1.20 -
Isoleucine 5.35+0.75 3.90+0.75 -
Aspartic acid 1.34+0.21 1.24+0.21 -
Lysine 3.04+1.58 3.90+1.58 -
Glutamic acid 11.98+1.76 8.28+1.76 -
Methionine 3.21+0.38 2.37+0.38 -
Histidine 4.70%0.40 4.07+0.41 -
Phenylalanine 4,98+0.68 3.77+0.68 -
Arginine 5.46+0.10 4.24+0.10 -
Tyrosine 5.61£0.51 4.73+0.51 -

AR e AHAE F999 Aol7h 92(p<005).
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(4) F2F SAZY A9l ek e fRAmA 53

Feldel s =

_75_

FEge BT AgaEdel U@ FAAERE 2N A9 BAH

AL ATHP>0.05}.

[E 1-48] F5F AW AWA =249 PRKAG3 +4# &3

Fatty acid AA PRKéGS GG

Myristic acid(C14:0) 1.65+0.11 1.61+0.17 1.43+0.22
Palmitic acid(C16:0) 22.46+1.26 21.96+2.05 23.65+2.60
Palmitoleic acid(C16:1n7) 0.85+0.25 0.93+0.41 1.17+0.52
Stearic acid(C18:0) 13.40+0.80 12.15%1.30 13.72£1.65
Oleic acid(C181n9) 45.95+1.58 47.94+2 .57 47.89+3.26
Linoleic acid(C18:2n6) 14.00+1.50 13.61£2.44 10.77£3.09
y—Linoleic acid(C18:3n6) 0.03+0.02 0.03+0.03 0.06+0.03
Linolenic acid(C18:3n3) 0.72+0.07 0.69+0.11 0.50+0.14
Eicosenoic acid(C20:1n9) 0.76+0.10 0.85+0.16 0.64+0.21
Arachidonic acid(C20:4n6) 0.20+0.02 0.22+0.04 0.19+0.05
SFA(J‘-@V] W) 37.51+1.65 35.73+2.70 38.80+3.41
USFA(& 5}?‘] FAH) 62.49+1.65 64.27+2.70 61.20+3.41
mono( T 7}FE 3 8] WA 4756+1.63 49.73+2.66 49.69+3.36
poly (CH7}& 3 8 4] W-4H) 14.93+1.58 14.53+2.57 11.52+3.25
n3 0.72+0.07 0.69+0.11 0.50+0.14
n6 14.22+1.51 13.85£2.47 11.02+3.12

e g2 9EAE F949 Zolrh 9 S (p<0.05).

[E 1-48] $2%F A2 AW 249 FABPS 4% 53

Fatty acid cC FAF%PB TT

Myristic acid(C14:0) 1.63+0.15 1.50+1.46 -
Palmitic acid(C16:0) 23.06+1.73 22.32+1.74 -
Palmitoleic acid(C16:1n7) 0.89+0.35 1.08+0.35 -
Stearic acid(C18:0) 13.31£1.10 12.86£1.10 -
Oleic acid(C181n9) 46.84+2.18 47.68+2.18 -
Linoleic acid(C18:2n6) 12.67+2.07 12.92+2.07 -
y-Linoleic acid(C18:3n6) 0.03£0.02 0.05+0.02 -
Linolenic acid(C18:3n3) 0.60+0.09 0.66+0.09 -
Eicosenoic acid(C20:In9) 0.77+0.14 0.74+0.14 -
Arachidonic acid(C20:4n6) 0.22+0.03 0.19+0.03 -
SFA(3 §]rxl what) 38.01+2.28 36.68+2.29 -
USFA(E 282 4t 61.99+2.28 63.32£2.29 -
mono ‘;}7}34&1] WAL 48.49+2.25 49.50+2.25 -
poly (Gh7}F& 32 82 W4 13.50+2.18 13.82£2.18 -
n3 0.60+0.09 0.66+0.09 -
n6 12.90+2.09 13.16+2.09 -

AR g 9HEAE F9799 27t 22 (p<0.05).



[ 1-49] F5F AW AWxA9 HMGA1# Nrampl #4A A&7

. HMGA1 Nrampl
Fatty acid
TC TT GA GG
Myristic acid(C14:0) 1.48+0.14 1.66+0.15 1.54+0.20 1.60=0.11
Palmitic acid(C16:0) 22.96+1.69 | 2242+1.75 | 2290235 | 22.47+1.30
Palmitoleic acid(C16:In7) 1.13+0.34 0.84+0.35 0.85+0.47 1.12+0.26
Stearic acid(C18:0) 12.72+1.07 | 13.45+1.11 | 1357+1.49 | 12.60+0.83
Oleic acid(C18:n9) 48.55+2.12 | 4598+2.20 | 48.16+2.95 | 46.37+1.64
Linoleic acid(C18:2n6) 11.54+2.01 | 14.05£2.09 | 11.55+2.80 | 14.03+1.55
y-Linoleic acid(C18:3n6) 0.04+0.02 0.04+0.02 0.03+0.03 0.05+0.02
Linolenic acid(C18:3n3) 0.56+0.09 0.70+0.10 0.53+0.13 0.74+0.07
Eicosenoic acid(C20:1n9) 0.82+0.14 0.68+0.14 0.69+0.19 0.81+0.10
Arachidonic acid(C20:4n6) 0.21+0.03 0.20+0.03 0.19+0.04 0.22+0.02
SFA(Z A %4} 3716223 | 3753231 | 38.02+3.10 | 36.67+1.72
USFA(E 2844 62.84+2.23 | 62.47+231 | 61.98+3.10 | 63.33+1.72
mono(T7Hz 3344 o“ 50.50+2.19 | 47.49+2.27 | 49.69+3.05 | 48.30+1.69
poly (Fh7F& 2 54 2] HHik 12.34+2.12 | 14.50+2.20 | 12.29+295 | 15.03+1.64
n3 0.56+0.09 0.71+0.10 0.53+0.13 0.74+0.07
n6 11.7842.04 | 14.27+2.11 | 11.76+2.84 | 14.30+1.57
AR g2 9HEAE F999 Ael7h A (p<0.05).

6) F5F AW A4AE E2 @ FAAA 2

(3 1-50~57)°ll= F55¢ A< dad 4o dist aAads EAsdt
3 BE FAAtel sl akebd St EAH FeAE sl 2ARE A THp>0.05)

[£ 1-50] F5F9 A=W 4dad =42 d$ PRKAG3 F+dAEH

Nucleic acid i tes
AA AG GG
Hypoxanthine 0.10+0.02 0.07+0.03 0.06+0.03
Uridine 0.02+0.00 0.01+0.01 0.01+£0.01
Inosine 0.11+0.04 0.13+0.04 0.14+0.05
Aadenosine monophosphate(AMP) 0.04£0.01 0.05£0.02 0.06£0.02
Guanosine monophosphate(GMP) 0.02+0.01 0.02+0.01 0.02£0.01
Inosine monophosphate(IMP) 0.49+0.14 0.55%0.12 0.56+0.13
Adenosine diphosphate(ADP) 0.10+0.03 0.10+0.06 0.09£0.03

a-b A2 g8 gHAAE FoF20 Zo)rt AL(p<0.05).
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[E 1-51] F5F9 A=W A3#E 2 e CAST A&

Nucleic acid .
EE EF FF
Hypoxanthine 0.07+0.03 0.08+0.04 0.07+0.02
Uridine 0.01+0.01 0.01+0.01 0.01£0.01
Inosine 0.13+0.04 0.13+0.05 0.12+0.04
Aadenosine monophosphate(AMP) 0.05+0.02 0.05£0.02 0.05£0.02
Guanosine monophosphate(GMP) 0.02+0.01 0.02=0.01 0.01+0.01
Inosine monophosphate(IMP) 0.57x0.11 0.52+0.14 0.54+0.14
Adenosine diphosphate(ADP) 0.09+0.02 0.10£0.03 0.13+0.10

AR gE HAE feHd Aot

A= (p<0.05).

(¥ 1-52] 5% SA2Y 942 20| 0@ FABP3 #d4E%
Nucleic acid LIS
CC TC TT
Hypoxanthine 0.07+0.02 0.07+0.03 0.08+0.03
Uridine 0.01+0.01 0.01+0.01 0.01+0.01
Inosine 0.12+0.03 0.13+0.05 0.13+0.04
Aadenosine monophosphate(AMP) 0.06+0.03 0.05+0.02 0.05£0.02
Guanosine monophosphate(GMP) 0.02+0.02 0.01£0.01 0.02£0.01
Inosine monophosphate(IMP) 0.61+0.08 0.53+0.10 0.54+0.14
Adenosine diphosphate(ADP) 0.09+0.02 0.09+0.02 0.10£0.05
R e AEAE F9HA 2ol 7t A3 (p<0.05).
(% 1-53] 2% 542 dand 240 @ F4 § 453
Nucleic acid 4
CC CG GG
Hypoxanthine 0.07+0.03 0.07+0.03 0.08+0.03
Uridine 0.01+0.01 0.01£0.01 0.01+0.01
Inosine 0.14+0.04 0.12+0.04 0.13+0.05
Aadenosine monophosphate(AMP) 0.05+0.02 0.05+0.02 0.05£0.02
Guanosine monophosphate(GMP) 0.02£0.01 0.02£0.01 0.02£0.01
Inosine monophosphate(IMP) 0.56+0.12 0.52+0.15 0.54£0.11
Adenosine diphosphate(ADP) 0.11+0.07 0.10=0.03 0.09+0.02
ab gz s A= FoAdd 2ot UL (p<0.05).
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(£ 1-54] $5%9) S420 942 840 9% MC4R FAAEH

Nucleic acid MG
AA AG GG
Hypoxanthine 0.07+0.03 0.08+0.04 0.07£0.03
Uridine 0.01+0.01 0.01+0.01 0.01£0.01
Inosine 0.12+0.04 0.14+0.05 0.12+0.05
Aadenosine monophosphate(AMP) 0.05+0.02 0.05£0.02 0.05£0.02
Guanosine monophosphate(GMP) 0.02+0.01 0.02=0.01 0.02=0.01
Inosine monophosphate(IMP) 0.51+0.15 0.56%0.12 0.54+0.11
Adenosine diphosphate(ADP) 0.09+0.03 0.11+0.06 0.09+0.02

AR gE HAE feHd Aot

A= (p<0.05).

[ 1-55] F&5F9 SAZY idAd EZ9 dd HMGAL FdA&27
Nucleic acid ASIG
CC TC TT
Hypoxanthine 0.04 0.08+0.03 0.07£0.03
Uridine 0.00 0.01£0.01 0.01+0.01
Inosine 0.12 0.12+0.05 0.13+0.05
Aadenosine monophosphate(AMP) 0.04 0.05%0.02 0.05+0.02
Guanosine monophosphate(GMP) 0.02 0.02£0.01 0.02£0.01
Inosine monophosphate(IMP) 0.53 0.54%0.10 0.54+0.14
Adenosine diphosphate(ADP) 0.08 0.11+0.09 0.10£0.03
R e AEAE F9HA 2ol 7t A3 (p<0.05).
[E 1-56] FEF<9 TAZY diad EZ4 g IGF2 +3A &85
Nucleic acid e
CC GC GG
Hypoxanthine 0.08+0.03 0.07+0.03 0.07+0.05
Uridine 0.01+0.01 0.01£0.01 0.01+0.01
Inosine 0.13+0.04 0.12+0.05 0.16x0.07
Aadenosine monophosphate(AMP) 0.05%0.02 0.05%0.02 0.05+0.02
Guanosine monophosphate(GMP) 0.02£0.01 0.01£0.01 0.02£0.00
Inosine monophosphate(IMP) 0.56+0.12 0.52+0.14 0.52£0.10
Adenosine diphosphate(ADP) 0.10+0.03 0.11+0.06 0.09+0.01
ab gz s A= FoAdd 2ot UL (p<0.05).
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[ 1-57] F&2F9 SAZY A HA EFo 3 Nrampl F+AA =23}

Nucleic acid Icine
AA GA GG
Hypoxanthine - 0.07+0.02 0.07£0.03
Uridine - 0.01£0.01 0.01+£0.01
Inosine - 0.13+0.05 0.13+0.05
Aadenosine monophosphate(AMP) - 0.04£0.01 0.05£0.02
Guanosine monophosphate(GMP) - 0.02=0.00 0.02=0.01
Inosine monophosphate(IMP) - 0.50%0.20 0.54+0.13
Adenosine diphosphate(ADP) - 0.11+0.05 0.10+0.05

AR tE AHAE F999 Aol7h 92 (p<005).

(6) F2F SATY AYANE(TBARS) e 4xm1 &3

(%

58~562)0 . TR BT A e FAAERE Ak B g

1
g BE Rkl el Apgatel el el EAH el AE gl AR A THp>0.05)

[£ 1-58] F5F9 SAZU Agdsd=el g PRKAG3FAA E+

TBARS PRKAG3
AA AG GG
TBARS_O 89.80 90.00 91.25
TBARS_5 100.38 96.38 100.93
TBARS_10 112.85 111.74 110.44
TBARS_0 53.78 42.67 31.60
TBARS_5 55.60 44.69 50.88
TBARS_10 61.30 51.11 58.21
¥ TBARS : Thiobarbituric acid reactive substances
[E 1-59] F&8FY SAZW AFiddf = dig CASTHHA &3
TBARS LAt
EE EF FF
TBARS_O 92.54 90.12 86.18
TBARS_5 99.69 99.94 93.41
TBARS_10 113.08 110.94 108.72
TBARS_0 44.23 42.51 18.49
TBARS_5 46.87 56.18 13.17
TBARS_10 54.20 62.58 22.27

¥ TBARS : Thiobarbituric acid reactive substances
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[£ 1-59] F=5%9 SA2W Agdsd = A FABP3#RAA &%
FABP3

Tk CcC TC TT
TBARS_O 75.46 93.44 89.75
TBARS_5 81.81 100.64 99.13
TBARS_10 102.63 112.15 111.52
TBARS_0 33.94 43.36 39.84
TBARS_5 32.60 46.46 51.49
TBARS_10 39.58 56.11 56.73

¥ TBARS : Thiobarbituric acid reactive substances

[E 1-60] F2F9 SAIH AFAAgzd dg F4FHA &2

F4

(i1t cc cG GG
TBARS_O 92.54 90.98 88.30
TBARS_5 101.47 100.00 96.08
TBARS_10 116.02 107.85 110.99
TBARS_0 46.72 46.05 29.23
TBARS_5 48.99 58.04 40.24
TBARS_10 55.73 63.92 4771

' TBARS : Thiobarbituric acid reactive substances

(£ 1-61] $5%9 SH2W AP =] & MCARFAA &t

MC4R

LEIES AA AG GG
TBARS_O 102.92 81.79 93.06
TBARS_5 111.88 91.31 99.84
TBARS_10 130.90 103.50 107.16
TBARS_0 47.05 25.58 50.25
TBARS_5 54.19 38.08 57.56
TBARS_10 62.85 44 57 61.57

¥ TBARS : Thiobarbituric acid reactive substances

(& 1-62] 5% SHSW A $A9) o) o HMGALF AR &%

TIMGAT
LIRS cC TC TT
TBARS_O 117.80 97.26 &88.76
TBARS 5 68.01 107.47 97.45
TBARS_10 121.13 121.10 109.23
TBARS 0 B 56.88 6,57
TBARS 5 - 58.96 47,02
TBARS 10 - 65.76 53.63

¥ TBARS : Thiobarbituric acid reactive substances
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Yijkr — M+Bz+5j + Y_N, +aW, ++ €kl

FATEE 7= v /A 28 (multiple traits animal model)S -&-3fo] 418 AAE o, §4%

%7} #4229 ASReml ver 40% #83to] #4123 Atk

y=XB+Zu+e

o714, X nAgvH AR A4 AW or Axbe) 348, = QoaiisEar)e] g 2 e

(3]

AA

YEaE 0242 Axe frgow %XéEJM 31, 15 (water holding capacity, WHC)%= 02022 X* °
fFAagor FAESY A5H7F dHe AX(tender), 7| (flavor) B HA 7] S % (overall acceptability) =
7t7} 066, 056 2 0412 4= Atk

[¥ 1-63] AN 7] 2P A Y3 #4949 (heritabilities, 7?)

Kk pH(24h) | CLE L* | CLE a* | CLE b* | Color | Hardness | marbling

A= (%) 0.53 0.65 0.22 0.54 0.17 0.02 0.66
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[ 1-64] AR 7] $2F A W 49 (heritabilities, h?)

Drip loss | Drip loss der Overall
34 WHC tender flavor .
24h 14day face aocoeptahility
A (R?) 0.24 0.69 0.20 0.30 0.66 0.56 0.41

[ 1-65] AR 7] SAZNY AAxA e &9 (heritabilities, A7)

. Palmitic Stearic Oleic Linoleic
Fatty acid . . . .
acid acid acid acid
=€ (h?) 0.41 0.27 0.37 0.24

* Palmitic acid(C16:0); * Stearic acid(C18:0); Oleic acid(C18:In9): Linoleic acid(C18:2n6)

[ 1-66] AR 7] SAZHY AAEA 9 # A9 (heritabilities, h?)

. y-Linoleic Linolenic Eicosenoic Arachidonic
Fatty acid . ) ) .
acid acid acid acid
= () 0.20 0.24 0.32 0.46

* y-Linoleic acid(C18:3n6); Linolenic acid(C18:3n3); Eicosenoic acid(C20:In9); Arachidonic acid(C20:4n6);

[ 1-67] A7) SAZHY APAZA 9 # A9 (heritabilities, h?)

Fatty ¥3} X3 | @7tEX | H7tERSE 3 6
acid A | AW | SARR | Awa W v
= (h?) 0.35 0.35 0.22 0.65 0.82 0.68

* SFA(EZ A4, USFA(ERESHA WA, mono(S7ka 32 8k A W4, poly (Th7hH& 3 812 -4k

ST frElopu At 2o didt fHEs F4% A, alanine(Hub), proline(@hutat b,
aspartic acid(-?—U}U] 219h) 9 methionine(25F, A $wha])o] Zhz; 048, 059, 043 2 048% 11Ee
fFAYoR FAHNL, 1 9] ofn ke 02~0302 FTE g oR FAHEJTHIE 1-68~70).
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[ 1-68] SR 27] SAZNY FFotn =itz 9 §AH (heritabilities, h?)

2 o} v] =4} Glycine | Alanine Serin Proline Valine

A9 (n?) 0.26 0.48 0.22 0.59 0.17

[£ 1-69] AA 7] A= FrEjetr =z 72 (heritabilities, h”)

Threonin Isoleucin | Aspartic
g otr =4t Leucine P i Lysine
e e acid
=2 (h?) 0.18 0.19 0.23 0.43 0.20

[ 1-70] AR 27 SAZY fFolu =2z A9 A (heritabilities, A?)

r Glutamic o - _ o .
. Methionine | Histidine | Phenylalanine | Arginine | Tyrosine
ofw| := 4k acid
A= (h?) 0.34 0.48 0.85 0.22 0.20 0.30

ok} A FAL ulu(ymami)ol] ek g2 0382 FAHEHO] ] o} Ak aspartic acid($-
upu] - Algh) 2 methionine(25, kgl o) ARl ARSI, gl Qo] T4

2 3l Inosine¥}
IMP= 7217} 0377 0.24%2 59| fd8os FAE AT

[E 1-71] A7) SAZ] $upn|, A3k L AP 2e] §-4 2 (heritabilities, 7%)

34 Umami | Sweet | bitter | hypoxanthine uridine inosine
FAE(h?) 0.38 0.26 0.20 0.98 0.80 0.37

g4 AMP GMP | IMP ADP TBARS_5 | TBARS_10
FAE () | 0.29 0.21 0.24 0.49 0.05 0.26

Umami : Aspartic acid+Glutamic acid
Sweet : Serine+Glycine+Alanine+Lysine
Bitter : Valine+Methionine+Isoleucine+Leucine+Phenylalanine+Histidine+Arginine
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AT ® 1-10).

J|

o] =7 E4

CLE L

CLE_a

CLE_ b

Color

Hardness

marbling

£ =

-r

a g
o

WHC

shear

IMF

tender

A7k FASH

23

[e]
"D"
FEA, ABETL -1o/1 F24, 001 A 4)

259

-10]

29 1

el

(FFE7} 19

_84_



[1-72] TAZAA AT $2AIJATY 3

Mat | o) QB+ QB dBEb | G Hrdess  matig | D oS  Dpls L. shear VP tendsr
& ar
Qulity 4h (14day) force
o) - 049 005 058 038 02 0 041 039 03 050 020 004
QE L+ - 018 074 017 017 029 030 052 03 047 033 07
QE a* - 041 036 016 039 052 02 02 0 029 0%
QE bt - 013 014 0 028 032 030 048 006 011
Colar - 078 031 043 02 038 069 028 009
Hrdess - 018 019 000 048 064 034 0
e - 041 059 027 024 080 071
Dxip loss - 069 009 046 023 013
o . . . . .
Dxip loss
- 031 041 043 041
(14day)
WHC - ~0.10 = 021 0.31
shear
- 025 = -0.09
farce
VP - 0.67
tenckr -

* WHC(water holding capacity), IMF (intramuscular fat)

_85_




':":.'.

S 0 P ¢

n
bl ] [

e

Al L

Sar

His

Pho |

Arg
Tyr

Cys2

2o}

]
T

[29Y 1-12] =59

_86_
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A AP AT 3 Fr o WoRhol| = a7t 22 Aoz AT Fv|et 71& o
=7F wig =2 Aom ZARJUHE 3-2). frEfotr]ieAittel = ATt ofF &2 Ao
A AT 3-3) ¢ (umami) 9F ARl = o] AHdAR 2AREAAL, e
e FE9 ’%1%74]7} J= Aoz ZAEATHIE 3-4).
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[1-73] #5537} A3t Az FA48

Ql\fleif:y flar Aap G40 A0 ABL7  CABO CBIY AB26 (CB3K (BIB DO D46 IJA WA mo oy m 15
flavar - 097  02Zr 02 063 046 06 066 037 025 020 017 040 040 041 065 025 066
A accep - 0 00 057 046 00 061 032 018 019 021 038 038 038 089 018 060
Cl4:0 - 04 062 00 021 0% 0™ O0FH V46 O1I1 03 O3y O OVF OVF Ob
Cl60 - 028 062 OV 060 04 027 00 OH4 08 08 04 06O 0Zr 00
Cle: 7 - 030 063 059 075 063 043 014 O0#A 0# 03 060 063 089
C180 - 015 00 019 020 02r 047 091 091 0B 06O V0 00
Cl81m9 - 048 034 0% 0F 031 019 019 093 048 08 047
Cl&26 - 043 060 000 0% 074 014 03 10 060 100
Cl83n6 - 052 045 0l 038 038 00k 046 052 04
C183n3 - 017 00 OB 0B 038 063 - 060
(02031:%) - 031 013 013 -018 001 017 000
C4n6 - 0% @ 05 04 036 020 036
A - -100 039 0B 0B 0“4
USA - 039 073 028 074
oo - 032 03 031
pay - 063 1.00
n3 - 060

rﬁ —

* Qverall acceptahility(A_accep); Myristic acid(C14:0); Palmitic acid(C16:0); Palmitoleic acid(C16:In7); Oleic acid(C18:1n9): Linoleic acid(C18:2n6); y-Linoleic acid(C18:3n6);
Linolenic acid(C18:3n3); Eicosenoic acid(C20:1n9); Arachidonic acid(C20:4n6); SFA(E 3} WAL, USFA(E E 34 WA, mono(¥H7HE-E 3 x| 52 poly (B} 718 3 31 %] 5F4H)
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[1-74] SAZW Hotul et F443
Aniroadd Gy Aa Ny BRo A Tr Laa Ile A Is Gu Mt Hs He Ag Tr G2
Qy - 0.07 -0.23 -0.31 -0.28 -0.27 -0.34 -0.16 -0.17 -0.33 -0.34 -0.44 0.01 -0.42 -0.33 -0.40 0.18
Aa - 075 050 068 061 069 08 059 059 0.70 039 0.54 051 059 048 0.22
Sr - 086 095 094 096 095 083 088 095 083 070 090 096 0.89 0.27
Ro - 091 093 091 077 076 088 0.88 090 0.46 091 0.92 094 0.03
\%| - 098 098 091 083 0.8 093 0.81 054 092 096 0.92 0.17
Tr - 097 087 084 088 093 08 055 094 097 095 0.18
Ien - 091 078 086 097 087 052 092 095 094 0.07
Ie - 073 079 090 069 068 079 0.87 076 0.27
Mp - 0.84 080 073 070 0.81 086 0.79 0.48
Iys - 0.88 084 065 091 091 088 0.26
Qu - 0.88 060 0.90 094 092 0.12
Mt - 052 0.93 0.89 096 0.04
Hs - 0.56 0.66 0.48 0.72
Re - 0.94 096 0.16
Ag - 0.94 0.27
Tr - 0.06
Q& —
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[1-74] =59 $vtv], Y4k} AR =3 388

Uham St bitter m:ﬂm uidre incsire AP awrp P AP TBRS0 TBRSS TBR10
Uham - 0.85 0.97 -0.15 -0.06 -0.06 -0.42 0.03 -0.14 -0.41 -0.41 -0.05 0.12
Snet - 0.85 0.17 0.25 -0.22 -0.59 0.19 -0.22 -0.32 -0.60 -0.25 -0.14
hitter - -0.14 -0.04 -0.09 -0.42 -0.07 -0.14 -0.48 -0.47 -0.15 0.04
hypoathire - 0.60 -0.33 -0.18 0.05 -0.33 -0.01 -0.12 -0.20 -0.21
uidre - -0.37 -0.61 0.10 -0.25 -0.09 -0.28 -0.27 -0.29
ircdre - 0.38 0.01 0.62 0.42 0.41 0.41 0.32
AP - -0.30 0.42 0.20 0.44 0.10 0.08
e - -0.03 0.37 -0.06 0.28 0.15
P - 0.35 0.36 0.28 0.27
AP - 0.46 0.43 0.25
BR0 - 0.82 0.74
BR5 - 0.93
TBRS10 -

Umami : Aspartic acid+Glutamic acid
Sweet : Serine+Glycine+Alanine+Lysine

Bitter : Valine+tMethionine+Isoleucine+Leucine+Phenylalanine+Histidine+Arginine
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3. $X)a27] 9t A5 (Pork Palatability Index)

Al
ax

B ool #

1 (principal component analysis)¥ 1A}H&4] (factor analysis)

ol

s|Aje] Mxksta ofv)

oW 1 A T}

2ol sl

o 24

H = g A=

Ok=]
= ©°

=
=

EE

zt

T2E

Zhe

3

<

4 Age

]

o

&) 4 (Covariance matrix)

WA g

A,

l

A B (principal component)z} F-Z&t| olg|d FAES

o
=0

A 3o

3

FaL

S

17 ol

Sk

3f

ot Agsew
d golahm W) AW FEE o

=

KeR
-

12152 (factor analysis)

[e]
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o omE ol
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913l 7
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=7=
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A5l weshs

3}
=

b1 9
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B a3 E (Correlation matrix), a7k (Eigen values
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in, frel&5, NPPC §43te] Aol
5, NPPC &4, vhag 2o el& 1
2 0.5770, 0.1331, 0.1060 ©.&

rlo
Lo}
ME
of
i
=
il
o,
o
-
fo
>
ot
P
~N
>
A
r o
(o}
=
(@)
5
j=)

a1

4
A A5e] 2 % QoS etk A4 FAHEL pH45 min I} vFE
442 JehlE D49 EE AR 27] 2w} npEel daeke] BAR 4 & 5 slem A5
FARE WEst YES AW £4 FEA] g2Hd FFor 4 F 5 Ak AR
HE=ol NPPC %4 d49te] #AZ Yehd a2 d4o] 7ttt

[1-75] 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

[1-76] Eigenvectors of principal component in meat quality traits

principal component
1 2 3 4 5 6

PHu5 min 0.414298 -0.00223 -0.37379 0.702609 0.397487 0.192289

pHos 1 0.348528 0.657517 -0.35218 -0.51343 0.237987 -0.04334

L -0.431818 0.506591 0.034045 0.187457 -0.18393 0.697639

Drip loss | -0.452943 -0.06381 0.190427 -0.12267 0.859764 0.016314

i)ﬁ)ic 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

4 National Pork Producers Council (NPPC, 1998)
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[1-77] The principal component score calculation

Principal component 1

= 0.4143x[(pHss min—6.02)/0.373] + 0.3485x[(pHas 1—5.74)/0.162] — 0.4318x [(L"—~47.91)/3.466] —

04529 [(Drip loss—4.22)/250] + 0.4354x[(NPPC color—2.65)/0.712] + 0.3544x<[(NPPC marbling
—2.12)/0.76]

Principal component 2

= — 0.0022x[(pHss min—6.02)/0.373] + 0.6575x[(pHas »—5.74)/0.162] — 0.5065x[(L"—

4791)/3.466] — 0.0638<[(Drip loss—4.22)/250] — 0.4001x[(NPPC color—2.65)/0.712] +
0.3832x [(NPPC marbling — 2.12)/0.76]

Principal component 3

= — 03738x[(pHsp min—6.02)/0.373] — 0.3521x[(pHz »—5.74)/0.162] + 0.0340x[(L"—

4791)/3.466] + 0.1904x<[(Drip loss—4.22)/250] + 0.2108<[(NPPC color—2.65)/0.712] +
0.8089x< [(NPPC marbling — 2.12)/0.76]

=
=
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N
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ot
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N
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M

web A Al A 3 (principal component 1~3)& A2 E9] A##AA @ FLx 4
= &olsty HEstd 54 HAFE YErdel oA = FEFeth

_94_



ARHE A (factor analysis)S £33 §AAF et
AAHEA o] FAREAHL s S AAHE FAEY AFE HEdlste] Ax-A A E ]
FA®ES A& ot Alte] tdEith= FH o] gl E AFdA = FAEEAS EYE <
AR o] FAREANS o] &3] QMG (factor score)S AFEdte] &2 HIMAG aote] =Y
sharal shSith QIZHEA B F Wl QIAAtol o] RIFIAAE mAsE WA AAE e
= A A" (factor pattern)oletar &w olm] APFAgl AHEE THEATE AAAA

(factor loading)elg} st} A=} djE 3} I} A FALZAANA F3F 37719 T2
AR Aol afrEEete] yow 8 4 Jdow AE Table 2-109] HERHAT (&
1-79)8 FAEEA g3 A=8 FHA= =2

EH (F 1-80)% Foolo] 4ng 49

pH45 min®] 13.95%= 7}g wokomn 19.78%= NPPC whEHo] 71 = #4153

rlr

=

30

2
)
Ho px
i)

oot

e

il

-

)

X

ol

ol

rlr

=

[1-78] Factor pattern by principal factor method

Meat quality Factor 1 Factor 2 Factor 3
PHs5 min 0.77087 -0.002 -0.2981
pHos n 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

4 National Pork Producers Council (NPPC, 1998)

[1-79] Variance explained by each factor (Total = 4.8968)

Factor 1 Factor 2 Factor 3

3.4621 0.7987 0.6360

[1-80] Final communality estimates (Total = 4.8968)

) . Color Marbling
pH45 min pH24 h Lx* Drip loss
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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FAQ 3R ARE AT FHRRAYS A4S 0 [E 18N Qe AAPFAS
YA A AAAFE o Hoz FHAL g Hoz AAE A4WEE TH A4ASE
o A [ 18200 e

[1-81] Standardized scoring coefficients by principal axis factor method

Meat quality Factor 1 Factor 2 Factor 3
PH45 min 0.2227 -0.0025 -0.4687
pHos 1 0.1873 0.7357 -0.4416
L -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

a National Pork Producers Council (NPPC, 1998)

(0]
fO
i2 =—0.00252, + 0.73572, + 0.56682;; — 0.07142,, — 0.4477 2, + 0.4288z,

(0]
Ji3 = 0.46872, — 0.44162, + 0.0427,, + 0.23882,, + 0.26442, + 1.01442,
%7 OSI 7] }\1 Zik — (l‘ik_l‘_k)/sk O] q—

Index 1 = r
Index 2 = p
Index 3 = r;
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[1-82] Factor score by principal axis factor method

Pig | pH45 |pH24h | L | O1P | NPPC | NPPC P 7 7
loss color marbling

1 | 601 | 576 | 4755 277 | 420 20 | 0.6645 | -0.9621 | 0.2268
2 | 599 | 564 (5147 418 | 2.00 20 | -0.6089 | 0.4775 -0.0548
3 | 59 | 573 4922 624 | 180 23 | -0.5993 | 0.7544 | 0.3085
4 | 577 | 580 4937 634 | 3.0 30 | -0.0461 | 0.7349 | 1.6718
5 | 562 | 564 14629 423 | 3.00 22 | -0.1089 | -0.8846 | 0.9890
957 | 654 | 601 4930 235 | 230 3.3 0.8947 | 2.3943 | -0.1092
958 | 647 | 592 4250 | 156 | 330 2.8 1.4847 | -0.0138  -0.2314
250 | 661 | 583 4750 | 258 | 280 25 | 07905 | 05108 -0.5888
%0 | 667 | 582 4390 238 | 250 18 | 0.8014 | -0.3243  -1.7457
%1 | 668 | 585 4571 229 | 3.00 35 1.3198 | 0.7548 | 0.6274
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A 3 (YFUTLY) 7Rt 2 T2 UIZE 0P| SRt AR AR} SV B AR WY Al
7j2 2t S Holsio] AlSRICE

A 4Z(HIEFA) HUHZT AHO| AZAE PR LIRS CRL 2C0R E7I2E2 7Y
ARNE S| 7|0 §ol Bl0] BRI MBS FafsiMs o EICH

M| SZ(UPRD EEPRIZ EF TRIM AIZURTE| ARUSI0], Ol 3 AP CIE &
YA MB2Z 82| 2AHE BESH| Y= B 1 A2 MZU=TE 20184
129 1Y Z gt

£ TOMIHE SUSHD T2 LIS HASP oI SBI0T UG HOME A4
5 A 7| 7 MBS § 242} 194 BRSIC)

20174 78 314

@ s2sioiact [EApcisiAds] @0 PAC H7A

SAUWIOU A B o B B o OB ¥ A
\4?@ % %Wé-}{//
)
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7h AdAE R YHE

(1) AgA=
B odge A gAe] BEU(FE 62F, dsdols 90%, 834 155%) 2wl &
o AH(sk 1, AA: 2%, % 19%) %
.5‘_../\4

1
NS 9E) AMSIZ BE 17098 =
HA Zu))e] ARteA S48 AA
A o

g3t

S

[23 2-1] 4348 HEY

[E 2-1] 54 S35 &4 A5 8%

Breeds Duroc(%) Landrace(&) Yorkshire(<) F1
() 62 90 155 29
Total 336

YxY YLXY YLxD YLxL
Breeds Y(¢H)x L() | Y(@)x L&) | Y(&)x L(F)
Y(3H) * Y(%) T o o
x Y(5) x D(F) x L(<)
5 () 5 5 5 >
Total 20
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[E 2-3] 78T A 0& A5 4 N5 3%

Breeds Duroc(%}) Duroc(A Al) Duroc(5)
T (F) 1 2 19
Total 22
. Ay
(1) (e] /\ﬂ = Xé]

WA (L*, 94.04; ax, 0.13; b*-051)S2 FE 3471 spectro colormeter(Model JX-777,
Color Techno. System Co., Japan)® A3t} =d], olu FHUS WP FF(DE5)S AH-&351
Hunter Lab EM A9 ™ E(lightness)E WEIW & L*gt, 4 M % (redness)E YEU & axgt L
21 A% (yellowness)E YWERW S b+ gho = vEpllth wHES SRR 0 2 P ghs FH 5k
t}.

(2) A<

AEE 3 cmT79 2=Ho
F2k 70C7HA 7HEd § s2& & 3 :
o(core)Es TAF Wk we Y9FFPoR Fo] AEE AFHI F Rheometer(Compac—100,
Sun Scientific Co., Japan)< ©|&3to] & Wty 2 zF deko g duste] dudEs =4

stel 33 o] WE Z43}9

(3) B9

Laakkonen 5(1970)9] el wel AT HES ol &t &€ A
AR o] A filter Toll Wil 80T water-batholl ¥ i1 2083 7143
Ak A filter?s AAEH W 5ol ¥l 2000rpmoll A 1023 A4 E
g T 3 AEE 7}%‘_ A ASFA v&2 EASA T

=
54 &gko] ~E Polypropylene bagoll Wil Mg EA3te] 4T WHaoA B
S wAE =g e =gste] 2oA R RAN &%) % =Rsech

3em FA9 =8 &dlol~E ¥ (FH 150+5Hg) . ® A3 T Polypropylene bagoll il
AEEHFs]  70C water— bathoﬂ —2 40%3F g & 3023 WA & e & A

S
e
N
oF
AV
=
i)
ot
™

(%)= AOACHH(1990)el wet A k3t
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(7) pH

A8 bgol FHF S0mlE 7I3E & =AY EE A8 27| (Stomacher® 400
Circulator, Seward, UK)E A}-&3to] 230 rpme & 30 =7+ #&@A 71 & pH meter(Mteeler
Delta 340, Mettler—tolede, Ltd, UK)®2 ZA3tH o, A7t Ao wE& pHE 437 ¥t
o] 4T2 B3 33

2 237 $7 0mmz FPstel Agsgon, 599 Bygadel 74
§ ERe Fudon {4, 2A7, vEwd ) 52 Bisgon, 47
% W SokE, el W fle)dM 5H (KA

1
g, 240 WS wud g v weew BsAT

L 5x700x4(= o x 7t Z XA Z)mm=z A3 sl ALEE
F4, A%, Fn, AAVEE 4] FEE Frrsigen], Zzbe) uA
[e)

< 1" v5skA &5, e 24, Se7F v uiE, e el TH S oS,

<3 AT A FAHd A5SE T0mmX70mmX20mm FA= Zef B i) AZHkx o g A
ettt 2 FH 18cme] WHlo &8 18749 #Q T A gE #ZFEE 10%27F 93t 5209
HsHdrta o] FrbstR o, WidS 18 (A7 gl)dA 78(&H WAZE vl Ashe=
3 7}sk 3 e

Foch %(22)¢ Wwel w2l A8 50g¥ chloroform:methanol(2:1) &< 250 mL<
homogenizer 3000ppm = 7 Ast] A AE %3 S BFIAUEFRS o] &3l FES
A A oS 50-55TolA FF3eth 1ml tricosanic acid WA FH7Fsta 1ml 05N
NaOHE 7}kl 100TCA A 2023 7FE % 3023 Wy s v BF3E 2ml H7hshal
H3F 7bE S 30 3F Mgkt heptane¥} 4m¢ Nacl H7beh$ A5 A& FHsko] GCol —Z,—?;
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(13) E54
MNZEZE s A8 oF 4g8 ¥l 30mle sulfuric acid solutions H7F3 3 A4S
106C =eto] 2ol A 16A1ZkEsr 7FE ek 31S 500mle] &F Feb~add ¥i 34
T2 848t #AA# Whatman No. 2 ¢150mm o] #HA| & o] &8 o7&t of 7}
mlS 23 100mlZ 3243 3 test tubeo] 34 2mlS ¥ i, oxidant &< 1mlS 37138}

== & 5 A2olA 2087 WAskAY. el ZF Al el A Al ok (color reagent)
Iml& H7Fstal &3 3 & 60C water batholl 1583 © & 38 o] 32+ Eo 47
spectrophotometerE  ©]§3Fe]  558nmel A LG I (F = &
working standard €< 2mlS Y FA HAGES AXH FHEE S Fo A U

A3ke] collagend F(g/100g) S &4 3%

o KL

Ju

_&Cﬂ

(14) mlo]2= =1l

o o

o

ZFZ 580 ol 27}2(47C)40mM Phosphate buffer(pH 6.8)
[e]

1A =8 gtk YAl HAAEEES Whatman No. 2 ¢150mm o] 3 A S o] &3 of 3}
At o7} SperctrophotometerE ©]-&3ko] 700nme} 525nmol A 9] A I (EFF )

(16) SAA =
EAES S SAS program(Statistics Analytical System, USA, 2012)2] GLM/(Genenal
Linear Model) procedureE E3le] &3 a, Hel5-3ke] H3k ¥]uE Duncan's

multiple range testE AF&-3te] oA A5 (p<0.05)= A A3 T
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2. d+2 3

2 eyt =45 FolAdE Flo] & EZo) Hl&f 1+
FAN ES S HYgow 15FY 1+53S $F =3ELS Flo] 7931% = t}&

[¥ 2-4] FX F$4E 45382 2 =AFF v
. Duroc Landrace Yorkshire F1
Traits =
(n=62, ) (n=90, &) | (n=155, &) (n=29%)
Backfat thickness 23.33 18.76 22.13 18.72
(cm) +5.88% +4.28° +5.85° +3.87°
) ) 105.24 108.04 101.49 117.00
Final weight (kg) b b
+12.30" +16.55 +12.46° +9.47%
1+ 25.80 3556 2773 37.93
Carcass 1 30.65 18.89 25.14 41.38
Grade (%) 2 41.94 43.33 43.90 17.24
o 1.61 2.22 3.23 3.45

T The HeF s fo149 2ol 2le (p<0.05).

(2) A=A FFE T4 =23 54 4

(3 2-5= #HA FF2 49 =24 S4& nlasto] Yl Aol §4 T 1
= Flo] & FFol v& FoAoz =ka, AMEdA= F50] & FFol H

cw 7 =2 #e dEiden, @M= T FolA] Aols Bolx Utk
gl M= 37 el or TP g2 S BoFdal, BedoA s Flo]

of wa) FoHor v gre WEldt TtEd el = Flo] e E3el vl

2 9 S BAAFAY SEEAAAME 24T A FEFo] HE FF M

LERW 1AL, 48417 B 14el M= Fl Fod e v FFo &) 71 32 ghs
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[& 2-5] A £FE A9 3 54 v

Trait Duroc Landrace Yorkshire F1
raits
(n=62, &) (n=90, 1) (n=155, &) (n=29%)
CIE L= 55.82+5.09" 55.79+4.88° 55.62+4.63" 57.93+5.122
CIE ax 6.91+1.66% 5.92+1.32° 6.21+1.52° 5.17+1.50°
CIE b= 9.74£1.27 9.64£1.46 9.76£1.32 9.83£1.67
1906.55 1826.60 1708.69 1876.39
Shear force(g) b
£473.38° +576.31% £409.85 £580.92?
WHC(%) 57.67+4.422 57.45+6.13? 58.43+6.17% 54.04+7.76°
Cooking b ab .
24.09+6.00 25.59+6.54% 26.02+5.61a 16.98+£3.05°
loss(%)
Drip 24h 471+2.48° 6.18£2.93% 6.25+£3.78% 5.42+2.19%"
loss 48h 6.49+3.98" 8.22£3.63% 7.00+3.27° 547£2.08°
(%) 14day 0.89+4.13° 11.78+4.08% 10.74+4.48 8.39£2.17°

MR GgE HElEFAE FYFQ Aoz e (p<0.05).
L" lightness, a™ redness, b": yellowness

(3) HA F5E TAHY 33 54 &4

(£ 2-6)& ;A F5E 49 384 545 vuste] vetd Aoty drbgdE
ke Aol a9l Flo] th& EXo] ule] GoHom =o e Jehhda, A
TFEol oA ow MY = FEFS Uehllen, Flo|l f#odow 7Hd e g
FATH @A Flo] thE FFd vls) fFoAow we IEFs Uelde
Fo Aol g gAMYL Flo vls) foAem w2 s dedden i
o] 9l Apol7F ATt 24A17F E 149 % pHelM = Flo] o2 FFo vla #94
skon, dxdA e FEH FoAQ Aol 7t vEA] Skt

[E 2-6] X FFE T49Y 33 54 v
. Duroc Landrace Yorkshire F1
Traits
(n=62, &) (n=90, ) (n=155, &) (n=29%)
Moisture (%) 72.8+1.64¢ 74.14+1.52° 73.4242.03° 73.99+1.15%
Ash (%) 1.1740.14% 1.23+0.41° 1.21+0.17° 1.14£0.13°
Fat (%) 3.60+1.41° 2.4441.00° 3.21+1.27° 1.84+0.87¢
Protein (%) 22.254+2.05° 22.17+1.42° 22.2241.71° 22.8441.82°
pH (24h) 5.67+0.18° 5.63%0.20% 5.62+0.17° 5.56+0.10°
pH (14day) 5.67+0.19% 5.63+0.20% 5.61+£0.19" 5.57+0.10¢
Salinity(%) 0.32+0.02 0.32+0.02 0.31£0.03 -

T TE MeEAs folHe 2ol dg (p<005).
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[ 2- 7& A4 FFE A T G daste] Yed Astelth FAdAE R
of AEelolssh LM Bl FoAHOR ¥ AFE WO, vHEYL FHo] FoHo
2 e 45T wgod, 2APAAE FRe] ke AFE Wth EFEAIAE Aol
27k R oR Y e W5E vt

[& 2-7] S|A] £F2 SAHY Fa83 37t

. Duroc Landrace Yorkshire F1
Traits
(n=62, &) (n=90, &) (n=155, <) (n=29%)
Color 2.99+0.89% 2.58+0.86" 2.59+0.92" 2.75+0.69%
Marbling 3.03+0.97 2.13+0.85° 2.45+0.91° 1.76+0.63¢
Texture 3.05+0.61 2.94+0.78 2.86+0.88 2.88+0.76
Overall acceptabﬂity 3.07+0.92¢ 2.44+1.02° 2.50+0.95% -
PR gE HElEAE 93 A7t Add (p<0.05).
14 : s %]—HH“O]— 2%4 : xl—uﬂd’ 37 EE, 47 01_‘:,_%’ 54 : wj§ o] F&
13 e s DR, 3% L BT 48 B2, 5% vl B2

14+ 24310l “H-?* °J.°kﬂ 27 o dokeh 33 ¢ BE, 44 ¢ el 53 ¢ v daet

14 A% PSES, 24 @ §l&, 3% B8, 49 ¥5, 58 : A¢ DFDS

(5) A EZW 549 B5H Wrh 2A

[3 2-8]2 #HA FFTH A9 #54 H7IE vuste yeld Aol t5Ad-S Flo] tf
= Fol vl RUMeE e GE Wkow, AEL FEd LAl W elolxs) Bl
of Hl&] FoFor E=o HFE wglton EujE Flo] fFo2oz 7hg e HEE uker
9. $AE FEw fo49 Aol& YrhA astth AAV S RAAE 23 2287} ge
Fxol wa foldow we YD Wk
[ 2-8] IR FFE SAY #3534 F7}
. Duroc Landrace Yorkshire F1
Traits =
(n=62, ¢) (n=90, <) (n=155, <) (n=29%)
Juiciness 3.71£1.26% 3.46£1.31% 3.69£1.23% 2.62+0.99"
Tenderness 3.85+1.28% 3.40+1.27° 3.81+1.37* 2.61+0.85°
Flavor 3.78+1.33% 3.40+1.39" 3.64+1.3%" 2.44+£1.01°¢
Boartaint 1.00+0.01 1.00+0.02 1.00+0.04 -
Overall acceptability 3.98+1.28% 3.39+1.41° 3.75£1.28% 2.70+£0.82°
oz UE WylEae F9359A Zolrt dS (p<0.05).
13 0 i $ gFsA 2, 28 1 gEIA 25, 37 ¢ 97 gEEA 2, 4" 0 BE, 58 0 4 U5, 61 oF
g 7™ S g5
13 e A 24 0 A7, 3 oF7t AR, 44 1 BE 54 s gt 74 |

7] 4

= y S = R =1
14 1 FVI7h oS U 24 ER)gh U 370 Bk ok U, 4% BE 5 1 EVO) o 28, 64 0 FR7
28, 74 1 E7} S 2L
14 0 $3A7F 9%, 24 1 837 ok okd, 39 ¢ $FVh o, 4% 0 W, 59 1 83 WAL o2 A%, 64 1 87 W
AL 2R TR &H WAL e g
14 ol U o3 c U 34 : okl UM 4% c ME 54 o £, 69 0 $8, 74 U9 £
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6) HA #3532 TAY AE 5714 5 89 4
[ 291 #HA & F52 A9 57FA vt 89S vluste] vepd Aoty dube
Zo] oaMd H|d] FolFoR =& HFE Wkon QIaMo= FoHQ0 AolE HO
ko, gulb, Zukol = Fo Al Zeol7b YERAFA] ggtow ) Alute A= dHEo]x H
2H7F TR el feHeE e A5 wgth ¢ARS FHol Asdoze] Hs
dHor we HFE wow, 2aME Fo05Q Aolg wolA Wkt
[% 2-9] &R FFdE 549 57X 5 8¢ H7}
. Duroc Landrace Yorkshire F1
Traits =
(n=62, <) (n=90, <) (n=155, <) (n=29%)
Sweetness 2.15+0.62? 1.99+0.67° 2.13+0.69% -
Saltiness 1.62+0.47 1.70+0.57 1.66+0.60 -
Sourness 1.73£0.73b 2.03£091a 1.98+0.98* -
Bitters 1.47£0.66 1.61£0.76 1.51£0.69 -
Umami 2.49+0.65% 2.30+0.73" 2.36+0.75% -
Pz e vRIAE fFIFHA ZFol7t U (p<0.05).
17 0 Fu), 28 0 ok g 33 odn) 4% 0 v 2 5 o dids] doh
13 0 Fu, 2" 0 ofk A 3" 0 Ao 47 0 ulg- Ao 53 0 gies] R
17 0 5w, 28 0 of gk AU, 33" 0 Al 473 0 w9 Al 53 o gies] Al
14 0§, 24 0 gk 220, 39 0 & 44 ol 22 54 0 o] &)
14 A, 24 0 gk AAsio 3" - A AE—ske 44 vl A sk, 53 0 dids] A sk
(7) AA EFE A EFYR 24
[ 2-101 54 £3589 549 SRR L maste] tebdl dstolrh, 2ok 3
23N} Asdol2nt feHor we F¥S ehlon, £2 Y Floke #9249l
= Holx ¢rtt} mlol o F &Ml Stake Flo] thE FFo e fFoHoer =& staks
dgom, Aol st the FFe ve Felor we #FE vehiick
[ 2-10] A FFE A EFAHE v
. Duroc Landrace Yorkshire Fi1
Traits =
(n=62, ) (n=90, <) (n=155, &) (n=29%)
Collagen(g/100g) 0.58+0.37% 0.51+0.36" 0.67+0.32% 0.64+0.40%
Myoglobin(mg/100g) 2.37+0.70° 1.94+0.59¢ 2.28+0.55" 2.83+0.56%
v e vElEdke fe99 Aok 9 (p<0.05).
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(8) AR FFTE A A4

[ 2-11]2 #HA F5H

acid(C14:0) % Palmitic acid(C16:0)
el 9l Tk Palmitoleic acid(C16:In7)< F1
el 9l Tl Stearic acid(C18:0)& 72 9
roldoz 7 v

lom, Flo]

S0 A

|
= TEo

e

o} 2F

SE =%

[€)

n{u o

[€)

(==
e ==
=y

Hlasle]  yEbd Axfoelt). Myristic
of wlal] fFe]HoR FHF =L 3
Hl& fFeldow 7t =2 3

|

ol~7} FeojHog A =& FEFS

e AT Linoleic acid(C18:2n6), y-Linoleic
acid(C18:3n6), Linolenic acid(C18:3n3) % Eicosenoic acid(C20:1n9)+=

Fo)How 7h =& S el AT Arachidonic acid(C20:4n6)+=

&l =& e e

AnH oz EoA A FFe FE

A AL S Flo] ooz 7V =&

2, 93X 9 Flo] w5 Hla FolHow wqton,

v 3] freldo g mokth e w73 2 Qurte A WAt
2 E=okrh

[¥ 2-11] A F

Exol s FelHoR /by mgrov], B
—Z
RS

[}
& HoAFAn @rtEESAY

T SAH AW FF(%) v

s

Flo]

331

.LLZ

LFO

237} e

Fatt . Duroc Landrace Yorkshire F1
arty acies (n=62, $5) | (=90, $H) | (n=155, $H) | (n=29%)
Myristic acid(C14:0) 1.49+0.22* 1.36+0.14* 1.41+0.15° 1.34+0.10°
Palmitic acid(C16:0) 2724117 22.25+1.06° 22.36+1.31° 20.99+0.94°
Palmitoleic acid(C16:1n7) 1.68+0.6 1.86+0.66° 2.04+0.66° 2.32+0.19"
Stearic acid(C18:0) 13.19+1.28° 13.05+1.41% 1253+1.65° 11.92+1.43°
Oleic acid(C181n9) 4509+1.63° BT 45454251 4514153
Linoleic acid(C18:2n6) 1394+1.61™ 13644149 14.27+1.80° 16.08+1.48"
y-Linoleic acid(C18:3n6) 0.050.02° 0.050.02° 0.060.02° 0.07+0.01%
Linolenic acid(C18:3n3) 0.72+0.10° 0.74+0.12° 0.72+0.11° 0.83+0.107
Eicosenoic acid(C20:1n9) 0.90+0.13° 0.96+0.14° 091+0.12¢ 1.07+0.10°
Arachidonic acid(C20:4n6) 0.18+0.03° 0.20+0.03 0.21+0.08" 0.18+0.03
Total 100 100 100 100
SFA 37414225 36.63+2.20° 36.3+2.71° 3.26+2.1(F
USFA 62.58+2.25¢ 63.3122.20° 6369+2.71° 65.73+2.107
mono 4763+1.85° A8,66+1.84° ARA2+258° 48 49+1 64°
poly 149+1.71™ 14.66+1.60F 1527+1.91° 17.23+1.60°
n3 0.72+0.10° 0.74+0.12 0.73+0.11° 0.88+0.10°
n6 14.17+1.63* 139415 1454+1.83 16.34+1 50

EZEREER P
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o4l Zkel 7k = (p<0.05).
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ol
=
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Tr'—Y
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e
A EHL
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) R e
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G, A w54

Lo
Ho
i,
M
i

(1) A A d A9 294 54 4

[3 2-12]= #A

£ YLxY7h b2 gl v feldom by wgon], A

W Azjo|t}. SMo o
A= YLxD7F o=

k2l wle) fe]Adom b vtk M EE YxY E YLxYZF YLxDO vlal o4 o=
mobth Ay, u5Y, $EEA P ALgTe wpdd foHel Aol vehiA 3
T},
[X 2-12] H1 A wuiAd FAHe £33 EA vlu
. YxY1) YLxY YLxD YL XL
Traits
(n=5) (n=5) (n=5) (n=5)
CIE L~ 60.81+7.90" 65.38+4.71% 60.04+4.97° 61.05+3.34°
CIE a* 6.29+1.77° 5.58+1.73%® 5.20+1.99" 5.85+1.41%
CIE b* 10.60+2.12° 10.89+1.71% 9.36+1.52° 10.08+1.31%
Shear force (g) 166367463427 1410.344571.67 2021885363 21D 49+3048
WHC (%) 61.30+£3.97 60.21+3.83 61.13+2.81 62.31£7.59
Drip loss (%) 2.87+0.75 3.89+1.57 3.62+1.23 3.92+0.89
Cooking loss(%) 29.56+£1.59 30.02+1.55 29.94£1.76 30.11+0.77
Y (Yorkshire), L(Landrace), D(Duroc)
L™ lightness, a" redness, b" yellowness
g g2 welFAE f2049 2olrt 2le (p<0.05).
(2) AA wopgAd A ey 54 24
[ 2-13]2 =:A wejdad FAe g8ty 5EA4S vluste] yebd Aol uwrkad

Ao AUt RN FEFFS YL<DZF YxY H

Ll Aoz 7 stttk AN EE YLxY7F gE anpd
a & YERA okt
€ YxY7F YLxY % YLxDo| nvl3] #Fodez =9tk pHE YxY7F YLxY %
YLxDol feold oz Eom, YLxLo] YxY % YLxDel Hls] oo = vkokry,

o
f
i
ot
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[# 2-13] e 4E 49 554 54 v

Traits YxY YLxY YLxD YLxL
(n=5) (n=b) (n=b) (n=5)
Moisture (%) 73.10£1.56" 71.78+0.67° 74.13+1.21° 73.79£0.36™
Fat (%) 3.01+1.53 4.59+1.03" 2.64+0.99 2.31+0.30"
Protein (%) 22.71+1.18 22.52+0.49 22.15+0.97 22.76+0.37
Ash (%) 1.1620.09* 1.10£0.05" 1.0620.04¢ 1.120.05%
pH 5.73+0.40°% 5.48+0.06™ 5.60+0.12% 5.41+0.05°
Y(Yorkshire), L(Landrace), D(Duroc)
Tz e WEEAE oAl Aol 7k 9l (p<0.05),
(3) A wuAd SAY FHF HI £H
[ 2-14]= #iA w2l S F34 Hrts vuste] vepd Adjolth F34

o A S YxY7F YLxY % YLxLel

97, EXEAS #9499 AolE vpehiA gt Mg e

NE I EEERRE 1

S SAY Egor, 2GS YL«DZh e mupgAel msl £A4 Earh £S5
YxY7F o & anjibAl e nvjs) 2143 7H =k
[¥ 2-14] A Ao =34 H7l v
Trait YxY YLxY YLxD YLxL
raits
(n=5) (n=5) (n=5) (n=5)
Color 3.03+0.54% 2.50+0.42° 2.70+0.49* 2.48+0.49"
Marbling 1.23+0.31 1.46+0.29 1.32+0.35 1.23+0.25
Texture 2.26+0.56 2.23+0.45 2.63+0.60 2.38+0.52
Overall acceptability 2.53+0.57 2.26+0.58 2.45+0.60 2.12+0.57
Y(Yorkshire), L(Landrace), D(Duroc)
TP O MR EAE folH2 Jel7t 9l (p<0.08).
1o A 24 Aue 38 WE, 4% o8, 54 ¢ S olFe
14 vlg- ¢S, 249 91, 39 BHE 49 0 %S, 54 vy Ee
14 Az ul$ Qlokel 27 @ Qloke 33 1 WE, 4% ¢ wae 57 ¢ W% wha
14 A3k PSES, 28 @ g1, 38 1 BE, 48 ¥8, 5% : A3 DFDH
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(4) Sx) TEIFAE SAo] BEH

[3

}:M
}—A
a1

rr
&=
X
El
=
o
1
%
ey
o
1o
r 2|
olr
a2
o
N
N
Ll

AAAE FoH FolE molA @tk ARANME YLxY R YLxD7} thE aujgao
Mjs) fo MO w9ku, FWE YLxDZF YXY % YLxLol uls) fo8oR mgtom, 274

71Z ol A= YLXY % YLxD7} t} & wujsdA o] vls] #9402 =k}

[¥ 2-15] s =] wujpAd S4H9 #53 B7 #ln

Trait YxY YLxY YLxD YLxL
raits
(n=5) (n=5) (n=5) (n=5)
Juiciness 2.10+0.47° 2.86+0.77% 2.98+0.69% 2.64+0.77%
Tenderness 2.72+0.61° 3.18+0.64% 3.22+0.75% 2.72+0.86"
Flavor 2.63+0.71° 3.00+0.40% 3.22+0.72% 2.70+0.70°
Overall b b
o 2.64+0.55 3.18+0.61° 3.24+0.77% 2.74+0.73
acceptability
Y(Yorkshire), L(Landrace) D(Duroc)
T2 T W EAE f2lH2 Jel7t 9l (p<0.08).
L oS A 28 20 ¢ TR B8, 3 1 WE, 470 - O 59 < oI oA

14 ol 4, 24 1 A4, 34 0 BE, 44 A% 51 ol A%
14 Fvsh vhs vpk 24 c Fe)sk vk 39 0 0%, 44 0 Fek Bk 54 0 F0 ok B
14 ol ek, 240 ek 340 W, 4% 0 £ 59 0w B
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& FEEF A4 del uhe 583 2 =A5FE vwete] vehd Aol
. AR A Al whElk Fo Al AtolE Holx ki, TR ATl AATE 4A
I:Sq (@)

Hop foA oz = veison, EASHAM = B S

[¥ 2-16] FE<F AAY Add e 4532 2 =ASH v

Trait Duroc Duroc Duroc
raits
(n=1, %) (n=2, AA) (n=19, <)
Backfat thickness (cm) 10.00+0.00 30.00+12.72 18.63+£12.05
Final weight (kg) 51.00+0.00° 89.00+21.217 73.47+13.89%
5
Carcass Grade (%) 9 100 100 100

Mz g wElEahs frel Al Aok )E (p<0.05).

(2) #ECFT HA A AEd BE 24 54 4

[ 2-17]2 75cd AA el e me =24 545 vuste] vepd Aot
S T B = AASE 2ol dFlel HlE FoHor wgkon, A= fo] A<l
Apol 7k gl o AAZE ¥ ghe WEhlglaL, &A=l = AAeE 2ol dzlel Mls
gHow 2 AIE HAFAGY A= FolH Aol7b YEuA] kAT kA o]
AA B Rl el she FAE YERHRAL, BegeM s ARl mE 1o Apolrh e
A eskth ThE el = el A el kel glol AAZE Al R gl vs) w2 ghe o
Bblar, S5EdodM s Fo48 Afol= UEbA] @ SkAIRE 2441 3F, 48413 B 14 A 73
oM AAZE 7HE SEokaL, bFle] JHE w2 AdE HoFdu

(£ 2-17) F5¢3F 94 $49 4dq 48 894 54 vu

Trait Duroc Duroc Duroc
s (n=1, ) (n=2, AA) (n=19, %)
CIE L= 49.27+1.86 54.31+2.76° 55.94+3.29°
CIE ax 6.04+0.48 6.75+0.78 5.74%1.29
CIE b 6.51+0.75 8.53+1.32° 8.36+1.04%

Shear force(g) 1964.56+339.82 2182.28+469.40 2321.26+561.47

WHC(%) 75.11+0.00 75.06+0.28 74.96+0.99

Cooking loss(%) 20.57+0.22 18.12+2.84 20.49+5.96
Drip 24hr 6.04+0.15 2.44+1.39 4.87+3.06
loss 48hr 7.38+£0.19 3.48%2.04 5.68£3.06
(%) 1l4day 11.53+2.04 8.60+3.03 9.50+4.25

AR gE WElEde F2 ZFelvt dE (p<0.05).

L= lightness, a*! redness, b*: yellowness
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FA @AMl He FelHom

=
= = 3T =
pHol M= &zlo] AA R 2ld s Foxo= M 5L ga

[ 2-18] 7243 94 549 4 B 5§33 54 uu

Traits Duroc Duroc Duroc
(n=1, ) (n=2, AA) (n=19, %)
Moisture (%) 75.11+0.07 75.06+0.27 74.95+1.02
Fat (%) 2.59+0.18 2.37+0.68 1.95+0.77
Protein (%) 21.27+0.20 21.5+0.69 21.95+0.68
Ash (%) 1.01+0.05" 1.05+0.04 1.13+0.07°
pH (24h) 6.74+0.00° 6.04+0.13" 5.89+0.25"
pH (14day) 6.53+0.02 5.91+0.14° 5.85+0.19

A ohE WEEAE FoH Aol A% (<005

(4) 7%5eF 94 549 4Ed BE FaH J7} 24

g =419 A
| @A AL gke] A st

717 Fel wE o e A5 v
IR D A} A6 Wal felden we A4s wor 2ATAAE foHd Aol

e gkt

[¥ 2-19] w3<F HAA T4 Lo #E F34 37}

Traits Duroc Duroc Duroc
(n=1, &) (n=2, AAl) (n=19, )
Color 4.60+0.54° 3.70+0.94° 3.04£0.78"
Marbling 4.20+1.09% 3.40+0.96° 2.32+0.95"
Texture 3.60+0.89 3.30+1.05 2.98+0.86

AR e wElEAE FoH Zelk & (p<0.05).

1A vl st 23 0 g 33 0 BT, 43 ol e, 57

17 w9 §1S, 28 0 1S, 3% - BE 44 0w, 5% L vlg B
=1 1=

1A 2A7bo] v AoRgh 24 ¢ A, 33 1 mE, 43 wds) 53 ¢ vl dest



=7
LN

A B 24

[ 2201 EeF @7 $4e Aol we wEH @ihE wwste] e Azt
F5E RS AMA 26 va folAon A BRD, ARE £9490 Aolr} e
A gen, Fule= AAZE FA HlE fFoAoE =2 AHE UEUAY. dA7] SR A
5 ¥sh bR A S0 e feHoR we P4E wath =@ $HNAE
M o]t AAA W A et 3ol wd Be AFE Wk
[Z 2-20] 7 E<F HA T4 Add & #54 H7t
Trait Duroc Duroc Duroc
raits
(n=1, &) (n=2, AA) (n=19, )
Juiciness 4.20%£0.83% 4.10+0.992 2.91+1.08"
Tenderness 4.20£1.09 4.40+1.42 3.28£1.27
Flavor 3.60+0.89% 410+1.19° 2.93+1.01°
Boartaint 2.60£1.14 2.70£1.25 251£1.11
Overall acceptability 4.00+1.00% 4.40+1.42° 3.13+1.18"
P R g HElEAE F9E Zol7t AH(p<0.05).
17wl gk &, 23 ¢ U &, 3 1 ol B %, 47 B 53 o OEE, 61 U, 7 Wil o
=3
14w 27, 24 0 270 39 1 ok A7 4K L BE 54 ozl A%k 64 ¢ gt 74 ¢ ulg A%
13 03 oS- v 2 TR U, 33 0 B2 oRE U, 4% B 5 Pk o 5, 68 1 3 ES, TR T
w7} vl E2
18 0 &3 815, 2% @ 337 oRE 9Kk 31 1 &5t ok 4 B 53 1 3] WA ok s 64 1 85 WA AL 7A
i L e B AT
180 vl R 27 U 3 oRE U 4 1T 5 o £, 68 9, T ke 5
6) FETF HA THY ¥ W& 571A 7 82 B4
[ 2-21]2 75<F A 49 A 57k4 vt 8215 vluwste] yetd Adaolr, ke
AdHo] FA vl FeolHor =2 HFE Pty Auk Al &A= fo Al Aol vt
detbA ergkeh AR AR AAZE Gl £A ws FHeR Y =e H54E
wer
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[& 2-21. 75F A 549 ZE & 57HA 3t 2.9 #7}

Trait Duroc Duroc Duroc
raits
(n=1, &) (n=2, AAl) (n=19, F)
Sweetness 3.20+0.44° 2.80+0.63% 2.37+0.71°
Saltiness 2.00+0.70 2.00+0.81 1.78+0.65
Sourness 2.40+0.54 2.00+0.94 1.87+0.76
Bitters 1.80+0.83 1.70+0.82 1.66+0.64
Umami 2.20+0.44° 3.30+0.67° 2.34+0.78°
g g2 HElFAE foF Zolrt IdS (p<0.05).
14 : w28 ok 9}, 34 ¢ 9}, 44 uj$ g 59 ¢ jwke] gk,
14 5w, 27 ok A 33 0 AT, 49 uls Ao, 54 gids] Ao
1 5u), 27 1 okt Al 33 ¢ Al 4% s g ALt 53 c oieke] Atk
1d @ v, 24 ok 2anh, 34 1 v 43 g 2o 54 giee] 2an
14w, 24 okzk grdalt), 34 ety 44 ¢ e 2HAsiT), 59 sl st

(7) F5£F A 54 Jdol e SFYE 2Y

[ 2221 FEeE 94 549 Add g 5548 g vase Jehd Aot
ol 2 Fol A Aol UEhUA kAR AAeE F=Flo] bl BlE w2 #E o
BRI vhele I =ul @ hzlo] A B FRe] MiE foHem s we 318
mg/100g9] S HoFAT
(£ 2-221 2% 97 49 42 4& 5542 um
Trait Duroc Duroc Duroc
raits
(n=1, &) (n=2, AA) (n=19, )
Collagen(g/100g) 0.71+0.06 0.79+0.06 0.77+0.12
Myoglobin(mg/100g) 3.18+0.01° 1.83+0.10 1.77+0.25
MR oE mEEAE foH9l Aok g (p<0.05).

B) FEHFEcFT HA SAHY Add wE A £4

| 3}
EO%—M-L Stearic acid= ?}7/\01 7“*]9} 71 H] OH T4 M =iy BExst Ak
TH AW Oleic acid(C18In9)F o hF o] AMe} FFeo g =2 FS eIl
B

SPAAL S o] AAlS Flol MlE] =2 FAE BolF9lal, BRESAIAt g

Fe o ofN o
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Aol Bsk A Me) we FHS ehheh GARTZ AR o] AL 3o )
a =2 FEe B, eI F7lo]l dAla AAe] e =2 e UERL
ok em7E3ek 6 AAE2 lo] hZlH AAel HleE &2 FAE BT
[ 2-23] #5F A SAH9 48 AL FFH(%)
Fatty acids Duroc Duroc Duroc
(n=1, &) (n=2, AA) (n=19, ¥)
Myristic acid(C14:0) 1.55+0.00 1.50+0.05 1.38+0.15
Palmitic acid(C16:0) 24.66+0.00 24.27+0.48 22.77+1.55
Palmitoleic acid(C16:In7) 2.75%0.00 2.67+0.25 2.42+0.24
Stearic acid(C18:0) 13.9+0.00 13.48+1.02 13.05£1.12
Oleic acid(C18:1n9) 44.09+0.00 43.29+0.73 42.66+1.65
Linoleic acid(C18:2n6) 11.24+0.00 12.89+0.78 15.43+2.32
y-Linoleic acid(C18:3n6) 0.06+0.00 0.08+0.02 0.07+0.02
Linolenic acid(C18:3n3) 0.57+0.00 0.69+0.02 0.79+0.14
Eicosenoic acid(C20:1n9) 0.79+0.00 0.73+0.10 0.85+0.06
Arachidonic acid(C20:4n6) 0.35+0.00 0.36+0.04 0.54+0.24
Total 100.00+0.00 100.00+0.00 100.00+0.00
SFA 40.12+0.00 39.26+1.45 37.22+2.61
USFA 59.87+0.00 60.73+1.45 62.77+2.61
mono 47.64+0.00 46.7+0.58 45.94+1.81
poly 12.23+0.00 14.03+0.87 16.83+2.58
n3 0.57£0.00 0.69+0.02 0.79+0.14
n6 11.65+0.00 13.33+0.85 16.04+2.46
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A 34 HA\ 179 st BeE 2919 o|slskel AT
1 AFWE L Wy

7} FAE

2 A o]8&¥" FAFHS Duroc(D) 85F, Landrace(L) 89%, Yorkshire(Y) 1557,

T

Fl(LandracexYorkshire) 29, A9 %5 (LandracexYorkshirexDuroc, LYD) 0F % %35 %

54 P8 A 1T mstel WPUR ol FSAL ARE GAUARL D Felohn
A ENS e AAALE BA F o80T BA A4 wastgom, A #4 g8 F

A Z7](PVTFDIOOR, &A1&, tietil=h)E o]

ANEE 05g% +#H]3}e] glass bottleo] ¥, 14% boron trifluoride

in methanol 2mL¥} HPLCH methanol 2mLS 7} 3 & 80C<2] Dry block heateroll A 24137t &

E Abeo vrx|sle] WA 7|1 7/ 3mLY hexane 3mLE ¥l

o
9,
T
_,d
o
>
o)
=
rE
olo
r
>,
il

1527 mixingshe] 2000xgel A 583 YAlEE] $h hexaneT A dES FESF]  gas

chromatography/FID (GC, shimadzu2014, japan)® F213}itt Z+E2-S FAMEs Mineral Oil
Standard(Resteck Corporation, USA)E o]-83st¥ o &4 =12 [ 3-1] 7 2o}

Add 2 mL of 149% Boron trifluoride in methanol and 2 mL of Methanol to
Freeze—drying sample 0.5g

Heating at 8(i)°C for 2hour
Cooling at roolm temperature
Mixing for 15sec after Add 3 mL ofl distilled water and 3 mL of hexane
Centrifuge at 200lO xg for Bminute
Supernat%nt aliquot

Analysis by gas chromatography
[Z¥ 3-1] =5 T4 W A4 4 %3 0)
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Sample preparation
-fatty acid methylation

-

Carrier
Gas

/\
sj'«-\.-"-\-\.r'-\-\.-"-\.rr't..-'\..-'w-'\.
= lﬂ_ﬂ'\-\._.-"-\-_-r"‘-_-r"‘-\-..-r"-\-.r"'\-w

L
l"l""

‘njectic:n

fﬂ

GC Column
Gas Chromatograph oven

[Z29 3-1] & T4 W AL 24 TH(©)
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Consist Conditions
Instrument SIMADZU GC 2014
Column FAMEWAX CAP. Column

Injection  temperature
Detector temperature
Detector
Oven temperature
Carrier gas
Split ratio
Gas flow rate

Injection  volume

GC

A ®AF Standard

Trtimesing

(30m x 0.32mm ID x 0.25 um)
250
250
Flame ionization detector (FID)
240
Ng, Hg, Air
30.0 : 1
0.7ml/min
lul

e MUY

FHGC-2014|Bmenn

175000~

150000

125000

100000+

F5000

50000+

25000

Cl&0

2140

1o
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(2) Frelobvl it 24

fFEoln At BAL SAZ 0507 DW ImLE £33+ 3 homogenizerES ©] &3] 3024
33 #2433 & FANE 15000rpm, 4TlA 10827 4= Atk A5 AS 100ul EF
st %, 0.4% formic acid in ethanol 900uLE % 7Fste] -20TolA ¢F 1h% B3 Fo thA
10,000rpm, 4CelA 1027 A4 stk vialdl s 100uLE &3t 0.4% formic
acid in ethanol 900uLE %ol 343 & LC/MS/MS(Waters Xevo TQ-S)ol injectiond} 1 t}.
LC/MS/MS9] #4 Z24E [% 3-2] 9 #r

preparation 2. LC/MS/MS

b

Distilled water

Inoization Mass lon
source analyzer detector
High vacuum

[Z29 3-2] fFEotv =4t 4 A

(£ 3-2] felobmledt 24 27

Data
System

Consist Conditions
. A : ACN/THF/25mM HCOONH4/HCOOH =
Mobile phase 9/75/16/0.3(v/v/v/¥)

B : ACM/100mM HCOONH4 = 20/80(v/v)
Imtakt Intrada Amino Acid C18

Column (3um, 50%2um)
Flow rate 0.4mL/min,
Injection volume 3 ul
MRM ESI positive
Time B%
0.0 100%
3.0 100%
Gradient program 6.5 83%
10.0 0%
12.0 100%
17.0 100%
E !
LC/MS/MS
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AALE2Z FA FHS sS4 S5gol DW 20mLE  E§3hed]
homogenizer = 303 wAse = DW 26mLE 3 7Fste] 3000rpm, 4TColl A 2027 94
22 stk A S 5ml 253 ), 05N perchloric acid 10mLE il Ao A 587F =
28k th 0.45um membrane filter® A A = vialol 10uLE % 32 HPLC(Shiseido company,
Ltd., japan)el injectiond}it}. EFE 2L Sigmart(USA)2] Hypoxanthine, Uridine, Inosine,

GMP, AMP, ADP, IMPE ©°|-&3&t31om, HPLCS 4 =42 % 3 3 2t

o X
Do
oy

[ 3-3] AAAEEL Y =4

Consist Conditions
A- 1000mL DW +2.5mL TBA-OH(40%) + 500uL H3PO4
Mobile phase B- 1000mL 80% MeOH +2.5mlL. TBA-OH + 500ul. H3PO4
*TBA-OH ; Tetra-Butyl ammonium hydroxide
Column Imtakt Cadenza CD (C 18, 4.6x150mm, 3um)
Injection volume 10 uL
Oven Temp 40°C
detector PDA 254 nm
Flow rate 0.8mL/min,
Time B%
0.0 5%
5.0 5%
) 18.0 30%
Gradient program
25.0 70%
33.0 70%
33.1 5%

HPLC
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A ALFE E 2 2] Standard

(4) A2 = (TBARS) &A}

Thiobarbituric acid reactive substances(TBARS)+= Zeb$} Ullah(2016)2] WS 4 3}
AAstA T AAALE FAA EAF AL 1g* F skl 50% glacial acetic acid in water
5mL<¢} 0.01% BHT 50ulLE 9 il 1A uHE & 3000xgel A 103 LA &8 stk
Aad g FEd ImLoll 4mM TBA ImLE #H7bete] & 43 95C &2 FxoA 1A &

oA YA T Fe S 3438l Spectrophotometer® 531nmoll A &3
=5 A5t thg Al olste] Altkek it

TBARS(mg of malonaldehyde / Kg tissue)= absorbance at 531 nm x 5.88

Add 5 mL of 50% Glacial acetic acid in water to sample 1.0g

Add 50 uL olf 0.01% BHT
Shaking lfor lhour
Add ImL of 4mM %‘BA to sample 1mL
Incubate at 9%°C for lhour
Cooling in rooim temperature

Centrifuge at 3,000rpm for 10min

Measure absorbance on the plate reader at 531nm

[ 3-3] ARAA= 4 FH0)
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- 0.01% BHT
- 4mM TEA

[Z29 3-3] ALAAE= 4 HH(2)
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7bh FFE =% A W AW 24 4
=5 T4 W Al 24 24 A [ 3419 2 7 A 24 A3 P =2 1)
&5 Ak 23R RS Palmitic acid(C16:0) 2.2 YEl o zhz = o] 2ol A 23.10%,

QAMAM 23.72%, TEolA 24.44%, FiollA 21.68% % LYDAA 2493% = F53 LYDelA
ooz =2 S YEPHTHP<0.05). Palmitic acid o2 =7 1’}5}‘7} SESHA AR
Stearic acid(C18:0)o.&2 Z}z} d=g o]~ A 11.62%, LAMAA 11.89%, FHollA 12.19%,
Fiol A 11.31% % LYDelA 1283%% LYDeIA frejaoez =4 vesthP<0.05). 7 =
A Yepd EXx A4S Oleic acid(C18:1)2 FHoll A 44.39% =2 Fold o=z =7 YEeyke
H(P<0.05), =g olx 4275%, 8.3M 4380%, F1 4253% 2 LYD 42.39%= ZALE AT}
Oleic acide S7FolA 2tz Ao AaaA7 doka A o™ (Westering and Hedrick, 1979) 41 ¢1
ol §st 37k ke AFAH7E RaEHATHGrundy, 1986). Linolenic acid(C18:3) sHE=d|o] 2~
052%, .34 041%, 73 046%, F; 063% % LYD 053%= FioA 7Hd =& 23E yehdlov 7t

FEHE F9H9 Aoli= Holx] ¢t} Linolenic acids ¥3H3F %Ei}xl‘j 19] Hlgo] Fil F3}A]
HRabo] H| o] Lress Eml A=yl pEgt dd T oAl AZe] 423k Ao ® W1 tHDeeker

and Shantha, 1994). X3}A]W4F] Myristic acid(C14:0)2 +53 LYDollA 247} 1.45% 2 1.48% % Tt}
& FTET FoAoR FA UE o™ (P<0.05), ©7HEESAI AR Palmitoleic acid(C16:1)2 S.7M
o F2ZelA 247} 20299} 307%2 A oS W YTHP<0.05). Ficosenic acid(C20:1)e F%
oA polE Holx egton, nLEFsAAY] stur oo TREElA daR st
Z292ke] Linoleic acid(C18:2)% FiollA] 15.18%, Arachidonic acid(C20:4)E #E=glo]2e} FiollA 7}
3.23%9} 352% % fro] Ao =7l YERITHP<0.05).

ZA A DYDY A 3920% = AEgols Q3N FE 2 FlEU Fojdoz A Uehyt
A LA 65.73% 2 FlolA Fo2 oz 714 =7 YehgthP<0.05). E3pA ko] 3

Sl AR LS =Y 7 Ao (Du ea al, 2000) S HAHA Hg THAE

Atk BaEglov(Joo &, 2002), IAS]l AAFA SFHAAN = EEEAEALS ShaFol
ESAGAES] v &o] e E A%l Frha HauF S th(Engler ea al, 1991). W7bE x5
WS FEAM 4803%% UE FEERU foAow %A UEwon(P<005), TR E
A AR Flol Al Aoz 7 =9ka 8 aMoA 7 v o2 ZAE A THP<0.05).

)

iy
N

=) 03,{_&

Hir
R

A
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[ 3-4] FFH4

E% 54 0 Ay 24
L

Items(%) Y D F, LYD
C14:0 1.23+0.02° 1.27+0.02 1.45+0.03° 1.28+0.03" 1.48+0.02
C16:0 23.10+0.13° 23.72+0.12°  24.44+0.17°  21.68+0.219  24.93%0.18"
C16:1 2.88+0.06%" 2.92+0.04° 3.07+0.06° 2.64+0.08" 2.81+0.14%
C18:0 11.62+0.15¢¢  11.89+0.11"  12.19+0.13>  11.31+0.1&¢ 12.83+0.14°
C18:1 4275+0.34> 4380027  44.39+0.33*  42.53x0.53°  42.39+0.39°
C18:2 14.11+0.32° 12.75£0.26°  11.67+0.32°  15.78+0.41*  12.08+0.33°

C18:3 0.52+0.02 0.41£0.01 0.46+0.02 0.63£0.02 0.53+0.13
C20:1 0.650.01 0.63+0.01 0.64+0.02 0.64+0.02 0.70+0.10
C20:4 3.23+0.14° 2.70+0.12° 1.89+0.14° 3.52+0.25° 2.55+0.18"
SFA(%)  35.93+0.22¢ 36.88+0.19°  38.03+0.27°  34.27+0.36°  39.20+0.30°
UFA(%)  64.07+0.22° 63.12+0.19°  61.97+0.27%  65.73£0.36°  60.80+0.30°
MUFA(%)  46.25+0.35°  47.32+029™  48.030.35"  45.81+0.52° 45.77+0.38°

PUFA(%)  17.82+0.44" 15.80£0.36°  13.94+0.45%  19.92+0.62"  15.04+0.44%

Means+SE, P<0.05, unit : %
D: Duroc, L: Landrace, Y: Yorkshire, Fi: LandracexYorkshire, LYD: LandracexYorkshirexDuroc

C14:0 ; Myristic acid, C16:0 ; Palmitic acid, C16:1 ; Palmitoleic acid, C18:0 ; Stearic acid, C18:1 ; Oleic acid,
C18:2 ; Linoleic acid, C18:3 ; Linolenic acid, C20:1 ; Eicosenic acid, C20:4 ; Arachidonic acid

SFA @ Saturated fatty acid, UFA :@ Unsaturated fatty acid, MUFA : Monounsaturated fatty acid, PUFA :
Polyunsaturated fatty acid

[29 3-4] F5E 4 W A4 £ X3

100%
80% 2583
60%
mSEA
B UFA
40%
2%
0% - - .
L ¥ D F1 LYD
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[27 3-5] ¥5E T4 W @7/HEEA T4 qrtE X324 v & (%)

i
N {

| 17.92 | | 1580 | | 1294 | | 19.92 | 1504 |
30 4

PUFA

0 B MUFA

| 4625 4503 | | s | 4577 |
O
10 4
o gt : = =

L ¥ () F1 LYD

U F3E =5 T4 U FEetrxA 24 &4

FEE A W fFEotrlxAt A Ade (8 3-5]9F 2k #A4E fEotr et F
Alanine©] 12.92714.37mg/100g2. = FF #AIglol 7Hd ©kt}. Glycine® Proline @ =2
o]~ QFAAM FZo] Fl¥ LYDRET ooz =7 velwtHP<0.05). Leucine?} Lysines
Aegolx~ 93X, F= 2L LYDZ FlEt 9202 =¢ka(P<0.05), Aspartic acide}
Histidine®] &k QarM e} F2oA Fodoz =g9th(P<0.05). Isoleucines ¥ 2ol A,
Glutamic acid= LYDel| 4], 18] 31 Methionine, Arginine % Tyrosine<= FloA t& #FE
7 o)Al ZolE HATHP<0.05). Phenylalanine2 753 LYDelA fojHom Egron,
Alanine, Serine, Valine, Threonine @ Cys20| A& EZF 7o) #9122l 2po]E Holx Fgrr).
Umamit dWrA o= & o4ax] = oot &l 2k Alke] v 71A] shef] oo H 3}
Ao oAl ¥ gtow dAHe= utolm TS e Ao 4l 3tk Aspartic
acid¢} Glutamic acid®] ¥ & Umamis A3, =% 54 Wl Feotv=il 24 F
Umamitv 13.65%= LYDOIA fFoldo=z 714 A YebSthP<0.05). 943& = o=
& # Z Glycine, Alanine, Serine ¥ Lysine®] 32 4333% = #E=#o|~7} 93X, 75, F
2 LYDEY fFoHow ki 29SS U= ofv|:AF A E<Ql Valine, Leucine, Isoleucine,
Methionine, Histidine, Phenylalanine % Arginine®] %8 LYD7} 44.62% % t}E FFE9
Hlal 7h shoh(P<0.05), stoll FAA< s 7A = freobn]=ste] 7HE AA £
Aow ZAEAJT. F/Fe AW ofw|4b L FFol wEp Aol kil HarEl o
(Nicastro, 1999), ¥ <Ag-olA e o] ofw|il ghafo] FFo wet zol7t ve= o=
UEbY 7]1Ee] AT A ek AT

1o

P

N

rfr

nj

o2,

—_
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(2 5) #3494 =5 4 U #dohvx=t =4

Items L Y D F1 LYD
Glycine 4.25+0.29° 3.57+0.16% 3.94+0.25% 2.13+0.16" 1.23+0.13¢
Alanine 14.20+0.65 12.92+0.50 14.37+0.66 13.18+0.40 13.87+0.34
Serine 3.32+0.15 3.45+0.11 3.82+0.17 3.44+0.17 3.49+0.11
Proline 4.00+0.18° 3.73+0.14% 3.88+0.15 2.75+0.09° 3.05+0.09"
Valine 4.88+0.25 4.43+0.20 4.89+0.22 3.91+0.14 4.42+0.14
Threonine 4.00+0.20 3.72+0.14 4.05+0.17 3.34%0.13 3.56+0.09
Leucine 5.81+0.29° 5.39+0.24% 6.32+0.30° 4.360.18" 6.08+0.26
Isoleucine 3.21+0.16" 3.04+0.12° 3.78+0.17 2.80+0.11° 2.15+0.14°
Aspartic acid ~ 1.01+0.08" 1.49+0.06 1.57+0.10° 0.95+0.03" 1.04+0.05
Lysine 4.41+0.247 4.31+0.17% 4.65+0.29 0.70+0.04" 4.49+0.14°
Glutamic acid ~ 5.33+0.31° 554027  6.52+0.33"  5.41+0.25° 6.67+0.23
Methionine 2.52+0.10° 2.72+£0.08  3.00+0.13 351+0.17 1.98+0.10¢
Histidine 2.13+0.09" 2.45+0.05" 2.60+0.09 1.53+0.07¢ 2.09+0.06"
Phenylalanine ~ 3.97+0.15®  3.76+£0.13"  4.50+0.19" 3.34+0.29° 4.44+0.21%
Arginine 4.11+0.19° 4.12+0.15" 4.05+0.17° 6.33+0.32? 4.33£0.15"
Tyrosine 4.37+0.17° 4.29+0.13" 4.72+0.19° 6.44+0.23 4.35+0.13"
Cys2 1.36+0.16" 1.76+0.09% 1.40+0.12° 0.01+0.01¢ 0.61+0.01°
Umami(%) 10.86£0.29°  12.72+0.19°  12.79+0.26°  12.42+0.39°  13.65+0.29
Sweet (%) 43.33+0.55°  41.13+0.39°  41.10+0.60°  38.00+0.57°  41.74+0.55%
Bitter(%) 45814042  46.16+0.27°  46.10+0.44>  49.58+054*  44.62+0.43°

Means£=SE, P<0.05, umit : mg/100g; D: Duroc, L: Landrace, Y: Yorkshire, F;: LandracexYorkshire, LYD:

LandracexYorkshirexDuroc; Umami

Bitter :

60

50

=
(=]

o

Umami

Aspartic acid+Glutamic acid; Sweet

Valine+Methionine+Isoleucine+Leucine+Phenylalanine+Histidine+Arginine

a
b b ab
c
b B p 2
CIIII—

Sweet

mL

LR
mF1
mLYD

Bitter

Serine+Glycine+Alanine+Lysine;

[2¥ 3-6] d fgolv = ZA 9 Umami, Sweet, Bitter H] 1L
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>

o F3E =5 54 W dABEE

i,

g 24

e

T A Wl AR EL FF FA Ade (3 3619 2o dAARELY diabe
ATP — ADP — AMP — GMP — IMP — Inosine — Uridine — Hypoxintine — Xanthine
o FAM=E I 2 AFdA= ADP, IMP, GMP, AMP, Inosine, Uridine %
Hypoxanthine & 7719 compoundE A8ttt 4 A3} 7719 itAdA 24 5 IMP2
stafo] 71 wotomw IMP U39 & Inosine, ADP, Hypoxanthine 2% =4 YE

ADP, GMP, IMP % Inosinee LYD7} #=gle]2 23AM, 75 9 FlHu fojdow &%
tH(P<0.05). Yokotsuka et al.(1969)= GMP+ MSG(Mono Sodium Glutamate)®} “3lsto] 7
ArS e ez Baustdt. GMPe IMPE A SolA] Umamitstel #Holgttia &dEA 3l
© v (Koutsidis et al., 2008), & 5(1997) IMP7} e} %o AAAAZ Holmg ute] A
SAgo #oldtta ®Hagk v vk AMPE LYDZF foA o2 7hd Eotom dH=go]
=
<

~

—

T~

LaM ¥ FELS WS o R YEya, FloA 7 Skt (P<0.05). Uridines 49l
A& LYD7F g2 FTEH 742 #olE HATHP<0.05). Hypoxanthine =3+ LYDe] /ﬂ

b mokon, o R Flo] =il £330 d=dgo)xet 23X 9 FEo|A v zshA v
7d o] YEGTHP<0.05). Hypoxanthine< IMPE #3&ldt= PIAE 280 <3 Inosines A
A AT dE A glew Algto]l A atgtel whel Hypoxanthine®] 42 F7bstar stat o
HAe 2zl IMPE Attty H ¥t (Lee and Newbold, 1963; Yano et al., 1995).

o
[} il |1}
HO-F-OH =+ e e
o 3

HO-P-OH =+

b
2
&

NH; + oL ;' Ribose
\_/ THOH on
N |
HzO AMP OH OH
DEAMIMase
i o ¥

& (fN“-HLNH VP J\
u IMP A PHOSPHATase C""O"" N NUCLEOSIDase
Ho-F-OH + Ie) N7 N </

o Ho-i;o—w 7—’ w 7—>

OH OH
OH CH H;0
Inosine Hypoxanthine

[Z2d 7] SAABEAD dAAHA

(A= : Meelis Kikk et al., 2006)
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[ 3-6] 54 =% T4 W dAAHER &5F
Items L Y D F1 LYD
ADP 0.096+0.004°  0.100+0.004>  0.107+0.009°  0.091+0.004"  0.885+0.096°
AMP 0.050+0.003”  0.048+0.003"  0.050+0.003”  0.030+0.001°  0.133+0.020"
GMP 0.018+0.001"  0.019+0.001°  0.022+0.001>  0.022+0.000°  0.306+0.046"
IMP 0.480+0.019°  0.419+0.019>  0.468+0.023"  0.466+0.019°  6.497+0.597*
Inosine 0.112+0.006°  0.104+0.006>  0.122+0.007°  0.118+0.007°  1.165+0.113"
Uridine 0.016+0.002°  0.020£0.001™  0.020+0.002*  0.024£0.004"  0.127+0.007°
Hypoxanthine  0.065£0.004°  0.054£0.002°  0.061+0.004°  0.120+0.006">  0.337+0.055
Means+SE, P<0.05, unit : umol/g; D: Duroc, L: Landrace, Y: Yorkshire, Fi: LandracexYorkshire, LYD:
LandracexYorkshirexDuroc
% F3E =5 T4 U ARAAHAE 24
AG7I1zke] W FEE =5 T4 u AWbE AP Ay (R 3-7] YERST T
Al A absiEE AT whel dAwbA o R Frslar, sbs) AEE a3l A Tb
F =2 A4S Bdn 0dAkek 59 Ake] A EE 2 aMTE vE FEE A A
ol Holow, 10¥Atel= M=delx aaM B 5ol F13 LYDRE Y #FoAow =7 o
Elykth. TBARSE Aol Abste] ¢]s] A7)+ malonaldehyde(MDA)$} thiobarbituric acid(TBA)7} 1t

St AAEE BAE FHEAR S5k W eZ, MDA Yol 0.20mg/Kgolshel W7k AlA
slthar W3k th(Brewer et al., 1992). (2006)2 MDA?®] %] 046 mg/Kg ©lsH7HA+= 4
Folm, 1.2 mg/Kg o2 ¢dd] st Aox AAs st F5E A7z 5<F
5 dotry] 9lste] TBARSE SA % A¥= 17 83 #t}

T3 3 5

N
ol
Loy
£
&
k1

(B 7) A7z mE F Uy Xt =

THE =5 A4
Y

Items L D F1 LYD

0 day 0.287+0.036™  0.349+0.038*  0.208+0.032™  0.071+0.002*®  0.102+0.006°
5day  0.267+0.026"  0.312+0.030°  0.208+0.029"  0.083+0.003"*  0.116+0.008%
10 day  0.306£0.030"  0.325+0.029°  0.260+0.037°  0.088+0.003"*  0.117+0.008"

Means+=SE, P<0.05, unit mg MDA (Malonaldehyde)/Kg; D: Duroc,

LandracexYorkshire, LYD: LandracexYorkshirexDuroc; *¢

Y: Yorkshire, Fi:

Means within a row with different superscript

L: Landrace,

letters are significantly different at P<0.05; #® Means within a column with different superscript letters are

significantly different at P<0.05
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zcn O.zal\vx/o
g - o6 L
= 0.208 0:208 i
£ -D
g —=F1
= , 06 0317 —~—LYD

0.10 -

0.07— 9083 e

0 day 5 day 10 day

[Z3 3-8] A7zt W& FFE A=

uh, FFE ARy 3 54F9 A3 A 24

(1) AA FF A AWAsd §2 S439 33HA &4

AA FF A9 AWAtY s3 5479 dadAE (3 3-8]7 #Zoh pH 24he= C14:0,
C16:07 FAA SR fojeh Ao s HIoH(P<0.01), C182% = Fo F#s How
(P<0.01), C20:49t= - 0112 ¥ F#& HATHP<0.05). Meat colorol Al B=(L)¥} FA %=
(e Cl613% fFejd ez Ao Aas B om(P<0.05), dM%E(a)= C16:0, Cl6:1, C181%
A Avoer §98HA vEsroy C18:2, C20:48h= Ho A#S HuHP<0.05). WHC
= C18:07 93 Ao AAAAZS BAo, Drip loss 24h¢} shear forcer #2413 #wAk
o] Gl A frelakA et
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[® 3-8] A FF 549 ALAH 52 S439 FaaA

C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:1 C20:4
0o 0.18546  0.19757 0.02192 0.06926 005957  -0.15681 0.05334 003068  -0.11412
P 0.0002 <.0001 0.6617 0.1647 0.2322 0.0016 0.3023 0.5474 0.0228
. 004324  -005764 012202 004153  -0.01573 003171  -002998  -0.03063  -0.01449
0.3396 0.2477 0.0145 0.4051 0.7526 0.5250 0.5622 0.5480 0.7732
Meat . 007745  0.11161  0.11294  -0.00850  0.20422  -0.20547  -0.01734 005924  -0.17408
Color 0.1229 0.0249 0.0237 0.8648 <.0001 <.0001 0.7302 0.2450 0.0005
) 0.01182 002197  0.12702 0.04843 008715  -0.07738  -0.0%685 007736  -0.11431
0.8142 0.6597 0.0109 0.3315 0.0802 0.1205 0.0927 0.1287 0.0226
o Toss 24 1008037 -0.03518 005101  -003832  -0.05550 007123  -007122  -0.03797 0.05111
P 0.1094 0.4807 0.3082 0.4424 0.2658 0.1530 0.1681 0.4564 0.3001
WHC 0.06065 006965  -0.05053  0.15445  -0.06263  -0.02377 0.02957 007739  -0.00293
0.2273 0.1623 0.3128 0.0018 0.2090 0.6338 0.5677 0.1285 0.9535
Shear for 009441 001545 005967  —0.09009 003616 001947 010481  -000712  -0.00341

(0]

cat toree 0.0599 0.7568 0.2332 0.0705 0.46%5 0.6965 0.0422 0.8339 0.9459

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



d BT AAAA 4
A= go] 2% %’891 A “‘Jﬂr S 57 A##AAE [F 3-9] YERAT pH 24h+e=
C18:1, C20:4¢} BAAF o= Fost Ao A4S HAT(P<0.05). Meat colorel 4 L& C16:02}
Aol AaE BAom(P<0.05), b Cl16:0%E= Ao Zahs, C201%e= Fo Aoz fo3
A GEFSTHO.05). Meat coloroll A ax #4138 A WAtEn fo8t A4S Holx &kgkrt. Drip
loss 24he} WHC H3F A|WAbE o] Ao A fo)8tA] & 3kth. Shear force™ 0.292 C18:3%}

sAHeR Fod Ao dde BATHP<0.0D).

(3) 2aMFT A AR} £4 SA4FHY FHaA 4

83aMF A AR 54 549 dddaAs [F 3-1019 2tk pH 24h= C18:03%
Fol Aoz fFogstA yEren, Cl83¥E 0182 A A#s HATHP<0.05). Meat
colorel A L& C16:0, C18:3% FAAoZE fFo3 Fof A#s HAom(P<0.05), ax= CI81%
ol s, C182, C20:49+= F9 A3ds EATH(P<0.01). Meat color®] b, Drip loss 24h %
Shear forcex= SAA S 2 Fo|g FHs HolA ¥dom, WHC= C183, C20:13 Ao
ow oA yEbsk

(4) 723 SAY A% 53 547 gRAA 24
2% 549 A §4 545 ARuAE [E 31115 2k pH b 2013 4

2= FY5HA UrEP‘;ALQ‘)r, C181, C20:13+=
Fo] s 14 EHP<001) WHC= C16:0, 01804 Ao AaS Cl82¢= -0.328 Fo A
#Hog Fo35tA e TtHP<0.05). Shear force: A WA} #9)3 A#S BHolx ¢kqtr},

F1(LandracexYorkshire)& &4 ¢ A HM};ﬂr 27
At} Drip loss 24h+= C16:13 05002 FA %

Meat color, WHC % Shear forcetr #7413k %

(6) LYD(LandracexYorkshirexDuroc)& T4 X4t &4 EXI FAAA 4

LYD(LandracexYorkshirexDuroc)% &2 A|¥Atz £
2t} pH 24hi C1828F - 0242 SAR o2 foja 2ol 4
A L3 be C183%7 Hof F#oz FolahA Ye o (P<0.05), av ol e HolX]
2 okth. Drip loss 24h¢t WHC 3 A4 082 folgt Aas Holx| %%il, Shear forcet
C18:29F -0.25% frolg F-o F#How eyt

f
i
o

fz

38

—

v

AN

o

o

Q!

=

o

&

=Y

o

=B

o

=
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[# 3-9] A= 2T A AWAs 24 5439 dadi

C14:0 C16:0 C16:1 C18:0 c18:1 C18:2 C18:3 C20:1 C20:4

o 0.17122 0.05326 0.07050 000531 0.22086 021239 016498  0.28649 019726

P 0.1128 0.6201 05115 0.9606 0.0375 0.0457 0.1337 0.0079 0.0639

. 0.10309 0.08663 0.25885 002854  -0.08694 001416 006097 019445  -0.02590

0.3420 0.419 0.0143 0.7907 0.4179 0.8952 05271 0.0745 0.8096

Meat ~0.00966 0.14283 007617  -0.00956 009643  -0.11800 008904  -0.05676  -0.09273

Color a 0.9292 0.1818 0.4780 0.9201 0.3687 0.2708 0.4206 0.6059 0.3874

) 0.05530 0.16027 0.25399 011773 006862  -0.04457 015141  -0.32466  -0.00048

0.6077 0.1335 0.0163 0.2719 0.5229 0.6783 0.1692 0.0024 0.3991

e o o 1000971 003293 -0.03801 009247  ~0.12477 013801  -0.11380 017881  -0.00239

T1

b 1088 0.3582 07503 0.7236 0.3888 0.2440 0.1971 0.3023 0.1016 0.9823

WHE 004806  -0.02506 0.01475 0.06654 000845  -0.01441 0.20320 016621  -0.05168

0.6525 0.8092 0.8909 05356 0.9374 0.8934 0.0633 0.1284 0.6305

Shoar ¢ 010779 -0.17338 1002919 008262 0.01159 002835  0.29482 0.17003 0.12663
ear 10orce

0.3204 0.1042 0.7860 0.4415 0.9142 0.7920 0.0065 0.1198 0.2370

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



[® 3-10] &3aMF T4 At $2 5439 FHEA

C14:0 C16:0 C16:1 C18:0 c18:1 C18:2 C18:3 C20:1 C20:4

o 0.01221 0.03360 002790 021116 000667 0.05466 0.17804 0.12343 0.05358

P 0.8817 0.6813 0.7338 0.0093 0.9352 0.5051 0.0360 0.1391 05163

. 001256 -0.12814 017636  -0.05799 0.06273 0.01306 027236 001885  -0.05683

0.8784 0.1169 0.0298 0.4794 0.4441 0.8735 0.0012 0.8220 0.4912

Meat 0.10728 0.04695 009651  -0.05641 028228  -0.23792 0.00224 012637 021119
a

Color 0.1898 0.5670 0.2384 0.4914 0.0004 0.0033 0.9791 0.1299 0.0097

) 1000317 -0.02258 0.02305 0.12655 010966  ~0.09870 005531 005273  -0.15583

0.9692 0.7832 0.7787 0.1215 0.1801 0.2279 05178 05288 0.0577

e o o 0.03996 0.05093 ~0.00064 0.03752 001213 003241 012103 004367  -0.04423

T1

b 1088 0.6261 0.5346 0.9938 0.6474 0.8324 0.6928 0.1558 0.6020 0.5922

WHE 001948  -0.13317 0.1191 007545  -0.16112 0.14142 0.24134 0.23351 0.14863

0.8124 0.1031 0.1453 0.3572 0.0481 0.0833 0.0042 0.0047 0.0704

Shoar ¢ 0.11124 0.09317 004395  -0.15366 0.01887 0.01177 007966  -0.00266  -0.03632
ear 10orce

0.1739 0.2552 0.5921 0.0517 0.3181 0.8860 0.3512 0.9747 0.6601

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



[£ 3-11] $2%F 549 A347 §2 5439 322

C14:0 C16:0 C16:1 C18:0 c18:1 C18:2 C18:3 C20:1 C20:4

o 0.11575 0.15623 0.02471 0.09758 014665 020068 017832 028255  0.12984

P 0.3744 0.2214 0.8488 0.4468 0.2514 0.1148 0.1728 0.0274 0.3186

. 1002542 015583 016207  -0.06258  -0.19541 0.12574 034501  -0.04073 0.20615

0.8458 0.2226 0.2082 0.6261 0.1248 0.3261 0.0069 0.7553 0.1109

Meat 0.01228 0.06590 -0.05228 0.08287 023192 015015  -0.04721 005257  -0.13780
a

Color 0.9252 0.6078 0.6866 05185 0.0674 0.2402 0.7202 0.6874 0.2806

) 0.14110 0.05854 0.18768 0.02798 007918  -0.07436 018610 018114  -0.05218

0.2781 0.6486 0.1441 0.8277 05374 0.5625 0.1545 0.1624 0.6896

e o o 014815 -0.15259 006330 018839  -0.35307 0.37783 002038  -0.38124 0.33467

T1

b 1088 0.2545 0.2325 0.6223 0.1392 0.0045 0.0023 0.8237 0.0024 0.0084

WHE 0.00327 0.28504 0.11665 0.27150 017420  -032039  -0.20683 013838  -0.17922

0.9801 0.0236 0.3666 0.0314 0.1721 0.0105 0.1127 0.2875 0.1670

Shoar ¢ 1000357 013856 010666  -0.09081 014913  -0.04069 0.11763 015879  -0.01263
ear 10orce

0.9782 0.2783 0.4003 0.4790 0.2434 07515 0.3707 0.2216 0.9231

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



[¥ 3-12] Fl(LandracexYorkshire)% S48 A W4t &3 EA4 39 4T

C14:0 C16:0 C16:1 C18:0 c18:1 C18:2 C18:3 C20:1 C20:4

o 0.34867 0.24236 0.01259 007338 003172 0.11097 001722 029181 004122

P 0.0690 0.2140 0.9493 0.7106 0.8727 0.5740 0.9307 0.1319 0.8350

. 0.29724 0.13186 008077  -0.03335 024220  -0.21295 0.23934 021549  -0.34998

0.1245 05036 0.6828 0.8662 0.2143 0.2766 0.2190 0.2708 0.0679

Meat 0.21934 0.05883 008603  -0.15367  -0.10850 005286 003012  -0.10726 0.15485

Color a 0.2621 0.7662 0.6634 0.4350 0.5826 0.7893 0.8791 0.5869 0.4314

) 0.34769 0.18033 007804 015580  -0.03183 0.04827 014042 010397  -0.02128

0.0698 0.3585 0.6931 0.4283 0.6787 0.8073 0.4760 05085 0.9144

e o o 0.06463 0.09945 050241 019785  -0.20249 007574  -020245  -0.25069 0.22748

T1

b 1088 0.7439 0.6146 0.0064 0.3129 0.3014 0.7017 0.1310 0.1820 0.2443

WHE 1010400 -0.03467 -0.08919 0.20322 027305  -022771 000828 011365  -0.26413

0.5981 0.8610 0.6518 0.2996 0.1598 0.2439 0.9666 0.5647 0.1744

Shoar ¢ 1000107 005462 008999 017727 0.07105 0.05406 0.14938 004193  -0.03415
ear 10orce

0.6449 0.7825 0.6483 0.3663 07194 0.7847 0.4465 0.8322 0.8631

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b:

yellowness



[¥ 3-13] LYD(LandracexYorkshirexDuroc)EF 549 XAtz &2 EA3e AAAA

C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:1 C20:4

o 0.01166 0.06905 0.03264 0.08224 022152 0.24363 003344 009463 -0.22001

P 0.9231 05616 0.7870 0.4891 0.0596 0.0378 07915 0.4427 0.0652

. 0.16316 0.19396 006864  ~0.00463 004400  -0.08776 028489  -0.05001  -0.09322

0.1740 0.1001 0.5695 0.9690 07117 0.4603 0.0214 0.6855 0.4394

Meat 0.11839 0.05734 0.10784 006836 005156  -0.07810 0.05760 015942  -0.00101
a

Color 0.3234 0.6299 0.3707 05627 0.6649 05113 0.6486 0.1941 0.9934

) 0.08830 0.18582 0.13420 0.14634 011682  -020360 026965 007917  -0.13553

0.4640 0.1155 0.2645 0.2151 0.3250 0.0840 0.0298 05210 0.2508

e loss ot 0.14795 0.06850 020774 011952  -0.04205  -0.04131  -0.14263 0.05462 0.03465

b 1088 0.2182 0.5642 0.0561 0.3139 0.7239 0.7286 0.2570 0.6582 0.7742

WHE 016108 003525 0.15128 004415  ~0.16499 019653  -0.01312 0.07873 0.11445

0.1796 0.7672 0.2079 0.7107 0.1630 0.0956 0.9174 05233 0.3419

Shoar ¢ 0.09064 0.13220 0.17970 0.02700 006143  -0.24814 013514  -0.09081  -0.10719
ear 10orce

0.4522 0.2649 0.1337 0.8206 0.6056 0.0343 0.2831 0.4614 0.3736

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



v FFE fElotvxety 2 5S4 daaA 4

(1) AA FF TAHY FEotreity 2 SAFY AAAA 4

AA FF Y fFEletmestas 54 5439 AddAe [ 3-14] YEri AT pH
24h+= Ser, Thr, Leu, Ile, Asp, Lys, Glu, Met His, Phe, Arg, Tyr¥} TAA o= F23t A2
s Bom(P<0.0D), Valix Ao dao=m #oshA UEETHP<0.05). °f & Ser< &
HAF7F 03382 e FEon|eAitE1t & 43S Hedden, B39 =2 Phe® Hisol
ABAFIE 242E 0299 0272 =S A#RE Btk Alash Pro T3 SAXoR fFoaiA e
Fout g A
Ht}h Meat colorell Al W =(L)2 Ala, Pro, Val, Thr, Leu, Ile, Glu, Met, Phe, Arg, Tyr%}

dHow fFotA YEu oL (P<0.05), Aspst His 3 Cys2ote 79 4ds B
(P<0.01). AM=(a)= Gly, His, Cys29} -2ol3F Fo] S HJL Tyroe= F9 H
o™ (P<0.05), 3= (b)= Ser, Asp, Glu, His % Phe$} EAX o2 f2l3k 1=
EFttH(P<0.05). Al =of #hedsto] Anjzte] rujef&of FAo] @e g3Fs mvhal Hals
At Zhuet Brewer, 1998). Drip loss 24hs AlaZs ¥33F Ser, lle, Glu, His Phe, Arg &
o3 Fof F#Hs HIATHP<0.05). WHCE Glyete -0.16°8.2 Fo Aol f{ostA e}
o, Asp, His, Phe ¥ Cys2¢h= ol dt 4o 3ol YERTH(P<0.05). Shear force Ser,
Leu, Ile, Asp, Glu, Met, His, Phe, Tyr 29 FA o= Fogt Ao 4as Boen, 1

T llexw B¥AF7F 0242 vh2 frefotv=dts i =2 s 2o
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(2) A= ol2aF FAY FEolv =it 52 5479 A4AAA 4

degol2g A Felotn =ity 54 S AddA= [ 3-151¢F #Zvh pH 24h
= Ser, Leu, lle, Glu, His % Arge} EAIZCoZ 93 Ao AaAS ®ATHP<0.05). Meat
colorol 4 L& Met, Phe, Tyrel 9] A#S His, Cys2¢t= F9] Aoz Fo|aA vElyto
H(P<0.05), b+ -0.42= His®} F93 F9 A4S ®ATHP<0.01). Meat colore] a2t WHC
= A% FElom =AE Y fFolgh Ads HolA| &Skth Drip loss 24he Alags X 33ho
Ser, Ile, His % Cys2 EFolA o AAo=m Fo&A vhebykom(P<0.05), Shear force:
Ie¢t Hisoll A A4z o3 Ao Jds BATHP<0.05).

J

- 145 -



[% 3-14] AA EF 549 folueita $AS47HY FBBA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

H % 008597 007115 03343 0174 010443 0136 023307 02024 017291 016151 025A1 014019 027461 029418 0183034 014200 -0.00667

0.0969 01371 <0001 0.2300 0.0229 00042 <0001 <0001 0.0003 0.0007 <0001 0.0033 <0001 <0001 0.0001 0.0028 09115

L 00306 010840  00BH  01AM432 016340 016339 01863 014026 0161 0021 011936 014630 023073 0191 014497 019652 023018

04991 0.0233 09344 0.0012 0.0006 0.0006 <0001 0.0033 0.0007 0.1160 00124 0.0021 <0001 <0001 0.0024 <0001 0.0001

I\C/Slat 013190 00427 001030 002183 001310 0006 -001600 007310 00592 003021 000118 002964 011008 004129 00862 01087 017182
o a

T 0.0107 0.2370 0.8298 06486 0.7345 0.8%64 07334 0.1266 0.2161 05283 0984 0531 00212 0.3837 0.1008 0067 0.0039

b 006360 000987 02047 001316 00189 000810 000936 0074 011259 002590 012090 006741 021184 -010712 008106 -0069%61 0056319

0.2198 0.8363 <0001 0.78%6 06918 09484 0.1473 0.094 00184 05883 0.0066 0.2306 <0001 0.0250 0.0902 0.1458 0.3/2

Drip loss 009123 02813 0286 000632 007432 003 -01169 -017614 -004% -001625 01067 001266 01931 010016 010673 0073 -0.00563

2h 0.0781 <0001 <0001 09116 01204 0.08%6 00143 0.0002 0.3311 0.7345 0.0285 07017 <0001 0.0361 0.02H 0.1130 09233

-0115% 002245 000 003153 -001120 00300 00626 00461 010041 007480 0l 000989 01346 01243 00638 00366 021752

0.0249 0634 0048 05104 038151 05216 0.2742 0.3101 00357 0.1180 0.279 0836 0.0034 0.0071 0.2613 0.4490 0.0002

Shear 010134 006934 01678 001901 006232 00B0H 0126 023631 010063 001919 0134 011176 018397 01424 00 011191 001827

force 0.0002 0.1474 0.0006 06915 0.1930 0.2940 0.0086 <0001 00834 0.683 0.004 0.0193 0.0001 0.0019 0.0987 0.0191 0.7608

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



[% 3-15] A=dol 2% BAe Feoprimdls $ASYT) FUUA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

H 017A11 015073 02968 003490 01668 011072 021711 035715 0082 013014 0224 0090 040660 008903 02065 0034 025232

0.1303 01586 0.0045 04289 01143 0.3017 0.0410 0.0006 07929 01935 0.0341 04586 <0001 04067 0.0158 0.6347 0.1115

L 014112 00499 012640 010942 011219 017414 016683 0008 016646 00034  0083B3 0233 042410 026107 006394 023082 04676

0.2240 06418 0230 0.3074 0.2962 01027 0.1203 09438 0.1190 09775 04364 0.0349 <0001 00136 06157 0.029 0.0021

I\C/Slat 011080 004108 0020 00642 00249 001531 00062 00409 0MID 01666 00640 00472 010200 002193 000814 00197 012190
o a

T 0.3407 07023 07909 05480 03162 0.863 09361 04343 06987 0.118% 05181 0429 0.3415 0.8334 09767 0.8534 04477

b 020742 01738 011871 006715 000724 004343 000 -0158% 000114 00437 00204 018271 04206 01234 00728  013%1  -0.26343

0.0722 0.1030 0.0938 0548 09463 06801 09534 0.1383 09916 06626 0.846 0.086 <0001 0.2400 0.5021 0.1920 0.0897

Drip loss -013B19 0238H 0201 00194 009230 006311 015620 0312 000137 006424 004728 0030 036367 00643 016232 00430 034707

2h 0.2443 0.0201 0.0061 0.856 0.301 06211 0.1464 0.0028 0.983% 06136 0.669%9 07223 0.0007 05421 01286 06330 0.0262

000421 0020 0116 0016 006303 006348 012187 020011 006315 008137 01467 011392 014019 013484 013169 007307 007278

09712 07909 0.2/9 0.6990 05673 05645 0.2362 0.0601 05606 0.4484 01762 0.2878 0.1901 0.2077 0.2187 04%2 06611

Shear 010301 0069 0112 00179 009069 000009 01BH 02980 0143 000092 007187 008151 03430 00H17 0065713 003402 011680

force 0.37117 04745 0.3269 08678 0.39%0 09326 0.3231 0.0307 0.20%5 0926 05033 04476 0.0019 0.8149 05949 0.7306 04671

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness
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(3) 83aMF TA FEotv =4t §2 S ZHHAA

23aMF A Feotm Aty 51 543 Addds (% 3-1613 #h pH 24h+e
Ser, Leu, Ile, Lys, Glu, Met, His, Phe, Arge} Ao A#o =z FolsA yElyten, 1 F His
7} 0372 AoAF7E 7bF =A e eHP<0.05). Meat coloroll Al L& AlaE H] E3&}o] Pro,
Val, Thr, Leu, Ile, Lys, Glu, Met, Phe, Arg ¥ Tyr 25 SAHoz 93 Ao AAs
HAHP<0.05). ar= Seret Frolst Ao A#s HYoH by SAHSE {3t A4S Ho
2] ¢koktt Drip loss 24he Ala$t - 02002 93 Fo 43S B9 om(P<0.05, WHCE
Asp, Met, Phe, Cys29} Aol A#oz {54 YeEWTHP<0.01). Shear force 3+ 43t
Frejobr =AFE 3 o3 Avks Kol ottt

—
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~—

TEF A FHon =R $2 SE43Y AadA 4

TEE TAY Yot eAty 4 5S4 AHaAs (2 3-171% 2 pH 24h+= Ser,
Ile, Asp, Met, His, Phe @ Tyr¢} EA414 08 93 A4#4S B9 o (P<001), L % Asp9
FBAAFIE 0492 71 A e, o2 Serd Meto] A#AG7F ZH2E 0413 0402
2 =4 YeEskth Meat colorol A L& Aspeb 93 Fo A3S H9 o m(P<0.05), ax Pro,
Met, Phe, Tyr3 EAF o2 93 Fo AaAS BHAHP<0.05). b T3 SerE H %3 Leuy,
Ile, Asp, Glu, Met, His, Phe ¥ Tyr 59} #o A#o= {57 el tHP<0.05). Drip
loss 24h¥ Ser, Ile, Glu, His, Arg®} o3k Ho A4S Bon, WHCE 43 g oln
LAME T #-9]3F AFRS HolA] 9kgkt}. Shear force: Ala, Ser, Val, Thr, Leu, Ile, Asp, Glu,
Met, His, Phe 3 Tyr 259 SAA o Fog 4o #AES LR ATHP<0.05).
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(% 3-16] £34% S Sl wits SASYFe) FHBA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

H % 003161 006034 031666 0072 00897 01436 01759 020061 012441 01781 023171 029963 03043 0I5 020623 016492 017003

0.73% 05339 <0001 0.3377 0.27/64 00743 00285 0.0068 01230 00252 0.0037 0.0002 <0001 0.0004 0.0009 0.0403 01133

L 00631 02080 01361 029838 028717 028/-1 02630 02697 015660 028066 021027 019645 010109 028106 02323 02618  -017068

0.3102 0.0091 0084 0.0002 0.0003 0.0003 0.0002 0.0006 00617 0.0004 0.0086 0.0143 0.2107 0.0004 0.0034 0.0013 0.1121

I\C/Slat 01007 016064 00695 002997 005/ 003171 00572 016347 001606 000633  006%H 001320 0154 002046 00308 0022060 004160
o a

T 0.2681 0.0460 0.3919 0.7113 04739 06953 04910 0.0421 0.8428 09377 0230 08716 0.04%8 0.8006 0638 07802 07003

b 00324 006244 003007 009969 009097 008327 00848 0060%6 003814 012144 001736 008176 010218 00616  006%H 00798 -00124

0.729 05169 0.7103 02172 0.2603 0.3080 0.3017 04511 06823 0.1141 08303 0.3118 0.2088 0.2340 04149 0.322% 0.9066

Drip loss 018632 01912 012559 00006 004741 006108 006023 01308 00300 -000066 0056 0084 013846 00348 002237 00149 001421

2h 0044 0.0130 011% 0.9906 0560 04503 05348 0.0824 0.665 09336 07503 0.6401 00420 06702 07824 0.85%9 0.894

018445 00940 004077 009260 010401 00318 0056 015006 0Z2A8 001645 001798 017721 00677 02%7 0080 000178 032224

0.0606 0.2232 0.3816 0.2018 0.1978 0656 0.75650 0.0624 0.0004 0.8390 08243 0.0274 0.2830 0.0040 0.334 0984 0.0022

Shear 00048 0037142 001528 008702 -004B3 00633 006347 006 008033 00434 00270 006080  008A3 0026 003029 -009900 008125

force 09290 06439 0.8503 0.2816 05487 04193 05083 0.7420 05340 05915 0.7323 052% 0.27183 07271 07083 0.2204 04517

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



[ 3-17] ¥5F

549 Fotrl e $ASYAY FBRA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

H 01026 00656 041110 01420 0064 00133 021345 03609 049287 001446 019938 0401499 034710 0360 01984 033036 013158

0.3789 06715 <0001 019%6 0.379 0.0647 0.049%8 0.0007 <0001 0.89%H 00673 0.0001 0.0011 0.0002 0.0/ 0.0020 0.3337

00270 01469 00502 011189 014669 009164 015841 007441 026646 018126 01093 000069 012564 008737 010021 006201 022199

05326 0155 0.8202 0.30 0.1807 04042 0.1476 04956 00141 0.099 0326 0.99%0 0.219 0426 0.3615 06306 0.1007

I\C/Slat 01596 000132 01015 -0/ 011646 014812 019115 018397 000106 000064 01298 02006 -0Mm10 027268 0000 023734 011237
o a

T 0.1678 09904 0.1009 00171 0.236 0.1761 0097 0.0919 04072 0994 0.2361 0.0097 06397 00116 04628 0.0287 04096

016174 007101 043238 020612 009868 01927 024530 037206 051530 009247 026638 049329 034061 046287 017/ 03604 00294

01628 05184 <0001 0.0897 0.3646 0.06%9 0.0237 0.0004 <0001 0.399 00137 <0001 0.0012 <0001 0.1040 0.0006 0.8317

Drip loss 023432 020082 03294 006000 -013782 02190 01849 -0312499 015983 001647 02814 012303 -03BM8lL 018164 021404 016436 016163

2h 0.0416 0.06600 0.0021 0534 0.2086 00435 0.094 0.0036 0141 08311 0.0357 0.2619 0.0008 0.0962 0.0112 01328 0.2340

010083 00060 020111 00018 003008 013182 012402 01623 01512 008191 00482 01736 012677 02011 0130 012774 001631

0.339 09515 0.0649 05233 0.749 0.2292 0.2581 0.1430 0.2539 04561 04402 0.1078 0.2476 0.0663 0.0819 0.2440 09021

Shear 009117 023498 03032 018063 02627 027121 02884 04226 027218 006327 032342 02748  034% 032080 01602 03102 0156680

force 0433% 0.034 0.0015 0.081 00198 0.0121 0.0071 <0001 00117 05347 0.0025 0.0109 0.0045 0.0028 0.1539 0.0033 0.2525

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



(5) F1(LandracexYorkshire)& T4 9 #gotr =4ty 542 EA479 4AHA £4

Fl(LandracexYorkshire)& S41¢ frgfobr|=itat 52 543 FadA= [ 3-18]9
e AT pH 24h Cys29F F93 49 43S ®BATHP<0.01). Meat colorell A L& A3
A 04002 Aspet g Fo F¥E A om(P<0.05), a9t b Folet A4#e HolA &
Xt} Drip loss 24h ¢} Shear force B3k S A4 o2 Folst 43S Ho|x] gotom WHCE
Ala, His¢t Be] d#oz FoatA vetutthP<0.05).

(6) LYD(LandracexYorkshirexDuroc)& S41 ¢ fraotr=itast 52 5439 FadA &4
LYD(LandracexYorkshirexDuroc)& 5419 frefobrl=itat 4 43 FadAs= %
[3-191¢} #t}. pH 24h+: Ser, Leu, Lys, Glu ¥ Arget 93k Ao A#S HHP<0.05).
Meat coloroll 4] L2 Cys29} Folsk Ho] 43S B om be Ser, Leuy, Lys, Glu, Met Arg,
Tyrdt SAAFSZ Foldt Fo Aol YEITHP<0.05). Meat color®] a®t Drip loss 24h+=
frefobr| Ak E 9 fFoe Aas YEA @ttt WHCE Cys29tes 3Als 057=
=2 AAS HYg oy GlyE X339 Leuy, lle, Asp, Met, Phe 2 Tyr 259 SAAHOZ &
o3k o] AHS HATHP<0.01). Shear forcerx Cys29} 9]k H-9o A#S Gly, Ile, Asp,
et, Phe, Arg % Tyroh= #F93 Ao Zds B ATHP<0.05).

©
£
=
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[¥ 3-18] F1(LandracexYorkshire) 5419 & olv|=2t3} §AEA I A&AAA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

00062 015401 00420 016 009643 009296 001068 00687 0057 000867 0322 006773 014349 008K 000232 00540 07330

pH 2
06633 04201 0867 0.35% 06183 06315 09561 07187 06316 09349 00828 07210 04577 067 0.9906 0.60%6 0.0016
L 021839 010166 015164 0209341 016186 023333 0168l 023346 0394 0001 -01B11 007/l 006077 01369 010828 008119 037943
02539 05938 04323 01224 04016 01357 05462 02229 00818 06375 04347 06921 0742 04702 05939 0674 01631
I\C/Slat 001131 021632 014417 -010941 00646 003377 016408 00604 0046 0142 022102 01346 02456 007871 01840 -00%14 0377102
(0] a
T 09536 02307 04506 05721 07790 03418 04248 07219 06297 0464 02492 04366 02416 06343 03333 06236 01650

012672 01782 02698 -000015 -0181% -01144 031437 01857 01496 0088 03643 02632 036011 000125 032756 -02/411 019468
05124 03533 01632 0.7%61 03448 05641 0.09%67 0.3247 04397 06649 0.0606 01642 00660 09949 00828 01502 04869

Dhiploss 01530 014638 00012 00072 -010018 -001443 -00121 -01001 0026 0286 02688 01813 006347 00633 008330 01074 01250

2h 04266 04436 0.7216 0714 03729 09408 09458 05306 08277 01291 0176 0576 0.7436 07616 07639 0578 06653

013363 040814 031977 01011 012755 0164 025646 011104 003407 00667 01358 018149 054&% 026334 03119 024623 037390
04733 00230 0.0908 0329 05090 03329 01733 0.5664 08607 071% 04930 0.3461 00018 01848 01111 01979 01638

Shear 012673 00936 00097/ 00340 03632 01121 01326 021471 0009 030119 -000B1 000844 00641 00140 00762 002130 009067

force 05124 06301 08732 06630 01073 05414 04930 02634 06425 01123 0936 0964 08018 09333 06970 09127 0741

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness



[¥ 3-19] LYD(LandracexYorkshirexDuroc) 5419 & olv =2t SAE Ao AAAA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

H % 011833 0109 034130 013100 00636 019924 02301 019709 021017 03802 024936 01666 00050 017300 0200 022506 014012

0.2958 0.344 0.0019 0.2467 054 0.0811 0.039 0.0/7 0.0613 0.0014 00257 013% 0944 0.1249 0.00% 0.0443 0.2151

L 01520 004003 013018 000427 009733 0174 009006 02266 019320 022747 00017/ 01782 02056 018432 011530 007497 02759

0.1201 0.7244 0.2498 09700 0.3904 01194 04269 00471 0.0800 00424 08B 0.1137 0.0406 0.1017 0.3084 05087 00133

I\C/Slat 01006 001237 003237 009312 00626 -002210 -012023 -00930¥1 -00639 010862 01660 00973 001121 00648 006026 01261 010419
o a

T 0.0930 09133 0.77%6 04113 05833 03457 0.2881 0.4073 05431 0.33%0 01392 04286 09214 0.5001 05416 0.2870 03577

b 021877 006901 -02981 0063 00426 01362 023023 016233 0196 0566 03209 024763 01518 02144 03436 02707 019340

0.0612 05430 0.0069 04487 07001 0.223%6 0.039 0.1503 00757 0.0210 0.0030 0.0268 0.2686 0.0506 0.0033 00128 0.086

Drip loss 01811 01243 021687 0166 009467 01306 015363 008083 010064 01960 021441 -00-2 0162 0084 011 00913 00459

2h 0.0%01 0252 00633 01422 04036 0.2200 0.15%9 04760 0.3749 00774 0.0662 05033 01490 04533 0.094 0.3317 0.639

041761 000737 014761 008083 00339  004%B2 033421 04801 0400 006 02577 048302 016034 045084 01534 044207 057113

0.0001 09482 0.1913 0477 04330 06627 0.0004 <0001 <0001 08570 0.0440 <0001 0.154 <0001 0.1198 <0001 <0001

Shear 0244 014450 022042 002738 01688 001736 0263 02630 03672 0187221 028206 02948 00376 027319 02576 03324 03385

force 0.0266 0.2007 0044 0.80% 0.1646 0876 0.0430 0.0162 0.0003 0.0963 00113 0.0070 0.73% 00142 0.0210 0.0026 0.0021

Pearson’s correlation coefficient / probability value; L: lightness, a: redness, b: yellowness
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=59 54 o At @bl JH#AE ® 2000 YERATE Flavors EZ A%
AkQl C14:0, C16:0, C1803 A#AT+= Hoy AR Fogt Ao Aas Holon
(P<0.01), EXx3AEA C18:2, C20:1 9 C20:49E F9o A#e HJhP<0.05). 17]
linoleic acid®] 3ol =olAlW FW|7F "oXeE ASoR Ryt o (Larick &, 1992

Shackelford 5, 1990), Linolenic acid= S W &&o] B& A5 Fvld £4 22 9IS 7139
Hu¥AE=d(Kouba ea al, 2003; Sheard et al, 2000), ¥ oA % Flavors A#A4 -0.130%
C1829F #2lg F-o ¥ B, SAANCRE FoetA= %AW Linolenic acid(C18:3)%H= &7
7 20012 F-of e dehlo] 7Ee] ArAdet dASAY. Juiciness= C14:0, C160, CI180 %
Cl&1¥= #o3 Ao s, Cl182, C0M4ohe= o3 F-9o Avs HIITHP<0.05). Tendernesst
C16:0, C180, C1819F Ao A#ow Fo A vetwom, C182, C20:4%= Ho FaHAAE Bt
(P<0.05). EstA AN G7bEESt A AL dib o g A% B ogEA o A Ho A
HaAE BolH, BrteEsA 2 o FauAE Hols oz WaustHCameron,
1991). & Ao = 7]Ee] A2} o] Juiciness®t Tendernessi= XA WALy} ©@rl&E
Ao A AR g ARE, bR XA AR Fo S YEeld STl Overall like:= X3}
AAEQlL C14:0, C16:0, C18:03% WM& A ARl Cl813% = EAIA SR fFod Ao ¥
o2 el o (P<0.05), B7HE EaA Akl C18:2, C20:49t= 93 Fo Ayo=z eyt
tH(P<0.05).
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(£ 3-20] A 423 B5Hsbote] FAPA

C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3 C20:1 C20:4
0.07911 0.15592 -0.00964 0.12740 0.04921 -0.13288 -0.01464 -0.06791 -0.08874
Flavor
0.0078 <.0001 0.7446 <.0001 0.0939 <.0001 0.6406 0.0260 0.0028
0.06747 0.18183 0.01911 0.09690 0.09351 -0.17031 -0.00304 -0.04772 -0.12939
Juiciness

0.0233 <.0001 0.5184 0.0010 0.0014 <.0001 0.9227 0.1179 <.0001
0.04936 0.19637 0.02286 0.09474 0.06255 -0.15391 -0.03539 -0.05671 -0.12922

Tenderness
0.0972 <.0001 0.4396 0.0012 0.0332 <.0001 0.2589 0.0630 <.0001
0.11423 0.21543 0.01976 0.18938 0.07224 -0.19815 -0.00487 -0.03747 -0.1432

Overall like
0.0001 <.0001 0.5042 <.0001 0.0139 <.0001 0.8765 0.2196 <.0001

Pearson’s correlation coefficient

probability value



) E% 549 FPoln it #Egshe) FunuA 24
E5o 54 Wl felolr At gewvbeke] ApaAs [ 3-2109 ek Flavors

Ile, Asp} Ho A#oz #2354 YeEbtHP<0.05). Juicinessit Ala®l #F9]3 Aol H#S
H Ao (P<0.05), lleE HZE3F Asp, Met, His % Cys2¢E F9o3k Ho Aas mort
(P<0.05). Tendernessi= Ala, Pro, Lys, Arg® EAIZHoZ H3 Ao Ans Hgow

(P<0.05), Asp, Cys29t= o3k Ho Aoz e tH(P<0.01). Overall likex Asp, Cys29+
o] AAS W H o (P<0.01), Alag ¥3ste] Ser, Pro, Val, Thr, Leu, Lys, Glu, Arg+=
Ao w Fofgh Ao s e THP<0.05). ©] & Val, Thr, Leu, Lys& Abgre] Aol
A §Adol BrMsst 54e FEl AFAd ksl Egolneato g =8 FBAFE ofyA|nk

ofi  Hm

—

EAROR fo% Ao F¥S wol FFH B TN 9F& FE AoE #ud
b S5 W obulmatel mAgulgel me EFuisk 154 Fo BBk we FL AL

Aoz BuFEdEd(Koga 5, 1988), ¥ AFo %= Ile, Asp, Met, His, Phe ¥ Cys2+ #4]
1

3k Flavor, Juiciness, Tenderness, Overall like 5ol A Fo A#o g vel} uho] HA A<l
FEFE 7 A= Aoem YEstoew, Ala, Pro, Lys, Arg 59 ofr|:=4be EE #5H7F 8=

W Ao ddes Hof ttel A dEFEe VA= AR yEy V£ A2 det dAE)
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[£ 3-21] frolv eits} #5F7oe FaaA

Gly Ala Ser Pro Val Thr Leu Ile Asp Lys Glu Met His Phe Arg Tyr Cys2

00049 00431 0015% 0B 0005 -000168 008H 00630  -008M6 0062 0006  -00BBL 004301 003414 048 00048 000092

Flavor
(013385 01009 0564 0156 0707 0%P13 07449 0R12 0004 0.099 0838 0174 01176 02143 0046 08718 01158
006743 0.05504 -0.01020 001724 000674 008066 000144 010934 015349 004710 -0.00008 -0.091&% -0.0687 004618 008121 001630 013104
Juiciness
0068 00816 06919 0536 08346 02649 09533 <0001 <0001 0086 0992 0.0008 00110 01002 0263 0533 <0001
001363 0.08243 0.06446 006238 0.02/1 00196 0475 004602 010914 00615 004815 002434 -0.0191 000197 007181 0047 011114
Tenderness

0650 00027 0B 00232 03101 04837 0086 00041 <0001 0006 0078 03710 04650 0427 00089 0080 00006

00418 010744 007449 00772 0.00088 00666 005340 00627 01247 011417 00507 004183 001701 -0.000%H 01042 00366 00994
Overall like
01617 <0001 0.0067 0009 0067 00151 0B%H 0031 <0001 <0001 00871 0126 05147 09724 0.0001 01837 0.0020

Pearson’s correlation coefficient / probability value
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S 918l azeotropic distillation

271004

FHlmA e obd (29 4-21s 2k

i

ol
oF
el

)
B

file)

)

4

1= 367, @2=Ezjo} 104, ME&= 37, Wr|d 3:1o= F 644

124, =

o0

1514

I 5174, Y 12708 F

™
2

91k B9 527, 299 147, Ak} 157, W= 77,

il 5071, A== 50

9]

T 504, 4
50271

2]

504,

507, #A 504, 5 521102

=
&

&

o=

4 124

;_(E]

1474, Ay 1564, vl= 7971, A 514,

2234
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AR gy

- NE ¥ F Azl 33
S O EE E:E ORI

71 5.

Ag/add 79 £

- ICP/MS, ICP/OES #4882
AHE-.

- ¥4 ¥ EA/IRMS #4882
AHE-.

g 13

[29 4-2] 24 < AT A 59 FH #F

(2) A<k

Bodgel A8@ Aeke BAE 5FA

filo
off

T
ultrapure water purification system(Millipore Co., Massachusetts, USA)o| 23] 182 MQ <
ToZ AAH 3A FHFTE AFEEA

ol A} &3, EFFE Milli-Q

BAA4E59 Stock Solutione Multi-Element

Calibration Standard 3(PerkinElmer, USA) 10 mg/kg(in 5% HNO3;) A|#=< A}&3Ac}t A=
o] Bel= sl A& AloF AAHHNO;, purity 70%, Dong Woo Fine Chem. Co. Ltd., Iksan,

Korea)¥} 343} 492 (HyO,, purity 30%, Dong Woo Fine Chem. Co. Ltd, Iksan, Korea):
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U Ay

o 0

(1) ICP/MS % ICP/OESE °| &% 714
#H < ICP/MS¢ ICP/OES T+ ©]-&3% =7

ol
ool A1 ek vFAsE FE Au A AD D BF 24, pH, ok, A, dEsh 24

]
5 B3 e JFS wol AW Fmeo] EXo]F AT 4 it} ol s]Ed ul
5, 2a7], 92l 5o datx dde] ol gHa glov, 53] thE Y29 T94 4 4y
E A% A7 @08 1Y Folvh wekd B AT E A 9Zl SolA, 4gaAg ut
g EAQZQ Fr9a7 FHHE 548 wgdste] 7 bl U A 9w Al F7)9
& RS o) gstaat agltt

(7}) MicrowaveE ©| &3 =5< &3

AFEZ Fr7lEo] Bol doﬂoi uol, HEF A4S fAE FrlEs A EsjEier &
oftel, AA A LAEE HAss|okgtth. mlolA RS o] B FajA] ko] o] A
f3lo] 22 F4£3] 291, closed systeme® AP E&S TN = ot B

H AW 05 g= vlolA R o] B§ teflon vesseldl F 3 70 % HNO; 7 mL, 30 % H.O, 1

mLE 7}t microwave digestion system(Top wave, analytic jena, Jena, Germany)2. =

AAgednt. ez £ 13 2o jkgo] 2 F 8715 FE9] Aol FHRTFE &7

HEe ol HE 20 go Astel AYEAoR gt

il

§E
N
T

_YE_Qi

05 g A&

- HNO3 7 mL + H;O; 1 mL
- Vesseld] =717} do} 2™ microdtd] 23
a7 & HA &7 "o &7 == 3.

Afo] 2z ol F3

- digestion program

stepl. 5 min. 80 T, 1000 watt
step2. 15 min. 50 T, 1000 watt
step3. 5 min. 190 T, 1000 watt
step4. 20 min. 190 C, 1000 watt

iy

- FRFE 20 g7HA BE

ICP/MS, ICP/OES #4]

[2¥ 4-3] Microwave Digestion A]|2H& o] &3 B3 WY AAE
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[¥ 4-1] Microwave digestion A|&¥ £3] 4.

Step Tir‘ne Temp.
(min) ()
1 5 80
2 15 50
3 5 190
4 20 190

(\}) ICP/MS % ICP/OESE °]83 "F F7]194 24
1223wl = W&, EFda #4898 ICP/MS 2 ICP/OESE ©] &3t #41& 39,

3 S = ICP/MSE o] 88 5 Faoz A,

do
(o,
o
M
i
o

1AEE 2494
ICP/MS #4: 1i, Be, V, Cr, Mn, Co, Ni, Cu, Ga, As, Se, Rb, Sr, Cd, Cs, Ba, Pb, Bi, U 197}
ICP/OES #4]: Al, B, Ca, Fe, K, Mg, Na, P, S, Zn 107} ¥4

2AYE BAQL
ICP/MS &4 Li, V, Cr, Mn, Co, Ni, Cu, Ga, As, Se, Cd, Cs, Ba, Pb, Cd, In, Bi, T1 187l
ICP/OES #4: Al Ca, Fe, K, Na, P, S, Zn 87| ¥4

ICP/MS #4: °Li, "Li, "B, "B, “Cr, 'V, *Cr, *Cr, *Fe, *Mn, “Fe, ®Ni, *Co, *Ni, “Cu
“Zn, ®Cu, “Zn, ¥Ga, "Ga, PAs, “Se, ®Se, ¥Se, ¥Sr, ¥Rb, *Sr, ¥'Sr, ®sr,
94MO, %MO, 97MO, 107Ag, IOQAg’ HOCd, 111Cd, HZCd, 113Cd, 114Cd ’11511,1’ 116Cd,
ISSCS, 138Ba ’18705, 188057 ZOBTL 204Pb, ZOSTL 206Pb, 207Pb, 208Pb, ZOgBi, 235U7 238U
5474

ICPMS &9 w& #4: LifLi "B/'B, ¥Cr/*Cr, ¥Cr/Cr, "Cr/"Cr, “Fe/*'Fe,
ONi/Ni,  PCu/®Cu, “Zn/Zn, "Ga/Ga, ™Se/"Se, #Se/®Se, ®Sr/'Sr,
BSr/%Sr,  ®Sr/HSr, Sr/Sr,  YSr/MSr, BSr/MSr, Mo/ Mo, Mo/ Mo,
95MO/94MO, 109Ag/107Ag, 114Cd/113Cd, 114Cd/112Cd, 114Cd/111Cd, 114Cd/110Cd,

HSCd/llZCd, HSCd/HlCd, lli%Cd/MOCd’ HZCd/HlCd, 112Cd/HOCd, IHCd/HOCd,
1880 S /1860 s, 205T1 /ZOSTL 208Pb /207Pb, 208Pb /206Pb, 208Pb /204Pb, 207Pb /ZOGPb,
“TPb/*Pb, *Pb/*'Pb, *FU/AU 4174
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D ICP/MS 717] =4

ICP/MS(Inductively Coupled Plasma/Mass Spectrometry):= A8 9 o]23d Z34 dix
o] AR FPste 717] A Wolth dA -8 nHEHYL L Ao wo] A&t ¢)
+ ICP/MSHWH & fFedgEetznte 9oz o]23lste], ol3tdl i HF/Hdetgo i

i

(m/z)°] we} g o2 e}t 9o Fo o) A& T £4 dALs FFet=
271710l tf, E Ao A&k ICP/MS #4241 ¥ =(Perkin Elmer 3000D (Perkin Elmer,
USA))E ol &3dte] &4stslom, 7 =1 ofdl 3£ 20 YebATh
ARkA QL ICP/MSE ©l&3 55 EAYES a3 2ok

@D Microwave® A3t A B85 HZHAo 7 3y, [CP/MS B4 Zgtants dAA7 &

=5
Z7] 302 &< b SA T

@ B4 A A 2070k EF SRS BAske] 7719 e FAd
o] By F EFE2 tA ZYstel 7719 AR SH ek
A48 AT odstel ZAFES AYAT A&l W AFFES AT

[¥ 4-2] ICP/MS(PerkinElmer 3000D (PerkinElmer, USA)) ¥4 %A

Descriptions Conditions
Nebulizer Meinhard
Spray chamber Cychronic type
RF Power (W) 1350
?Ii)/oéi?l‘g gas flow rate 16.0
Auxﬂ.iary gas flow rate 11
(L/min) '
Nebu.lizer gas flow rate 103
(L/min)

Sample uptake flow 10

(mL/min)

@ ICP/OES 7]17] &4
ICP/OES(Inductively Coupled Plasma/Optical Emission Spectrometry)® =w] & FA 2 A
FEAHo| e Werel BA7I7leY, ICPMSHT sk ke ARE F2 BA@ of

23(Ar) Fetzvtz o237 oy B2 VA d4E AT diEEe Friddael die
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SHlE FA4o] JhesstH AlEE T2 A AEdA Aol 7hesith ICP/OES 4] AHl&
PerkinElmer Optima 8300(PerkinElmer, USA)E o] &3dlo] EX&al, HAZAL o ¥ 3
of YER AT

[¥ 4-3] ICP/OES(PerkinElmer Optima 8300 (PerkinElmer, USA)) 4 =7

Descriptions Conditions
Nebulizer Concentric type
Spray chamber Cychronic type
RF Power (W) 1400
Coolant gas flow rate

(L/min) 100
Auxiliary gas flow rate

(L/min) 0.20
Nebulizer gas flow rate

(L/min) 080
Sample uptake flow 150
(mL/min) :
Replicates 3

Er8&d AxE ICPE multi standard 10 mg/kgEs T3t AE3tom
Milli-Q ultrapure water purification system(Millipore Co., Massachusetts, USA)°l 2]3] 182
MQ FEo=Z A" =& AFEstAth T8 A Al AL base&mo] 4He] FE+ A

g8 A b FEel $ASHA gtEof o] F ol gl REANE 3|Mste] Az

(2) EA-IR/MSE o] €% C % N $994H& £4

F71ES 7% T8 TR B4 da9 TdAE dubHoR ol AR, ¢,
A 2ela B 5o Al Aelddel o] &5 glh tiREe] i sty o)) b
FAARE TS flom, '] A 7 o] b welda VCsh FC, A A9 F
Mol g FAa PNst N Aol gk faE o) FE 7 e b Tedas 4%
TAw daet JhE AR = g lew, ole HlE AeolE o gd Aol Weldde] vhe

ateh 9l °J*4 Hl &2 Sgto® mAIEM, PC/MC u&e Aold] dig ARE & 4 9t
BC/2C vl gL A& 334 HANA CO, A 93] xe]7} Wt} Hatch&Slack cycle
Cy A 2= PC/MC vEgke -12 7 -14% 3 zta, Calvin cycle C3 A1 Z24 -26 ~ -2
8% e zZreth o Ax, 8ol G i G AES AFASA HW BCek “Co nl&o] 9
S A gk BNMN v &S Ao ti3 ARE & 5 vk EYY AEHE PNAN o
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B
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(7}) Azeotropic distillation(3 4] ZFH)

sH S o3 AR T FES EY
Fet2a 5o A FAE AR R REe ANS AAT gd R Alg
10 g2 100 mL9 toluenes 7}ate] AFqtell A 2417 Fu|S/F3FATh o] WRlol oste] &%

gl Belm 994 §9C U 65N R4S kel - 18Tl nparach

(% 4-4] EFA% 29 338 24 W=

MFI) BPZ) SGS) SP4) SBS)
Toluene C7Hsg 110.6 0.87 2.4 0.051
Water H>O 100 1 9 100

Molecular formula, ?Boling point, “Specific gravity, *Solvent polarity, ®Solubility

(4h) EA/IRMS(EA-IR/MS)e] o1& ¢td TA44 H& £4(8°C & §°N)

AEA a2 7] (Automated  elemental analyzer, Eurovector 3000 Series)S continious
flow-through inlet system-isotope ratio mass spectrometer(CF-IRMS, Isoprime)°l H-2A]#
AHEEATE =50 BAFEYA HE 242 EA/MIRMS #4171715 A&ste] A5 %
EA/IRMS #4 72 3% 33 o] combustion furnace &+%% 1,0600C= 3% 3, reduction

furnace 2%+ 650C = 32, GC packed column ovend 115C= AA3sA . Columne
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reference capillary column< L=15 m, LD.(f)=100 mm, sample capillary column< L=25 m,
ID.(f)=75 mme 2 A A3}t Run timee 385sec® 3} 2™, carrier gast heliumS AF-&3}
o] §4L& 115 mL/mine 2 33t}

1A =59 dAFEAMo= oF 01 mgS, 2AENNE ¢F 1 mgS tin capsuleo] ¥ ¢
2 WHsle] 25U A4 7] (Automated elemental analyzer, Eurovector 3000 Series)oll 4
Abetz 2 g2 228 717 1,050C % 650C=E st f71ES ¢ AxA & At
© CO%t Nool gasE F(He)s Fr=71AZ AbEstel EA/IRMSOl FYsto] ghaoh A4 <F

EAAL WS BAGAL 599

.

2 BXo] A} E tin capsule ¥ silver capsule
EuroVector(Milan, Itary) 258 FYstg o, B Al&d 7tA2s 25 % 99.999% o]
o XIEE TFAE AFEEATE =5

(International standard matercial)oll tgt A 59 H]& % HAE L&) = 2

32 %759

o] tFEAAALYI B HE FE IA FFE=A

2hake] § 7]

ri‘i

R sample
(( R std )

R=(BC/*C), (*N/MN)

Delta %o= —1) %1000

2 PDB(Pee Dee Belmnnite)E AF&3191om 24
-6(sucrose, 6"C=-104 + 02%)S F+=24 2 3l &
TEAS AT VIEEdE 7] A4 ar NoE }ﬁ’é}oﬂ
22 [JAEA-Nl(ammonium sulfate, §°N=+0.4 + 0.2%))<
Ak A A4S 98l reference =H=E urea%}
°kF 0.2 mg, glutamate ¢F 0.1 mgS AH&3ITh 6PN
g, glutamate ¥ 0.5 mg= AF&3ATH

L g
>,
ofo
ot
=4
MN
id
iy
rlo
Hl
é
=3
M
N
MN

E o

ey

ofo
ol
2
Rl
S
9}
ME
Jz
2
rr
[am
=
@
aQ

glutamateZ A}

FEAo = urea °F 0.2

3

[¥ 4-5] C, N(8%C ¢} 6PN)EA S 913 EA-IRMS 7]7] 24

Parameters Operating conditions
Combustion furnace 1,060 C
Reduction furnace 650 C

GC packed column oven 115 C
Reference capillary column L=15 m, ILD.(f)=100 mm
Sample capillary column L=25 m, ILD.(f)=75 mm
Run time 385 sec
He carrier flow 115 ml/min
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[ 4-6] T8 4FFTALLe BEFEEH

Isotope Ratio International reference Delta value
‘D/'H Standard Mean Ocean Water (SMOW) R = 0.0001558
Be/ e Pee Dee Belemnite (PDB) R = 0.0112372
NN Atmospheric air (AIR) R = 0.0036765
*0/"%0 Standard Mean Ocean Water (SMOW) R = 0.0020052
HS/PS Canyon Diablo Triolite (CDT) R = 0.0450045

Aol Aol Qi ATE Folof svl, BAMe NAYS A, FAsE Fol
BAY AFelh £F F HAI/ A FIE FF 24 A HRA A5 Fsl Ay
we BAMEe FAHAT AB P FEY AFS NG PES B Qe AL %
Hom guste] B ARE WEAY F ARE A olFolAok Bk AGFE AW
Wol W@ A W olsislor AEel FRA Y ATE SuEA ¥ 5 o
gol Am Al §F F AALI) Y FRA FFS Fokel NHA w3 P 2Dy
2 gystud gk 4UE L Aol U@ gui CRMO W BAS Ba 92 5 Qo
# gEE golE: AE#A (LOD)E Fah el e & gk,

Boageld AR ARdA 2 BAYEe REY BFS A8 FHLUe FEW

(Limit of Detection), % #3HA|(Limit of Quantitation), 84 (Precision), #A4(Linearity)°] 1t}

(D Limit of Detection (7% 3FA]), Limit of Quantification (%
Aol EAlet= A4 =422 AT & Jde HAFEE Limit of Detection (A3
Al, LOD), A=A &4 didEde EAE ST 5 Jdv HAALFEE Limit of
Quantification (78 =g, LOQ)el g} ot
— Limit of Detection (&%) : 1071¢] blankE ZA 3 & TFAAE AAkst 3ke] 30
- Limit of Quantification (7 ZFtAl) : 10719 blankE F43 & RFHAE ALket kel 108)
@ Precision (H2A)
NHEARS T
o] e =4 gttt
@ Linearity (24)
Calibration curves o] &3t A W9 WolA e AddES st A8t ah+=
7

Agel FEe gEE Aol Welsk Agax stk

ot
e,
k1
Ll
fet

o
ol
ol
rlr
>,
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(W) 958 3x &g
ArdgE ZFAAA EL Ao A= 9FEAE FEel FAPAS(2015W  10¥
Contaminants in Powdered

ATt

brown rice, 20163 59 Contaminants in Tomato paste)E % 33}

« Matrix ] « Signal
Effect l . sensitivity
‘ . nterfer‘

L

« Precision
« Trueness

(19 4-5] AwEe) 54 43 ax

(4) F19248 o8 ES 444 BEL AT FAAY
BA TS DA BAE A BAE 0 Ro)Ane) A el F HAF 9lo] Ho]
o

Bl o] el g dloly £4u" ArE FE387] $l5to] PCASH LDA AW
ATt

(7}) ANOVA(Analysis of Variance, ANOVA)
ANOVA(Analysis of Variance) &4 B4 59 AgolH EA w9
Hl o) ge] Almel vlu, FA48= W 2

she 7} o] BARS suko

T —

it
o
fru
N,
WUR
ri
1o,
o,
&Y
2l
N
oft
)
X
lo

Gatrlaol M Al et o] o

A S o

.

uf
=
)
=
e
e

g

oA FaE HAEdAU RE B4 B4& SPSS(statistical package for the social science)

version 12.0 Z& 712 (SPSS Inc., Chicago, IL, USA)S o]&3}lo] 315t}

(Y}) PCA(Principal Component Analysis, PCA)

PCA #2412 dolg shusivfel thah AES BA43E Ao ofyel, F2AE dolEHE9]
o] el BEE ol&E uf o] B¥o FAES B4 Wolth o7 FARS 1
H

3 u
o= dolEge] Bt s 2 W wEE oudrh PCAE 24919 dolE A et

S|
axy

rr

ol

1
ol
rlr
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of PCAZ Sastd el A% 54 FA% WeE 44sa o u et nfuEs} *
e WEEA dolE BEA Bite] 2 B Urhu, B DRGgoE 1FIF Aol
£ PHE

(t}) LDA (Linear Discriminant Analysis, LDA)
LDA #A4& Fg 27 B (between—class scatter) ¥ ZF#l ~U E4Hwithin—class scatter) 2]
A3l st WAooz 5A wEo 29

= F2AA
o e el BAks FA a2Ea oY 2
Ea

=
o

ol
b
2 o
N
T
o

R4

=
o

1%
o2t
R
1)
e
4%
i)
&
i
&,
o
oty
ol
2
SY
N,
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2. d+2 3

1AdE A7

Joll A EAH F7148E9 LOD#-= 0.0830 ~ 0311 ng/g °l™, LOQ %t 0.240 ~

AE T8 7] EEE Y AAAAdE 09937 T 09998 HAow, Ame HE#

t}) QA (Precision (CV%))
4 Aaghe] AUAE UEhlE #o® 101 T 29R8% % Adge] -+
2}) 3148 (Recovery, %)
Spiking testE %3t 34& AAA 896 T 1043 %= AOAC (Association of
Official Analytical Chemists)7} A I3F= 80 ~ 120% ©]W] o= 135kt

o
Jot

2l st

Al HLH]g_oq _ﬁ_;;_}g 74%&

H

[ 4-7] 7194

o e =
Correlation L. Spike
Element LOD Loe coefficient Precision Recovery
(ng/g) (ng/g) (R?) (CV%) (%)
Macro elements (ug/g) (ICP-OES)
Al 0.214 0.706 0.9956 2.84 99.6
B 0.198 0.653 0.9954 2.68 95.1
Ca 0.265 0.875 0.9937 291 94.9
Fe 0.125 0.413 0.9965 2.19 95.7
K 0.341 1.125 0.9972 2.32 93.2
Mg 0.176 0.581 0.9948 2.85 91.6
Na 0.217 0.716 0.9963 2.35 95.2
0.229 0.756 0.9948 2.48 98.9
S 0.208 0.686 0.9975 2.61 95.8
Zn 0.216 0.713 0.9951 2.65 91.6
Trace elements (ng/g) (ICP-MS)
Li 0.174 0.522 0.9997 2.87 89.6
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Be 0.098 0.295 0.9998 1.38 96.0

\Y% 0.162 0.486 0.9999 1.68 92.5
Cr 0.235 0.706 0.9992 211 91.4
Mn 0.102 0.306 0.9999 2.22 98.1

Co 0.160 0.480 0.9991 1.95 96.8
Ni 0.284 0.852 0.9995 2.63 93.4
Cu 0.228 0.684 0.9999 2.81 95.8
Ga 0.175 0.525 0.9999 1.49 88.6
As 0.135 0.405 0.9999 1.01 103

Se 0.310 0.930 0.9995 2.55 104.3
Rb 0.180 0.540 0.9996 1.38 97.0
Sr 0.311 0.932 0.9992 2.19 105.3
Cd 0.102 0.306 0.9998 2.83 98.9
Cs 0.080 0.240 0.9996 2.90 91.0
Ba 0.298 0.893 0.9990 2.89 94.2
Pb 0.114 0.342 0.9998 2.98 97.3
U 0.251 0.752 0.9999 1.54 102

(2) F- B =&
FAERYE FAAA sdx= A HTket= FAPAS (20149 10 Metallic
Contaminants in Offal(Liver), 20151 79 Metallic Contaminants in Tomato pasteE %l 3§35} o]

NHPS ART Qe Z<2 @ dol BAAT e AHEES Huaty

[# 4-8] 9|F A= (FAPAS) 23}

Metallic Contaminants in Offal (Liver)

A YA As, Cd, Pb, Hg
SE 2014.10

W 171<2
(z-score : As -0.1, Cd -0.9, Pb 0.0, Hg 0.4)

Metallic Contaminants in Tomato paste

A Cd, Pb

rﬁ

1=}
RN

o =} 2015.07
W 71<2
(z—score : Cd 0.5, Pb -0.3)
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. FAPAS® Report 07221 FIPA?_ET;_.FIDE?_\’
I:: 30
80 20 1356 g
o 10
i i — Ty 11 1111 Py
E , Cqj[mmn
& 20 1455 kg & .
i T 1] || I I .
B |11 LLLLLL A 0
20 L. T58 kg A0
i .
13 0
=
” ns‘.’35’3&5B‘33"55"@5E-;D:'E":r:#uwszgs“QE.igkss‘ss"' e EB‘&'BQ%QQS'G’ﬂ‘lﬁﬂﬁ“iam;’?’?‘:‘ﬁfaﬂﬁg°"58$5565556:'
As Cd
Total Arsenic A3} (Z score : -0.1) Cadmium A3} (Z score : -0.9)
FAPAS® Repart 07221 FAPAS® Repor 07221
B i - ——
R 1] L ol .. R (| L cennapunntlllL
: 20 - ? 20 21 kg
40 -0
A0 50
Enﬁaﬁﬂ“sﬂg"‘ﬁaa“sa?ﬁﬁaﬁi:g uil;uraag*aﬂgu“as;;ga-;s “%86:&;1’:*3;53“33’m&f:ﬂi;?;zs:f:ss:“#a'::'
Pb Fig
Lead Z3 (Z score : 0.0) Mercury 2% (Z score : 0.4)
[134-6] F A =& 23 (Offal(Liver))
FAPAS® Hepor 0728 FAPAS® Repon 0723
; % |1
il . i .
: ] : . FTTITTI I i
Py L R -I-I-I-I-I-I-I-Il 2 ugha gy
I"" ||||["""| . - -
- s s - s

Pb

Lead 23 (Z score :

-0.3)

Cd

Cadmium Z3 (Z score :

[28 4-7] §FA=FZ ZF (Tomato paste)
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Y. ICP/MS ¥ ICP/OESE o] &3 v R7|94 EAZAT

(1) ICP/MS ©°| & #7|94 42

=59 vFdLr BAS A8 v, 59, LxEgol Udd=, Wylo § 9 572 63
A3 -, T, A, 7, 820 T =u 5 A =5 7089 Anks #Este] ICP/MS
2 BAE AxE #F 99 109 YekAet Li, Be, V, Cr, Mn, Co, Ni, Cu, Ga, As, Se, Rb,
Sr, Cd, Cs, Ba, Pb, Bi, U & 197} €45 EAstd o ¢ w7bd wZFF7dLs5ds &
gk A3 Vimg/kg) V= 0.012, =< 0.002, &=EZo} 0.004, dld = 0.008, #H7]] 0.006,
Crtmg/kg) U= 0909, =<4 0573, 22=Ego} 0071, vEs= 0473, =7 0.470,
Mn(mg/kg) "= 0346, =< 0149, 22=Eglol 0038 uvE&H= 0.074, @7]e] 0.053,
Co(mg/kg) "= 0.011, 5 0.002, 2=Eg o} 0.001, V€ &= 0.0001, ®7]o] ND, Sr(mg/kg)
vl 3868, v 1244, 22=Ego} 0314, UE= 0.123, #®7]o] 0.140, Ba(mg/kg) "=t
0.197, %< 0.175, S=Eg o} 0.061, Hlg &= 0.125 #@7]o 01212 w|=ro] =71 u]s)|
=2 FugS E9ow, Nilmg/kg) Pl= 0.230, 5 0.043, L =Ego} 0983, vdzt= 2 &
719 ND, Cu(mg/kg) "= 0.760, 54 2174, L 2=Ego} 1914, vds= 0.710, ¥ 7] 0.081
2 o7bd FGegEatel 7t Fok fela &l &35k Ph(mg/kg)s Hl= 0.029, =< 0.060, 2=
Ego} 0.048, vlEd&= 0.047, #®7]o] 0.057, Cdlmg/kg) "= 0.002, =< 0.003, L=Eg o}
0.001, W€ =t= 0.004, 27 0.004 2 As(mg/kg)e] 2% 7= 0215 %Y 0.141, L=Eg o}
0.006, U2 &= 0.008, ®7]el 0.006.2 =7}t Apol= HAoUY A Edd 5% 7|5 Pb 0.1
mg/kg, Cd 0.05 mg/kgell VXA ¥+ FFo| AT

U 57 Ao =& wERrida BA49 Lilmgkg) 3 0007, W45 0.009, &+
0.008, 7=l 0.007, 8121 0.003, Cr(mg/kg) =X 2.841, U 2712, T 2.247, 7+%l 2.889, &
1.968, Se(mg/kg) =% 0.121, Y= 0.174, == 0.137, %% 0.103, €21 0.093, Sr(mg/kg) =3
0.375, Y5 0.460, &+ 0.363, 7%l 0319, &2 02942 ot A Hol H|s] &<Qlo] Aae=
A FRIE A, Nilmg/kg)> &3 0161, Y5 0185, &+ 0.122, 2% 0.117, &<l 1.466°
SAA Yol ¢F 10 =2 o= A=A Balmg/ke)el 45 & 0101, Y5 0.066, %
T 0.044, 23 0076, &2 0.048= HAFA Aol Fat= =2, v, Axlo] Ao =w =2 @
Ao, Csimg/ke)d 45 <3 0.005 Y4 0.006, =5 0.019, 2= 0.009, &< 0.0132
2 a9 vt Culmg/kg)e= & 0585, U 0.802, &5 0.663, %% 0.603, &2 05202
2 Ug, T, 43, &1 2 89 wor FHgoY X9H Solds 3] FEUaL, Sl
=1 + 049, 0.001, 0.013mg/kge.z 7] A

(e=]
=
of MAA = ol Ay or 7 vjERrIdad Hatel e A 542 FA7)

AN

o
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[ 4-9] ICP-MSE °| &% 44 X719 v F Fr1ds 4
unit : mg/kg
Origin H = =4 L 2Eg o} EEE S 7]
(n=36) (n=12) (n=10) (n=3) (n=3)
_ 0.002+0.002" 0.002+0.003 0.00050.001 0.00320.001 0.001+0.001
b (ND"0.009)""" (ND0.009) (ND™0.003) (0.00170.004) (0.000370.002)
0.00010.0002 ND 0.00004:0.0001 0.00004:0.0001 ND
be (ND~0.001) ND (ND~0.0004) (ND~0.0001) ND
0.012:0.014 0.002+0.003 0.004+0.006 0.008+0.002 0.006+0.002
N (0.00370.065) (ND™0.008) (ND™0.015) (0.00570.009) (0.00570.008)
0.909+0.464 0.573+0.197 0.071+0.1021 0.473+0.1422 0.47+0.0819
o (ND™2.04) (0.3170.95) (ND™0.29) (0.317057) (0.400.56)
0.346+0.218 0.149+0.04 0.038+0.112 0.074+0.007 0.053+0.015
M (0.0971.174) (0.10470.212) (ND0.355) (0.06770.08) (0.03570.064)
0.011+0.016 0.002+0.003 0.001+0.003 0.0001+0.0002 ND
co (0.00170.077) (ND~0.006) (ND™0.009) (ND0.0004) ND
, 0.23+0.428 0.043+0.094 0.983+0.434 ND ND
N (0.01572.033) (ND~0.326) (ND™1.598) ND ND
0.7600.600 2.174+2.19 1914+2.255 0.71+0.036 0.81+0576
c (0.0273.62) (0.61°8.27) (0.5277.67) (0.680.75) (0.4171.47)
0.02+0.027 0.017+0.012 0.005+0.003 0.012+0.003 0.012+0.004
e (0.00370.155) (0.00770.05) (0.00270.011) (0.00870.014) (0.0080.016)
0.215+0.100 0.141£0.015 0.006+0.005 0.008+0.002 0.0060.002
B (0.05770.441) (0.11670.174) (0.00170.017) (0.00770.011) (0.00470.007)
. 0.376+0.244 0.238+0.086 0.22+0.078 0.30920.044 0.231+0.091
> (0.07471.151) (0.15570.478) (0.08770.325) (0.2670.345) (0.14370.326)
1.854+1.275 2.388+1.297 2.455+1.28 2.103+0.603 2.883+2.068
i (0.0175.01) (0.9575.20) (0.5274.83) (1.5472.74) (0.99°5.09)
3.868+0.708 1.244+3.899 0.314+0.316 0.123+0.141 0.14+0.053
> (ND34.818) (ND13.621) (0.0471.128) (0.02170.284) (0.09170.196)
0.002+£0.005 0.003+0.002 0.001+0.001 0.004+0.001 0.004+0.001
e (0.000170.027) (0.00170.007) (0.000270.003) (0.00370.005) (0.00270.004)
0.010+0.008 0.013+0.014 0.012+0.007 0.010+0.004 0.025+0.021
© (0.00170.035) (0.00470.053) (0.00470.028) (0.00670.014) (0.00570.047)
0.197+0.263 0.175%0.122 0.061+0.035 0.125+0.03 0.121£0.042
b (0.04371.491) (0.08°0.513) (0.03170.125) (0.0970.148) (0.0850.166)
0.029+0.027 0.060+0.024 0.048+0.033 0.047+0.005 0.057+0.022
" (0.00470.142) (0.02570.099) (0.0270.099) (0.04370.053) (0.03570.08)
, 0.00010.0003 0.0002:0.0004 0£0.0001 0.00010.0001 0.00010.0002
b (ND0.001) (ND0.001) (ND™0.0002) (ND™0.0002) (ND0.0003)
0.00005+0.0002 ND ND ND ND
Y (ND~0.001) ND ND ND ND

* ND : Not Detected.
** Value are mean * standard deviations of three (n=3) measurements

%% (minimun value max value)
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[¥ 4-10] ICP-MSZE o] &3 U4t six7]9 vF F7]d4 Y

unit : mg/kg
S U T A 40l
Origin
(n=20) (n=10) (n=18) (n=12) (n=10)
. 0.007+0.003* 0.009+0.003 0.008+0.004 0.007£0.005 0.003+0.002
Li (ND*0.012)"* (0.00770.015) (0.00370.021) (ND™0.015) (ND~0.007)
0.0005+0.0002 0.001+0.0002 0.0003£0.0003 0.0003+0.0003 0.0007+£0.0002
Be (ND~0.001) (0.000370.001) (ND~0.001) (ND~0.001) (0.00170.001)
0.014+0.002 0.019+0.01 0.013+0.013 0.014+0.007 0.018+0.003
v (0.01170.019) (0.01370.044) (0.00870.066) (0.00770.031) (0.01270.023)
2.841+0.745 2.712+0.657 2.247+0.819 2.889+0.749 1.968+0.218
cr (1.8474.58) (1.4573.42) (ND73.6) (1.7574.13) (1.6872.35)
0.144+0.18 0.226+0.284 0.143+0.148 0.089+0.044 0.122+0.016
Mn (0.04370.86) (0.05170.99) (0.05770.707) (0.02970.173) (0.10270.152)
0.005+0.002 0.006%0.005 0.011+0.023 0.005£0.002 0.008+0.005
Co (0.00370.013) (0.00370.021) (0.00370.103) (0.00270.009) (0.00570.022)
. 0.161+£0.191 0.185+0.16 0.122+0.084 0.117£0.049 1.466+0.091
Ni (0.04970.901) (0.08770.629) (0.05770.388) (0.05870.206) (1.3671.649)
0.585+0.34 0.802+0.722 0.663+0.265 0.653+0.417 0.52+0.234
Cu (0.3071.61) (0.3472.78) (0.3071.43) (0.3371.87) (0.3271.13)
0.013+£0.012 0.010£0.002 0.007+0.003 0.010+0.007 0.005+0.003
Ga (0.00370.063) (0.00770.016) (0.00470.015) (0.00270.022) (0.00170.011)
0.016+0.02 0.017+£0.016 0.008+0.011 0.023+0.039 0.003£0.001
As (0.00670.099) (0.00670.058) (0.00370.048) (0.00470.143) (0.00170.006)
. 0.121+0.044 0.174%0.063 0.137+0.042 0.103£0.058 0.093+0.038
Se (0.06170.232) (0.09570.294) (0.0870.237) (0.04370.225) (0.05970.187)
0.879+0.53 1.116+0.452 2.289+0.738 0.914+0.621 1.566+0.827
Rb (0.3572.78) (0.5471.77) (1.4173.87) (0.3672.40) (0.5873.47)
0.375+0.143 0.46+0.118 0.363+0.176 0.319+£0.192 0.294+0.112
ST (ND~0.634) (0.32470.732) (0.1370.703) (ND~0.628) (0.10770.538)
0.001+0.0002 0.001+0.0002 0.001+0.0005 0.001+0.0003 0.0001+0.0003
Cd (0.000470.001) (0.000270.001) (0.000470.002) (0.000470.002) (ND~0.001)
0.005+0.004 0.006+0.002 0.019+0.006 0.009+0.006 0.013+£0.007
Cs (0.00270.017) (0.00370.009) (0.0170.032) (0.00370.024) (0.00570.029)
0.101+0.119 0.066+0.02 0.044+0.015 0.076+0.043 0.048£0.016
Ba (0.02270.584) (0.04370.111) (0.02270.086) (0.02170.147) (0.0370.08)
0.043+0.021 0.038+0.01 0.044+0.022 0.093£0.055 0.030£0.01
b (0.01870.097) (0.02770.054) (0.02270.107) (0.03870.244) (0.01870.048)
. 0.00004+0.0001 0.0001+0.0002 0.0001+0.0002 0.0003£0.0002 ND
Bi (ND™0.0003) (ND~0.001) (ND™0.001) (0.000170.001) ND
0.0002+0.0001 0.0003£0.0001 0.002+0.001 0.0003+0.0002 0.001+0.001
v (ND™0.0003) (0.000270.001) (0.000370.006) (ND~0.001) (ND~0.003)

* ND : Not Detected.

** Value are mean * standard deviations of three (n=3) measurements

% (minimun value max value)
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570 9 =7hd gEFdAE5dS gl A3 Calmg/kg) W= 6521, =49 56.36, L ~E
glo} 309.47, Ud== 9152, ®7]e] 1058, K(mg/kg) V= 1167.64, 54 871.04, L~E o}
127246, Y9 &= 667.6, ®7]o] 94191, Na(mg/kg) "= 34466, =< 31829, L =Ego}
48228, Wl@ &= 750.77, ¥ 7] 293.4, P(mg/kg) V= 755.66, =< 58851, L. ~EZ| o} 835.08,
g @= 40756, M7]o] 5604002 4702] fiol taiE 2 /b Aolrh AA YElS S
shlstd o, B(mg/kg) v 567, 54 568, S2=Ego} 621, UEdst= 555 W7o 558
Mg(mg/kg) "= 7856, = 576, S=Eg o} 8536, U&= 48.15, W7|o] 5646, S(mg/kg)
ul= 13138, =Y 9764, S =Eg o} 149.25 HlE&E 114.73, ®7]o] 9332 5 3709 Aol A
QxEgote] HyghaFo]l =A FRIEHAT AR A wa FHAS 1t FEEgE A
ol Hoy FFEHAAVE A w7PE Solds HolA gkt

AR 578 A el dis] A ASA EAE 3, Allmg/kg)e 45 % 514, U5 544, &
T 788, % 481, &< 6.04, K(mg/kg) =3 250.71, U= 310.37, S 1016.67, 7“3 242.39,
491 743.05, Mg(mg/kg) <3 16.38, Y=+ 19.73, =F 56.45, 47 1592, &<l 40.81, P(mg/kg)
T 189.21, Y 220.67, T 613.64, 3 177.25, 821 429.09, S(mg/kg) T 4834, Y
689, 7 10746, 7F3 4947, €21 7246, Zn(mg/kg) =3 224, U 231, T 7.0, 3 246,

&1l 391% Z A= 5**" Heom G AFE 6719 fat dAger FFM =
KN
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[ 4-11] ICP-MSZE o] &3 YA Six7]9 vF F7]d4a Y4

29

unit : mg/kg
Origin H = =4 LZEgo} Ha#= i 7] o
(n=36) (n=12) (n=10) (n=3) (n=3)
4.27+9.03 10.05+9.74 1.27+1.46 ND 2.86+£4.96
Al (ND™39.72) (ND™27.98) (ND™4.06) ND (ND™8.59)
5.67+0.61 5.68+0.44 6.21+0.39 5.55+0.18 5.58+0.23
. (4.4277.73) (5.0176.35) (5.3976.65) (5.3575.68) (5.3675.81)
65.21+£70.53 56.36£61.73 309.47+662.92 91.52+18.67 10.58+£3.5
ce (4.347294.58) (3.787220.04) (11.172164.9) (74.137111.25) (8.52714.63)
8.05+5.69 4.21+0.64 6.61+3.21 7.91+1.23 7.76+3.24
e (2.05729.22) (3.2475.16) (2.66713.89) (6.8879.27) (5.51711.48)
1167.64+634.74 871.04+546.59 1272.46+586.88 667.6£121.21 941.91+618.87
a (331.5973464.1) (290.4572351.41) (452.7972359.48) (550.017792.12) (380.3571605.42)
78.56+51.64 57.6£39.96 85.36+£50.89 48.15+3.77 56.46+£39.54
Me (25.927230.46) (26.397171.22) (28.647194.89) (44.06751.49) (19.64798.24)
344.66+187.51 318.29+227.82 482.28+335.69 750.77+104.35 293.4+55.32
ha (152.627839.99) (113.297846.42) (174.6871317.65) (649.717858.13) (230.37333.57)
755.66+370.35 588.51+328.84 885.08+564.66 407.56£55.28 569.4+377.15
: (238.7271830.02) (265.1471490.97) (329.4272287.99) (345.287450.82) (240.617981.12)
131.38+88.26 97.64+67.67 149.25+82.28 114.73+20.24 93.32+£57.18
> (50.317405.5) (47.177292.37) (56.647304.07) (102.27138.08) (50.667158.3)
8.25+5.75 6.07+3.6 8.5+6.43 5.49+0.73 4.91+2.39
o (2.4724.6) (2.46714) (2.14722.79) (5.0176.33) (3.3977.67)

“ ND : Not Detected.
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[# 4-12] ICP-OESE | &3 =4t siAnre g3 Frd: £4
unit : mg/kg
Origin oA uU= =T A £
(n=20) (n=10) (n=18) (n=12) (n=10)
5.14+1.82 5.44+0.77 7.88+3.887 481+1.73 6.04+3.49
Al (3.03712.51) (4.7377.42) (3.87717.69) (2.4178.57) (3.49713.43)
7.84+0.53 8.07+0.38 7.33+£0.77 7.99+0.69 7.93+0.35
. (5.9378.49) (7.4978.89) (6.2278.5) (6.1479.12) (7.6478.73)
47.34+44.9 63.66+52.74 59.83+29.97 33.32+14.24 71.05+55.67
e (5.927227.25) (26.527207.11) (29.677130.39) (3.67757.71) (25.117175.41)
19.24+44.78 23.5+31.38 9.98+10.89 4.44+2.27 9.36+5.35
fe (1.497205.47) (2.97105.49) (3.58749.36) (2.379.69) (3.29717.37)
250.71+£161.92 310.37+£139.83 1016.67+349.83 242.39+137.65 743.05+336.17
a (112.777875.63) (154.467601.59) (571.8271732.84) (125.187621.36) (273.8671369.66)
16.38+10.12 19.73+7.24 56.45+21.00 15.92+8.73 40.81+17.88
Ve (9.12757.08) (10.99733.67) (28.26799.03) (9.16742.15) (23.57776.76)
340.91+194.72 539.18+350.41 364.15+141.73 347.8+201.57 241.88+67.13
ha (217.8471057.51) (233.7871207.71) (154.57713.12) (191.957818.99) (144.47390.41)
189.21+£94.76 220.67+65.01 613.64+179.75 177.25+88.76 429.07+£182.78
g (106.187548.33) (124.77310.66) (364.457997.52) (106.227439.68) (180.097776.03)
48.34+24.95 68.9+35.35 107.46+38.08 49.47£21.58 72.46£28.56
> (30.957123.51) (33.827136.41) (55.177183.63) (31.047100.66) (44.567143.04)
2.24+1.14 2.31+0.86 7.0+3.35 2.46+1.17 3.91+1.59
o (1.376.6) (1.3674.19) (2.82712.71) (1.6776.03) (1.4976.67)

“ ND : Not Detected.
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S99 2(67C, §°N value %) ¥l&

Origin No §°C[% 1v-PDB §"°N[%]AIR
3=t 70 ~19.59+0.80 3.72+0.31
A=p) 12 -24.19£0.99 4.40+0.66

S ~Ego} 10 ~23.75£1.02 4.44+0.62

El=as ~25.00+1.84 4.43+0.35

1 7] o] 3 -24.45+0.81 4.41+0.11
w] = 36 ~15.76+0.98 4.63+0.70

[Z 4-14] ZU 2 HA 279 &4, A2 FYAA(68C, 8N value %) Bl &

Origin No. §*C[%]v-PDB §'5N[%]AIR
=3 20 -19.830.34 3.83+0.38
U 10 -19.82+0.71 3.75+0.30
&2l 10 -19.30+1.06 3.60+0.22
=5 18 -19.59+0.70 3.60+0.25
) 12 -19.23+1.15 3.80+0.32
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(2) LDA (Linear Discriminant Analysis)
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221d

f

dT+Z43

7},

£

H AT

i

D ¥y 54

7h HEdA 2 BFEA
2 AgeM BAE PR LOD# ICP/MSO 2% 0125 ~ 0277 ng/g,
ICP/OES®] 7% 0.136 ~ 0.294 ug/gellom, LOQ #2 ICP/MSe] -+ 0413 ~ 0914
ng/g, ICP/OES2] 7% 0.448 ~ 0.969 ng/ge2 59t}

W) JA4
B BUAE 449 55Ee AAAAL 09941 T 09998 BHow Az A&k
2 P WS qtel x3tgS Felsgth

t}) A2 A (Precision (CV%))
BA Axgre AUAS YyglE o 117 T 5.00% = AWl $53s ol
A et.

2}) 3148 (Recovery, %)
Spiking test® 3 3 4& AIFoA 911 T 993 %o 2 AOAC (Association of
Official Analytical Chemists)7} A IL3F= 80 ~ 120% o] oz A3t

[ 4-15] 77144 &4 B9 34 A5
Limits of Limits of Correlation Coefficient of Spiking
Element detection  quantification coeffi2cient variance recovery
(R*) (CV%) (%)
Macro elements (ug/g) (ICP-OES)
Al 0.294 0.969 0.9942 4.85 92.1
Ca 0.232 0.767 0.9946 5.00 94.2
Fe 0.136 0.448 0.9946 3.27 96.4
K 0.285 0.939 0.9941 3.57 97.3
Na 0.159 0.524 0.9946 2.87 95.2
P 0.217 0.715 0.9943 3.16 93.1
S 0.192 0.635 0.9941 4.22 95.4
7n 0.201 0.662 0.9942 2.98 97.3
Trace elements (ng/g) (ICP-MS)
Li 0.125 0.413 0.9999 1.22 97.6
\Y% 0.167 0.551 0.9999 1.45 95.3
Cr 0.245 0.809 0.9999 1.99 94.5
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Mn 0.199 0.657 0.9999 1.17 98.7

Co 0.213 0.703 0.9999 211 99.3
Ni 0.265 0.875 0.9999 2.10 94.5
Cu 0.277 0.914 0.9999 1.96 95.3
Ga 0.22 0.726 0.9999 1.46 91.1
Se 0.265 0.875 0.9999 2.37 94.8
Cs 0.144 0.475 0.9999 1.97 97.5
Ba 0.135 0.446 0.9999 1.67 94.5
Bi 0.226 0.746 0.9999 2.12 93.3
U 0.248 0.825 0.9999 2.08 95.8
As 0.214 0.706 0.9999 2.23 96.7
Cd 0.244 0.805 0.9999 2.65 94.6
In 0.146 0.482 0.9999 2.66 92.8
Pb 0.196 0.647 0.9999 2.17 98.4
Tl 0.214 0.706 0.9999 1.96 94.5

2) JFAR=E B

AEws FAAd sd= Al Ariste R A= dEdl FAPAS(2015d 10
Metallic Contaminants in Powdered brown rice, 20161d 5% Metallic Contaminants in
Tomato paste)E 1 &sto] A=AHS R 5 U= |ZIK2 @S dof vidFds B4 A3

g A =S FHEI.

[ 4-16] Y FA == (FAPAS) 23

Metallic Contaminants in Powdered Brown Rice

RSEIEN As, Cd, Pb, Pb
o] 2} 2015.09

vk 1712
(z-score : As -1.0, Cd -0.9, Pb 0.6)

Metallic Contaminants in Tomato paste

A LA Cd, Pb, Sn

A 2} 2016.05
W 171<2
(z=score : Cd -0.2, Pb 0.2, Sn -1.8)
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. ICP/MS 2 ICP/OESE o] &3 nma Lr)94 A A7

=5 PEgFdL BAE Sl 5, AR, v=, 29<, ey, Aud 5 FY 670=¢] 161
: s, w91, FF, AA, AF, Hb FF T =l 100 A9 =5 5027
of AWwrs gste] ICP/MSE A48 AxE 1% 179 189 YerdIAth. Li, V, Cr, Mn, Co,
Ni, Cu, Ga, Se, Cs, Ba, Bi, U, As, Cd, In, Pb ¥ Tl 5 187 ¥4 & &4392oH ¢ =7}
W PRI PDAEAS F21e A3 Cu > Cr >Ba > Se > Mn > Ni > Pb > As > Li =

Ga>V =Cs>Co>Bi=U=Cd=1In= Tl 22 g9t} Lilmg/ke)d A%
= 0.014, WA= 0.015, 7= 0.067, =¥ <) 0.011, &= 0.007, 7AtcF 0.020, V(mg/kg) =<

0.012, =Al = 0.009, "= 0.032, == 0.008, Z& 0.005 Wt} 0.013, Mn(mg/kg) =
0.094, WA=z 0.083, "= 0.250, =<l 0.141, A 0.076, 74} 0.113, Galmg/kg)
0.018, WA= 0.016, 7]=r 0.025, 2~=<1 0.011, &= 0.009, 7AYtt} 0.017, Se(mg/kg) =< 0.152,
AT 0223, "= 0434, =31 0.156, A& 0.182, 7t} 0.256, Crimg/kg) =Y 0.364, = A
3 0.347, vl= 0517, 2=#<1 0307, Z& 0312, /Ayt 031302 7 =71 tpeksk gho] &l
o0 6719 mERst v A e FHow eyt £ Cr, Cu, Co®l 7%

e

i
1S

e w7l g At w2 FFoR FAH0eH U In, TIe] 49 7] A&5A &
Stk e oprlE7h B FHAG AR v Eds el Ao 7t %1912‘34 o] Abmut
HFA elew g Atz dddn

2ApdE Sl Alge] A 1AhdE A FA AR RE =ulak 571 A9 AR T 3709
Aol Aepmo] &dlo] X AFo] ey 23 A= o] & wetstux A 7 X9
HE ARE 504% FAsAE 18749 mEFRrIda 24 da Mg w2 dFe dE
Cu(mg/kg>94 75 b 0844, AT 0791, ¥31 0645, 9F 0611, FF 0581 o2 B
3, 1 o ® =8 kRl Crimg/kg)S A5 0579, 95 0577, 35 0492, a8l 0469 5
0467, T3 0462 =02 FAHATh Se(mg/kg)e FF 0289, #A1F 0263, H 0194, FF
0.185, ¥ 0.183, Zsl 0.162, FF 0158 w22 AU Utk v FdrPEd A0 59t
I} Eded HEOR Cu, Cr B See] =& FFoz dAEgon 1 9o dreER H2g F
=oZ FlHt Badl A wuidtun geiite] of Huf £ e Helow olEg Aol
T o]F LDA BACA 2% W4yt @ oz Ht d7 FEFolrt gle datel o

o

Ao e das ARG ol ElE

2
Ho
1o
)
Wi
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rlr
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[¥ 4-17] ICP-MSE ©°| &% +44& A7 9 vF 7714 &4
unit : mg/kg
=4 A 2 " = 29 <l 2 i Asa=s
Origin
(n=52) (n=51) (n=7) (n=14) (n=12) (n=15)

. 0.014+0.015™ 0.015+0.016 0.067+0.004 0.011+0.004 0.007+0.003 0.02+0.015

L (0.00570.069)"  (0.00470.067) (0.06270.073) (0.00670.018) (0.00670.017) (0.00970.063)
0.012+0.01 0.009+0.009 0.032+0.004 0.008+0.004 0.005+0.001 0.013£0.014

v (0.00370.047) (0.00270.051) (0.02770.039) (0.00370.02) (0.00370.007) (0.00570.053)
0.364+0.062 0.347+0.056 0.517+0.095 0.307+0.066 0.312+0.035 0.313+0.085

Cr (0.2270.604) (0.28570.537) (0.40470.71) (0.15970.389) (0.2470.361) (0.18870.579)
0.094+0.038 0.083+0.038 0.25£0.02 0.141+0.064 0.076+0.018 0.113+0.044

Mn (0.05470.238) (0.04770.286) (0.22670.277) (0.07370.335) (0.04970.103) (0.07370.252)
0.003+0.005 0.003+0.001 0.009+0.005 0.004+0.002 0.002+0.0003 0.007+0.011

co (0.00270.037) (0.00270.007) (0.00570.018) (0.00270.009) (0.00270.003) (0.00270.036)
. 0.076+0.057 0.049+0.05 0.079+0.026 0.11£0.113 0.044+0.051 0.096+0.094

Ni (0.02770.352) (0.01170.241) (0.0570.116) (0.03970.434) (0.01370.205) (0.02270.342)
0.346+0.132 0.368+0.092 0.633+0.103 0.655+0.511 0.42+0.111 0.535+0.201

Cu (0.19471.063) (0.19970.591) (0.48270.722) (0.30872.378) (0.2470.629) (0.33271.062)
0.018+0.016 0.016+0.012 0.025+0.009 0.011+0.003 0.009+0.001 0.017+0.019
Ga (0.00970.093) (0.00870.084) (0.01870.042) (0.00670.018) (0.00770.012) (0.0170.085)
0.152£0.063 0.223%0.09 0.434+0.13 0.156+0.034 0.182+0.057 0.256+0.09

oe (0.07970.472) (0.11270.698) (0.26270.661) (0.10670.225) (0.09470.29) (0.17370.533)
0.012+0.006 0.01+0.003 0.013+0.005 0.013+0.004 0.027+0.01 0.008+0.002

Cs (0.00370.028) (0.00570.019) (0.00770.023) (0.00870.021) (0.01570.047) (0.00570.011)
0.284+0.036 0.348+0.051 0.25+0.136 0.304+0.048 0.297+0.019 0.301+0.029
Ba (0.21770.395) (0.27470.495) (0.17870.556) (0.18670.4) (0.26670.332) (0.26570.38)
. 0.001+0.004 0.002+0.004 0.003+0.0004 0.003+0.002 0.001+0.0003 0.011+0.039

Bi (0.000170.026) (ND™0.024) (0.00270.004) (0.00170.007) (0.000370.001) (0.00170.151)
0.001+0.001 0.001+0.001 0.003+0.0002  0.0004+0.0002  0.0001+0.0002  0.001+0.0004

v (0.000270.003)  (0.000270.002) (0.00270.003) (0.000270.001) (ND™0.001) (0.000270.001)
0.033+0.03 0.026+0.024 0.147+0.018 0.017+0.006 0.015£0.004 0.034+0.03
As (0.01270.167) (0.00870.108) (0.12570.175) (0.00870.031) (0.01270.027) (0.01770.13)
0.001+0.001 0.001+0.001 0.002+0.002 0.001+0.001 0.0001+0.0002 0.001+0.002
cd (ND™0.005) (0.000170.008) (0.00170.004) (0.000370.003)  (ND~0.001) (ND™0.007)
0.001£0.002 0£0.001 0.001+0 0.001+0.001 ND 0.001+0.004
n (ND™0.017) (ND™0.005) (ND™0.001) (ND™0.003) ND (ND™0.016)
0.07+£0.021 0.084+0.031 0.101+0.043 0.09+0.022 0.073+0.012 0.09+0.035

P (0.04970.179) (0.06470.278) (0.06670.176) (0.06670.144) (0.05970.102) (0.06470.209)
0.001+0.004 0.001+0.001 0.001+0.0003 0.002+0.001 ND 0.004+0.006

1 (ND™0.025) (ND™0.006) (0.00170.002) (0.00170.005) ND (0.00170.025)

* ND : Not Detected.

** Value are mean * standard deviations of three (n=3) measurements

*#% (minimun value max value)
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[£ 4-18] ICP-MSE ©°| &% =it HAL7 9 vF F7]da 4
unit : mg/kg
o 4= S A 2 3l =9 B A Al = <t A5
Origin (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=52)

) 0.008+0.008™ 0.014+0.016 0.007+0.01 0.004+0.003 0.003+0.009 0.006+0.011 0.012+0.011 0.003+0.005 0.008+0.006 0.022+0.018
b (0.00270.036)"  (0.00270.058)  (0.000170.065)  (0.000170.012)  (0.000170.064)  (0.00170.063) (0.00270.059) (ND™0.035) (0.00270.021)  (0.00170.076)
0.004+0.003 0.01+0.007 0.009+0.008 0.005+0.003 0.003+0.004 0.005+0.006 0.005+0.003 0.006+0.004 0.006+0.003 0.01+0.005

v (0.00270.012) (0.00270.039) (ND™0.046) (0.00170.016) (0.00170.017) (0.00170.044) (0.00270.02) (0.00170.02) (0.00270.016)  (0.00170.027)
0.577+0.142 0.292+0.181 0.462+0.139 0.469+0.113 0.452+0.082 0.492+0.16 0.454+0.122 0.579+0.123 0.447+0.138 0.467+0.129

“r (0.2770.824) (0.08270.675) (0.03870.729) (0.25970.857) (0.30370.642) (0.20170.946) (0.23770.81) (0.29970.776) (0.17770.822)  (0.12970.719)
0.10£0.042 0.274+0.199 0.176+0.155 0.101+0.097 0.071+0.056 0.087+0.055 0.086+0.035 0.112+0.048 0.144+0.155 0.139+0.058

M (0.04770.27) (0.02470.92) (0.02270.827) (0.03570.695) (0.03270.424) (0.03270.355) (0.03670.204) (0.04970.313) (0.02870.888)  (0.01670.282)
0.003+0.001 0.004+0.002 0.004+0.004 0.002+0.001 0.002+0.001 0.002+0.001 0.003+0.002 0.003+0.001 0.003+0.001 0.003+0.001

co (0.00170.007) (0.00170.013) (0.00170.024) (0.00170.005) (0.00170.004) (0.00170.004) (0.00170.016) (0.00170.007) (0.00170.009)  (0.00170.008)
) 0.107+0.099 0.048+0.071 0.108+0.111 0.068+0.069 0.026+0.018 0.068+0.084 0.076+0.08 0.058+0.072 0.111+0.099 0.079+0.056

N (0.01870.412) (0.00670.490) (0.00770.483) (0.00870.325) (0.00770.08) (0.00970.479) (0.00970.359) (0.00970.435) (0.00870.378)  (0.00970.229)
0.611+0.207 0.844+0.438 0.645+0.344 0.472+0.257 0.449+0.164 0.49+0.173 0.442+0.148 0.791+0.268 0.516+0.188 0.581+0.217

cu (0.25571.148) (0.06271.581) (0.06172.047) (0.24271.974) (0.22171.054) (0.27471.085) (0.12870.746) (0.40771.597) (0.21571.264)  (0.09771.247)
0.002+0.002 0.005+0.006 0.005+0.008 0.002+0.002 0.003+0.004 0.003+0.003 0.004+0.007 0.003+0.003 0.008+0.008 0.008+0.005

G (0.00170.011) (0.00170.032) (0.00170.048) (0.000370.01)  (0.000270.022)  (0.00170.023) (0.00170.047) (0.00170.018) (0.00370.053)  (0.00170.029)
0.183+0.054 0.289+0.145 0.194+0.09 0.162+0.052 0.157+0.045 0.158+0.051 0.153+0.058 0.263+0.086 0.156+0.052 0.185+0.073

> (0.06970.305) (0.05870.631) (0.01270.438) (0.08370.336) (0.08570.261) (0.06770.308) (0.04270.313) (0.1670.652) (0.05770.327)  (0.03870.409)




00224001 0.039+0.033  0035+0.019  0018+0.015  0007+0.004  0011¥0.007  0013+0.008  00320.021  0.01*0.007 0.021+0.02
o (0.00770.048)  (0.00270.094)  (0.000270.084)  (0.00470.083)  (0.00370.02)  (0.00270.034)  (0.00270.037)  (0.00570.097)  (0.00270.032)  (0.00370.089)
0.036+0.035  0.049+0.057  0047+0.02  0.032+0.039 00250024  0.031#0.022 00250012  0.029+0018  0.101#0.083  0.10+0.069
b (0.00870.176)  (0.00970.328)  (0.01170.112)  (0.00570.258)  (0.00370.169)  (0.007°0.113) ~ (0.007°0.05)  (0.007°0.09)  (0.02270.284) ~ (0.007°0.364)
0.0002:0.0004 00010001  0.002£0.007  0.0003+0.0004 0.00010.0001 00010001  0.002£0.005  0.001x0.001  0.003:0.019  0.001+0.0004
. (ND™0.003)  (0.000170.006) ~ (0.000170.047) ~ (ND70.002) ~ (ND70.0003) ~ (ND70.004)  (ND70.023)  (ND70.003)  (ND70.135)  (ND0.002)
0.005+:0.004  0.001+0.001  0.001*0.003  0.002+0.006  0.0010.003  0.0002+0.0003  0.012+0.007  0.0001+0.0002  0.015+0.01  0.007+0.006
. (0.000170.016) ~ (ND™0.003) ~ (ND™0.023)  (ND0.021)  (ND™0.02)  (ND'0.001)  (ND0034)  (ND0.001)  (0.000470.044)  (ND0.029)
0.018+0.023  0.029+0.032 00150009  0.008+0.004  0.005:0.003  0.008:0.005  0.010+0.004  0.009:0.007  0.035:0.036  0.081+0.062
A (0.00470.121)  (0.00470.133)  (0.003°0.07)  (0.001°0.02)  (0.00270.024)  (0.00270.023)  (0.00470.022) ~ (0.00370.043) ~ (0.00670.113) ~ (0.003°0.185)
0.001+0.0004  0.001:0.001  0.001*0.001  0.001+0.0004 ~ 0.0002+0.0003  0.001+0.001  0.001*0.001  0.001*0.001  0.001*0.001  0.001+0.0003
. (ND™0.002)  (0.000170.003)  (0.000270.004) ~ (ND™0.001) ~ (ND™0.002) ~ (ND™0.003)  (0.000170.005) (0.000170.004) ~ (ND™0.004)  (ND0.001)
ND 0.001£0.001  0.001£0.001  0.00010.0002 ND 0.0003£0.001  0.001£0.005  0.0003£0.0003  0.001£0.002  0.00010.0001
" ND (ND™0.003)  (ND70.008)  (ND™0.001) ND (ND™0.003)  (ND™0.032) ~ (ND™0.00)  (ND70.009)  (ND70.001)
0.019+0.042  0.023+0.029  003%0.029  0.035+0078 00050004 00130018 00130017 00150013  0.034#0.024  0.04%0.026
" (0.00270.301)  (0.00370.158)  (0.00270.156)  (0.00370.455)  (0.00170.022)  (0.00270.092)  (0.004°0.114)  (0.00370.078)  (0.00470.106)  (0.00470.134)
ND 0.001:0001  0.002:0.005  0.0001+0.0004 ND 00010001 0.001:0.003  0.001:0.001  0.001:0.002  0.0001+0.0003
! ND (ND™0.005) ~ (0.000170.036)  (ND™0.002) ND (ND™0.004)  (ND70.017)  (ND70.002)  (ND70.012)  (ND70.001)

* ND : Not Detected.
x** Value are mean *+ standard deviations of three (n=3) measurements

*#% (minimun value max value)
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[# 4-19] ICP-OESE o] &% Fd4 AAnr 9 vF Frld: £4
e ERE! e 259l A9 ]
Origin
(n=52) (n=51) (n=17) (n=14) (n=12) (n=15)
41.7+65.8" 13.9+32.6 41.8+14.2 20.2£19.6 8.70+4.0 13.3+5.3
A (1.807370)"  (1.307237.8)  (285763.2) (6.70773.3) (5.40717.4) (7.70723.3)
43.5%55.7 35.8+37.7 145.3+14.8 44.8+33.9 25581 61.5+42.3
e (9.007363.4)  (8507217.9)  (117.97159) (15.27150.8) (15.6740.9) (27.57204.4)
4.20+2.10 5.40+4.0 5.00£0.80 6.60+2.20 3.30£0.50 8.40+7.80
e (1.30711.6) (1.30717.9) (3.7075.9) (3.50712.2) (2.4074.00) (5.20736.4)
1029.8+339 864.91960.2  1327.1+586.9  2199.1+846.6  1299.9+602.7  1565.3+407.6
“ (412.872088.8)  (139.775430) (537.872406)  (1051.273918)  (634.972479)  (1055.972235)
261.3+77 331+286.4 303.9+76.5 395.1+167.6 254.3+116 258.7+70.8
e (118.37509.2)  (121.471329)  (2017396.8)  (174.67713.5)  (123.77481)  (166.17367.4)
499.4+139.8  603.2+984.8  598.8+226.6 959.3+279.9 603.5+239.6 743.8+154
" (109.57910.4)  (11574681.5) (264.67992.8) (561.871490.3) (31571073.2)  (537.571003.2)
73.7+25.4 73.6+48.5 182.8+67.2 171.5£90 104£53.5 126£36.4
° (23.77164.5)  (30.47260.2) (114.57316.6)  (74.67336.2) (43.27217.1) (82.87178.2)
4.90+1.70 4.90+3.30 5.00+2.00 11.0+4.20 7.10£2.00 12.30+3.80
o (1.8079.50) (1.30717.8) (2.2077.40) (5.70719.8) (4.00710.4) (8.10722.3)

* Value are mean * standard deviations of three (n=3) measurements

** (minimun value max value)
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[E 4-20

. ICP-OESE o] &% I Uit X179 v&F Fr]1ds 24
- A= St} %3 A3 29 35 2 AF Ael e
origin (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=50) (n=52)
3.80+4.0° 6.20+5.90 5.90£6.60 6.90+9.30 7.40+11.7 6.30+10.2 9.10+12.3 5.80+11.2 13.8+15.6 13.6+15.1
A (0.7726.5)" (0.40726.0) (1.20744.3) (0.90751.2) (1.30755.6) (0.90771.7) (0.90754.8) (0.40765.6) (2.60777.1) (0.807100.9)
49.3+43.1 38.5%36.9 119.5+239.8 29.5+23.3 108.3+149.1 27.8+20.5 60.3+62.7 40.3+29.2 107+96.6 74.9+58.6
e (9.57177.2) (7.97214.7) (13.371096.9) (9.87141.4) (12.87872) (9.37129.2) (9.507316.8) (8.47189.9) (11.57413.6) (127289.4)
4.10+1.90 6.9+4.40 8.10+7.0 3.00£2.10 3.40+1.70 4.80+2.20 7.50+4.80 4.40+2.50 8.30+11.4 6.10+7.60
e (1.70711.8) (1.20716.0) (2.10749.4) (1.30715.4) (1.40712.1) (1.80714.3) (1.90725.1) (1.60717.3) (1.90772.4) (1.90756.0)
461.6+222.8 4875+271.6 802.6+£274.9 525.3+377.7 204.4£99.1 383.4+226.9 452.4+282.6 684.3+466.2 329.5+174.2 629.9+333.4
“ (168.271110)  (13571017.2)  (222.471465)  (102.272180) (101.77556) (136.571031)  (133471172)  (122.172648)  (102.57974.8)  (144.671508)
293.8+133 523.4+378.9 330.6+210.1 335.4+241.3 307.1£121.5 352.1£186.5 302.1£150.9 300.2+£179.6 362.5+225.8 396+218.1
e (11997693.1) (106712835  (150.871163)  (105171177)  (150.87904.8)  (123.271112)  (125.17723.3)  (128471125)  (10371496.8) (24.671103)
254.7£94.0 375.3+275.4 472.2+203.7 272.4+168.6 192.4£87.3 215+109.8 245.8+99.7 373.1+181.8 251.9+116.6 329.5+149.7
" (112.27461.2) ~ (106.87970.2) (1397967.9) (90.771091.3) (115.87618) (35.37754.4)  (111.77510.3) (1187936.2) (93.87703.6) (563.77691.2)
70.5+41.0 116.7+107.6 147.5+154.2 73.4+45.7 46.1+14.9 79.5+49.6 54.7+27 114.2+86 81.9+55.8 105.5+67.8
° (30.27194.6) (29.27436.2) (48.17838) (25.97224.2) (29.47113.5) (30.47264.5) (22.47120.9) (30.57493.1) (21.67273.4) (29.37297.8)
3.50+1.40 5.70+4.90 6.10£4.10 2.70+1.80 2.30£0.70 2.70+1.40 2.80%1.00 3.80+2.30 2.70+1.10 4.10+1.80
o (1.7077.70) (1.00715.3) (1.40725.1) (0.70711.0) (1.3074.40) (0.8075.80) (1.2075.70) (0.90714.8) (1.3077.30) (1.1078.30)
* Value are mean * standard deviations of three (n=3) measurements

** (minimun value max value)
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Observations (axes F1 and F2: 100.00 %)
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Observations (axes F1and F2: B5.05 &)
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(1) ¥ #2324

7h AEEA 2 RAZFTA
2 Agox BAE F7]IAE9 LOD#-2 0.119 ~ 0361 ng/gel e, LOQa2 0.393
~ 1.191 ng/go 2 BHelE At
) AA4
BAY 2/ 4R Zzhe] EEEY AL 09992 T 0999098 mglon Age] A&z

th) A QA (Precision (CV%))
BA Axpzre]l AWAS YEhE o E 114 T 299% % Aol S53e gty

oy

Z) 3 +<& (Recovery, %)
Spiking testE E3F 348 AdoA 932 T 1024 %2 AOAC (Association of
Official Analytical Chemists)7} A alsl= 80 ~ 120% oW #ro= &2lstit).

[¥ 4-21] 71994 B4 W 84 HS
Limits of Limits of Correlation  Coefficient of Spiking
Element detection uantification coefficient variance recovery
g (R?) (CV%) (%)
Trace elements (ng/g) (ICP-MS)

6Li 0.253 0.835 0.9998 2.10 99.1
i 0.125 0.413 0.9999 1.22 975
DCr 0.361 1.191 0.9998 1.14 95.3
Sy 0.175 0.578 0.9998 2.95 98.7
“Cr 0.258 0.851 0.9998 2.23 102.4
¥Cr 0.205 0.677 0.9998 1.95 98.3
®Mn 0.240 0.792 0.9992 277 101.9
BNi 0.226 0.746 0.9996 2.94 95.8
0N 0.293 0.967 0.9999 2.46 97.6
PAs 0.198 0.653 0.9999 1.43 93.2
89e 0.219 0.723 0.9997 2.80 102.4
#gr 0.196 0.647 0.9999 2.27 96.1
®Rb 0.286 0.944 0.9995 250 98.6
85 0.119 0.393 0.99983 2.97 94.5
8Sr 0.311 1.026 0.9996 1.86 97.8
8BS 0.237 0.782 0.9995 2.99 95.2
6cd 0.265 0.875 0.9997 2.69 99.7
BCs 0.254 0.838 0.9999 1.95 101.3
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[ 4-22] 5994 B4 484 A=

204Pb 206Pb 207Pb ZOSPb
Mean 1.4255 24.1442 22.0833 52.3470

Certified value
SD 0.0012 0.0057 0.0027 0.0086
Mean 1.4438 24.6398 22.4308 52.2765

Measured valuex
SD 0.0820 0.1541 0.2118 0.3271
Accuracy (%) 101.29 102.05 101.80 99.87

« AME F 2570 1IN WEE 24 (n=65)

g, B% $9l0] Be ICP/MSE o8 "3 7192 24 2 5994 v& 2429

=4 =7l% chalzd HoZ A g
o Frl¥h BAHS Agsdn. =59 Ux] #H S 9lsto] 271A] F9lo thsle]
Z+Zy ICP/MS 4 7]71 & o] &35lo] v
=]

4 i
Natglon], EA/IRMSE ol §3te] ©ash A2 AAEANL u& 42 APstqct

2
o
2
-1
2
R
>
ofo
i)
32
ru
rit
Ho
)
=
i
2
4
[-*ET
o
T
©
s

1) =5 A% £ &4 27
(/1) ICP/MSE ol &8 E& Auuslel v Lr9s 24AY
E5e) ng FAa F 24

Aol el & 22379 U 5T F2HY

9, A%, FAAF

& Relste] 2l
ICP/MSZE ol &3te] Li, "Li, B, "B, “Cr, °'V, *Cr, *Cr, *Fe, ®Mn, “'Fe, *Ni, *Co, “Nij,

8BCu ¥7zn, ®Cu, %Zn, ¥Ga, "Ga, PAs, ®Se, ®Se, ¥Se, ¥Sr, ®Rb, ¥Sr, ¥Sr, ¥Sr, “Mo, *Mo,

97MO, 107Ag, ngg, HOCd, lllCd, HZCd, HSCd, 114Cd ,115In, MGCd, 133CS 138Ba ,18705, 18805, ZOSTL

204Pb, 205T1, 206Pb, 207Pb, ZOSPb 209Bi 235U Z.E] 1 238U %‘ 5 47H 9/] U] ) 7] % 'E‘ }‘\jl _%_ ;1{_]_ 6 —8]'
Aoem, I F duncun FTAIEAS T p<0.059] #FE e EL2 FYHS ZeEva ddd
GLi, 7Li, SIV, SOCI. 52Cr 53(:1.y DDMI’I, 58Niy 60Ni 75AS SZSe SORb 8451.’ 8651.’ 8751.’ BBS,II]Cd :la 3

¥Cs & 187 daE AAsgon 1 FF L mEdA, Ah, Ad@S & 239 dEuldth

ZF nlgk FU)19Ad A9 EAS gl Ay X9 g FEgk stekxiolE Hol x| ¢k
o} gt 6499 E=Sol AL S e uwlE 0020 mg/kg, =¥ 0.023 mg/kg, el

0.014 mg/kg, AYttt 0.029 mg/kg, WA= 0.022 mg/kg, =< 0.018 mg/kgo. = 2z} vy 2
ggatel & HolA ekgkrh XCrel A4 v 0471 mg/kg, =¥l 0919 mg/kg, @ 0468
mg/kg, /Nt 0534 mg/kg, WAl E 0422 mg/kg, 5Y 0461 mg/kgl 2 =¥ Q1S A< 1}
W2 Frte A v e FES Zhe Ao dERETh olo] uhal, YCr $Eke vl 1.92 mg/ke,
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299l 467 mg/kg, Zd 459 mg/kg, AYtt 410 mg/kg, WA 4758 mg/kg, 5L 4.627
mg/kg® =& AQsta 7 veprt vlszgk Ft F RS Zheth o)A d =59 54 vE F
NYne FdFe N9H EAe wel g2/ Yehge 29" ® wa stk ®Rbe] 4§
AAH=Z2 gk zpol7t A FrI¥A F sy E Z+Z; vl 3857 mg/kg, 2~H¢l 5716 mg/kg,
A9 10.301 mg/kg, YTt 6.846 mg/kg, WAl I 5140 mg/kg, = 3.822 mg/kgd] THS w
Ak sHAIRE T1o9jo] wE FrjYae AgER WEg 5 atols: yERA kgt R
Ta4 PAs A9 W= 0034 mgkg, 2= 0029 mg/ke, 2@ 0015 mg/kg, Mttt
0.022 mg/kg, MA 5 0.019 mg/kg, =4 0.022 mg/kgE AEZoFEerA oA FastE 7%
o ¥ mXA = grgor FAHA
U 10499 =59 v Frids B §F 258 9 HA HAUES F 240 YEy
ATk SLi2 AF 0.0075 mg/kgol A 5T 0036 mg/kg7bAel MY #HS Bow AR
Al 52gk ghaFo] ASH Ak AW PCrol Hit TS A7) kd 825 mg/kgol A A
20.307 mg/kg®] #*S HIom FFF A 10663 mg/kg, F713E 1533 mg/kge] #*S YE
Wk AGE R g AfolE B Fefol EA¥ A7Ix2H 883 mg/kg, 4l
mg/kg 183 AEDA 0.12 mg/kgd] #FHS H ]
2 ®Rbe] A, =& FgFo
I

05 mg/kgo = A7|E X

_

[-'O
=
=)
o o
SOy
rlo
o

Atk Fall TEEQ] PAse Y =& TS ¥ FEAF 0054 mgkgol A g vhe A
SopE A Fal V| w2 S

g wolx gkt

7o RANs B Gl O 7 Aol 2 B4 AAT Ao 4G A
29 R EFAGL 27 dehga AgHos g 7u bsd 21048 A4
o olelgel it

- 202 -



[E 4-23] ICP/MSE ol &% Y4t

B4 Ay

99 mF 77

44 F=F &4
(unit : mg/kg)

Elements " =5 292l =k Ny ot @Al 2 =4
(n=79) (n=14) (n=12) (n=15) (n=51) (n=52)

6. 0.02+0.036™ 0.023+0.0197 0.014+0.006 0.029+0.014 0.022+0.023 0.018+0.015
(0.00370.25)"" (0.01170.09) (0.0170.03) (0.01770.06) (0.00670.09) (0.01170.09)

i 0.019+0.034 0.02+0.018 0.012+0.005 0.025+0.012 0.019+0.02 0.015+0.013
(0.00470.23) (0.00970.08) (0.00870.03) (0.01570.06) (0.00570.08) (0.0170.08)
00y 0.471+1.361 0.919+0.4858 0.468+0.102 0.534£0.112 0.422+0.113 0.461+0.098
(ND*™9.32) (0.39572.09) (0.33870.67) (0.3970.74) (0.2870.95) (0.3270.67)
sty 0.01+0.06 0.015+0.009 0.008+0.002 0.011+0.004 0.011+0.009 0.019+0.019
(ND™0.49) (0.00670.04) (0.00670.01) (0.00770.02) (0.00370.04) (0.00670.08)

20y 1.92+5.281 4.697+3.7345 4.592+0.581 4.101+£0.679 4.758+0.371 4.627+0.51
(ND™20.25) (0.443712.88) (3.56375.43) (2.67474.89) (3.50175.49) (3.43175.56)

B0y 0.708+2.376 0.577+0.4267 0.422+0.046 0.411+0.114 0.421+0.044 0.427+0.043
(ND™17.74) (0.25471.85) (0.32370.49) (0.26270.78) (0.35670.59) (0.35370.53)
o 0.222+0.298 0.207+0.0903 0.103+0.023 0.137+0.027 0.098+0.035 0.101+0.018
(0.09472.5) (0.07570.44) (0.07270.14) (0.10570.19) (0.0670.26) (0.06670.14)
o 0.497+1.667 0.255%0.1683 0.114+0.069 0.186+0.083 0.099+0.053 0.142+0.069
(0.021712.38) (0.01770.64) (0.06370.32) (0.10870.36) (0.04970.33) (0.07570.43)
B0 0.439+1.376 0.154+0.1627 0.069+0.069 0.101+0.078 0.058+0.048 0.092+0.069
(ND™10.31) (ND™0.6) (0.03170.28) (0.04270.26) (0.01970.26) (0.03570.38)

Bag 0.034+0.045 0.029+0.035 0.015+0.004 0.022+0.009 0.019+0.017 0.022+0.012
(0.00970.2) (0.01370.14) (0.01270.03) (0.01670.04) (0.00670.07) (0.01670.08)
290 0.311£0.114 0.169+0.0714 0.173+0.088 0.251+0.0%4 0.169+0.059 0.108+0.036
(0.15170.6) (0.01670.29) (0.04370.34) (0.1470.35) (0.06470.32) (0.05470.23)

Big 0.393+0.475 0.608+0.3295 0.521+0.123 0.759+0.275 0.634+0.434 0.547+0.323
(0.08172.15) (0.38371.72) (0.40270.88) (0.55571.52) (0.29871.95) (0.37471.9)
5Rb 3.857+1.746 5.716+2.4312 10.301£4.142 6.846+1.595 5.14+1.433 3.822+0.924
(1.11678.51) (1.30879.99) (5.683718.13) (4.56378.98) (2.61679.85) (2.37776.53)

s, 0.387+0.447 0.59+0.3142 0.506+0.117 0.75+0.272 0.619+0.43 0.54+0.318
(0.08972.06) (0.40271.65) (0.41170.85) (0.54471.49) (0.28471.93) (0.36471.87)

51y 2.54+1.366 4.21£2.2503 8.19+3.23 5.36+1.63 3.45+1.679 2.05+0.904
(0.86676.56) (0.97377.9) (4.594714.33) (2.36977.24) (1.37477.74) (1.25375.32)
s, 0.459+0.669 0.64+0.5265 0.5+0.113 0.842+0.534 0.75%0.736 0.604+0.578
(0.08972.94) (0.39872.45) (0.40770.83) (0.53872.29) (0.28173.04) (0.35672.96)
1604 ND=+0.446 0.038+0.0204 0.016£0.005 0.014£0.005 0.015£0.013 0.006+0.004
(ND~1.08) (0.01270.09) (0.00970.02) (0.00770.03) (0.00470.09) (0.00170.02)

130 0.009+0.004 0.013+0.0051 0.025+0.009 0.008+0.002 0.008+0.002 0.012+0.003
(0.00370.02) (0.00370.02) (0.01570.04) (0.00570.01) (0.00470.02) (0.00870.02)

* ND : Not Detected.

x** Value are mean * standard deviations of three (n=3) measurements

*#% (minimun value max value)
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[# 4-24] ICP/MSE °] &3 Ui =5 AWFELA nF Frda 3F £49

(unit : mg/kg)

Elements 37 AN EA A F B35 SEAGE  FEIF A4 BET a4 AEAA
(n=50) (n=50) (n=50) (n=50) (n=50) (n=52) (n=50) (n=50) (n=50) (n=50)
o 0.0105+0.013" 0.025+0.027 0.007+0.004 0.011£0.007  0.027+0.022  0.036+0.021 0.015+0.009 0.015+0.008 0.016+0.019 0.012+0.007
(0.00170.08)* (0.00570.11) (0.00370.02)  (0.00570.04)  (0.00770.07) (0.0170.07) (0.00570.05) (0.00470.03) (0.00370.08) (0.000270.03)
. 0.0092+0.012 0.022+0.025 0.008+0.01 0.01£0.006 0.024+£0.019  0.033+0.018 0.013+0.008 0.013+0.007 0.014+0.016 0.011+0.007
v (0.00170.07) (0.00470.1) (0.00270.06) (0.00470.04)  (0.00670.06)  (0.00870.06) (0.00470.04) (0.00470.03) (0.00270.07) (0.000270.03)
. 0.7774+0.429 11.369+23.638  0.984+0.299 0.96+0.376 0.901+0.238  1.026+0.629 6.235+3.364 2.674+0.813 1.971+1.573 0.754+0.4
- (0.33672.82) (0.877107.15) (0.5472.1) (0.54772.07)  (0.54271.59)  (0.45474.71)  (2.011716.96) (1.54974.25) (0.53178.62) (0.265271.92)
. 0.0157+0.01 0.093£0.153 0.026+0.01 0.021+0.009  0.025+0.014  0.025+0.014 0.053+0.023 0.092+0.112 0.028+0.047 0.013+0.012
' (0.00470.04) (0.0170.64) (0.01270.06) (0.0170.05) (0.00970.07)  (0.00870.07) (0.01770.12) (0.01370.5) (0.00370.2) (0.002770.05)
. 8.2507+4.378 15.33+£11.315 12.082+1.5 10.663+1.575 10.348+1.354  9.558+1.586 20.307+5.731 14.359+2.151 17.85+2.347 12.954+5.617
- (1.075717.32) (1.838752.2)  (7.899714.29) (7.043713.18) (6.125712.5) (6.484712.38) (11.422733.78) (11.035719.14) (12.829722.17)  (0.9282720.07)
. 0.9388+1.029 8.64+18.487 1.3£0.16 1.189+0.293 1.066+0.147  1.029+0.184 6.669+3.539 2.597+0.493 2.243+0.843 1.047+0.513
- (0.16877.04) (0.457794.91) (0.89571.6) (0.71672.03)  (0.78471.34)  (0.6487141)  (2.141717.88) (1.93773.79) (1.11374.05) (0.184172.1)
. 0.4557+0.421 8.881+18.979 0.215%0.105 0.176+0.062 0.312+0.32 0.268+0.103 2.831+1.887 0.908+0.317 0.346+0.407 0.115+0.052
w (0.06471.96) (0.119777.44)  (0.09770.55) (0.0970.35) (0.11671.72)  (0.11770.68) (0.5878.81) (0.44971.65) (0.07171.54) (0.046270.23)
. 0.2474+0.117 6.929+15.295  0.303+0.234 0.302+0.137 0.455+0.31 0.283+0.124 3.164+2.275 1.136£0.363 0.531+0.387 0.249+0.147
: (0.0770.49) (0.229768.2) (0.13471.47) (0.11970.63) (0.13771.5) (0.09170.59) (0.982711.2) (0.68972) (0.07271.36) (ND~0.49)
o 0.0614+0.044 6.055+14.601 0.136+0.17 0.193+0.417  0.256+0.251 0.141+0.093 2.664+1.673 0.946+0.341 0.4+0.336 0.101+0.094
: (0.01770.17) (0.065765.39)  (0.02870.97) (0.02472.74)  (0.03570.99)  (0.02370.39) (0.65377.99) (0.52671.86) (ND™1.05) (ND~0.28)
BAs 0.0106+0.007 0.016+0.008 0.01+0.004 0.011+£0.004  0.037+£0.042  0.054+0.043 0.012+0.004 0.016+0.009 0.014+0.012 0.01+0.011
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(0.00270.03) (0.00370.04) (0.00670.02)  (0.00570.02)  (0.00870.12)  (0.00770.11) (0.00770.03) (0.00670.03) (0.00170.05) (ND~0.04)
o 0.1387+0.097 0.124+0.063 0.134+0.035 0.099+0.039  0.097+0.032  0.098+0.035 0.102+0.052 0.072+0.03 0.123+0.039 0.141+0.054
56 (0.0470.44) (0.00170.23) (0.08470.23)  (0.04670.21)  (0.05770.18)  (0.03770.18) (0.04470.3) (0.03570.17) (0.06270.21) (ND~0.22)
. 0.2125+0.111 0.428+0.292 0.2+0.163 0.272+0.143  0.515+0.398  0.956+0.263 0.265+0.122 0.285+0.09 0.207+0.136 0.119+0.061
i (0.11270.67) (0.18571.43) (0.07371.00)0  (0.05770.63)  (0.10871.43)  (0.40471.57) (0.12370.62) (0.1170.49) (0.04870.62) (0.021670.27)
. 10.471£14.979 6.05+4.869 4.412+2.184 3.256+2.041  2.588+1.491 5.23+2.429 4.266+3.104 3.047+1.648 2.454+1.425 3.444+1.938
0 (0.642747.05) (0.116721.73) (1.2710.01) (0.85278.44)  (0.87777.42) (1.812713.26)  (0.895714.42) (1.31377.17) (0.6476.35) (0.015877.04)
- 0.1025+0.085 0.327+0.294 0.174+0.155 0.255+0.136  0.509+0.416  0.936+0.264 0.205+0.119 0.24+0.089 0.182+0.127 0.091+0.055
i (0.02470.5) (0.0571.35) (0.05470.93)  (0.06570.61) (0.11171.5) (0.34671.52) (0.05870.58) (0.06570.46) (0.02470.56) (0.003970.23)
. 8.0936+11.639 4.143+3.849 3.507+1.741 2.521+1.579 2.021+1.13 3.95+1.991 2.68+1.741 2.012+0.724 1.55+0.704 2.058+1.066
i (0.503736.63) (0.105717.57)  (0.95977.91) (0.7276.71) (0.78176.15)  (1.573710.72)  (0.73377.97) (1.06974.06) (0.53373.86) (0.684974.9)
N 0.1002+0.085 0.321+0.289 0.174+0.155 0.255+0.135  0.521+0.417  0.928+0.259 0.201+0.117 0.236+0.087 0.178+0.124 0.093+0.051
i (0.02370.5) (0.03971.31) (0.05470.94) (0.06670.6) (0.1171.48) (0.33971.46) (0.05770.56) (0.06270.45) (0.02370.55) (0.00870.22)
» 0.0121+0.006 0.241+0.384 0.112+0.064 0.067+0.042 0.058+0.02 0.105+0.057 0.33+0.313 0.176+0.262 0.094+0.151 0.088+0.046
“ (0.00570.03) (0.03272.09) (0.04470.33) (0.01270.2) (0.01470.1) (0.03770.37) (0.05271.78) (0.0371.48) (ND™0.44) (0.032370.2)
130 0.0497+0.055 0.053+0.037 0.044+0.026 0.022+0.012  0.019+0.015  0.036+0.022 0.025+0.019 0.017+0.007 0.019+0.011 0.017+0.009
(0.00670.18) (0.00270.15) (0.00670.12)  (0.00670.06)  (0.00570.07)  (0.01170.12) (0.00570.09) (0.00970.04) (0.00570.05) (0.000170.03)

* Value are mean *+ standard deviations of three (n=3) measurements

#% (minimun value max value)
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(U4) ICP/MSE °l &% =5 AWEHAY nF F7d4L F944 v B4 A9
=59 W FrldAs w994 EA4S 98 dA duT viek o] 670 =7 U =
S 1070 A9 Uit =59 AWs st H*J’é}%\ﬁ}.

ICP/MSE ol &3t9 E&9 "LifLi, "B/'B, *Cr/"Cr, *Cr/Cr, *Cr/*Cr, °“'Fe/*'Fe,
ONi/Ni, ©Cu/%Cu, %Zn/7Zn, "Ga/Ga, ™®Se/®Se, ¥Se/®Se, ®Sr/'Sr, ¥Sr/Sr, ®¥Sr/ASr,
8Sr/Sr,  ¥SrASr, BSrASr, Mo/ Mo,  Mo/*Mo, Mo/ Mo,  'PAg/"Ag, MCd/MECd,
114Cd/112Cd, 114Cd/lllcd, 114Cd/110Cd, 113Cd/112Cd, llSCd/lllcd, 113Cd/110Cd’ 112Cd/111Cd, 112Cd/110Cd,
HiEg/M0Cg, 1850s/190g, X5T]/209T], 28pp/A7pp,  08pl,20ply  28pp, 20ipl,  A7pp, 206p}, 207, 20y,
Pph/MPb 1Ela FPUAU F 4109wl FU1dA FHdA vE&s BAsdlen, 1 F
duncun SARAES F3 p<0.069] e e w2 FHS zteEvan A9 LISLL BB,
BCr/Cr, *Cr/PCr, “Ni/®Ni, ®Cu/*Cu, *Zn/Zn, "Ga/®Ga, ®Sr/°Sr, ®¥Sr/*Sr, *Sr/*Sr,
8Sr/MSr, Sr/MSr, Mo/® Mo, "Mo/Mo, PMo/ Mo, WAg/Ag, ™MCd/MBCd, MCd/MCd,
HCg/Micd, Med/0cd, Bed/M2Cd, Wed/lcd, Pea/Mcd, 1Ped/Mcd, 1PCa/Mcd, Med/Cd

& 2009 M Frida w9da Hles AAseler  Eeda RHle 2 Zeda, AL

[t
o
o,
N
&2
%0,
o
H
Hie
rlo
=
o,
=]
H
FEL
—|~
Ll
i
p‘L
>

g =

+0.37, ¥ 12.6+0.37, 7Tt 12.48+0.20,
1259+0.38, 54 12.66+0.27% %7}*%; Al et Zhs Bt b B gew BAH
ONiNie] A9 wla 0.20+0.04, 2=7<Q1 0.22+0.06, 2@ 0.17+0.05, 7T 0.16+0.05, =A =
0.16+0.05, 5 0.19£0.055%2 =72 Z Aol & Holx| gFtt old] W ~EZ2FS 94
AR gk Aolrk AA wWa o2 e FUA v &l A e e vErLh FSr/ASr
o] 7% m= 348042035, =¥l 411642606, H#l 820.5+319.1, MUt 421.6+156.8, A5
378.2+230.9, ¥ 23114105922 71 =2 UL v &= AMdHden, g7bd 548 &
ol & 4 It} ¥SrAiSri= W 126.68425.01, 2 42.77+19.92, Al 140.68+38.0, 7Miith
154.11£30.22, #IA] S 154.0+34.23, 59 1483442611 o7 F HAR =& =A% HEFS
Zr oy Ngwg 2 2olZ Holx| erkr) Cr/Crie v 926544251, 2391 90.89+49.15,
2 173.85+47.83, Mt} 137.87+41.27, WA 2 196.78+43.02, £ 17548436530 2 w) =7} 2~
#HQl, Aol Hdo] v FgS zrow Jfutte Hd, HdRY @ s E=I A Es
o|HTE w2 ghs Holm A9 SAE < F 4 U

U 10419 =5 didd v=F Frlda s9dA v 2 geAx, Ha HJAAGS
F 2600 e LIALigES S5 5 13352033004 A E9] 12.81£0.689 S zton
AAdHR H=e b Bt P v glem BAE h(’Niﬂ*Nio B 7] kF 009 +
0.0591 4 s 032 + 0.029 Atol¢] #h& EAoH mpzriA = x4

=
Sk oo Wl AEEES FUA ES3 vhRAAR FANLEE §9

>l

o,

J{E )

T O

ol
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[¥ 4-25] ICP/MSE o] &3 94t =5 XUEHY vF Frd4 5994 v& £4
Isotope ul = 292l A9 7 o} ERNE] =9
ratio (n=79) (n=14) (n=12) (n=15) (n=51) (n=52)
1AL 12.86+£0.35 12.89+0.37 12.6+0.37 12.48+0.2 12.59+0.38 12.66+0.271
(12.06713.65) (12.25713.65) (12.07713.16) (12.17712.87) (11.84713.93) (12.15713.21)
. 1442024 4.3620.06 1.3620.02 431%0.03 143035 138+0.296
(4.2375.57) (4.2374.42) (4.3374.39) (4.2874.37) (4.2275.82) (4.2475.82)
— 2.07+0.39 1332043 1812041 1535035 1972033 1.83£0.247
(0.6772.98) (0.4972.03) (1.1372.41) (0.9872.1) (0.9772.72) (1.3572.22)
520r/Cr 92.65£42.51 90.89£49.15 173.85%£47.83 137.87+£41.27 196.78+43.02 175.48+36.53
(23.27192.3) (25.07199.1) (93.77249.0) (84.07201.3) (94.77296.3) (97.07243.6)
SONi/SNi 0.29+0.04 0.22+0.06 0.17+£0.05 0.16£0.05 0.16£0.05 0.19+0.055
(0.1370.37) (0.1170.34) (0.1270.3) (0.1170.26) (0.170.28) (0.1170.34)
BCuMCu 0.46+0.001 0.46+0.01 0.461+0.01 0.456+0.0001 0.46+0.001 0.45+0.008
(0.4570.47) (0.4570.47) (0.4570.47) (0.4570.47) (0.4570.47) (0.4270.46)
5770/7n 0.56£0.03 0.55+0.07 0.54+0.08 0.45+0.12 0.57+0.03 0.58+0.004
(0.4270.59) (0.3870.59) (0.3670.58) (0.3570.6) (0.3470.59) (0.5770.59)
NGaMGa 1.62+0.73 1.00+0.42 0.90+0.42 0.90+0.15 0.63+0.14 0.83+0.166
(0.3274.02) (0.5671.95) (0.5771.89) (0.6771.12) (0.2771.07) (0.6071.43)
88G MG 8.89+1.16 8.74+1.19 8.44+0.07 9.04+1.70 9.24+1.89 8.76+1.47
(8.36712.84) (8.3712.88) (8.3678.56) (8.27713.08) (8.2713.71) (8.22714.06)
886G 126.68+25.01 142.77+19.92 140.68+38.0 154.11+£30.22 154.0£34.23 148.34+26.11
(94.37206.0) (114.87206.4) (133.77147.1) (138.67228.0) (131.87237.1) (138.17242.3)
$16 /0 24.9+15.83 24.72+14.9 53.44+22.95 24.79+9.30 22.48+14.0 13.6616.22
(2.38786.33) (8.05757.4) (29.17799.06) (9.04737.68) (5.8762.14) (3.27734.69)
81y 348.0+203.5 411.6+260.6 820.5+319.1 421.6+156.8 378.2+230.9 231.1£105.9
(52.27995) (123.07979) (489.971505) (155.27647) (114.571051) (56.27586)
861G 14.18+1.18 16.35+0.97 16.66+0.44 17.04+0.24 16.63+0.43 16.92+0.211
(11.1716.2) (13.61717.24) (15.98717.38) (16.68717.55) (15.66717.45) (16.5717.24)
S 158%0.05 1214026 1.3740.09 1.3120.09 1.52+0.04 1520.049
(1.4171.71) (0.8471.64) (1.1671.48) (1.0671.43) (1.3771.61) (1.3871.58)
Mo/ Mo 2.48+0.27 1.38+0.54 1.61+£0.21 1.42+0.17 1.62+0.27 1.35+0.233
(0.972.78) (0.672.36) (1.2271.89) (1.1271.78) (0.9772.15) (0.7171.71)
BMo/ Mo 1.57+0.18 1.14+0.33 1.18+0.16 1.09+0.14 1.07+0.17 0.9+0.163
(0.5671.78) (0.4271.67) (0.9471.48) (0.8671.4) (0.6771.41) (0.4771.17)
g pg 0005011 0.9120.11 0.99+0.13 0.88%0.11 0.98+0.11 0.92%0.115
(0.8471.29) (0.7171.08) (0.7771.18) (0.771.04) (0.8371.29) (0.7871.32)
Wig/ e 245092 222093 1262045 1.7620.64 161+0.38 1.6+0.434
(1.1376) (0.7973.99) (0.4371.75) (0.8573.02) (0.8672.25) (0.8672.52)
g/ g 0942007 0.820.06 0.84%0.06 0.80.06 0.9920.08 0.86+0.096
(0.7871.08) (0.6970.83) (0.7470.92) (0.6770.9) (0.8171.2) (0.6771.06)
hicg/Mog 3235018 2.33+1.09 1372077 164063 178045 14350412
(1.4875.54) (0.5474.51) (0.5373.4) (0.8673.15) (0.8272.91) (0.4872.23)
wicg/cq 085045 1332084 1125022 0.9120.14 1542032 0.8920.223
(0.3472.23) (0.4673.43) (0.9171.72) (0.6871.12) (0.9372.31) (0.3971.45)
niegieg 043014 0.44+0.23 0.79+0.41 0.510.19 0.64+0.15 0590218
(0.1470.87) (0.1970.92) (04771.71) (0.2570.87) (0.4271.1) (0.2971.16)
g/ e 142+0.42 1.0520.21 1.12%0.46 1.0620.56 1.1320.26 0.06+0.363
(0.7272.52) (0.6971.36) (0.5972.25) (0.4472.15) (0.7271.77) (0.3471.89)
vicg /e 035£0.14 0.6520.32 1.04+05 0572017 0.98+0.2 0.6120.242
(0.1270.81) (0.1671.31) (0.6172.2) (0.3470.81) (0.6271.53) (0.1571.06)
wog/ Mg 3482098 289+1.3 162+0.83 2.07+0.83 1812046 1.68+0.49
(1.7276.31) (0.7675.43) (0.6473.72) (1.1574.03) (0.9973.3) (0.5772.87)
T 091205 1.62+0.94 1.33+0.20 1.15+0.19 1.56+0.30 1.0420.226
(0.3772.35) (0.6773.99) (1.1371.89) (0.8471.49) (1.0672.48) (0.5371.47)
wieg/eg 0282016 0.6420.4 0.9720.33 0.63+0.24 0.89+0.16 0.69+0.33
(0.0970.8) (0.1671.79) (0.5171.79) (0.2771.2) (0.5271.24) (0.3471.96)
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[ 4-26] ICP/MSE °]&% Iuldt =5 AT Y vF Frjdd 994 v & 4
Isotope A7 A7 XA A F 35 At TERF Rk A E T4 ZAdF AFZA
ratio (n=50) (n=50) (n=50) (n=50) (n=50) (n=52) (n=50) (n=50) (n=50) (n=50)
TLAL 13.1£1.08 13.2£0.704 13.06£1.02 13.21£0.67 13.16£0.61 13.35£0.33 13.16+0.655 12.81+0.678 13.06+0.795 12.85£0.47
(10.89716.26) (12.07714.99) (11.0471554) (12.09715.14) (11.89715.34) (12.16714.08) (12.2714.49) (11.63714.16) (11.61716.65) (11.59713.6)
g0 4.35+£0.06 4.31+0.072 4.48+0.04 4.43+0.04 4.4+0.06 4.42+0.05 4.33+0.052 4.34+0.044 4.35+0.05 4.35+0.04
(4.2574.48) (4.0174.44) (4.3974.57) (4.3674.54) (4.374.53) (4.3374.54) (4.2274.43) (4.2774.46) (4.2474.43) (4.2774.46)
SCrC 2.65£1.29 2.05+0.608 3.11£0.72 2.9+0.53 2.73£0.55 2.48+0.55 2.42+0.196 2.28+0.397 2.34+£0.414 2.31+£0.37
(0.5974.18) (0.4172.81) (1.3474.81) (1.7173.84) (1.5673.82) (0.3773.65) (2.1273.07) (1.4372.89) (0.772.95) (1.5972.99)
A0y 243.1+£139.8 115.3£79.13 252.04£70.5 234.1£65.23 232£62.3 206.1+50.96 71.79+18.09 113.1+30.2 126.6£33.53 153.3+58.6
(26.57416.6) (17.37256.3) (93.47436.0) (107.47337) (102.77363) (98.47337) (39.37118.8) (72.17178.4) (70.37186.7) (21.967304)
NN 0.09£0.05 0.25+0.086 0.14£0.05 0.14+0.07 0.17+0.08 0.161£0.06 0.32£0.029 0.31£0.034 0.29+0.03 0.23+0.06
(0.0370.22) (0.170.37) (0.0770.27) (0.0470.36) (0.0470.35) (0.0570.28) (0.2470.37) (0.2270.43) (0.2370.35) (0.0570.3)
S Cu 0.45+0.01 0.46+0.008 0.46+0.01 0.45+0.01 0.45+0.01 0.45+0.01 0.45+0.011 0.45+0.007 0.46+0.007 0.45+0.01
(0.4470.47) (0.4370.47) (0.4570.47) (0.4270.47) (0.4370.46) (0.4370.47) (0.4370.48) (0.4470.47) (0.4470.47) (0.4370.47)
S 0.54+0.05 0.54+0.06 0.57+0.001 0.57+0.01 0.57+0.01 0.57+0.02 0.56+0.012 0.56+0.011 0.57+0.006 0.57+0.02
(0.4570.58) (0.3970.59) (0.5670.58) (0.5670.58) (0.5670.58) (0.4870.59) (0.5370.58) (0.5470.58) (0.5670.59) (0.4870.58)
1Ga G 5.13£7.62 1.19+£0.639 1.62+0.83 1.08+0.46 0.85+0.28 0.75+0.4 0.89+0.324 0.82+0.247 1.09+£0.507 1.15+0.46
(0.68728.1) (0.673.46) (0.0574.77) (0.5272.96) (0.4171.35) (0.2471.53) (0.1671.74) (0.5471.76) (0.2272.74) (0.2572.61)
. 8.22+0.32 8.35+0.395 8.59+0.08 8.63+0.09 8.63+£0.08 8.6+0.10 8.38+0.136 8.44+0.142 8.44+0.119 8.39+0.18
(7.2978.68) (6.4178.62) (8.3678.72) (8578.82) (8.4778.8) (8.3478.75) (8.1178.64) (7.9978.7) (8.1278.65) (7.978.71)
. 47.03+£21.70 75.66£23.89 84.57+19.44 106.77+£13.79  125.58+16.94 133.69+7.49 68.59+18.34 82.25+14.34 82.06+18.76 74.63+£31.10
(13.42796.6) (8.77124.04) (52.37136.4) (74.317129) (87.767146) (108.67144) (31.77112.) (38.77104.9) (39.57108.5) (25.097133.0)
. 198.6+£290.9  49.34£34.244  90.94+53.77 37.36£19.42 22.62+18.89 16.72+10.82 49.1+24.36 32.01£12.94  34.93+29.931 70.69+38.79
(17.871041) (4.627149.5) (8.837287.4) (8.327105.5) (3783.97) (4.87761.7) (1547121.2) (12.0764.7) (10.447131.1) (12.727191.1)
. 1579+2296 441.7£312.9 8325144353  452.5+226.6 302.2£215.9 254561476 37851+160.6  299.22+101.3 313.75+199 573.89+286.04
(56.078315) (16.671357) (138.172226)  (119.171303.4  (50.727959) (77.97790) (126.297816)  (141.457603)  (115.27920.9) (132.0771349)
. 5.64+2.44 8.97+2.736 9.83£2.2 12.37£1.59 14.56£1.97 15.54+0.83 8.16£2.092 9.74+1.649 9.71+2.175 8.84+3.59
(1.84711.3) (1.36714.57) (6.13715.64) (8.66715.09) (10.21717.0) (12.8716.67) (3.92713.33) (4.84712.47) (4.87712.81) (3.18715.64)
"™Mo/®Mo 1.51+0.12 1.58+0.101 1.50+0.07 1.54+0.05 1.57+0.03 1.55+0.04 1.60+0.016 1.60+0.021 1.60+0.023 1.58+0.04
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(12571650 (1337187  (1.2716) (1387163 (157162  (1437163)  (1577163) (1557165  (1.547164) (1.4471.64)
g, B0 20840674 1.7+0.29 165+0.28 1.37+0.23 148028 269+0.062  251+0202  241%0.276 2.28+0.48
(0557245 (1177361 (0917234) (1067234  (0.91°1.85)  (1.0472.12) (2527282  (1.837272)  (0.897264) (172.63)
ooy 212027 1.31:0.38 1.13+0.18 1070.18  0.88+0.15  095+018  168+0.037  157+0.133 1510171 1.44+0.29
(03571.69)  (087197) (06615  (0677151)  (0587L18) (0697141  (15871.74)  (LI5'172)  (0.5771.64) (0.771.65)
wagirag _ 093018 103:0114 094012 0.96+0.13  0.93:0.11 093+0.14 1110069  1030.074  1.02:0.122 1.010.11
(0447112)  (0827129)  (06871.25)  (062713)  (067L13)  (0.66713) (171.3) (0.971.23)  (05171.24) (0.8171.34)
wgriq 105069 37760893 290£158  24:180  380¢164  493+188  534:302 482377 33+1.62 5.18:1.81
(0257337 (186554)  (0517937) (0567864  (1.87°9.14) (266711020 (20571661  (1.62722.8)  (1.5676.98) (1.5478.77)
wigrig 095013 089:0074  0.8:006 0.83t0.08  080:005 078006  086+0.082  0.84+0.081 0.90:0.1 0.79+0.06
(063712)  (07171.02)  (0.717097)  (0.727103)  (0.7170.92)  (06570.92)  (0.7271.04) (0.7271) (0.6771.08) (0.6970.92)
wiegpicy  _ L97H066 34950929 448+162 4.02+2 371£155 4943203 462£3176 4183201 307159 5.04+1.46
(0837375 (195591  (247710.35)  (1.36710.63)  (1.779.05) (19571059 (L7871658)  (1.35719.6)  (11776.68) (3.08°861)
Wi g 17036 333:1.138 342141 305t1.38  2.53+081 355+1.54 51135 342¢181 23641032 4,09+1.47
(03272.25)  (1197556)  (153788) (1367763 (139557 (1237791  (22671878) (12971141  (0.3375.06) (1.468.71)
wegireg 079078 02520078 042034 0.42+0.3 024+0.09  018+006  0.2¢0091  023+0.122  0.34+0.148 0.18+0.08
(0.2274.16)  (01470.49)  (0.0871.63)  (0.08°155)  (0.097045)  (0.0770.32)  (0.0470.4)  (0.037059)  (0.1170.65) (0.0870.47)
wegiieq  _ MOBELTT 09420162 2164195 1.64+0.96 1.030.31 1024029  081+0103  0.9+0.206  094%0.217 1.05+0.35
(0479.96)  (0637L3) (08571141 (0645190  (041°18)  (05172.22)  (05871.03)  (0.487149)  (0.47°154) (0.5272.25)
wgiq _ LA4ELA5 0884020 159413 1284076 071¥020  074+025  091:0163  081+0.323  0.76:0.217 0.83+0.22
(01577.35)  (044714)  (0447642) (05174560  (047131) (037158  (0.64129)  (0357193)  (0.1571.26) (0.371.17)
iy —ZA0TT  A0LA12%6  565+277  6502:288  472:219  64B:087  463+2SAL  446+1968  56+00% 6.19:1.75
(085°5.14)  (21577.34)  (27271422) (15371457 (22171257)  (218714) (21671120 (147945  (LI5877)  (3.73710.79)
. 1.8+0.4 383+1481  431+1.99 384201 321+116 4694229 5563477 417257 271147 5.22+2.08
(05172.49)  (12777.12)  (216712.09)  (14171047)  (17877.74)  (14471213)  (2747185)  (15971566)  (057651) (2.03712.15)
wegioeg 097042 09760201 077:025 0812023 0736023  075:025  113:0168  094:0418 08420276 0.820.21
(0.18724)  (03971.68)  (0.3871.3) (05717 (0417138) (0357137 (0.827157)  (03272.31)  (0.12715D) (0.4271.23)
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’

3 FRYF, FHA, V1A, B EH, AA
o £

b, A4, A £ 279 YErAY

Zb ol FUidAaE X9 EAS g1st A AR S dEkaiolE HolX] gk
o AR 6499 =50 A$ Li dEe = 0019 mgkg, =< 0007 mg/kg, 2
0.010 mg/kg, 7Yttt 0.005 mg/kg, A= 0.007 mg/kg, 59 0.004 mg/kgl & w|=ro] 713+

FE e, 5o M B dHS BHYa WA= Ave] FYd Fe Hol: w7t 54
S B PCre A9 W= 1473 mg/keg, 2¥9l 0339 mg/kg, 2@ 1.503 mg/kg, Wt
0.383 mg/kg, WAIFL 0 ,
7 Adcel A 7b vk Zho] A Qith ¥Rbe] A AgEE g xo|rt 4l F
= sz Z+z w2 1.258 mg/kg, 2=#¢l 11.36 mg/kg, Zd 56.47 mg/kg, HUtt 16.84
mg/kg, MAIZ 1532 mg/kg, 5U 9570 mg/kge Ht FHS Ho Z7lE T AolE
& S AT FSri= "= 6.030 mg/kg, 2~¥Ql 7.430 mg/kg, el 44.82 mg/kg, Tl 12.96
mg/kg, WAZ 11.81 mg/kg, ¢ 7425 mg/kgel %S wBeow, st HF = ¥
o9 95 Ay, Adcle] HupEan T3 wate] 7 v kg Holi: & ®Rbel w3
&S FAstdeh ¥Srel 49 wl=r 7.053 mg/kg, 2=¥¢l 0.016 mg/kg, 2@ 0.119 mg/kg,
At 0.014 mg/kg, WAIE 0.09 mg/kg, 5L 0.091 mg/kgl & tE =7k H|&] n|=rol A
oF 108 o] =2 FaF ol vEbd S gt 1 9o v Fr)daE AR W
3 g AJo)E Holx Ay fFal FFEH PAse A v 0.022 mg/kg, =¥ 0.003
mg/kg, 2 0.007 mg/kg, ALt} 0.003 mg/kg, WA= 0010 mg/kg, < 0010 mg/kg= vl
AF =G0l & Frtel vl AtHH R =egho] AEHJ oY, BE A 3E ) okE ek 2] of A
TastE 7l m A ke FEel
S 10799 siAmr|e vF FNL4 Her dF, TFEA L Hx ARG F 289 4y
bt °Li2 A 78] 0012 mg/kgol Al AEZA 0.059 mg/kgZtA 2] M #E HYowH
AR w528 ghaFe] AFHAT A PCro] Hytr FFS A7) 4 0319 mgkgo = 4
S BPAT AIdE 0147 mg/kg, AT 0207 mg/kg?l #HS HIow thAE M|
223k gho] vEbwgth PMnS A 7)19heFel A 0431 mg/kg® S ko] RAFQom FE
Foll A 7hF v gkl 0103 mg/kgel FFFIAINA 0126 mg/kgol HAEH xgd EA
S g9 & F g9dth *Rbe A§, w2 o] BAH A9 AEa9 13113 mg/kg 1E
o

I AT 1265 mg/kgl 2, 7HE e shake AU|¥EH 18902 mg/keg, FF 2251 mg/kgl &

I

634 mg/kg, H 0702 mg/kgo = W= HHelA & ghs, 2¥9l

oft
o
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A5 103.3 mg/kg L2]aL 7}t

S o
o=

e AE9 1096 mg/kg® 1 T}
14.74 mg/kg, & 17.43 mg/kg

# 0.006 mg/kgol 4]

PAsE

o]
ZF 0.021 mg/kg 1831 AET9 0.032 mg/kg

[e]
S HA

<9

3} A

a9

 0.007 mg/kg, %

g

b7

=3
T

3

o
T

o1 A

B

ol
o
i
ol

X0

il
w:

o
o
ol
ze)
;OO
ﬁo
)

d
N

A7F 2 e flE B ARl mE A 7
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[E 4-27] ICP/MSE ol &% T YAt

E% U MY Tr9s §F B

(unit : mg/kg)

Elements nl= 23 < BE Aot A= =d
(n=79) (n=14) (n=12) (n=15) (n=51) (n=52)
oL 0.019+0.019™ 0.007+0.002 0.010+0.004 0.005+0.002 0.007+0.002 0.004+0.001
(0.01770.061)""  (ND"70.062) (ND™0.054) (ND™0.023) (0.0270.064) (ND™0.084)
o 0.018+0.017 0.006+0.002 0.009+0.004 0.004+0.001 0.006+0.002 0.004+0.001
(0.01470.053) (ND™0.053) (ND~0.047) (0.006270.02) (0.01670.053) (0.011170.079)
ey 0.023+0.014 0.004+0.002 0.007+0.004 0.005+0.003 0.012+0.006 0.012+0.004
(0.00870.025) (0.009370.069) (0.006270.054) (0.004570.012) (0.00770.046) (0.006270.054)
sy 0.914+1.364 0.341+0.049 0.756+0.449 0.387+0.05 0.536+0.036 0.656+0.095
(0.66671.557) (0614572.087) (0.464171.288) (0.493170.845) (0.62771.167) (0621175.642)
20y 1.473£2.695 0.339+0.075 1.503£1.049 0.383+0.081 0.634+0.108 0.702+0.184
(0.64171.434) (ND™2.144) (0.34771.254) (0.390871.092) (0.47871.026) (ND™1.662)
ey 0.886+2.265 0.068+0.045 0.229+0.181 0.060+0.010 0.105+0.016 0.132+0.034
(0.1370.819) (0.134971.064) (0.074570.53) (0.076470.296) (0.09170.517) (ND™0.498)

. 0.243+0.295 0.07+0.007 0.123+0.067 0.099+0.032 0.123+0.011 0.117+0.016
Mo (0.15370.8) (0.21870.786) (0.097270.318) (ND™0.164) (0.10770.303) (0.149470.576)
N 0.74+1.708 0.033+0.02 0.112+0.16 0.057+0.023 0.109+0.031 0.113+0.038

(ND~0.683) (0.187271.745) (0.076570.323) (ND™1.158) (ND~0.83) (0.103470.61)
oo 0.536+1.381 0.016+0.003 0.12+0.211 0.02+0.009 0.056+0.024 0.104+0.247
(ND™0.129) (ND™0.105) (ND™0.190) (ND™1.096) (ND™0.692) (0.031370.326)
Bas 0.022+0.016 0.003+0.001 0.007+0.006 0.003+0.001 0.010+0.001 0.010+0.001
(0.01770.025) (0.009370.083) (0.006770.066) (0.004670.016) (0.00870.093) (0.021270.049)
g 0.542+0.08 0.074+0.008 0.301+0.202 0.17+0.011 0.397+0.032 0.193+0.013
(0.22570.364) (0.126770.493) (0.134570.35) (0.117870.96) (0.11970.273) (0.107370.321)
g 7.053+2.768 0.016+0.009 0.119+0.105 0.014+0.012 0.09£0.011 0.091+0.032
(0.1570.645) (ND™0.513) (0.060571.571) (0.04470.381) (ND™0.881) (0.133171.552)
©RE 1.258+3.214 11.362+0.541 56.47+29.942 16.84+1.10 15.32+0.661 9.57+0.607
(17.61734.0) (34.667114.8) (7.76726.5) (19.5752.8) (45.37103.8) (96.97186.1)
5 0.248+0.287 0.02+0.009 0.113+0.093 0.015+0.011 0.088+0.011 0.098+0.037
(0.13570.62) (0.09172.01) (0.05971.50) (0.03970.36) (0.14371.02) (0.144171.623)
7, 6.030+1.56 7.430+2.51 44.82+24.281 12.96+0.869 11.81+0.505 7.425+0.461
(13.70726.3) (12.11790.1) (6.01720.6) (15.20740.5) (36.92783.7) (80.267155.1)
. 0.259+0.338 0.017+0.008 0.108+0.089 0.013+0.01 0.085+0.011 0.096+0.036
(0.12670.582) (ND™0.456) (ND™3.373) (0.034270.335) (0.13370.953) (0.14571.639)
Heg 0.027+0.031 0.003+0.002 0.029+0.027 0.004+0.002 0.022+0.011 0.024+0.023
(0.00470.195) (ND~0.11) (ND~0.174) (0.016670.133) (0.03470.174) (ND~0.031)
30 0.019+0.007 0.005+0.001 0.037+0.024 0.005+0.0004 0.017+0.002 0.027+0.002
(0.03970.136) (0.036570.137) (0.033570.119) (0.006470.071) (0.02270.133) (0.035570.105)

* ND © Not Detected.

#* Value are mean *+ standard deviations of three (n=3) measurements

*#% (minimun value max value)
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[¥ 4-28] ICP/MSE o] &3 =it

wud R g ¥4

2 24

(unit : mg/kg)
Flements 77| At & A7 EH A = IFF At TEAF a3 BAEZS ZAdF AEAA
(n=50) (n=50) (n=50) (n=50) (n=50) (n=52) (n=50) (n=50) (n=50) (n=50)
o 0.026+0.011*" 0.021+0.018 0.022+0.009 0.014+0.005 0.033+0.011 0.013+0.004 0.012+0.005 0.039+0.022 0.03+0.011 0.059+0.024
(0.0370.127)" (0.0060.03) (0.00770.024)  (0.00670.037)  (0.00470.01) (0.00670.015)  (0.00370.009)  (0.00470.016)  (0.00270.008)  (0.00970.128)
- 0.021+0.009 0.018+0.016 0.018+0.007 0.012+0.004 0.027+0.009 0.012+0.003 0.01+0.004 0.035+0.019 0.026+0.009 0.049+0.02
(0.02470.107) (0.00670.026)  (0.00670.02) (0.00570.03) (0.00470.008)  (0.00570.013)  (0.00270.007)  (0.00470.015)  (0.00270.007)  (0.00770.119)
“ 0.016+0.011 0.014+0.009 0.013+0.008 0.007+0.002 0.011+0.007 0.007+0.002 0.009+0.005 0.018+0.013 0.014+0.003 0.013+0.004
o (0.00870.029) (0.00670.031)  (0.00470.014)  (0.00470.04) (0.00370.011)  (0.00770.038)  (0.00770.024)  (0.00370.014)  (0.00470.015)  (0.00670.077)
iy 1.147+0.332 0.856+0.191 1.209+0.3 0.537+0.141 0.83+£0.108 0.623+0.088 0.732+0.145 1.223+0.895 0.937+0.167 1.003+0.109
(0.79371.318) (0.55371.333)  (0.39871.197)  (0.61171.907)  (0.2970.478) (0.46970.619) (0.55270.988)  (0.27371.431)  (0.32570.532)  (0.39378.168)
. 1.152+0.425 0.812+0.219 1.045+0.356 0.484+0.149 0.65+0.13 0.614+0.174 0.714+0.263 0.864+0.328 0.869+0.221 0.822+0.158
(0.57171.22) (0.46971.745)  (0.36571.132)  (0.42472.05) (0.23370.54) (0.45470.857) (0.49671.186)  (0.41172.805)  (0.29870.564)  (0.441715.271)
. 0.319+0.226 0.181+0.087 0.207+0.1 0.144+0.129 0.155+0.083 0.141+0.057 0.147+0.065 0.213+0.111 0.225+0.139 0.18+0.093
(0.10670.58) (0.08470.371)  (0.06370.757)  (0.08570.539)  (0.04170.21) (0.08470.153)  (0.0970.223) (0.06570.631)  (0.04470.083)  (0.079712.361)
- 0.431+0.154 0.208+0.047 0.206+0.077 0.126+0.046 0.206+0.047 0.103+0.029 0.138+0.088 0.298+0.125 0.26+0.116 0.197+0.043
e (0.1470.32) (0.08170.593)  (0.07270.337)  (0.12570.431)  (0.0670.087) (0.10970.146)  (0.08870.144)  (0.04970.238)  (0.06870.177)  (0.08972.03)
. 0.39+0.272 0.227+0.063 0.221+0.143 0.287+0.389 0.311+0.161 0.249+0.237 0.165+0.202 0.282+0.129 0.236+0.111 0.264+0.073
H (0.16470.46) (0.05171.19) (ND™1.57) (ND~0.563) (0.01570.09) (0.07770.196) (ND™0.188) (ND~0.564) (0.03770.123)  (0.08279.823)
e 0.06+0.025 0.062+0.035 0.089+0.089 0.198+0.384 0.167+0.138 0.179+0.217 0.057+0.043 0.149+0.073 0.053+0.024 0.066+0.031
N (0.03270.154) (ND~0.196) (ND~1.512) (ND~0.393) (0.01370.025)  (0.03170.112)  (0.01571.181)  (0.01370.708)  (0.01470.048)  (0.02377.911)
PAs 002:0013 001760012  0.022:0005  0.006:0.002 00180017 00070002  0012:0.004  0032£0008 002120002  0.0190.007
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(0.0170.038) (0.00770.022)  (0.00370.012)  (0.01270.035)  (0.00270.005)  (0.00870.012)  (0.00870.012)  (0.00270.015)  (0.00270.004)  (0.00670.105)
g, 0.324+0.082 0.261+0.053 0.305+0.095  0.141+0.018 0.181+0.04 0.211+0.143 0.222+0.02 0.193+0.054 0.282+0.034 0.289+0.049
(0.22670.399) (0.18770.279)  (0.10570.178)  (0.15270.455)  (0.06170.085)  (0.34470.46)  (0.16870.22) (0.10470.618)  (0.15470.195)  (0.20670.717)
g, 0.241+0.092 0.517+0.411 0.202+0.075  0.143+0.078 0.28+0.157 0.14+0.079 0.047+0.031 0.786+0.367 0.306+0.122 0.364+0.164
(0.12570.698) (0.01970.14) (0.05670.423)  (0.0770.337)  (0.00170.027)  (0.06770.106) (ND~0.153) (0.01170.246)  (ND~0.036) (0.049713.147)
. 66.453+14.1 18.902+4.084  126.49+39.61 22.51+5.15 77.36x17.68 273745914  24504+3.243  131.129424.84  25.278+3.897  67.218+9.553
o (45.13781.38) (17.8729.7) (14.697339)  (6257182.8)  (10.14712.17) (14.16716.38) (8.481710.645) (25.75792.11)  (14.55719.07)  (0.116713.07)
. 0.292+0.334 0.489+0.393 0.205+0.075 0.14+0.075 0.32+0.205 0.137+0.076 0.043+0.029 0.827+0.384 0.289+0.118 0.362+0.166
(0.12770.693) (0.01870.129)  (0.05470.402)  (0.07170.349)  (0.00570.031)  (0.06770.108)  (0.06270.225)  (0.01970.226)  (ND~0.036) (0.0571.98)
g, 52.191+12.61 14.74+3.19 103.31£33 174294395  62.38+14.10 21.10+4.474  18.821%#2.431 109.66+20.672 195772949  53.944+7.652
(36.7765.8) (13.761722.6)  (11.4726.1) (39.97150) (1.4279.4) (11.02712.6)  (6.6178.23) (19.83773.0) (11.14714.7) (1.192710.0)
w 0.211+0.084 0.496+0.632 0.196+0.074  0.132+0.071 0.304+0.193  0.129£0.071 0.04+0.028 0.83+0.393 0.274+0.111 0.345+0.158
o (0.11870.655) (0.01670.122)  (0.0570.383)  (0.06570.333)  (0.00470.027)  (0.06570.103)  (0.06170.218)  (0.01870.214)  (ND70.032) (0.04872.29)
wieg 0.064+0.024 0.072+0.041 0.046+0.022 0.03£0.016 0.072£0.032  0.057£0.031 0.048+0.028 0.008+0.009 0.056+0.043 0.05+0.018
(ND~0.077) (ND~0.141) (0.00870.082)  (0.01670.097)  (0.00170.006)  (0.01370.064)  (0.00970.118)  (ND™0.071) (ND™0.009) (0.00170.17)
W0 0.079+0.019 0.083+0.021 0.093£0.036  0.034+0.007 0.064+0.028 0.04£0.013 0.049+0.007 0.064£0.018 0.085£0.029 0.056+0.008
(0.04170.07) (0.03770.07) (0.01970.05)  (0.03770.175)  (0.00570.007)  (0.01470.02)  (0.02370.03) (0.01370.07) (0.00470.006)  (0.00470.037)

* ND @ Not Detected.

x** Value are mean * standard deviations of three (n=3) measurements

% (minimun value max value)
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g% ES BMARIY nF Trlds FAN: g BHEH

= [e)
= =
5o g #A9s BANL BAL A8 SN AF@ wel 2ol +9 67) ket =

% BEAA, Ak, AUES E 2091 herh AT
2o R 9k FAAAR N A9 54 FAT Aok, AGUAE FAG v &0l B
wolx @grom we Fel EEAAE J1S3d9ch 6499 £ E%9 49 LifLisl 3

TR REAAE WS 12812043, 2=#H9 1157048, Hd| 11.86+0.76, Akt 12.48+0.20, =
AlE 12262035, Y 1233+0672 =7PEZ W23 ge Bl 7Y we gom BAH
ONi/MNio]l A9 m= 0.19+0.07, 27l 0.09+0.02, & 0.14+0.06, 7Htch 0.09+0.02, = A=
0.15+0.04, =¥ 0.14+0.052 =7FE=2 & Hol& Holx ¢kgkrh. ¥SrMSrel A§- w=
1402.3+1120, =¥l 7598.0+3089, -zl 18047+4091, 7Hubt} 14087+3236, @A 5490.25+558,
59 33339+743.00.2 7MY =& FH9A H&R AdEden, It 54 < F
Atk ECr/Cri =k 20.04+75, 2991 17.2+¢1.72, A&l 3253104, ALttt 17.62+4.18, = A
21.34+4.11, 59 195144490 2 2#13} Ay, vl=, A5 Sdo] B2k ghs ztow
A 7F v, GAF AR 2 FS Holy oy 5EAL 3 & 4 th
Ul 1049 =& die nF Fr1ds FA9A vE

300 WERATE LICLigtS A5 w91 11.38+0.399 4 47|

A Z v ghS Bk oo Wkl 2EEFS YA =53 vkAE Qe s9YeA

[e=]

Hgol b ¥e e UEla A998 AelE ug

=
2] 1345843874 A9 =52 e Aol H& £ vEF FriYs FHdLs HE
& How o wha] A7]EH 25408741696 1E]al YT 3822341369+ A ow v
= gko] AL AT

2 on 1A sl vEdd U@ g w7 2ol A Yo Zte 542 g9 5 3
Ao Aol Almd by FEdATE A Yo A er Qe szl of
wol At
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[¥ 4-29] ICP/MSE °|&% U

E4 BuaRs Y uF 2r94 FH94 v B
=
=

Isotope o= 292l 249 Aot WA= ol
ratio (n=79) (n=14) (n=12) (n=15) (n=51) (n=52)
AL 12.81+0.43 11.57+0.48 11.86+0.76 11.59+0.61 12.26+0.35 12.33+0.67

(11.27712.64) (10.85712.32) (11.47713.47) (11.1712.46) (10.66712.14) (10.78712.31)
ip/0p 4.42+0.21 4.17+0.03 4.220.06 4.18+0.03 4.24+0.03 4.27+0.04
(4.274.34) (4.1174.27) (4.1974.94) (4.1474.28) (4.0674.19) (4.0774.24)
SCrACr 0.85+0.5 0.38+0.15 0.57+0.16 0.33+0.06 0.4+0.07 0.41+0.08
(0.3371.11) (0.2971.16) (0.2970.86) (0.370.84) (0.2370.92) (0.2971.72)
20 Cr 20.04+7.5 17.2+1.72 32.53£10.4 17.62+4.18 21.34+4.11 19.51+4.49
(11.01735.75) (12.71745.26) (12.06728.16) (12.82727.03) (10.68718.21) (10.097116.2)
NN 0.19+0.07 0.09+0.02 0.14+0.06 0.09+0.02 0.15+0.04 0.14+0.05
(0.0170.22) (0.0470.34) (0.0670.46) (0.0370.36) (0.0870.39) (0.0870.47)
SCu/MCu 0.46+0.01 0.45+0.00001 0.44+0.00001 0.46+0.0001 0.45+0.0001 0.45£0.01
(0.4270.47) (0.4170.46) (0.4570.47) (0.4170.48) (0.4370.45) (0.4370.46)
57 7 0.55£0.08 0.36£0.22 0.410.23 0.24+0.2 0.43%0.16 0.43£0.13
(0.1870.6) (0.0970.6) (0.2470.6) (0.1470.6) (0.0670.59) (0.0470.59)
1 Ca 358+1.73 4.54+1.09 5.23+1.31 4.74+1.31 5.31+2.11 7.44%3.01
(1.177.44) (1.25717.93) (1.87711.69) (2.32711.06) (1.275.07) (0.6471.91)
. 8.58+0.33 8.12+0.08 8.31=0.12 8.15+0.09 8.34+0.07 8.33+0.06
(8.1478.42) (8.0978.41) (8.1719.41) (8.0278.44) (8.0878.44) (8.2278.78)
88G MG 130.87+£15.37 119.08+4.77 127.5+4.02 114.96£5.05 127.67+3.25 127.49+4.14
(125.07140.9) (113.67139.9) (118.67329.2) (111.47140.5) (127.97146.7) (136.37153)
. 928147316  51845+214.16  1170.7+#231.2  1003.35+248  359.38+43.39  220.5+53.75
(115.77435) (104.571451) (35.437539.5) (133.271007) (160.871340) (261.4571760)
8165 1402.3+1120 7598.0+3089 18047+4091 14087+3236 5490.25+558 3333.9£743.0
(192876878) (1762.8720260) (60177639) (2201727428) (2712720856) (4516728768)
s, s 15.24+1.54 14.67+0.63 15.34+0.57 14.11+0.6 15.31+0.39 15.2240.5
(15.13716.87) (13.95716.87) (14.16717.04) (13.89716.86) (15.38717.55) (16.18717.73)
TN oMo 1.38+0.15 1.22+0.08 1.36+0.06 1.23+0.08 1.42+0.03 1.38+0.04
(1.1371.49) (0.8371.46) (0.8471.46) (1.0671.57) (0.8471.37) (0.8771.34)
Mo Mo 1.91+051 1.43+0.17 1.8+0.15 1.4+0.28 1.88+0.14 179402
(0.6472.17) (0.9672.24) (1.5172.16) (0.9772.71) (1.0571.85) (0.7971.86)
E) o/ Mo 1.36+0.24 1.17+0.08 1.32+0.07 1.14%0.19 1.32+0.09 1.29+0.14
(0.4871.57) (1.1671.65) (1.1172.15) (0.7771.74) (0.9871.84) (0.871.93)
1097 g /107 1.33+0.48 0.83+0.14 0.88+0.09 0.77+0.1 0.92+0.05 0.8+0.1
(0.2470.99) (0.4171.12) (0.5971.02) (0.5270.94) (0.3170.91) (0.4771)
e/ 2.34£0.77 2.37+0.45 2.2010.43 2.50%1.63 2.83%0.48 3.22+0.99
(2.31715.1) (1.7977.22) (3.28714.11) (2.38712.89) (1.8977.85) (0.5873.42)
Hieg/teg 0.87+0.09 0.84+0.09 0.84£0.09 0.85+0.17 0.97+0.06 0.87+0.08
(0.6271.07) (0.6271.00) (0.6570.99) (0.6571.25) (0.5670.94) (0.6471.26)
Hieg/Meg 4.00+1.65 1.76+0.25 1.77+0.26 2.29+1.38 954+0.33 277+1.07
(1.5978.23) (1.2476.13) (2.88716.81) (2.12713.33) (1.8377.37) (0.5973.51)
HicgMCq 0.37+0.43 1.14+0.24 151+0.22 1.35+0.94 1.810.31 1.47+0.29
(0.6372.77) (0.8272.94) (1.1177.93) (1.1675.21) (0.7873.79) (0.3771.34)
. 041013 0.36+0.06 0.38£0.05 0.38+0.13 0.35+0.06 0.29+0.07
(0.0470.36) (0.0970.39) (0.0570.24) (0.0470.53) (0.0870.37) (0.2271.15)
1ed/MCd 174405 0.75+0.11 0.79+0.15 0.91+0.24 0.90+0.09 0.86+0.12
(0.5371.09) (0.471.28) (0.5371.6) (0.5871.28) (0.4771.32) (0.4071.23)
Weg/Meq 0.15+0.14 0.49+0.10 0.67+0.10 0.54+0.21 0.64+0.08 0.47+0.08
(0.0470.63) (0.2271.08) (0.270.75) (0.2171) (0.2470.77) (0.2471.24)
1204/MCd 475+2.3 2.09+0.32 2.11+0.37 2.86+2.03 2.63+0.43 3.28+1.63
(2.09713.35) (1.7778.73) (3.99724.25) (1.69718.33) (2.3179.44) (0.5174.74)
1204/ 0.42+0.49 1.35+0.23 1.8+0.24 1.65+1.34 1.87+0.37 1.70+0.42
(0.9374.11) (1.1973.61) (1.57711.44) (1.5677.11) (0.9275.99) (0.5571.78)
eg/Cq 0.12+0.15 0.66=0.14 0.86=0.1 0.6+0.22 0.71+0.09 0.56=0.11
(0.0870.71) (0.3171.16) (0.2870.71) (0.2971.12) (0.470.92) (0.2771.48)
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[£ 4-30] ICP/MS&

8% T ES BuARIY WP TrAs FANL vE B

Isotope A% A=A A F F5 SEA TEAF a4 BETH a4 AEAA
ratio (n=50) (n=50) (n=50) (n=50) (n=50) (n=52) (n=50) (n=50) (n=50) (n=50)
1AL 11.6+0.39 12.27+0.41 11.41+0.56 11.71+0.34 11.4+0.38 11.76+0.34 11.94+0.45 11.38+0.39 11.86+0.26 11.51+0.35

(10.8712.14)  (11.16712.87) (10.94712.44) (9.81712.5) (10.99712.25)  (11.52713.05) (11.05713.74)  (11.0371358)  (10.63712.51) (11.68713.75)
g p 4.17+0.04 4.3+0.14 4.16+0.05 4.21+0.03 4.12+0.03 4.22+0.03 4.24+0.04 4.12+0.04 4.24+0.03 4.12+0.02
(4.0874.18) (4.1774.39) (4.1574.3) (4.0974.32) (4.1274.24) (4.2174.35) (4.2174.36) (4.1574.34) (4.1474.23) (4.1875.71)
S 0.56+0.24 0.43+0.11 0.39+0.13 0.5+0.21 0.38+0.13 0.46+0.14 0.41+0.13 0.52+0.3 0.49+0.18 0.37+0.14
(0.2670.92) (0.2870.89) (0.3171.31) (0.2770.77) (0.370.86) (0.3370.6) (0.3170.69) (0.3170.92) (0.2270.46) (0.3472.46)
. 20.23+7.21 17.38+3.57 16.04+2.97 16.16%£1.94 14.44+2.06 17.5£2.99 17.8£6.56 19.65+£19.48 17.12+4.35 15.17+£2.66
(12.14724.97)  (11.01747.86)  (12.86720.5)  (11.74723.63)  (14.24720.17) (16.07729.67) (14.48731.62) (17.03751.36)  (12.68726.47) (12.94769.34)
- 0.08+0.06 0.11+0.08 0.12+0.07 0.16£0.08 0.17+0.07 0.21£0.08 0.13+0.04 0.17+0.08 0.08+0.04 0.08+0.02
(0.0570.17) (0.0670.24) (0.0870.37) (0.0470.34) (0.0570.13) (0.1170.22) (0.0970.36) (0.170.3) (0.0670.15) (0.0970.36)
SCuficn 0.44%0.01 0.46+0 0.45+0.01 0.45+0.01 0.45+0.01 0.45+0.01 0.45+0.01 0.45+0.01 0.46+0.01 0.45+0.01
(0.4370.46) (0.4170.46) (0.4370.46) (0.4370.46) (0.4470.46) (0.4570.46) (0.4370.46) (0.4470.45) (0.4570.46) (0.4470.47)
g Sm 0.42+0.22 0.56+0.1 0.43+0.17 0.34+0.23 0.26+0.25 0.5+0.13 0.43+0.18 0.15+0.21 0.51+0.16 0.32+0.25
(0.0870.59) (0.1670.57) (0.1270.6) (0.0670.59) (0.170.56) (0.2570.59) (0.2870.59) (0.0970.56) (0.170.6) (0.2370.6)
G/ G 5.2+3.24 6.08+£2.3 2.49+0.55 3.62+0.88 3.24+1.2 4.7+1.68 6.91+2.45 1.24+0.27 4.66+1.41 4.12+0.94
(2.5376.57) (1.54711.14) (1.4875.42) (1.3473.75) (1.9776.16) (1.2479.32) (2.41711.2) (3.1377.14) (1.6776.04) (1.1179.68)
- 8.23£0.07 8.64+2.04 8.21+£0.11 8.29+0.07 8.31+0.1 8.28+0.09 8.25+0.08 8.54+0.14 8.32+0.07 8.31£0.08
(8.1978.52) (8.1278.37) (8.1178.46) (7.9578.43) (8.0278.29) (8.2278.49) (8.2778.53) (8.1178.52) (8.0278.3) (8.23710.42)
®SrAiSr  12635:519  13953+3620 13021514 13325414 137.25:41 1315764  11677+726  14643+t475  13408:384  136.08+59
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(122.47143.4)  (108.37134.9) (123.97139.7) (11957141.0)0 (110.77125.9) (123.47134.7) (121.57137.9) (122.07133) (106.57121.7) (100.17175.0)
gy 697.7+274.51 162.96+119 1457.54+368  420.31+207.59  736.8+309.21 510.32+266 964.68+309 525.43£302.74  238.67+90.14 600.84+346.34
Sr/®Sr
(208.871310) (416.771446)  (101.37956.6) (729.672121) (87.57791.6) (279.57431.5)  (95.197300.4) (863.071666) (696.971431) (7.797395.76)
s, o 10603.5+3871  2540.87+1696 23068.3+5732  6423.79+2836  12091.3+4947  8669.1+£5247 13458+3874 8951.9£4947. 3822.3+1369 9300.53+4926.8
Sr/~Sr
(3542719735)  (6347719685) (1673711806)  (11524733420) (1227711720)  (449276507) (158774407)  (12398727009) (10223719943) (134.0175893)
. 15.35+0.62 16.11+£0.8 15.85+0.59 16.08+0.5 16.51+0.5 15.89+0.7 14.15+0.8 17.15+04 16.13+0.47 16.37+0.68
Sr/”*Sr
(14.94717.49) (13.23716.13) (14.96716.91) (1455717.22) (135971557) (14.76716.07) (1456716.68) (14.37716.21) (13.05714.95) (11.74717.82)
o/ 1.23£0.12 1.34+0.13 1.2+0.11 1.33£0.1 1.19£0.15 1.26%£0.13 1.33£0.07 1.13£0.12 1.36£0.09 1.31£0.07
Mo/”Mo
(1.0871.45) (1.271.43) (1.1271.54) (1.0271.45) (1.0971.32) (1.3771.48) (1.3271.46) (1.2671.46) (1.0571.36) (1.0471.63)
1.73+0.24 1.82+0.19 1.33+0.23 1.7£0.28 1.46+0.2 1.47+0.39 1.62+0.28 1.4+0.24 1.75+0.32 1.56+0.2
"Mo/”Mo
(1.1571.86) (0.6272.14) (1.272.48) (0.7672.01) (1.1971.73) (1.4272.07) (1.2572.08) (1.5272) (0.7871.7) (0.972.8)
. p 1.41+0.12 1.37+0.18 1.1+0.14 1.27+0.13 1.24+0.18 1.16+0.2 1.22+0.18 1.24+0.22 1.29+0.22 1.19+0.11
Mo/ Mo
(0.9471.39) (0.5171.49) (0.9471.61) (0.7571.39) (1.0571.31) (1.0171.44) (0.8771.44) (1.2171.43) (0.6971.3) (0.6571.76)
0.77£0.15 0.79+0.12 0.81£0.22 0.82£0.12 0.7+£0.13 0.79+0.1 0.79+0.1 0.69+0.14 0.71+£0.16 0.65+0.14
109Ag/107Ag
(0.3970.96) (0.570.97) (0.5571.06) (0.4971.52) (0.5971.04) (0.8471.03) (0.6271) (0.7171.01) (0.5870.93) (0.5672.81)
3.47£1.33 6.35%2.52 2.96+0.95 4.81+2.62 45+1.58 5.96£2.82 552+2 1.94+0.65 475%2.55 3.67+1.29
114Cd/113Cd
(1.3276.82) (2.6779.7) (2.56715.78) (1.6374.91) (1.7773.46) (2.474.43) (2.4276.96) (1.7173.1) (1.5778.15) (1.0874.91)
0.76+0.1 0.74+0.06 0.75+0.14 0.8+0.11 0.76+0.09 0.76+0.12 0.76+0.06 0.88+0.17 0.78+0.09 0.77+0.12
114Cd/lIZCd
(0.5371.01) (0.6670.9) (0.6371.09) (0.5471.04) (0.7471.06) (0.8271.06) (0.6970.99) (0.6870.99) (0.6371.23) (0.7171.13)
- 2.69+1.12 5.44+2.64 2.2810.54 3.68+1.64 3.52+1.45 5.37+2.74 4.56+2.06 1.41+£0.62 3.58+1.52 2.43+0.67
Cd/M'Cd
(0.9874.67) (2.22711.55) (1.9378.99) (1.3773.5) (1.1972.18) (2.14735) (1.9876.75) (1.3372.06) (1.1776.9) (1.66710.37)
Wcd/Mocq 1.83+0.47 2.75+1.46 1.4+0.42 2.18+0.93 2.08+0.72 2.43+1.13 2.31+0.86 0.85+0.23 1.57+0.66 1.7+0.43
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(0.7472.98) (0.7474.57) (1.1276.34) (0.7372.42) (0.6571.57) (1.2172.77) (1.172.08) (1.1971.92) (0.4774.41) (0.0472.07)
‘ 0.24+0.08 0.13+0.05 0.28+0.09 0.2+0.08 0.19£0.08 0.16=0.1 0.16+0.07 0.51+0.21 0.2+0.08 0.23+£0.08
IISCd/HZCd
(0.170.4) (0.0770.34) (0.0570.39) (0.1670.51) (0.370.5) (0.270.42) (0.170.36) (0.2770.46) (0.0970.58) (0.1870.75)
o 0.8+0.2 0.87+£0.22 0.82+0.24 0.8+0.18 0.77+0.22 0.87+0.17 0.83+0.18 0.75+0.22 0.78+0.14 0.7+0.19
“Cd/Cd
(0.3971.12) (0.4871.2) (05171.2) (0.4871.52) (0.6371.02) (0.7271.03) (0.5871.09) (0.6371.04) (0.5871.49) (0.6873.3)
e o 0.57+0.16 0.43+0.12 0.49£0.12 0.48+0.13 0.46£0.13 0.42+0.16 0.44+0.13 0.48+0.19 0.36+0.11 0.5+0.16
Cd/°Cd
(0.1970.91) (0.1170.72) (0.3270.84) (0.270.75) (0.2770.63) (0.570.77) (0.2670.62) (0.5370.83) (0.1971.02) (0.0270.68)
3.6+1.63 7.47+3.835 3.07+0.63 4.73+2.26 4.69+2 7.37+4.04 5.74+2.31 1.66+0.84 47725 3.2+0.96
llZCd/lllCd
(1.7375.9) (2.74712.12) (2.18710.76) (1.9274.19) (1.3672.42) (2.1774.01) (2.0979.85) (1.5672.78) (1.1979.58) (1.9713.17)
2.44+0.62 3.76+2.06 1.89+£0.57 2.77£1.19 2.79£1.08 3.28+1.65 3.06+1.22 1+0.33 2.05+0.94 2.23£0.65
IIZCd/HOCd
(1.3974) (1.0876.47) (1.3677.6) (173.76) (0.8671.83) (1.2973.17) (1.2972.73) (1.4872.14) (0.6576.12) (0.0672.22)
e 10 0.74+0.21 0.5+0.11 0.63+0.17 0.62+0.13 0.62+0.15 0.49+0.2 0.54+0.14 0.67+0.27 0.46+0.14 0.72£0.17
Cd/°cd
(0.3971.07) (0.1470.73) (0.3570.89) (0.3371.04) (0.3670.86) (0.570.84) (0.2670.82) (0.7671.05) (0.271.18) (0.0170.59)
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(th) EA-IRMSE o] 43 =% ©93

E4de FAET 7ITEEE PDB(Pee Dee Belmnite)E AH8-3F o, A

T ATEAS FAEE VITEEE Q] A air NoE AFEEAY Uk Ul B9 ©
4 & A A3d= 3E 319 320 YErdAT Av, ZHdE, 5 9

5, ¥ agla u=Fe FYPA =Ko §BC[%Iv-PDB: zbz} -23.18+0.19, -17.67+0.19,

-24.09+0.29, ~17.13+0.17, -22.61+0.24, -1561+0.7722 FAw At w= A, @A =7} 23
Q= ohWlEs) e FbEel Mad e zom, BU, sdele] FYIA HAF @
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AH s A9E 48 5 AU

§"N[%JAIRS] 74 7lvt} 7.36+0.22,

A 4.16+0.29, 5 4.31+0.22, WAl F 512+0.28, 2=
Q1 4.41+0.26, V= 4.26+0.429] ﬁ#a A, Aytel AAFgNAE AF e s 7
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4 AR QA 2 Aol E oA @

o

FESolMe 2 Aol &9 & 5 figith oA
gk B9k Bl & ko] mE zjolrt FAFER 7 Ao mE FolF Aol B}l & 5 U
T E5 A, 67CL%]Iv-PDB#> FFFAA A - 1668:064 07 b v ghg
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=

[£ 4-31] 44 =5 @999 AR SALE v& &4

Country No. §C[%1v-PDB 8"°N[%]AIR
7h o} 14 -23.18+0.19 7.36£0.22
A 12 -17.67+0.19 4.16+0.29
=d 21 -24.09+0.29 4.31+0.22
A 5 20 -17.13+0.17 5.12+0.28
2d el 14 -22.61+0.24 4.41+0.26
u) = 14 -15.61+0.77 4.26+0.42

[¥ 4-32] S &5 @82 799 dAFALL vE Y

Country No. §3C[%1v-PDB §°N[%]AIR
TEAT 15 -19.65+0.22 3.09+£0.12
A71EH 15 -18.16+£0.24 3.08+0.35
el 15 -18.65+0.61 3.91+0.38
7d71bF 15 -19.49+0.49 3.55+0.18

A T 15 -18.89+0.16 2.75+0.21
&9 15 -18.51+0.13 3.99+0.37
7521 A 15 -1851+0.13 3.99+0.37

R 15 -16.68+0.64 3.95+0.31
734l 15 -20.11+0.47 3.50+0.27
AR 15 -18.60+0.29 3.09+0.16
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Observations (axes F1 and F2: 100.00 %)

Observations (axes F1 and F2: 100.00 %)
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Observations (axes F1 and F2: 100.00 %)
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Observations (axes F1 and F2: 88.91 %)
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Observations (axes F1 and F2: 92.61 %)

Observations (axes F1 and F2:93.64 %)
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